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[run]
source = PyPDF2
branch = True

[report]
# Regexes for lines to exclude from consideration
exclude_lines =
    # Have to re-enable the standard pragma
    pragma: no cover
    @overload

    # Don't complain about missing debug-only code:
    def __repr__
    def __str__
    if self\.debug

    # Don't complain if tests don't hit defensive assertion code:
    raise AssertionError
    raise NotImplementedError

    # Don't complain if non-runnable code isn't run:
    if 0:
    if __name__ == .__main__.:
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[flake8]
# The flake8 config should work well with black,
# see https://black.readthedocs.io/en/stable/guides/using_black_with_other_tools.html#flake8
ignore = E203,E501,E741,W503,W604,N817,N814,VNE001,VNE002,VNE003,N802,SIM105,P101
exclude = build,sample-files
per-file-ignores =
    tests/*: ASS001,PT011,B011,T001
    make_changelog.py:T001
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# This file helps us to ignore style / formatting / doc changes
# in git blame. That is useful when we're trying to find the root cause of an
# error.

# Docstring formatting
a89ff74d8c0203278a039d9496a3d8df4d134f84

# STY: Apply pre-commit (black, isort) + use snake_case variables (#832)
eef03d935dfeacaa75848b39082cf94d833d3174

# STY: Apply black and isort
baeb7d23278de0f8d00ca9f2b656bf0674f08937

# STY: Documentation, Variable names (#839)
444fca22836df061d9d23e71ffb7d68edcdfa766







py-pdf-PyPDF2-95cd474/.github/ISSUE_TEMPLATE/bug-report.md

---
name: Report a bug
about: Something broke!
title: ''
labels: Bug
assignees: ''

---

Replace this: What happened? What were you trying to achieve?

## Environment

Which environment were you using when you encountered the problem?

```bash
$ python -m platform
# TODO: Your output goes here

$ python -c "import PyPDF2;print(PyPDF2.__version__)"
# TODO: Your output goes here
```

## Code + PDF

This is a minimal, complete example that shows the issue:

```python
# TODO: Your code goes here
```

Share here the PDF file(s) that cause the issue. The smaller they are, the
better. Let us know if we may add them to our tests!

## Traceback

This is the complete Traceback I see:

TODO







py-pdf-PyPDF2-95cd474/.github/ISSUE_TEMPLATE/feature-request.md

---
name: Request a Feature
about: What do you think is missing in PyPDF2?
title: ''
labels: Feature Request
assignees: MartinThoma

---

## Explanation

Explain briefly what you want to achive.

## Code Example

How would your feature be used? (Remove this if it is not applicable.)

```python
from PyPDF2 import PdfReader, PdfWriter

...  # your new feature in action!
```
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# Security Policy

## Supported Versions

Security fixes are applied to the latest version.

## Reporting a Vulnerability

If you find a potential security issue, please report it to info@martin-thoma.de
(the current maintainer).

We will try to find a fix in a timely manner and will then issue a security
advisory together with the update via Github
([example](https://github.com/py-pdf/PyPDF2/security/advisories/GHSA-xcjx-m2pj-8g79)).

If you don't get a reaction within 30 days, please open a public issue on
GitHub.







py-pdf-PyPDF2-95cd474/.github/workflows/benchmark.yaml

name: Benchmarking PyPDF2
on:
  push:
    branches:
      - main

permissions:
  contents: write
  deployments: write

jobs:
  benchmark:
    name: Run pytest-benchmark
    runs-on: ubuntu-latest
    strategy:
      matrix:
        python-version: ["3.10"]
    steps:
    - name: Checkout Code
      uses: actions/checkout@v3
      with:
        submodules: 'recursive'
    - name: Setup Python
      uses: actions/setup-python@v3
      with:
        python-version: ${{ matrix.python-version }}
    - name: Install requirements (Python 3)
      run: |
        pip install -r requirements/ci.txt
    - name: Install PyPDF2
      run: |
        pip install .
    - name: Run benchmark
      run: |
        pytest tests/bench.py --benchmark-json output.json
    - name: Store benchmark result
      uses: benchmark-action/github-action-benchmark@v1
      with:
        name: Python Benchmark with pytest-benchmark
        tool: 'pytest'
        output-file-path: output.json
        # Use personal access token instead of GITHUB_TOKEN due to https://github.community/t/github-action-not-triggering-gh-pages-upon-push/16096
        github-token: ${{ secrets.GITHUB_TOKEN }}
        auto-push: true
        # Show alert with commit comment on detecting possible performance regression
        alert-threshold: '200%'
        comment-on-alert: true
        fail-on-alert: true
        alert-comment-cc-users: '@MartinThoma'
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# This workflow will install Python dependencies, run tests and lint with a variety of Python versions
# For more information see: https://help.github.com/actions/language-and-framework-guides/using-python-with-github-actions

name: CI

on:
  push:
    branches: [ main, 2.0.0-dev ]
    paths-ignore:
      - '**/*.md'
      - '**/*.rst'
  pull_request:
    branches: [ main, 2.0.0-dev ]
    paths-ignore:
      - '**/*.md'
      - '**/*.rst'

jobs:
  tests:
    name: pytest on ${{ matrix.python-version }}
    runs-on: ubuntu-latest
    strategy:
      matrix:
        python-version: ["3.6", "3.7", "3.8", "3.9", "3.10"]
        use-cryptodome: [""]
        include:
          - python-version: "3.10"
            use-cryptodome: "false"
    steps:
    - name: Checkout Code
      uses: actions/checkout@v3
      with:
        submodules: 'recursive'
    - name: Cache Downloaded Files
      id: cache-downloaded-files
      uses: actions/cache@v3
      with:
        path: '**/tests/pdf_cache/*'
        key: cache-downloaded-files
    - name: Setup Python
      uses: actions/setup-python@v4
      with:
        python-version: ${{ matrix.python-version }}
        cache: 'pip'
        cache-dependency-path: '**/requirements/ci.txt'
    - name: Upgrade pip
      run: |
        python -m pip install --upgrade pip
    - name: Install requirements (Python 3)
      run: |
        pip install -r requirements/ci.txt
    - name: Remove cryptodome
      run: |
        pip uninstall pycryptodome -y
      if: matrix.use-cryptodome == 'false'
    - name: Install PyPDF2
      run: |
        pip install .
    - name: Test with flake8
      run: |
        flake8 .
    - name: Test with pytest
      run: |
        python -m coverage run --parallel-mode -m pytest tests -vv
    - name: Test with mypy
      run : |
        mypy PyPDF2 --show-error-codes --disallow-untyped-defs --disallow-incomplete-defs
    - name: Upload coverage data
      uses: actions/upload-artifact@v3
      with:
        name: coverage-data
        path: .coverage.*
        if-no-files-found: ignore

  package:
    name: Build & verify package
    runs-on: ubuntu-latest

    steps:
      - uses: actions/checkout@v3
      - uses: actions/setup-python@v3
        with:
          python-version: ${{env.PYTHON_LATEST}}

      - run: python -m pip install build twine check-wheel-contents
      - run: python -m build --sdist --wheel .
      - run: ls -l dist
      - run: check-wheel-contents dist/*.whl
      - name: Check long_description
        run: python -m twine check dist/*
        
      - name: Test installing package
        run: python -m pip install .

      - name: Test running installed package
        working-directory: /tmp
        run: python -c "import PyPDF2;print(PyPDF2.__version__)"

      # - name: Release to pypi if tagged.
      #   if: startsWith(github.ref, 'refs/tags')
      #   uses: pypa/gh-action-pypi-publish@release/v1
      #   with:
      #     user: __token__
      #     password: ${{ secrets.PYPI_API_TOKEN }}
      - name: Create Github release if tagged.
        if: startsWith(github.ref, 'refs/tags/')
        uses: softprops/action-gh-release@v1

  coverage:
    name: Combine & check coverage.
    runs-on: ubuntu-latest
    needs: tests

    steps:
      - uses: actions/checkout@v3
      - uses: actions/setup-python@v3
        with:
          # Use latest Python, so it understands all syntax.
          python-version: ${{env.PYTHON_LATEST}}

      - run: python -m pip install --upgrade coverage[toml]

      - uses: actions/download-artifact@v3
        with:
          name: coverage-data

      - name: Combine coverage & create xml report
        run: |
          python -m coverage combine
          python -m coverage xml
      - name: Upload Coverage to Codecov
        uses: codecov/codecov-action@v2
        with:
          token: ${{ secrets.CODECOV_TOKEN }}
          files: ./coverage.xml







py-pdf-PyPDF2-95cd474/.gitignore

*.pyc
*.swp
.DS_Store
.tox
build
.idea/*
*.egg-info/
dist/*
__pycache__/

#
.mutmut-cache
mutmut-results.*

# Code coverage artifacts
.coverage*
coverage.xml

# Editors / IDEs
.vscode/

# Docs
docs/_build/

# Files generated by some of the scripts
dont_commit_*.pdf
PyPDF2-output.pdf
annotated-pdf-link.pdf
Image9.png
PyPDF2_pdfLocation.txt

.python-version
tests/pdf_cache/
docs/meta/CHANGELOG.md
docs/meta/CONTRIBUTORS.md
extracted-images/
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[submodule "sample-files"]
	path = sample-files
	url = https://github.com/py-pdf/sample-files
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[settings]
line_length=79
indent='    '
multi_line_output=3
length_sort=0
include_trailing_comma=True
known_third_party = pytest,setuptools
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# pre-commit run --all-files
repos:
-   repo: https://github.com/pre-commit/pre-commit-hooks
    rev: v4.3.0
    hooks:
    -   id: check-ast
    -   id: check-byte-order-marker
    -   id: check-case-conflict
    -   id: check-docstring-first
    -   id: check-yaml
    -   id: debug-statements
    -   id: end-of-file-fixer
        exclude: "resources/.*"
    -   id: trailing-whitespace
    -   id: mixed-line-ending
        args: ['--fix=lf']
    -   id: check-added-large-files
        args: ['--maxkb=1000']
-   repo: https://gitlab.com/pycqa/flake8
    rev: 3.9.2
    hooks:
    -   id: flake8
        args: ["--ignore", "E,W,F"]
# -   repo: https://github.com/pre-commit/mirrors-mypy
#     rev: v0.942
#     hooks:
#     -   id: mypy
-   repo: https://github.com/pre-commit/mirrors-isort
    rev: v5.10.1
    hooks:
    -   id: isort
-   repo: https://github.com/psf/black
    rev: 22.6.0
    hooks:
    -   id: black
        args: [--target-version, py36]
-   repo: https://github.com/asottile/blacken-docs
    rev: v1.12.1
    hooks:
    -   id: blacken-docs
        additional_dependencies: [black==22.1.0]
-   repo: https://github.com/asottile/pyupgrade
    rev: v2.37.3
    hooks:
    -   id: pyupgrade
        args: [--py36-plus]
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[MASTER]

# A comma-separated list of package or module names from where C extensions may
# be loaded. Extensions are loading into the active Python interpreter and may
# run arbitrary code.
extension-pkg-allow-list=

# A comma-separated list of package or module names from where C extensions may
# be loaded. Extensions are loading into the active Python interpreter and may
# run arbitrary code. (This is an alternative name to extension-pkg-allow-list
# for backward compatibility.)
extension-pkg-whitelist=

# Return non-zero exit code if any of these messages/categories are detected,
# even if score is above --fail-under value. Syntax same as enable. Messages
# specified are enabled, while categories only check already-enabled messages.
fail-on=

# Specify a score threshold to be exceeded before program exits with error.
fail-under=10.0

# Files or directories to be skipped. They should be base names, not paths.
ignore=CVS

# Add files or directories matching the regex patterns to the ignore-list. The
# regex matches against paths and can be in Posix or Windows format.
ignore-paths=

# Files or directories matching the regex patterns are skipped. The regex
# matches against base names, not paths. The default value ignores emacs file
# locks
ignore-patterns=^\.#

# Python code to execute, usually for sys.path manipulation such as
# pygtk.require().
#init-hook=

# Use multiple processes to speed up Pylint. Specifying 0 will auto-detect the
# number of processors available to use.
jobs=1

# Control the amount of potential inferred values when inferring a single
# object. This can help the performance when dealing with large functions or
# complex, nested conditions.
limit-inference-results=100

# List of plugins (as comma separated values of python module names) to load,
# usually to register additional checkers.
load-plugins=

# Pickle collected data for later comparisons.
persistent=yes

# Minimum Python version to use for version dependent checks. Will default to
# the version used to run pylint.
py-version=3.6

# Discover python modules and packages in the file system subtree.
recursive=no

# When enabled, pylint would attempt to guess common misconfiguration and emit
# user-friendly hints instead of false-positive error messages.
suggestion-mode=yes

# Allow loading of arbitrary C extensions. Extensions are imported into the
# active Python interpreter and may run arbitrary code.
unsafe-load-any-extension=no


[MESSAGES CONTROL]

# Only show warnings with the listed confidence levels. Leave empty to show
# all. Valid levels: HIGH, CONTROL_FLOW, INFERENCE, INFERENCE_FAILURE,
# UNDEFINED.
confidence=

# Disable the message, report, category or checker with the given id(s). You
# can either give multiple identifiers separated by comma (,) or put this
# option multiple times (only on the command line, not in the configuration
# file where it should appear only once). You can also use "--disable=all" to
# disable everything first and then re-enable specific checks. For example, if
# you want to run only the similarities checker, you can use "--disable=all
# --enable=similarities". If you want to run only the classes checker, but have
# no Warning level messages displayed, use "--disable=all --enable=classes
# --disable=W".
disable=raw-checker-failed,
        bad-inline-option,
        locally-disabled,
        file-ignored,
        suppressed-message,
        useless-suppression,
        deprecated-pragma,
        use-symbolic-message-instead,
        R1705,
        C0301,  # Line too long => black takes care of it
        missing-module-docstring,
        # Temporarily disable as there are too many things to do:
        missing-function-docstring,
        missing-class-docstring,
        # Temporarily disable as we cannot change it at the moment:
        C0103,  # non-snake-case method => we have many deprecations
        broad-except,
        keyword-arg-before-vararg,  # TODO: change this before 3.0.0?
        redefined-builtin,
        # Doesn't lead to better code in many cases:
        no-else-continue,
        no-else-raise,
        no-else-break,
        too-few-public-methods,

# Enable the message, report, category or checker with the given id(s). You can
# either give multiple identifier separated by comma (,) or put this option
# multiple time (only on the command line, not in the configuration file where
# it should appear only once). See also the "--disable" option for examples.
enable=c-extension-no-member


[REPORTS]

# Python expression which should return a score less than or equal to 10. You
# have access to the variables 'fatal', 'error', 'warning', 'refactor',
# 'convention', and 'info' which contain the number of messages in each
# category, as well as 'statement' which is the total number of statements
# analyzed. This score is used by the global evaluation report (RP0004).
evaluation=max(0, 0 if fatal else 10.0 - ((float(5 * error + warning + refactor + convention) / statement) * 10))

# Template used to display messages. This is a python new-style format string
# used to format the message information. See doc for all details.
#msg-template=

# Set the output format. Available formats are text, parseable, colorized, json
# and msvs (visual studio). You can also give a reporter class, e.g.
# mypackage.mymodule.MyReporterClass.
output-format=text

# Tells whether to display a full report or only the messages.
reports=no

# Activate the evaluation score.
score=yes


[REFACTORING]

# Maximum number of nested blocks for function / method body
max-nested-blocks=5

# Complete name of functions that never returns. When checking for
# inconsistent-return-statements if a never returning function is called then
# it will be considered as an explicit return statement and no message will be
# printed.
never-returning-functions=sys.exit,argparse.parse_error


[SPELLING]

# Limits count of emitted suggestions for spelling mistakes.
max-spelling-suggestions=4

# Spelling dictionary name. Available dictionaries: none. To make it work,
# install the 'python-enchant' package.
spelling-dict=

# List of comma separated words that should be considered directives if they
# appear and the beginning of a comment and should not be checked.
spelling-ignore-comment-directives=fmt: on,fmt: off,noqa:,noqa,nosec,isort:skip,mypy:

# List of comma separated words that should not be checked.
spelling-ignore-words=

# A path to a file that contains the private dictionary; one word per line.
spelling-private-dict-file=

# Tells whether to store unknown words to the private dictionary (see the
# --spelling-private-dict-file option) instead of raising a message.
spelling-store-unknown-words=no


[MISCELLANEOUS]

# List of note tags to take in consideration, separated by a comma.
notes=FIXME,
      XXX,
      TODO

# Regular expression of note tags to take in consideration.
#notes-rgx=


[SIMILARITIES]

# Comments are removed from the similarity computation
ignore-comments=yes

# Docstrings are removed from the similarity computation
ignore-docstrings=yes

# Imports are removed from the similarity computation
ignore-imports=no

# Signatures are removed from the similarity computation
ignore-signatures=no

# Minimum lines number of a similarity.
min-similarity-lines=4


[STRING]

# This flag controls whether inconsistent-quotes generates a warning when the
# character used as a quote delimiter is used inconsistently within a module.
check-quote-consistency=no

# This flag controls whether the implicit-str-concat should generate a warning
# on implicit string concatenation in sequences defined over several lines.
check-str-concat-over-line-jumps=no


[TYPECHECK]

# List of decorators that produce context managers, such as
# contextlib.contextmanager. Add to this list to register other decorators that
# produce valid context managers.
contextmanager-decorators=contextlib.contextmanager

# List of members which are set dynamically and missed by pylint inference
# system, and so shouldn't trigger E1101 when accessed. Python regular
# expressions are accepted.
generated-members=

# Tells whether missing members accessed in mixin class should be ignored. A
# class is considered mixin if its name matches the mixin-class-rgx option.
ignore-mixin-members=yes

# Tells whether to warn about missing members when the owner of the attribute
# is inferred to be None.
ignore-none=yes

# This flag controls whether pylint should warn about no-member and similar
# checks whenever an opaque object is returned when inferring. The inference
# can return multiple potential results while evaluating a Python object, but
# some branches might not be evaluated, which results in partial inference. In
# that case, it might be useful to still emit no-member and other checks for
# the rest of the inferred objects.
ignore-on-opaque-inference=yes

# List of class names for which member attributes should not be checked (useful
# for classes with dynamically set attributes). This supports the use of
# qualified names.
ignored-classes=optparse.Values,thread._local,_thread._local

# List of module names for which member attributes should not be checked
# (useful for modules/projects where namespaces are manipulated during runtime
# and thus existing member attributes cannot be deduced by static analysis). It
# supports qualified module names, as well as Unix pattern matching.
ignored-modules=

# Show a hint with possible names when a member name was not found. The aspect
# of finding the hint is based on edit distance.
missing-member-hint=yes

# The minimum edit distance a name should have in order to be considered a
# similar match for a missing member name.
missing-member-hint-distance=1

# The total number of similar names that should be taken in consideration when
# showing a hint for a missing member.
missing-member-max-choices=1

# Regex pattern to define which classes are considered mixins ignore-mixin-
# members is set to 'yes'
mixin-class-rgx=.*[Mm]ixin

# List of decorators that change the signature of a decorated function.
signature-mutators=


[BASIC]

# Naming style matching correct argument names.
argument-naming-style=snake_case

# Regular expression matching correct argument names. Overrides argument-
# naming-style. If left empty, argument names will be checked with the set
# naming style.
#argument-rgx=

# Naming style matching correct attribute names.
attr-naming-style=snake_case

# Regular expression matching correct attribute names. Overrides attr-naming-
# style. If left empty, attribute names will be checked with the set naming
# style.
#attr-rgx=

# Bad variable names which should always be refused, separated by a comma.
bad-names=foo,
          bar,
          baz,
          toto,
          tutu,
          tata

# Bad variable names regexes, separated by a comma. If names match any regex,
# they will always be refused
bad-names-rgxs=

# Naming style matching correct class attribute names.
class-attribute-naming-style=any

# Regular expression matching correct class attribute names. Overrides class-
# attribute-naming-style. If left empty, class attribute names will be checked
# with the set naming style.
#class-attribute-rgx=

# Naming style matching correct class constant names.
class-const-naming-style=UPPER_CASE

# Regular expression matching correct class constant names. Overrides class-
# const-naming-style. If left empty, class constant names will be checked with
# the set naming style.
#class-const-rgx=

# Naming style matching correct class names.
class-naming-style=PascalCase

# Regular expression matching correct class names. Overrides class-naming-
# style. If left empty, class names will be checked with the set naming style.
#class-rgx=

# Naming style matching correct constant names.
const-naming-style=UPPER_CASE

# Regular expression matching correct constant names. Overrides const-naming-
# style. If left empty, constant names will be checked with the set naming
# style.
#const-rgx=

# Minimum line length for functions/classes that require docstrings, shorter
# ones are exempt.
docstring-min-length=-1

# Naming style matching correct function names.
function-naming-style=snake_case

# Regular expression matching correct function names. Overrides function-
# naming-style. If left empty, function names will be checked with the set
# naming style.
#function-rgx=

# Good variable names which should always be accepted, separated by a comma.
good-names=i,
           j,
           k,
           ex,
           Run,
           _

# Good variable names regexes, separated by a comma. If names match any regex,
# they will always be accepted
good-names-rgxs=

# Include a hint for the correct naming format with invalid-name.
include-naming-hint=no

# Naming style matching correct inline iteration names.
inlinevar-naming-style=any

# Regular expression matching correct inline iteration names. Overrides
# inlinevar-naming-style. If left empty, inline iteration names will be checked
# with the set naming style.
#inlinevar-rgx=

# Naming style matching correct method names.
method-naming-style=snake_case

# Regular expression matching correct method names. Overrides method-naming-
# style. If left empty, method names will be checked with the set naming style.
#method-rgx=

# Naming style matching correct module names.
module-naming-style=snake_case

# Regular expression matching correct module names. Overrides module-naming-
# style. If left empty, module names will be checked with the set naming style.
#module-rgx=

# Colon-delimited sets of names that determine each other's naming style when
# the name regexes allow several styles.
name-group=

# Regular expression which should only match function or class names that do
# not require a docstring.
no-docstring-rgx=^_

# List of decorators that produce properties, such as abc.abstractproperty. Add
# to this list to register other decorators that produce valid properties.
# These decorators are taken in consideration only for invalid-name.
property-classes=abc.abstractproperty

# Regular expression matching correct type variable names. If left empty, type
# variable names will be checked with the set naming style.
#typevar-rgx=

# Naming style matching correct variable names.
variable-naming-style=snake_case

# Regular expression matching correct variable names. Overrides variable-
# naming-style. If left empty, variable names will be checked with the set
# naming style.
#variable-rgx=


[LOGGING]

# The type of string formatting that logging methods do. `old` means using %
# formatting, `new` is for `{}` formatting.
logging-format-style=old

# Logging modules to check that the string format arguments are in logging
# function parameter format.
logging-modules=logging


[FORMAT]

# Expected format of line ending, e.g. empty (any line ending), LF or CRLF.
expected-line-ending-format=

# Regexp for a line that is allowed to be longer than the limit.
ignore-long-lines=^\s*(# )?<?https?://\S+>?$

# Number of spaces of indent required inside a hanging or continued line.
indent-after-paren=4

# String used as indentation unit. This is usually "    " (4 spaces) or "\t" (1
# tab).
indent-string='    '

# Maximum number of characters on a single line.
max-line-length=100

# Maximum number of lines in a module.
max-module-lines=1000

# Allow the body of a class to be on the same line as the declaration if body
# contains single statement.
single-line-class-stmt=no

# Allow the body of an if to be on the same line as the test if there is no
# else.
single-line-if-stmt=no


[VARIABLES]

# List of additional names supposed to be defined in builtins. Remember that
# you should avoid defining new builtins when possible.
additional-builtins=

# Tells whether unused global variables should be treated as a violation.
allow-global-unused-variables=yes

# List of names allowed to shadow builtins
allowed-redefined-builtins=

# List of strings which can identify a callback function by name. A callback
# name must start or end with one of those strings.
callbacks=cb_,
          _cb

# A regular expression matching the name of dummy variables (i.e. expected to
# not be used).
dummy-variables-rgx=_+$|(_[a-zA-Z0-9_]*[a-zA-Z0-9]+?$)|dummy|^ignored_|^unused_

# Argument names that match this expression will be ignored. Default to name
# with leading underscore.
ignored-argument-names=_.*|^ignored_|^unused_

# Tells whether we should check for unused import in __init__ files.
init-import=no

# List of qualified module names which can have objects that can redefine
# builtins.
redefining-builtins-modules=six.moves,past.builtins,future.builtins,builtins,io


[IMPORTS]

# List of modules that can be imported at any level, not just the top level
# one.
allow-any-import-level=

# Allow wildcard imports from modules that define __all__.
allow-wildcard-with-all=no

# Analyse import fallback blocks. This can be used to support both Python 2 and
# 3 compatible code, which means that the block might have code that exists
# only in one or another interpreter, leading to false positives when analysed.
analyse-fallback-blocks=no

# Deprecated modules which should not be used, separated by a comma.
deprecated-modules=

# Output a graph (.gv or any supported image format) of external dependencies
# to the given file (report RP0402 must not be disabled).
ext-import-graph=

# Output a graph (.gv or any supported image format) of all (i.e. internal and
# external) dependencies to the given file (report RP0402 must not be
# disabled).
import-graph=

# Output a graph (.gv or any supported image format) of internal dependencies
# to the given file (report RP0402 must not be disabled).
int-import-graph=

# Force import order to recognize a module as part of the standard
# compatibility libraries.
known-standard-library=

# Force import order to recognize a module as part of a third party library.
known-third-party=enchant

# Couples of modules and preferred modules, separated by a comma.
preferred-modules=


[DESIGN]

# List of regular expressions of class ancestor names to ignore when counting
# public methods (see R0903)
exclude-too-few-public-methods=

# List of qualified class names to ignore when counting class parents (see
# R0901)
ignored-parents=

# Maximum number of arguments for function / method.
max-args=5

# Maximum number of attributes for a class (see R0902).
max-attributes=7

# Maximum number of boolean expressions in an if statement (see R0916).
max-bool-expr=5

# Maximum number of branch for function / method body.
max-branches=12

# Maximum number of locals for function / method body.
max-locals=15

# Maximum number of parents for a class (see R0901).
max-parents=7

# Maximum number of public methods for a class (see R0904).
max-public-methods=20

# Maximum number of return / yield for function / method body.
max-returns=6

# Maximum number of statements in function / method body.
max-statements=50

# Minimum number of public methods for a class (see R0903).
min-public-methods=2


[CLASSES]

# Warn about protected attribute access inside special methods
check-protected-access-in-special-methods=no

# List of method names used to declare (i.e. assign) instance attributes.
defining-attr-methods=__init__,
                      __new__,
                      setUp,
                      __post_init__

# List of member names, which should be excluded from the protected access
# warning.
exclude-protected=_asdict,
                  _fields,
                  _replace,
                  _source,
                  _make

# List of valid names for the first argument in a class method.
valid-classmethod-first-arg=cls

# List of valid names for the first argument in a metaclass class method.
valid-metaclass-classmethod-first-arg=cls


[EXCEPTIONS]

# Exceptions that will emit a warning when being caught. Defaults to
# "BaseException, Exception".
overgeneral-exceptions=BaseException,
                       Exception
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# CHANGELOG

## Version 2.10.6, 2022-09-09

### Robustness (ROB)
-  Fix infinite loop due to Invalid object (#1331)
-  Fix image extraction issue with superfluous whitespaces (#1327)

Full Changelog: https://github.com/py-pdf/PyPDF2/compare/2.10.5...2.10.6

## Version 2.10.5, 2022-09-04

### New Features (ENH)
-  Process XRefStm (#1297)
-  Auto-detect RTL for text extraction (#1309)

### Bug Fixes (BUG)
-  Avoid scaling cropbox twice (#1314)

### Robustness (ROB)
-  Fix offset correction in revised PDF (#1318)
-  Crop data of /U and /O in encryption dictionary to 48 bytes (#1317)
-  MultiLine bfrange in cmap (#1299)
-  Cope with 2 digit codes in bfchar (#1310)
-  Accept '/annn' charset as ASCII code (#1316)
-  Log errors during Float / NumberObject initialization (#1315)
-  Cope with corrupted entries in xref table (#1300)

### Documentation (DOC)
-  Migration guide (PyPDF2 1.x ➔ 2.x) (#1324)
-  Creating a coverage report (#1319)
-  Fix AnnotationBuilder.free_text example (#1311)
-  Fix usage of page.scale by replacing it with page.scale_by (#1313)

### Maintenance (MAINT)
-  PdfReaderProtocol (#1303)
-  Throw PdfReadError if Trailer can't be read (#1298)
-  Remove catching OverflowException (#1302)

Full Changelog: https://github.com/py-pdf/PyPDF2/compare/2.10.4...2.10.5


## Version 2.10.4, 2022-08-28

### Robustness (ROB)
-  Fix errors/warnings on no /Resources within extract_text (#1276)
-  Add required line separators in ContentStream ArrayObjects (#1281)

### Maintenance (MAINT)
-  Use NameObject idempotency (#1290)

### Testing (TST)
-  Rectangle deletion (#1289)
-  Add workflow tests (#1287)
-  Remove files after tests ran (#1286)

### Packaging (PKG)
-  Add minimum version for typing_extensions requirement (#1277)

Full Changelog: https://github.com/py-pdf/PyPDF2/compare/2.10.3...2.10.4

## Version 2.10.3, 2022-08-21

### Robustness (ROB)
-  Decrypt returns empty bytestring (#1258)

### Developer Experience (DEV)
-  Modify CI to better verify built package contents (#1244)

### Maintenance (MAINT)
-  Remove 'mine' as PdfMerger always creates the stream (#1261)
-  Let PdfMerger._create_stream raise NotImplemented (#1251)
-  password param of _security._alg32(...) is only a string, not bytes (#1259)
-  Remove unreachable code in read_block_backwards (#1250)
   and sign function in _extract_text (#1262)

### Testing (TST)
-  Delete annotations (#1263)
-  Close PdfMerger in tests (#1260)
-  PdfReader.xmp_metadata workflow (#1257)
-  Various PdfWriter (Layout, Bookmark deprecation) (#1249)

Full Changelog: https://github.com/py-pdf/PyPDF2/compare/2.10.2...2.10.3

## Version 2.10.2, 2022-08-15

BUG: Add PyPDF2.generic to PyPI distribution

## Version 2.10.1, 2022-08-15

### Bug Fixes (BUG)
-  TreeObject.remove_child had a non-PdfObject assignment for Count (#1233, #1234)
-  Fix stream truncated prematurely (#1223)

### Documentation (DOC)
-  Fix docstring formatting (#1228)

### Maintenance (MAINT)
-  Split generic.py (#1229)

### Testing (TST)
-  Decrypt AlgV4 with owner password (#1239)
-  AlgV5.generate_values (#1238)
-  TreeObject.remove_child / empty_tree (#1235, #1236)
-  create_string_object (#1232)
-  Free-Text annotations (#1231)
-  generic._base (#1230)
-  Strict get fonts (#1226)
-  Increase PdfReader coverage (#1219, #1225)
-  Increase PdfWriter coverage (#1237)
-  100% coverage for utils.py (#1217)
-  PdfWriter exception non-binary stream (#1218)
-  Don't check coverage for deprecated code (#1216)

Full Changelog: https://github.com/py-pdf/PyPDF2/compare/2.10.0...2.10.1


## Version 2.10.0, 2022-08-07

### New Features (ENH)
-  "with" support for PdfMerger and PdfWriter (#1193)
-  Add AnnotationBuilder.text(...) to build text annotations (#1202)

### Bug Fixes (BUG)
-  Allow IndirectObjects as stream filters (#1211)

### Documentation (DOC)
-  Font scrambling
-  Page vs Content scaling (#1208)
-  Example for orientation parameter of extract_text (#1206)
-  Fix AnnotationBuilder parameter formatting (#1204)

### Developer Experience (DEV)
-  Add flake8-print (#1203)

### Maintenance (MAINT)
-  Introduce WrongPasswordError / FileNotDecryptedError / EmptyFileError  (#1201)

Full Changelog: https://github.com/py-pdf/PyPDF2/compare/2.9.0...2.10.0

## Version 2.9.0, 2022-07-31

### New Features (ENH)
-  Add ability to add hex encoded colors to outline items (#1186)
-  Add support for pathlib.Path in PdfMerger.merge (#1190)
-  Add link annotation (#1189)
-  Add capability to filter text extraction by orientation (#1175)

### Bug Fixes (BUG)
-  Named Dest in PDF1.1 (#1174)
-  Incomplete Graphic State save/restore (#1172)

### Documentation (DOC)
-  Update changelog url in package metadata (#1180)
-  Mantion camelot for table extraction (#1179)
-  Mention pyHanko for signing PDF documents (#1178)
-  Weow have CMAP support since a while (#1177)

### Maintenance (MAINT)
-  Consistant usage of warnings / log messages (#1164)
-  Consistent terminology for outline items (#1156)


Full Changelog: https://github.com/py-pdf/PyPDF2/compare/2.8.1...2.9.0

## Version 2.8.1, 2022-07-25

### Bug Fixes (BUG)
-  u_hash in AlgV4.compute_key (#1170)

### Robustness (ROB)
-  Fix loading of file from #134 (#1167)
-  Cope with empty DecodeParams (#1165)

### Documentation (DOC)
-  Typo in merger deprecation warning message (#1166)

### Maintenance (MAINT)
-  Package updates; solve mypy strict remarks (#1163)

### Testing (TST)
-  Add test from #325 (#1169)

Full Changelog: https://github.com/py-pdf/PyPDF2/compare/2.8.0...2.8.1


## Version 2.8.0, 2022-07-24

### New Features (ENH)
-  Add writer.add_annotation, page.annotations, and generic.AnnotationBuilder (#1120)

### Bug Fixes (BUG)
-  Set /AS for /Btn form fields in writer (#1161)
-  Ignore if /Perms verify failed (#1157)

### Robustness (ROB)
-  Cope with utf16 character for space calculation (#1155)
-  Cope with null params for FitH / FitV destination (#1152)
-  Handle outlines without valid destination (#1076)

### Developer Experience (DEV)
-  Introduce _utils.logger_warning (#1148)

### Maintenance (MAINT)
-  Break up parse_to_unicode (#1162)
-  Add diagnostic output to exception in read_from_stream (#1159)
-  Reduce PdfReader.read complexity (#1151)

### Testing (TST)
-  Add workflow tests found by arc testing (#1154)
-  Decrypt file which is not encrypted (#1149)
-  Test CryptRC4 encryption class; test image extraction filters (#1147)

Full Changelog: https://github.com/py-pdf/PyPDF2/compare/2.7.0...2.8.0

## Version 2.7.0, 2022-07-21

### New Features (ENH)
-  Add `outline_count` property (#1129)

### Bug Fixes (BUG)
-  Make reader.get_fields also return dropdowns with options (#1114)
-  Add deprecated EncodedStreamObject functions back until PyPDF2==3.0.0 (#1139)

### Robustness (ROB)
-  Cope with missing /W entry (#1136)
-  Cope with invalid parent xref (#1133)

### Documentation (DOC)
-  Contributors file (#1132)
-  Fix type in signature of PdfWriter.add_uri (#1131)

### Developer Experience (DEV)
-  Add .git-blame-ignore-revs (#1141)

### Code Style (STY)
-  Fixing typos (#1137)
-  Re-use code via get_outlines_property in tests (#1130)

Full Changelog: https://github.com/py-pdf/PyPDF2/compare/2.6.0...2.7.0

## Version 2.6.0, 2022-07-17

### New Features (ENH)
-  Add color and font_format to PdfReader.outlines[i] (#1104)
-  Extract Text Enhancement (whitespaces) (#1084)

### Bug Fixes (BUG)
-  Use `build_destination` for named destination outlines (#1128)
-  Avoid a crash when a ToUnicode CMap has an empty dstString in beginbfchar (#1118)
-  Prevent deduplication of PageObject (#1105)
-  None-check in DictionaryObject.read_from_stream (#1113)
-  Avoid IndexError in _cmap.parse_to_unicode (#1110)

### Documentation (DOC)
-  Explanation for git submodule
-  Watermark and stamp (#1095)

### Maintenance (MAINT)
-  Text extraction improvements (#1126)
-  Destination.color returns ArrayObject instead of tuple as fallback (#1119)
-  Use add_bookmark_destination in add_bookmark (#1100)
-  Use add_bookmark_destination in add_bookmark_dict (#1099)

### Testing (TST)
-  Add test for arab text (#1127)
-  Add xfail for decryption fail (#1125)
-  Add xfail test for IndexError when extracting text (#1124)
-  Add MCVE showing outline title issue (#1123)

### Code Style (STY)
-  Use IntFlag for permissions_flag / update_page_form_field_values (#1094)
-  Simplify code (#1101)

Full Changelog: https://github.com/py-pdf/PyPDF2/compare/2.5.0...2.6.0

## Version 2.5.0, 2022-07-10

### New Features (ENH)
-  Add support for indexed color spaces / BitsPerComponent for decoding PNGs (#1067)
-  Add PageObject._get_fonts (#1083)

### Performance Improvements (PI)
-  Use iterative DFS in PdfWriter._sweep_indirect_references (#1072)

### Bug Fixes (BUG)
-  Let Page.scale also scale the crop-/trim-/bleed-/artbox (#1066)
-  Column default for CCITTFaxDecode (#1079)

### Robustness (ROB)
-  Guard against None-value in _get_outlines (#1060)

### Documentation (DOC)
-  Stamps and watermarks (#1082)
-  OCR vs PDF text extraction (#1081)
-  Python Version support
-  Formatting of CHANGELOG

### Developer Experience (DEV)
-  Cache downloaded files (#1070)
-  Speed-up for CI (#1069)

### Maintenance (MAINT)
-  Set page.rotate(angle: int) (#1092)
-  Issue #416 was fixed by #1015 (#1078)

### Testing (TST)
-  Image extraction (#1080)
-  Image extraction (#1077)

### Code Style (STY)
-  Apply black
-  Typo in Changelog

Full Changelog: https://github.com/py-pdf/PyPDF2/compare/2.4.2...2.5.0

## Version 2.4.2, 2022-07-05

### New Features (ENH)
-  Add PdfReader.xfa attribute (#1026)

### Bug Fixes (BUG)
-  Wrong page inserted when PdfMerger.merge is done (#1063)
-  Resolve IndirectObject when it refers to a free entry (#1054)

### Developer Experience (DEV)
-  Added {posargs} to tox.ini (#1055)

### Maintenance (MAINT)
-  Remove PyPDF2._utils.bytes_type (#1053)

### Testing (TST)
-  Scale page (indirect rect object) (#1057)
-  Simplify pathlib PdfReader test (#1056)
-  IndexError of VirtualList (#1052)
-  Invalid XML in xmp information (#1051)
-  No pycryptodome (#1050)
-  Increase test coverage (#1045)

### Code Style (STY)
-  DOC of compress_content_streams (#1061)
-  Minimize diff for #879 (#1049)

[Full Changelog](https://github.com/py-pdf/PyPDF2/compare/2.4.1...2.4.2)

## Version 2.4.1, 2022-06-30

### New Features (ENH)
-  Add writer.pdf_header property (getter and setter) (#1038)

### Performance Improvements (PI)
-  Remove b_ call in FloatObject.write_to_stream (#1044)
-  Check duplicate objects in writer._sweep_indirect_references (#207)

### Documentation (DOC)
-  How to surppress exceptions/warnings/log messages (#1037)
-  Remove hyphen from lossless (#1041)
-  Compression of content streams (#1040)
-  Fix inconsistent variable names in add-watermark.md (#1039)
-  File size reduction
-  Add CHANGELOG to the rendered docs (#1023)

### Maintenance (MAINT)
-  Handle XML error when reading XmpInformation (#1030)
-  Deduplicate Code / add mutmut config (#1022)

### Code Style (STY)
-  Use unnecessary one-line function / class attribute (#1043)
-  Docstring formatting (#1033)

[Full Changelog](https://github.com/py-pdf/PyPDF2/compare/2.4.0...2.4.1)

## Version 2.4.0, 2022-06-26

### New Features (ENH):
-  Support R6 decrypting (#1015)
-  Add PdfReader.pdf_header (#1013)

### Performance Improvements (PI):
-  Remove ord_ calls (#1014)

### Bug Fixes (BUG):
-  Fix missing page for bookmark (#1016)

### Robustness (ROB):
-  Deal with invalid Destinations (#1028)

### Documentation (DOC):
-  get_form_text_fields does not extract dropdown data (#1029)
-  Adjust PdfWriter.add_uri docstring
-  Mention crypto extra_requires for installation (#1017)

### Developer Experience (DEV):
-  Use /n line endings everywhere (#1027)
-  Adjust string formatting to be able to use mutmut (#1020)
-  Update Bug report template

[Full Changelog](https://github.com/py-pdf/PyPDF2/compare/2.3.1...2.4.0)

## Version 2.3.1, 2022-06-19

BUG: Forgot to add the interal `_codecs` subpackage.

[Full Changelog](https://github.com/py-pdf/PyPDF2/compare/2.3.0...2.3.1)

## Version 2.3.0, 2022-06-19

The highlight of this release is improved support for file encryption
(AES-128 and AES-256, R5 only). See #749 for the amazing work of
@exiledkingcc 🎊 Thank you 🤗

### Deprecations (DEP)
-  Rename names to be PEP8-compliant (#967)
  - `PdfWriter.get_page`: the pageNumber parameter is renamed to page_number
  - `PyPDF2.filters`:
    * For all classes, a parameter rename: decodeParms ➔ decode_parms
    * decodeStreamData ➔ decode_stream_data
  - `PyPDF2.xmp`:
    * XmpInformation.rdfRoot ➔ XmpInformation.rdf_root
    * XmpInformation.xmp_createDate ➔ XmpInformation.xmp_create_date
    * XmpInformation.xmp_creatorTool ➔ XmpInformation.xmp_creator_tool
    * XmpInformation.xmp_metadataDate ➔ XmpInformation.xmp_metadata_date
    * XmpInformation.xmp_modifyDate ➔ XmpInformation.xmp_modify_date
    * XmpInformation.xmpMetadata ➔ XmpInformation.xmp_metadata
    * XmpInformation.xmpmm_documentId ➔ XmpInformation.xmpmm_document_id
    * XmpInformation.xmpmm_instanceId ➔ XmpInformation.xmpmm_instance_id
  - `PyPDF2.generic`:
    * readHexStringFromStream ➔ read_hex_string_from_stream
    * initializeFromDictionary ➔ initialize_from_dictionary
    * createStringObject ➔ create_string_object
    * TreeObject.hasChildren ➔ TreeObject.has_children
    * TreeObject.emptyTree ➔ TreeObject.empty_tree

### New Features (ENH)
-  Add decrypt support for V5 and AES-128, AES-256 (R5 only) (#749)

### Robustness (ROB)
-  Fix corrupted (wrongly) linear PDF (#1008)

### Maintenance (MAINT)
-  Move PDF_Samples folder into ressources
-  Fix typos (#1007)

### Testing (TST)
-  Improve encryption/decryption test (#1009)
-  Add merger test cases with real PDFs (#1006)
-  Add mutmut config

### Code Style (STY)
-  Put pure data mappings in separate files (#1005)
-  Make encryption module private, apply pre-commit (#1010)

[Full Changelog](https://github.com/py-pdf/PyPDF2/compare/2.2.1...2.3.0)

## Version 2.2.1, 2022-06-17

### Performance Improvements (PI)
-  Remove b_ calls (#992, #986)
-  Apply improvements to _utils suggested by perflint (#993)

### Robustness (ROB)
-  utf-16-be codec can't decode (...) (#995)

### Documentation (DOC)
-  Remove reference to Scripts (#987)

### Developer Experience (DEV)
-  Fix type annotations for add_bookmarks (#1000)

### Testing (TST)
-  Add test for PdfMerger (#1001)
-  Add tests for XMP information (#996)
-  reader.get_fields / zlib issue / LZW decode issue (#1004)
-  reader.get_fields with report generation (#1002)
-  Improve test coverage by extracting texts (#998)

### Code Style (STY)
-  Apply fixes suggested by pylint (#999)

[Full Changelog](https://github.com/py-pdf/PyPDF2/compare/2.2.0...2.2.1)

## Version 2.2.0, 2022-06-13

The 2.2.0 release improves text extraction again via (#969):

* Improvements around /Encoding / /ToUnicode
* Extraction of CMaps improved
* Fallback for font def missing
* Support for /Identity-H and /Identity-V: utf-16-be
* Support for /GB-EUC-H / /GB-EUC-V / GBp/c-EUC-H / /GBpc-EUC-V (beta release for evaluation)
* Arabic (for evaluation)
* Whitespace extraction improvements

Those changes should mainly improve the text extraction for non-ASCII alphabets,
e.g. Russian / Chinese / Japanese / Korean / Arabic.

[Full Changelog](https://github.com/py-pdf/PyPDF2/compare/2.1.1...2.2.0)

## Version 2.1.1, 2022-06-12

### New Features (ENH)
-  Add support for pathlib as input for PdfReader (#979)

### Performance Improvements (PI)
-  Optimize read_next_end_line (#646)

### Bug Fixes (BUG)
-  Adobe Acrobat 'Would you like to save this file?' (#970)

### Documentation (DOC)
-  Notes on annotations (#982)
-  Who uses PyPDF2
-  intendet \xe2\x9e\x94 in robustness page  (#958)

### Maintenance (MAINT)
-  pre-commit / requirements.txt updates (#977)
-  Mark read_next_end_line as deprecated (#965)
-  Export `PageObject` in PyPDF2 root (#960)

### Testing (TST)
-  Add MCVE of issue #416 (#980)
-  FlateDecode.decode decodeParms (#964)
-  Xmp module (#962)
-  utils.paeth_predictor (#959)

### Code Style (STY)
-  Use more tuples and list/dict comprehensions (#976)

[Full Changelog](https://github.com/py-pdf/PyPDF2/compare/2.1.0...2.1.1)


## Version 2.1.0, 2022-06-06

The highlight of the 2.1.0 release is the most massive improvement to the
text extraction capabilities of PyPDF2 since 2016 🥳🎊 A very big thank you goes
to [pubpub-zz](https://github.com/pubpub-zz) who took a lot of time and
knowledge about the PDF format to finally get those improvements into PyPDF2.
Thank you 🤗💚

In case the new function causes any issues, you can use `_extract_text_old`
for the old functionality. Please also open a bug ticket in that case.

There were several people who have attempted to bring similar improvements to
PyPDF2. All of those were valuable. The main reason why they didn't get merged
is the big amount of open PRs / issues. pubpub-zz was the most comprehensive
PR which also incorporated the latest changes of PyPDF2 2.0.0.

Thank you to [VictorCarlquist](https://github.com/VictorCarlquist) for #858 and
[asabramo](https://github.com/asabramo) for #464 🤗

### New Features (ENH)
-  Massive text extraction improvement (#924). Closed many open issues:
    - Exceptions / missing spaces in extract_text() method (#17) 🕺
      - Whitespace issues in extract_text() (#42) 💃
      - pypdf2 reads the hifenated words in a new line (#246)
    - PyPDF2 failing to read unicode character (#37)
      - Unable to read bullets (#230)
    - ExtractText yields nothing for apparently good PDF (#168) 🎉
    - Encoding issue in extract_text() (#235)
    - extractText() doesn't work on Chinese PDF (#252)
    - encoding error (#260)
    - Trouble with apostophes in names in text "O'Doul" (#384)
    - extract_text works for some PDF files, but not the others (#437)
    - Euro sign not being recognized by extractText (#443)
    - Failed extracting text from French texts (#524)
    - extract_text doesn't extract ligatures correctly (#598)
    - reading spanish text - mark convert issue (#635)
    - Read PDF changed from text to random symbols (#654)
    - .extractText() reads / as 1. (#789)
-  Update glyphlist (#947) - inspired by #464
-  Allow adding PageRange objects (#948)

### Bug Fixes (BUG)
-  Delete .python-version file (#944)
-  Compare StreamObject.decoded_self with None (#931)

### Robustness (ROB)
-  Fix some conversion errors on non conform PDF (#932)

### Documentation (DOC)
-  Elaborate on PDF text extraction difficulties (#939)
-  Add logo (#942)
-  rotate vs Transformation().rotate (#937)
-  Example how to use PyPDF2 with AWS S3 (#938)
-  How to deprecate (#930)
-  Fix typos on robustness page (#935)
-  Remove scripts (pdfcat) from docs (#934)

### Developer Experience (DEV)
-  Ignore .python-version file
-  Mark deprecated code with no-cover (#943)
-  Automatically create Github releases from tags (#870)

### Testing (TST)
-  Text extraction for non-latin alphabets (#954)
-  Ignore PdfReadWarning in benchmark (#949)
-  writer.remove_text (#946)
-  Add test for Tree and _security (#945)

### Code Style (STY)
-  black, isort, Flake8, splitting buildCharMap (#950)

[Full Changelog](https://github.com/py-pdf/PyPDF2/compare/2.0.0...2.1.0)

## Version 2.0.0, 2022-06-01

The 2.0.0 release of PyPDF2 includes three core changes:

1. Dropping support for Python 3.5 and older.
2. Introducing type annotations.
3. Interface changes, mostly to have PEP8-compliant names

We introduced a [deprecation process](https://github.com/py-pdf/PyPDF2/pull/930)
that hopefully helps users to avoid unexpected breaking changes.

### Breaking Changes (DEP)
- PyPDF2 2.0 requires Python 3.6+. Python 2.7 and 3.5 support were dropped.
- PdfFileReader: The "warndest" parameter was removed
- PdfFileReader and PdfFileMerger no longer have the `overwriteWarnings`
  parameter. The new behavior is `overwriteWarnings=False`.
- merger: OutlinesObject was removed without replacement.
- merger.py ➔ _merger.py: You must import PdfFileMerger from PyPDF2 directly.
- utils:
  * `ConvertFunctionsToVirtualList` was removed
  * `formatWarning` was removed
  * `isInt(obj)`: Use `instance(obj, int)` instead
  * `u_(s)`: Use `s` directly
  * `chr_(c)`: Use `chr(c)` instead
  * `barray(b)`: Use `bytearray(b)` instead
  * `isBytes(b)`: Use `instance(b, type(bytes()))` instead
  * `xrange_fn`: Use `range` instead
  * `string_type`: Use `str` instead
  * `isString(s)`: Use `instance(s, str)` instead
  * `_basestring`: Use `str` instead
  * All Exceptions are now in `PyPDF2.errors`:
    - PageSizeNotDefinedError
    - PdfReadError
    - PdfReadWarning
    - PyPdfError
- `PyPDF2.pdf` (the `pdf` module) no longer exists. The contents were moved with
  the library. You should most likely import directly from `PyPDF2` instead.
  The `RectangleObject` is in `PyPDF2.generic`.
- The `Resources`, `Scripts`, and `Tests` will no longer be part of the distribution
  files on PyPI. This should have little to no impact on most people. The
  `Tests` are renamed to `tests`, the `Resources` are renamed to `resources`.
  Both are still in the git repository. The `Scripts` are now in
  [cpdf](https://github.com/py-pdf/cpdf). `Sample_Code` was moved to the `docs`.

For a full list of deprecated functions, please see the changelog of version
1.28.0.

### New Features (ENH)
-  Improve space setting for text extraction (#922)
-  Allow setting the decryption password in `PdfReader.__init__` (#920)
-  Add Page.add_transformation (#883)

### Bug Fixes (BUG)
-  Fix error adding transformation to page without /Contents (#908)

### Robustness (ROB)
-  Cope with invalid length in streams (#861)

### Documentation (DOC)
-  Fix style of 1.25 and 1.27 patch notes (#927)
-  Transformation (#907)

### Developer Experience (DEV)
-  Create flake8 config file (#916)
-  Use relative imports (#875)

### Maintenance (MAINT)
-  Use Python 3.6 language features (#849)
-  Add wrapper function for PendingDeprecationWarnings (#928)
-  Use new PEP8 compliant names (#884)
-  Explicitly represent transformation matrix (#878)
-  Inline PAGE_RANGE_HELP string (#874)
-  Remove unnecessary generics imports (#873)
-  Remove star imports (#865)
-  merger.py ➔ _merger.py (#864)
-  Type annotations for all functions/methods (#854)
-  Add initial type support with mypy (#853)

### Testing (TST)
-  Regression test for xmp_metadata converter (#923)
-  Checkout submodule sample-files for benchmark
-  Add text extracting performance benchmark
-  Use new PyPDF2 API in benchmark (#902)
-  Make test suite fail for uncaught warnings (#892)
-  Remove -OO testrun from CI (#901)
-  Improve tests for convert_to_int (#899)

[Full Changelog](https://github.com/py-pdf/PyPDF2/compare/1.28.4...2.0.0)

## Version 1.28.4, 2022-05-29

Bug Fixes (BUG):
-  XmpInformation._converter_date was unusable (#921)

[Full Changelog](https://github.com/py-pdf/PyPDF2/compare/1.28.3...1.28.4)

## Version 1.28.3, 2022-05-28

### Deprecations (DEP)
-  PEP8 renaming (#905)

### Bug Fixes (BUG)
-  XmpInformation missing method _getText (#917)
-  Fix PendingDeprecationWarning on _merge_page (#904)

[Full Changelog](https://github.com/py-pdf/PyPDF2/compare/1.28.2...1.28.3)

## Version 1.28.2, 2022-05-23

### Bug Fixes (BUG)
-  PendingDeprecationWarning for getContents (#893)
-  PendingDeprecationWarning on using PdfMerger (#891)

[Full Changelog](https://github.com/py-pdf/PyPDF2/compare/1.28.1...1.28.2)

## Version 1.28.1, 2022-05-22

### Bug Fixes (BUG)
-  Incorrectly show deprecation warnings on internal usage (#887)

### Maintenance (MAINT)
-  Add stacklevel=2 to deprecation warnings (#889)
-  Remove duplicate warnings imports (#888)

[Full Changelog](https://github.com/py-pdf/PyPDF2/compare/1.28.0...1.28.1)

## Version 1.28.0, 2022-05-22

This release adds a lot of deprecation warnings in preparation of the
PyPDF2 2.0.0 release. The changes are mostly using snake_case function-, method-,
and variable-names as well as using properties instead of getter-methods.

Maintenance (MAINT):
-  Remove IronPython Fallback for zlib (#868)

[Full Changelog](https://github.com/py-pdf/PyPDF2/compare/1.27.12...1.27.13)

### Deprecations (DEP)

* Make the `PyPDF2.utils` module private
* Rename of core classes:
  * PdfFileReader ➔ PdfReader
  * PdfFileWriter ➔ PdfWriter
  * PdfFileMerger ➔ PdfMerger
* Use PEP8 conventions for function names and parameters
* If a property and a getter-method are both present, use the property

#### Details

In many places:
  - getObject ➔ get_object
  - writeToStream ➔ write_to_stream
  - readFromStream ➔ read_from_stream

PyPDF2.generic
  - readObject ➔ read_object
  - convertToInt ➔ convert_to_int
  - DocumentInformation.getText ➔ DocumentInformation._get_text :
    This method should typically not be used; please let me know if you need it.

PdfReader class:
  - `reader.getPage(pageNumber)` ➔ `reader.pages[page_number]`
  - `reader.getNumPages()` / `reader.numPages` ➔ `len(reader.pages)`
  - getDocumentInfo ➔ metadata
  - flattenedPages attribute ➔ flattened_pages
  - resolvedObjects attribute ➔ resolved_objects
  - xrefIndex attribute ➔ xref_index
  - getNamedDestinations / namedDestinations attribute ➔ named_destinations
  - getPageLayout / pageLayout ➔ page_layout attribute
  - getPageMode / pageMode ➔ page_mode attribute
  - getIsEncrypted / isEncrypted ➔ is_encrypted attribute
  - getOutlines ➔ get_outlines
  - readObjectHeader ➔ read_object_header
  - cacheGetIndirectObject ➔ cache_get_indirect_object
  - cacheIndirectObject ➔ cache_indirect_object
  - getDestinationPageNumber ➔ get_destination_page_number
  - readNextEndLine ➔ read_next_end_line
  - _zeroXref ➔ _zero_xref
  - _authenticateUserPassword ➔ _authenticate_user_password
  - _pageId2Num attribute ➔ _page_id2num
  - _buildDestination ➔ _build_destination
  - _buildOutline ➔ _build_outline
  - _getPageNumberByIndirect(indirectRef) ➔ _get_page_number_by_indirect(indirect_ref)
  - _getObjectFromStream ➔ _get_object_from_stream
  - _decryptObject ➔ _decrypt_object
  - _flatten(..., indirectRef) ➔ _flatten(..., indirect_ref)
  - _buildField ➔ _build_field
  - _checkKids ➔ _check_kids
  - _writeField ➔ _write_field
  - _write_field(..., fieldAttributes) ➔ _write_field(..., field_attributes)
  - _read_xref_subsections(..., getEntry, ...) ➔ _read_xref_subsections(..., get_entry, ...)

PdfWriter class:
  - `writer.getPage(pageNumber)` ➔ `writer.pages[page_number]`
  - `writer.getNumPages()` ➔ `len(writer.pages)`
  - addMetadata ➔ add_metadata
  - addPage ➔ add_page
  - addBlankPage ➔ add_blank_page
  - addAttachment(fname, fdata) ➔ add_attachment(filename, data)
  - insertPage ➔ insert_page
  - insertBlankPage ➔ insert_blank_page
  - appendPagesFromReader ➔ append_pages_from_reader
  - updatePageFormFieldValues ➔ update_page_form_field_values
  - cloneReaderDocumentRoot ➔ clone_reader_document_root
  - cloneDocumentFromReader ➔ clone_document_from_reader
  - getReference ➔ get_reference
  - getOutlineRoot ➔ get_outline_root
  - getNamedDestRoot ➔ get_named_dest_root
  - addBookmarkDestination ➔ add_bookmark_destination
  - addBookmarkDict ➔ add_bookmark_dict
  - addBookmark ➔ add_bookmark
  - addNamedDestinationObject ➔ add_named_destination_object
  - addNamedDestination ➔ add_named_destination
  - removeLinks ➔ remove_links
  - removeImages(ignoreByteStringObject) ➔ remove_images(ignore_byte_string_object)
  - removeText(ignoreByteStringObject) ➔ remove_text(ignore_byte_string_object)
  - addURI ➔ add_uri
  - addLink ➔ add_link
  - getPage(pageNumber) ➔ get_page(page_number)
  - getPageLayout / setPageLayout / pageLayout ➔ page_layout attribute
  - getPageMode / setPageMode / pageMode ➔ page_mode attribute
  - _addObject ➔ _add_object
  - _addPage ➔ _add_page
  - _sweepIndirectReferences ➔ _sweep_indirect_references

PdfMerger class
  - `__init__` parameter: strict=True ➔ strict=False (the PdfFileMerger still has the old default)
  - addMetadata ➔ add_metadata
  - addNamedDestination ➔ add_named_destination
  - setPageLayout ➔ set_page_layout
  - setPageMode ➔ set_page_mode

Page class:
  - artBox / bleedBox/ cropBox/ mediaBox / trimBox ➔ artbox / bleedbox/ cropbox/ mediabox / trimbox
    - getWidth, getHeight  ➔ width / height
    - getLowerLeft_x / getUpperLeft_x ➔ left
    - getUpperRight_x / getLowerRight_x ➔ right
    - getLowerLeft_y / getLowerRight_y ➔ bottom
    - getUpperRight_y / getUpperLeft_y ➔ top
    - getLowerLeft / setLowerLeft ➔ lower_left property
    - upperRight ➔ upper_right
  - mergePage ➔ merge_page
  - rotateClockwise / rotateCounterClockwise ➔ rotate_clockwise
  - _mergeResources ➔ _merge_resources
  - _contentStreamRename ➔ _content_stream_rename
  - _pushPopGS ➔ _push_pop_gs
  - _addTransformationMatrix ➔ _add_transformation_matrix
  - _mergePage ➔ _merge_page

XmpInformation class:
  - getElement(..., aboutUri, ...) ➔ get_element(..., about_uri, ...)
  - getNodesInNamespace(..., aboutUri, ...) ➔ get_nodes_in_namespace(..., aboutUri, ...)
  - _getText ➔ _get_text

utils.py:
  - matrixMultiply ➔ matrix_multiply
  - RC4_encrypt is moved to the security module

## Version 1.27.12, 2022-05-02

### Bug Fixes (BUG)
-  _rebuild_xref_table expects trailer to be a dict (#857)

### Documentation (DOC)
-  Security Policy

[Full Changelog](https://github.com/py-pdf/PyPDF2/compare/1.27.11...1.27.12)

## Version 1.27.11, 2022-05-02

### Bug Fixes (BUG)
-  Incorrectly issued xref warning/exception (#855)

[Full Changelog](https://github.com/py-pdf/PyPDF2/compare/1.27.10...1.27.11)

## Version 1.27.10, 2022-05-01

### Robustness (ROB)
-  Handle missing destinations in reader (#840)
-  warn-only in readStringFromStream (#837)
-  Fix corruption in startxref or xref table (#788 and #830)

### Documentation (DOC)
-  Project Governance (#799)
-  History of PyPDF2
-  PDF feature/version support (#816)
-  More details on text parsing issues (#815)

### Developer Experience (DEV)
-  Add benchmark command to Makefile
-  Ignore IronPython parts for code coverage (#826)

### Maintenance (MAINT)
-  Split pdf module (#836)
-  Separated CCITTFax param parsing/decoding (#841)
-  Update requirements files

### Testing (TST)
-  Use external repository for larger/more PDFs for testing (#820)
-  Swap incorrect test names (#838)
-  Add test for PdfFileReader and page properties (#835)
-  Add tests for PyPDF2.generic (#831)
-  Add tests for utils, form fields, PageRange (#827)
-  Add test for ASCII85Decode (#825)
-  Add test for FlateDecode (#823)
-  Add test for filters.ASCIIHexDecode (#822)

### Code Style (STY)
-  Apply pre-commit (black, isort) + use snake_case variables (#832)
-  Remove debug code (#828)
-  Documentation, Variable names (#839)

[Full Changelog](https://github.com/py-pdf/PyPDF2/compare/1.27.9...1.27.10)

## Version 1.27.9, 2022-04-24

A change I would like to highlight is the performance improvement for
large PDF files (#808) 🎉

### New Features (ENH)
-  Add papersizes (#800)
-  Allow setting permission flags when encrypting (#803)
-  Allow setting form field flags (#802)

### Bug Fixes (BUG)
-  TypeError in xmp._converter_date (#813)
-  Improve spacing for text extraction (#806)
-  Fix PDFDocEncoding Character Set (#809)

### Robustness (ROB)
-  Use null ID when encrypted but no ID given (#812)
-  Handle recursion error (#804)

### Documentation (DOC)
-  CMaps (#811)
-  The PDF Format + commit prefixes (#810)
-  Add compression example (#792)

### Developer Experience (DEV)
-  Add Benchmark for Performance Testing (#781)

### Maintenance (MAINT)
-  Validate PDF magic byte in strict mode (#814)
-  Make PdfFileMerger.addBookmark() behave life PdfFileWriters' (#339)
-  Quadratic runtime while parsing reduced to linear  (#808)

### Testing (TST)
-  Newlines in text extraction (#807)

[Full Changelog](https://github.com/py-pdf/PyPDF2/compare/1.27.8...1.27.9)

## Version 1.27.8, 2022-04-21

### Bug Fixes (BUG)
-  Use 1MB as offset for readNextEndLine (#321)
-  'PdfFileWriter' object has no attribute 'stream' (#787)

### Robustness (ROB)
-  Invalid float object; use 0 as fallback (#782)

### Documentation (DOC)
-  Robustness (#785)

[Full Changelog](https://github.com/py-pdf/PyPDF2/compare/1.27.7...1.27.8)

## Version 1.27.7, 2022-04-19

### Bug Fixes (BUG)
- Import exceptions from PyPDF2.errors in PyPDF2.utils (#780)

### Code Style (STY)
-  Naming in 'make_changelog.py'

## Version 1.27.6, 2022-04-18

### Deprecations (DEP)
-  Remove support for Python 2.6 and older (#776)

### New Features (ENH)
-  Extract document permissions (#320)

### Bug Fixes (BUG)
-  Clip by trimBox when merging pages, which would otherwise be ignored (#240)
-  Add overwriteWarnings parameter PdfFileMerger (#243)
-  IndexError for getPage() of decryped file (#359)
-  Handle cases where decodeParms is an ArrayObject (#405)
-  Updated PDF fields don't show up when page is written (#412)
-  Set Linked Form Value (#414)
-  Fix zlib -5 error for corrupt files (#603)
-  Fix reading more than last1K for EOF (#642)
-  Acciental import

### Robustness (ROB)
-  Allow extra whitespace before "obj" in readObjectHeader (#567)

### Documentation (DOC)
-  Link to pdftoc in Sample_Code (#628)
-  Working with annotations (#764)
-  Structure history

### Developer Experience (DEV)
-  Add issue templates (#765)
-  Add tool to generate changelog

### Maintenance (MAINT)
-  Use grouped constants instead of string literals (#745)
-  Add error module (#768)
-  Use decorators for @staticmethod (#775)
-  Split long functions (#777)

### Testing (TST)
-  Run tests in CI once with -OO Flags (#770)
-  Filling out forms (#771)
-  Add tests for Writer (#772)
-  Error cases (#773)
-  Check Error messages (#769)
-  Regression test for issue #88
-  Regression test for issue #327

### Code Style (STY)
-  Make variable naming more consistent in tests


[Full changelog](https://github.com/py-pdf/PyPDF2/compare/1.27.5...1.27.6)

## Version 1.27.5, 2022-04-15

### Security (SEC)

- ContentStream_readInlineImage had potential infinite loop (#740)

### Bug fixes (BUG)

- Fix merging encrypted files (#757)
- CCITTFaxDecode decodeParms can be an ArrayObject (#756)

### Robustness improvements (ROBUST)

- title sometimes None (#744)

### Documentation (DOC)

- Adjust short description of the package

### Tests and Test setup (TST)

- Rewrite JS tests from unittest to pytest (#746)
- Increase Test coverage, mainly with filters (#756)
- Add test for inline images (#758)

### Developer Experience Improvements (DEV)

- Remove unused Travis-CI configuration (#747)
- Show code coverage (#754, #755)
- Add mutmut (#760)

### Miscellaneous

- STY: Closing file handles, explicit exports, ... (#743)

[Full Changelog](https://github.com/py-pdf/PyPDF2/compare/1.27.4...1.27.5)


## Version 1.27.4, 2022-04-12

### Bug fixes (BUG)

- Guard formatting of `__init__.__doc__` string (#738)

### Packaging (PKG)

- Add more precise license field to setup (#733)

### Testing (TST)

- Add test for issue #297

### Miscellaneous

- DOC: Miscallenious ➔ Miscellaneous (Typo)
- TST: Fix CI triggering (master ➔ main) (#739)
- STY: Fix various style issues (#742)

[Full Changelog](https://github.com/py-pdf/PyPDF2/compare/1.27.3...1.27.4)

## Version 1.27.3, 2022-04-10

- PKG: Make Tests not a subpackage (#728)
- BUG: Fix ASCII85Decode.decode assertion (#729)
- BUG: Error in Chinese character encoding (#463)
- BUG: Code duplication in Scripts/2-up.py
- ROBUST: Guard 'obj.writeToStream' with 'if obj is not None'
- ROBUST: Ignore a /Prev entry with the value 0 in the trailer
- MAINT: Remove Sample_Code (#726)
- TST: Close file handle in test_writer (#722)
- TST: Fix test_get_images (#730)
- DEV: Make tox use pytest and add more Python versions (#721)
- DOC: Many (#720, #723-725, #469)

[Full Changelog](https://github.com/py-pdf/PyPDF2/compare/1.27.2...1.27.3)

## Version 1.27.2, 2022-04-09

- Add Scripts (including `pdfcat`), Resources, Tests, and Sample_Code back to
  PyPDF2. It was removed by accident in 1.27.0, but might get removed with 2.0.0
  See [discussions/718](https://github.com/py-pdf/PyPDF2/discussions/718).

[Full Changelog](https://github.com/py-pdf/PyPDF2/compare/1.27.1...1.27.2)

## Version 1.27.1, 2022-04-08

- Fixed project links on PyPI page after migration from mstamy2
  to MartinThoma to the py-pdf organization on GitHub
- Documentation is now at [pypdf2.readthedocs.io](https://pypdf2.readthedocs.io/en/latest/)

[Full Changelog](https://github.com/py-pdf/PyPDF2/compare/1.27.0...1.27.1)

## Version 1.27.0, 2022-04-07

Features:

 - Add alpha channel support for png files in Script (#614)

### Bug fixes (BUG)

 - Fix formatWarning for filename without slash (#612)
 - Add whitespace between words for extractText() (#569, #334)
 - "invalid escape sequence" SyntaxError (#522)
 - Avoid error when printing warning in pythonw (#486)
 - Stream operations can be List or Dict (#665)

### Documentation (DOC)

 - Added Scripts/pdf-image-extractor.py
 - Documentation improvements (#550, #538, #324, #426, #394)

### Tests and Test setup (TST)

 - Add Github Action which automatically run unit tests via pytest and
   static code analysis with Flake8 (#660)
 - Add several unit tests (#661, #663)
 - Add .coveragerc to create coverage reports

### Developer Experience Improvements (DEV)

 - Pre commit: Developers can now `pre-commit install` to avoid tiny issues
               like trailing whitespaces

### Miscellaneous

 - Add the LICENSE file to the distributed packages (#288)
 - Use setuptools instead of distutils (#599)
 - Improvements for the PyPI page (#644)
 - Python 3 changes (#504, #366)

[Full Changelog](https://github.com/py-pdf/PyPDF2/compare/1.26.0...1.27.0)

## Version 1.26.0, 2016-05-18

 - NOTE: Active maintenance on PyPDF2 is resuming after a hiatus

 - Fixed a bug where image resources where incorrectly
   overwritten when merging pages

 - Added dictionary for JavaScript actions to the root (louib)

 - Added unit tests for the JS functionality (louib)

 - Add more Python 3 compatibility when reading inline images (im2703
   and (VyacheslavHashov)

 - Return NullObject instead of raising error when failing to resolve
   object (ctate)

 - Don't output warning for non-zeroed xref table when strict=False
   (BenRussert)

 - Remove extraneous zeroes from output formatting (speedplane)

 - Fix bug where reading an inline image would cut off prematurely
   in certain cases (speedplane)

## Version 1.25.1, 2015-07-20

 - Fix bug when parsing inline images. Occurred when merging
   certain pages with inline images

 - Fixed type error when creating outlines by utilizing the
   isString() test

## Version 1.25, 2015-07-07

BUGFIXES:

 - Added Python 3 algorithm for ASCII85Decode. Fixes issue when
   reading reportlab-generated files with Py 3 (jerickbixly)

 - Recognize more escape sequence which would otherwise throw an
   exception (manuelzs, robertsoakes)

 - Fixed overflow error in generic.py. Occurred
   when reading a too-large int in Python 2 (by Raja Jamwal)

 - Allow access to files which were encrypted with an empty
   password. Previously threw a "File has not been decrypted"
   exception (Elena Williams)

 - Do not attempt to decode an empty data stream. Previously
   would cause an error in decode algorithms (vladir)

 - Fixed some type issues specific to Py 2 or Py 3

 - Fix issue when stream data begins with whitespace (soloma83)

 - Recognize abbreviated filter names (AlmightyOatmeal and
   Matthew Weiss)

 - Copy decryption key from PdfFileReader to PdfFileMerger.
   Allows usage of PdfFileMerger with encrypted files (twolfson)

 - Fixed bug which occurred when a NameObject is present at end
   of a file stream. Threw a "Stream has ended unexpectedly"
   exception (speedplane)

FEATURES:

 - Initial work on a test suite; to be expanded in future.
   Tests and Resources directory added, README updated (robertsoakes)

 - Added document cloning methods to PdfFileWriter:
   appendPagesFromReader, cloneReaderDocumentRoot, and
   cloneDocumentFromReader. See official documentation (robertsoakes)

 - Added method for writing to form fields: updatePageFormFieldValues.
   This will be enhanced in the future. See official documentation
   (robertsoakes)

 - New addAttachment method. See documentation. Support for adding
   and extracting embedded files to be enhanced in the future
   (moshekaplan)

 - Added methods to get page number of given PageObject or
   Destination: getPageNumber and getDestinationPageNumber.
   See documentation (mozbugbox)

OTHER ENHANCEMENTS:

 - Enhanced type handling (Brent Amrhein)

 - Enhanced exception handling in NameObject (sbywater)

 - Enhanced extractText method output (peircej)

 - Better exception handling

 - Enhanced regex usage in NameObject class (speedplane)


## Version 1.24, 2014-12-31

 - Bugfixes for reading files in Python 3 (by Anthony Tuininga and
   pqqp)

 - Appropriate errors are now raised instead of infinite loops (by
   naure and Cyrus Vafadari)

 - Bugfix for parsing number tokens with leading spaces (by Maxim
   Kamenkov)

 - Don't crash on bad /Outlines reference (by eshellman)

 - Conform tabs/spaces and blank lines to PEP 8 standards

 - Utilize the readUntilRegex method when reading Number Objects
   (by Brendan Jurd)

 - More bugfixes for Python 3 and clearer exception handling

 - Fixed encoding issue in merger (with eshellman)

 - Created separate folder for scripts


## Version 1.23, 2014-08-11

 - Documentation now available at pythonhosted.org

 - Bugfix in pagerange.py for when `__init__.__doc__` has no value (by
   Vladir Cruz)

 - Fix typos in OutlinesObject().add() (by shilluc)

 - Re-added a missing return statement in a utils.py method

 - Corrected viewing mode names (by Jason Scheirer)

 - New PdfFileWriter method: addJS() (by vfigueiro)

 - New bookmark features: color, boldness, italics, and page fit
   (by Joshua Arnott)

 - New PdfFileReader method: getFields(). Used to extract field
   information from PDFs with interactive forms. See documentation
   for details

 - Converted README file to markdown format (by Stephen Bussard)

 - Several improvements to overall performance and efficiency
   (by mozbugbox)

 - Fixed a bug where geospatial information was not scaling along with
   its page

 - Fixed a type issue and a Python 3 issue in the decryption algorithms
   (with Francisco Vieira and koba-ninkigumi)

 - Fixed a bug causing an infinite loop in the ASCII 85 decoding
   algorithm (by madmaardigan)

 - Annotations (links, comment windows, etc.) are now preserved when
   pages are merged together

 - Used the Destination class in addLink() and addBookmark() so that
   the page fit option could be properly customized


## Version 1.22, 2014-05-29

 - Added .DS_Store to .gitignore (for Mac users) (by Steve Witham)

 - Removed `__init__()` implementation in NameObject (by Steve Witham)

 - Fixed bug (inf. loop) when merging pages in Python 3 (by commx)

 - Corrected error when calculating height in scaleTo()

 - Removed unnecessary code from DictionaryObject (by Georges Dubus)

 - Fixed bug where an exception was thrown upon reading a NULL string
   (by speedplane)

 - Allow string literals (non-unicode strings in Python 2) to be passed
   to PdfFileReader

 - Allow ConvertFunctionsToVirtualList to be indexed with slices and
   longs (in Python 2) (by Matt Gilson)

 - Major improvements and bugfixes to addLink() method (see documentation
   in source code) (by Henry Keiter)

 - General code clean-up and improvements (with Steve Witham and Henry Keiter)

 - Fixed bug that caused crash when comments are present at end of
   dictionary


## Version 1.21, 2014-04-21

 - Fix for when /Type isn't present in the Pages dictionary (by Rob1080)

 - More tolerance for extra whitespace in Indirect Objects

 - Improved Exception handling

 - Fixed error in getHeight() method (by Simon Kaempflein)

 - implement use of utils.string_type to resolve Py2-3 compatibility issues

 - Prevent exception for multiple definitions in a dictionary (with carlosfunk)
   (only when strict = False)

 - Fixed errors when parsing a slice using pdfcat on command line (by
   Steve Witham)

 - Tolerance for EOF markers within 1024 bytes of the actual end of the
   file (with David Wolever)

 - Added overwriteWarnings parameter to PdfFileReader constructor, if False
   PyPDF2 will NOT overwrite methods from Python's warnings.py module with
   a custom implementation.

 - Fix NumberObject and NameObject constructors for compatibility with PyPy
   (Rüdiger Jungbeck, Xavier Dupré, shezadkhan137, Steven Witham)

 - Utilize  utils.Str in pdf.py and pagerange.py to resolve type issues (by
   egbutter)

 - Improvements in implementing StringIO for Python 2 and BytesIO for
   Python 3 (by Xavier Dupré)

 - Added /x00 to Whitespaces, defined utils.WHITESPACES to clarify code (by
   Maxim Kamenkov)

 - Bugfix for merging 3 or more resources with the same name (by lucky-user)

 - Improvements to Xref parsing algorithm (by speedplane)


## Version 1.20, 2014-01-27

 - Official Python 3+ support (with contributions from TWAC and cgammans)
   Support for Python versions 2.6 and 2.7 will be maintained

 - Command line concatenation (see pdfcat in sample code) (by Steve Witham)

 - New FAQ; link included in README

 - Allow more (although unnecessary) escape sequences

 - Prevent exception when reading a null object in decoding parameters

 - Corrected error in reading destination types (added a slash since they
   are name objects)

 - Corrected TypeError in scaleTo() method

 - addBookmark() method in PdfFileMerger now returns bookmark (so nested
   bookmarks can be created)

 - Additions to Sample Code and Sample PDFs

 - changes to allow 2up script to work (see sample code) (by Dylan McNamee)

 - changes to metadata encoding (by Chris Hiestand)

 - New methods for links: addLink() (by Enrico Lambertini) and removeLinks()

 - Bugfix to handle nested bookmarks correctly (by Jamie Lentin)

 - New methods removeImages() and removeText() available for PdfFileWriter
   (by Tien Haï)

 - Exception handling for illegal characters in Name Objects


## Version 1.19, 2013-10-08

BUGFIXES:
 - Removed pop in sweepIndirectReferences to prevent infinite loop
   (provided by ian-su-sirca)

 - Fixed bug caused by whitespace when parsing PDFs generated by AutoCad

 - Fixed a bug caused by reading a 'null' ASCII value in a dictionary
   object (primarily in PDFs generated by AutoCad).

FEATURES:
 - Added new folders for PyPDF2 sample code and example PDFs; see README
   for each folder

 - Added a method for debugging purposes to show current location while
   parsing

 - Ability to create custom metadata (by jamma313)

 - Ability to access and customize document layout and view mode
   (by Joshua Arnott)

OTHER:
 - Added and corrected some documentation

 - Added some more warnings and exception messages

 - Removed old test/debugging code

UPCOMING:
 - More bugfixes (We have received many problematic PDFs via email, we
   will work with them)

 - Documentation - It's time for PyPDF2 to get its own documentation
   since it has grown much since the original pyPdf

 - A FAQ to answer common questions


## Version 1.18, 2013-08-19

 - Fixed a bug where older verions of objects were incorrectly added to the
   cache, resulting in outdated or missing pages, images, and other objects
   (from speedplane)

 - Fixed a bug in parsing the xref table where new xref values were
   overwritten; also cleaned up code (from speedplane)

 - New method mergeRotatedAroundPointPage which merges a page while rotating
   it around a point (from speedplane)

 - Updated Destination syntax to respect PDF 1.6 specifications (from
   jamma313)

 - Prevented infinite loop when a PdfFileReader object was instantiated
   with an empty file (from Jerome Nexedi)

Other Changes:

 - Downloads now available via PyPI
 - Installation through pip library is fixed


## Version 1.17, 2013-07-25

 - Removed one (from pdf.py) of the two Destination classes. Both
   classes had the same name, but were slightly different in content,
   causing some errors. (from Janne Vanhala)

 - Corrected and Expanded README file to demonstrate PdfFileMerger

 - Added filter for LZW encoded streams (from Michal Horejsek)

 - PyPDF2 issue tracker enabled on Github to allow community
   discussion and collaboration


## Versions -1.16, -2013-06-30

 - Note: This ChangeLog has not been kept up-to-date for a while.
   Hopefully we can keep better track of it from now on. Some of the
   changes listed here come from previous versions 1.14 and 1.15; they
   were only vaguely defined. With the new _version.py file we should
   have more structured and better documented versioning from now on.

 - Defined `PyPDF2.__version__`

 - Fixed encrypt() method (from Martijn The)

 - Improved error handling on PDFs with truncated streams (from cecilkorik)

 - Python 3 support (from kushal-kumaran)

 - Fixed example code in README (from Jeremy Bethmont)

 - Fixed an bug caused by DecimalError Exception (from Adam Morris)

 - Many other bug fixes and features by:

	jeansch
	Anton Vlasenko
	Joseph Walton
	Jan Oliver Oelerich
	Fabian Henze
	And any others I missed.
	Thanks for contributing!


## Version 1.13, 2010-12-04

 - Fixed a typo in code for reading a "\b" escape character in strings.

 - Improved `__repr__` in FloatObject.

 - Fixed a bug in reading octal escape sequences in strings.

 - Added getWidth and getHeight methods to the RectangleObject class.

 - Fixed compatibility warnings with Python 2.4 and 2.5.

 - Added addBlankPage and insertBlankPage methods on PdfFileWriter class.

 - Fixed a bug with circular references in page's object trees (typically
   annotations) that prevented correctly writing out a copy of those pages.

 - New merge page functions allow application of a transformation matrix.

 - To all patch contributors: I did a poor job of keeping this ChangeLog
   up-to-date for this release, so I am missing attributions here for any
   changes you submitted.  Sorry!  I'll do better in the future.


## Version 1.12, 2008-09-02

 - Added support for XMP metadata.

 - Fix reading files with xref streams with multiple /Index values.

 - Fix extracting content streams that use graphics operators longer than 2
   characters.  Affects merging PDF files.


## Version 1.11, 2008-05-09

 - Patch from Hartmut Goebel to permit RectangleObjects to accept NumberObject
   or FloatObject values.

 - PDF compatibility fixes.

 - Fix to read object xref stream in correct order.

 - Fix for comments inside content streams.


## Version 1.10, 2007-10-04

 - Text strings from PDF files are returned as Unicode string objects when
 pyPdf determines that they can be decoded (as UTF-16 strings, or as
 PDFDocEncoding strings).  Unicode objects are also written out when
 necessary.  This means that string objects in pyPdf can be either
 generic.ByteStringObject instances, or generic.TextStringObject instances.

 - The extractText method now returns a unicode string object.

 - All document information properties now return unicode string objects.  In
 the event that a document provides docinfo properties that are not decoded by
 pyPdf, the raw byte strings can be accessed with an "_raw" property (ie.
 title_raw rather than title)

 - generic.DictionaryObject instances have been enhanced to be easier to use.
 Values coming out of dictionary objects will automatically be de-referenced
 (.getObject will be called on them), unless accessed by the new "raw_get"
 method.  DictionaryObjects can now only contain PdfObject instances (as keys
 and values), making it easier to debug where non-PdfObject values (which
 cannot be written out) are entering dictionaries.

 - Support for reading named destinations and outlines in PDF files.  Original
 patch by Ashish Kulkarni.

 - Stream compatibility reading enhancements for malformed PDF files.

 - Cross reference table reading enhancements for malformed PDF files.

 - Encryption documentation.

 - Replace some "assert" statements with error raising.

 - Minor optimizations to FlateDecode algorithm increase speed when using PNG
 predictors.

## Version 1.9, 2006-12-15

 - Fix several serious bugs introduced in version 1.8, caused by a failure to
   run through our PDF test suite before releasing that version.

 - Fix bug in NullObject reading and writing.

## Version 1.8, 2006-12-14

 - Add support for decryption with the standard PDF security handler.  This
   allows for decrypting PDF files given the proper user or owner password.

 - Add support for encryption with the standard PDF security handler.

 - Add new pythondoc documentation.

 - Fix bug in ASCII85 decode that occurs when whitespace exists inside the
   two terminating characters of the stream.

## Version 1.7, 2006-12-10

 - Fix a bug when using a single page object in two PdfFileWriter objects.

 - Adjust PyPDF to be tolerant of whitespace characters that don't belong
   during a stream object.

 - Add documentInfo property to PdfFileReader.

 - Add numPages property to PdfFileReader.

 - Add pages property to PdfFileReader.

 - Add extractText function to PdfFileReader.


## Version 1.6, 2006-06-06

 - Add basic support for comments in PDF files.  This allows us to read some
   ReportLab PDFs that could not be read before.

 - Add "auto-repair" for finding xref table at slightly bad locations.

 - New StreamObject backend, cleaner and more powerful.  Allows the use of
   stream filters more easily, including compressed streams.

 - Add a graphics state push/pop around page merges.  Improves quality of
   page merges when one page's content stream leaves the graphics
   in an abnormal state.

 - Add PageObject.compressContentStreams function, which filters all content
   streams and compresses them.  This will reduce the size of PDF pages,
   especially after they could have been decompressed in a mergePage
   operation.

 - Support inline images in PDF content streams.

 - Add support for using .NET framework compression when zlib is not
   available.  This does not make pyPdf compatible with IronPython, but it
   is a first step.

 - Add support for reading the document information dictionary, and extracting
   title, author, subject, producer and creator tags.

 - Add patch to support NullObject and multiple xref streams, from Bradley
   Lawrence.


## Version 1.5, 2006-01-28

- Fix a bug where merging pages did not work in "no-rename" cases when the
  second page has an array of content streams.

- Remove some debugging output that should not have been present.


## Version 1.4, 2006-01-27

- Add capability to merge pages from multiple PDF files into a single page
  using the PageObject.mergePage function.  See example code (README or web
  site) for more information.

- Add ability to modify a page's MediaBox, CropBox, BleedBox, TrimBox, and
  ArtBox properties through PageObject.  See example code (README or web site)
  for more information.

- Refactor pdf.py into multiple files: generic.py (contains objects like
  NameObject, DictionaryObject), filters.py (contains filter code),
  utils.py (various).  This does not affect importing PdfFileReader
  or PdfFileWriter.

- Add new decoding functions for standard PDF filters ASCIIHexDecode and
  ASCII85Decode.

- Change url and download_url to refer to new pybrary.net web site.


## Version 1.3, 2006-01-23

- Fix new bug introduced in 1.2 where PDF files with \r line endings did not
  work properly anymore.  A new test suite developed with various PDF files
  should prevent regression bugs from now on.

- Fix a bug where inheriting attributes from page nodes did not work.


## Version 1.2, 2006-01-23

- Improved support for files with CRLF-based line endings, fixing a common
  reported problem stating "assertion error: assert line == "%%EOF"".

- Software author/maintainer is now officially a proud married person, which
  is sure to result in better software... somehow.


## Version 1.1, 2006-01-18

- Add capability to rotate pages.

- Improved PDF reading support to properly manage inherited attributes from
  /Type=/Pages nodes.  This means that page groups that are rotated or have
  different media boxes or whatever will now work properly.

- Added PDF 1.5 support.  Namely cross-reference streams and object streams.
  This release can mangle Adobe's PDFReference16.pdf successfully.


## Version 1.0, 2006-01-17

- First distutils-capable true public release.  Supports a wide variety of PDF
  files that I found sitting around on my system.

- Does not support some PDF 1.5 features, such as object streams,
  cross-reference streams.
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# Contributors

PyPDF2 had a lot of contributors since it started with pyPdf in 2005. We are
a free software project without any company affiliation. We cannot pay
contributors, but we do value their contributions. A lot of time, effort, and
expertise went into this project. With this list, we recognize those awesome
people 🤗

The list is definitely not complete. You can find more contributors via the git
history and [GitHubs 'Contributors' feature](https://github.com/py-pdf/PyPDF2/graphs/contributors).

## Contributors to the pyPdf / PyPDF2 project

* [DL6ER](https://github.com/DL6ER)
* [ediamondscience](https://github.com/ediamondscience)
* [JianzhengLuo](https://github.com/JianzhengLuo)
* [Karvonen, Harry](https://github.com/Hatell/)
* [KourFrost](https://github.com/KourFrost)
* [Lightup1](https://github.com/Lightup1)
* [Pinheiro, Arthur](https://github.com/xilopaint)
* [pubpub-zz](https://github.com/pubpub-zz): involved in community development
* [Stüber, Timo](https://github.com/omit66)
* [Thoma, Martin](https://github.com/MartinThoma): Maintainer of PyPDF2 since April 2022. I hope to build a great community with many awesome contributors. [LinkedIn](https://www.linkedin.com/in/martin-thoma/) | [StackOverflow](https://stackoverflow.com/users/562769/martin-thoma) | [Blog](https://martin-thoma.com/)
* [WevertonGomes](https://github.com/WevertonGomesCosta)
* ztravis

## Adding a new contributor

Contributors are:

* Anybody who has an commit in main - no matter how big/small or how many. Also if it's via co-authored-by.
* People who opened helpful issues:
  (1) Bugs: with complete MCVE
  (2) Well-described feature requests
  (3) Potentially some more.
  The maintainers of PyPDF2 have the last call on that one.
* Community work: This is exceptional. If the maintainers of PyPDF2 see people
  being super helpful in answering issues / discussions or being very active on
  Stackoverflow, we also consider them being contributors to PyPDF2.

Contributors can add themselves or ask via an Github Issue to be added.

Please use the following format:

```
* Last name, First name: 140-characters of text; links to linkedin / github / other profiles and personal pages are ok

OR

* GitHub Username: 140-characters of text; links to linkedin / github / other profiles and personal pages are ok
```

and add the entry in the alphabetical order. People who . The 140 characters are everything visible after the `Name:`.

Please don't use images.
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Copyright (c) 2006-2008, Mathieu Fenniak
Some contributions copyright (c) 2007, Ashish Kulkarni <kulkarni.ashish@gmail.com>
Some contributions copyright (c) 2014, Steve Witham <switham_github@mac-guyver.com>

All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions are
met:

* Redistributions of source code must retain the above copyright notice,
this list of conditions and the following disclaimer.
* Redistributions in binary form must reproduce the above copyright notice,
this list of conditions and the following disclaimer in the documentation
and/or other materials provided with the distribution.
* The name of the author may not be used to endorse or promote products
derived from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS"
AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR CONTRIBUTORS BE
LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR
CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF
SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS
INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN
CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE
POSSIBILITY OF SUCH DAMAGE.
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include CHANGELOG
include LICENSE
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maint:
	pre-commit autoupdate
	pip-compile -U requirements/ci.in
	pip-compile -U requirements/dev.in
	pip-compile -U requirements/docs.in

changelog:
	python make_changelog.py

upload:
	make clean
	python setup.py sdist bdist_wheel && twine upload -s dist/*

clean:
	python setup.py clean --all
	pyclean .
	rm -rf tests/__pycache__ PyPDF2/__pycache__ Image9.png htmlcov docs/_build dist dont_commit_merged.pdf dont_commit_writer.pdf PyPDF2.egg-info PyPDF2_pdfLocation.txt .pytest_cache .mypy_cache .benchmarks

test:
	pytest tests --cov --cov-report term-missing -vv --cov-report html --durations=3 --timeout=60 PyPDF2

testtype:
	pytest tests --cov --cov-report term-missing -vv --cov-report html --durations=3 --timeout=30 --typeguard-packages=PyPDF2

mutation-test:
	mutmut run

mutation-results:
	mutmut junitxml --suspicious-policy=ignore --untested-policy=ignore > mutmut-results.xml
	junit2html mutmut-results.xml mutmut-results.html

benchmark:
	pytest tests/bench.py

mypy:
	mypy PyPDF2 --ignore-missing-imports --check-untyped --strict

pylint:
	pylint PyPDF2
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"""
PyPDF2 is a free and open-source pure-python PDF library capable of splitting,
merging, cropping, and transforming the pages of PDF files. It can also add
custom data, viewing options, and passwords to PDF files. PyPDF2 can retrieve
text and metadata from PDFs as well.

You can read the full docs at https://pypdf2.readthedocs.io/.
"""

from ._encryption import PasswordType
from ._merger import PdfFileMerger, PdfMerger
from ._page import PageObject, Transformation
from ._reader import DocumentInformation, PdfFileReader, PdfReader
from ._version import __version__
from ._writer import PdfFileWriter, PdfWriter
from .pagerange import PageRange, parse_filename_page_ranges
from .papersizes import PaperSize

__all__ = [
    "__version__",
    "PageRange",
    "PaperSize",
    "DocumentInformation",
    "parse_filename_page_ranges",
    "PdfFileMerger",  # will be removed in PyPDF2 3.0.0; use PdfMerger instead
    "PdfFileReader",  # will be removed in PyPDF2 3.0.0; use PdfReader instead
    "PdfFileWriter",  # will be removed in PyPDF2 3.0.0; use PdfWriter instead
    "PdfMerger",
    "PdfReader",
    "PdfWriter",
    "Transformation",
    "PageObject",
    "PasswordType",
]
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import warnings
from binascii import unhexlify
from typing import Any, Dict, List, Tuple, Union, cast

from ._codecs import adobe_glyphs, charset_encoding
from ._utils import logger_warning
from .errors import PdfReadWarning
from .generic import DecodedStreamObject, DictionaryObject, NameObject


# code freely inspired from @twiggy ; see #711
def build_char_map(
    font_name: str, space_width: float, obj: DictionaryObject
) -> Tuple[
    str, float, Union[str, Dict[int, str]], Dict
]:  # font_type,space_width /2, encoding, cmap
    ft: DictionaryObject = obj["/Resources"]["/Font"][font_name]  # type: ignore
    font_type: str = cast(str, ft["/Subtype"])

    space_code = 32
    encoding, space_code = parse_encoding(ft, space_code)
    map_dict, space_code, int_entry = parse_to_unicode(ft, space_code)

    # encoding can be either a string for decode (on 1,2 or a variable number of bytes) of a char table (for 1 byte only for me)
    # if empty string, it means it is than encoding field is not present and we have to select the good encoding from cmap input data
    if encoding == "":
        if -1 not in map_dict or map_dict[-1] == 1:
            # I have not been able to find any rule for no /Encoding nor /ToUnicode
            # One example shows /Symbol,bold I consider 8 bits encoding default
            encoding = "charmap"
        else:
            encoding = "utf-16-be"
    # apply rule from PDF ref 1.7 §5.9.1, 1st bullet : if cmap not empty encoding should be discarded (here transformed into identity for those characters)
    # if encoding is an str it is expected to be a identity translation
    elif isinstance(encoding, dict):
        for x in int_entry:
            if x <= 255:
                encoding[x] = chr(x)
    try:
        # override space_width with new params
        space_width = _default_fonts_space_width[cast(str, ft["/BaseFont"])]
    except Exception:
        pass
    # I conside the space_code is available on one byte
    if isinstance(space_code, str):
        try:  # one byte
            sp = space_code.encode("charmap")[0]
        except Exception:
            sp = space_code.encode("utf-16-be")
            sp = sp[0] + 256 * sp[1]
    else:
        sp = space_code
    sp_width = compute_space_width(ft, sp, space_width)

    return (
        font_type,
        float(sp_width / 2),
        encoding,
        # https://github.com/python/mypy/issues/4374
        map_dict,
    )


# used when missing data, e.g. font def missing
unknown_char_map: Tuple[str, float, Union[str, Dict[int, str]], Dict[Any, Any]] = (
    "Unknown",
    9999,
    dict(zip(range(256), ["�"] * 256)),
    {},
)


_predefined_cmap: Dict[str, str] = {
    "/Identity-H": "utf-16-be",
    "/Identity-V": "utf-16-be",
    "/GB-EUC-H": "gbk",  # TBC
    "/GB-EUC-V": "gbk",  # TBC
    "/GBpc-EUC-H": "gb2312",  # TBC
    "/GBpc-EUC-V": "gb2312",  # TBC
}


# manually extracted from http://mirrors.ctan.org/fonts/adobe/afm/Adobe-Core35_AFMs-229.tar.gz
_default_fonts_space_width: Dict[str, int] = {
    "/Courrier": 600,
    "/Courier-Bold": 600,
    "/Courier-BoldOblique": 600,
    "/Courier-Oblique": 600,
    "/Helvetica": 278,
    "/Helvetica-Bold": 278,
    "/Helvetica-BoldOblique": 278,
    "/Helvetica-Oblique": 278,
    "/Helvetica-Narrow": 228,
    "/Helvetica-NarrowBold": 228,
    "/Helvetica-NarrowBoldOblique": 228,
    "/Helvetica-NarrowOblique": 228,
    "/Times-Roman": 250,
    "/Times-Bold": 250,
    "/Times-BoldItalic": 250,
    "/Times-Italic": 250,
    "/Symbol": 250,
    "/ZapfDingbats": 278,
}


def parse_encoding(
    ft: DictionaryObject, space_code: int
) -> Tuple[Union[str, Dict[int, str]], int]:
    encoding: Union[str, List[str], Dict[int, str]] = []
    if "/Encoding" not in ft:
        try:
            if "/BaseFont" in ft and cast(str, ft["/BaseFont"]) in charset_encoding:
                encoding = dict(
                    zip(range(256), charset_encoding[cast(str, ft["/BaseFont"])])
                )
            else:
                encoding = "charmap"
            return encoding, _default_fonts_space_width[cast(str, ft["/BaseFont"])]
        except Exception:
            if cast(str, ft["/Subtype"]) == "/Type1":
                return "charmap", space_code
            else:
                return "", space_code
    enc: Union(str, DictionaryObject) = ft["/Encoding"].get_object()  # type: ignore
    if isinstance(enc, str):
        try:
            enc = NameObject.unnumber(enc)  # for #xx decoding
            if enc in charset_encoding:
                encoding = charset_encoding[enc].copy()
            elif enc in _predefined_cmap:
                encoding = _predefined_cmap[enc]
            else:
                raise Exception("not found")
        except Exception:
            warnings.warn(
                f"Advanced encoding {enc} not implemented yet",
                PdfReadWarning,
            )
            encoding = enc
    elif isinstance(enc, DictionaryObject) and "/BaseEncoding" in enc:
        try:
            encoding = charset_encoding[cast(str, enc["/BaseEncoding"])].copy()
        except Exception:
            warnings.warn(
                f"Advanced encoding {encoding} not implemented yet",
                PdfReadWarning,
            )
            encoding = charset_encoding["/StandardCoding"].copy()
    else:
        encoding = charset_encoding["/StandardCoding"].copy()
    if "/Differences" in enc:
        x: int = 0
        o: Union[int, str]
        for o in cast(DictionaryObject, cast(DictionaryObject, enc)["/Differences"]):
            if isinstance(o, int):
                x = o
            else:  # isinstance(o,str):
                try:
                    encoding[x] = adobe_glyphs[o]  # type: ignore
                except Exception:
                    encoding[x] = o  # type: ignore
                    if o == " ":
                        space_code = x
                x += 1
    if isinstance(encoding, list):
        encoding = dict(zip(range(256), encoding))
    return encoding, space_code


def parse_to_unicode(
    ft: DictionaryObject, space_code: int
) -> Tuple[Dict[Any, Any], int, List[int]]:
    # will store all translation code
    # and map_dict[-1] we will have the number of bytes to convert
    map_dict: Dict[Any, Any] = {}

    # will provide the list of cmap keys as int to correct encoding
    int_entry: List[int] = []

    if "/ToUnicode" not in ft:
        return {}, space_code, []
    process_rg: bool = False
    process_char: bool = False
    multiline_rg: Union[
        None, Tuple[int, int]
    ] = None  # tuple = (current_char, remaining size) ; cf #1285 for example of file
    cm = prepare_cm(ft)
    for l in cm.split(b"\n"):
        process_rg, process_char, multiline_rg = process_cm_line(
            l.strip(b" "), process_rg, process_char, multiline_rg, map_dict, int_entry
        )

    for a, value in map_dict.items():
        if value == " ":
            space_code = a
    return map_dict, space_code, int_entry


def prepare_cm(ft: DictionaryObject) -> bytes:
    cm: bytes = cast(DecodedStreamObject, ft["/ToUnicode"]).get_data()
    # we need to prepare cm before due to missing return line in pdf printed to pdf from word
    cm = (
        cm.strip()
        .replace(b"beginbfchar", b"\nbeginbfchar\n")
        .replace(b"endbfchar", b"\nendbfchar\n")
        .replace(b"beginbfrange", b"\nbeginbfrange\n")
        .replace(b"endbfrange", b"\nendbfrange\n")
        .replace(b"<<", b"\n{\n")  # text between << and >> not used but
        .replace(b">>", b"\n}\n")  # some solution to find it back
    )
    ll = cm.split(b"<")
    for i in range(len(ll)):
        j = ll[i].find(b">")
        if j >= 0:
            if j == 0:
                # string is empty: stash a placeholder here (see below)
                # see https://github.com/py-pdf/PyPDF2/issues/1111
                content = b"."
            else:
                content = ll[i][:j].replace(b" ", b"")
            ll[i] = content + b" " + ll[i][j + 1 :]
    cm = (
        (b" ".join(ll))
        .replace(b"[", b" [ ")
        .replace(b"]", b" ]\n ")
        .replace(b"\r", b"\n")
    )
    return cm


def process_cm_line(
    l: bytes,
    process_rg: bool,
    process_char: bool,
    multiline_rg: Union[None, Tuple[int, int]],
    map_dict: Dict[Any, Any],
    int_entry: List[int],
) -> Tuple[bool, bool, Union[None, Tuple[int, int]]]:
    if l in (b"", b" ") or l[0] == 37:  # 37 = %
        return process_rg, process_char, multiline_rg
    if b"beginbfrange" in l:
        process_rg = True
    elif b"endbfrange" in l:
        process_rg = False
    elif b"beginbfchar" in l:
        process_char = True
    elif b"endbfchar" in l:
        process_char = False
    elif process_rg:
        multiline_rg = parse_bfrange(l, map_dict, int_entry, multiline_rg)
    elif process_char:
        parse_bfchar(l, map_dict, int_entry)
    return process_rg, process_char, multiline_rg


def parse_bfrange(
    l: bytes,
    map_dict: Dict[Any, Any],
    int_entry: List[int],
    multiline_rg: Union[None, Tuple[int, int]],
) -> Union[None, Tuple[int, int]]:
    lst = [x for x in l.split(b" ") if x]
    closure_found = False
    nbi = len(lst[0])
    map_dict[-1] = nbi // 2
    fmt = b"%%0%dX" % nbi
    if multiline_rg is not None:
        a = multiline_rg[0]  # a, b not in the current line
        b = multiline_rg[1]
        for sq in lst[1:]:
            if sq == b"]":
                closure_found = True
                break
            map_dict[
                unhexlify(fmt % a).decode(
                    "charmap" if map_dict[-1] == 1 else "utf-16-be",
                    "surrogatepass",
                )
            ] = unhexlify(sq).decode("utf-16-be", "surrogatepass")
            int_entry.append(a)
            a += 1
    else:
        a = int(lst[0], 16)
        b = int(lst[1], 16)
        if lst[2] == b"[":
            for sq in lst[3:]:
                if sq == b"]":
                    closure_found = True
                    break
                map_dict[
                    unhexlify(fmt % a).decode(
                        "charmap" if map_dict[-1] == 1 else "utf-16-be",
                        "surrogatepass",
                    )
                ] = unhexlify(sq).decode("utf-16-be", "surrogatepass")
                int_entry.append(a)
                a += 1
        else:  # case without list
            c = int(lst[2], 16)
            fmt2 = b"%%0%dX" % max(4, len(lst[2]))
            closure_found = True
            while a <= b:
                map_dict[
                    unhexlify(fmt % a).decode(
                        "charmap" if map_dict[-1] == 1 else "utf-16-be",
                        "surrogatepass",
                    )
                ] = unhexlify(fmt2 % c).decode("utf-16-be", "surrogatepass")
                int_entry.append(a)
                a += 1
                c += 1
    return None if closure_found else (a, b)


def parse_bfchar(l: bytes, map_dict: Dict[Any, Any], int_entry: List[int]) -> None:
    lst = [x for x in l.split(b" ") if x]
    map_dict[-1] = len(lst[0]) // 2
    while len(lst) > 1:
        map_to = ""
        # placeholder (see above) means empty string
        if lst[1] != b".":
            map_to = unhexlify(lst[1]).decode(
                "charmap" if len(lst[1]) < 4 else "utf-16-be", "surrogatepass"
            )  # join is here as some cases where the code was split
        map_dict[
            unhexlify(lst[0]).decode(
                "charmap" if map_dict[-1] == 1 else "utf-16-be", "surrogatepass"
            )
        ] = map_to
        int_entry.append(int(lst[0], 16))
        lst = lst[2:]


def compute_space_width(
    ft: DictionaryObject, space_code: int, space_width: float
) -> float:
    sp_width: float = space_width * 2  # default value
    w = []
    w1 = {}
    st: int = 0
    if "/DescendantFonts" in ft:  # ft["/Subtype"].startswith("/CIDFontType"):
        ft1 = ft["/DescendantFonts"][0].get_object()  # type: ignore
        try:
            w1[-1] = cast(float, ft1["/DW"])
        except Exception:
            w1[-1] = 1000.0
        if "/W" in ft1:
            w = list(ft1["/W"])
        else:
            w = []
        while len(w) > 0:
            st = w[0]
            second = w[1]
            if isinstance(second, int):
                for x in range(st, second):
                    w1[x] = w[2]
                w = w[3:]
            elif isinstance(second, list):
                for y in second:
                    w1[st] = y
                    st += 1
                w = w[2:]
            else:
                logger_warning(
                    "unknown widths : \n" + (ft1["/W"]).__repr__(),
                    __name__,
                )
                break
        try:
            sp_width = w1[space_code]
        except Exception:
            sp_width = (
                w1[-1] / 2.0
            )  # if using default we consider space will be only half size
    elif "/Widths" in ft:
        w = list(ft["/Widths"])  # type: ignore
        try:
            st = cast(int, ft["/FirstChar"])
            en: int = cast(int, ft["/LastChar"])
            if st > space_code or en < space_code:
                raise Exception("Not in range")
            if w[space_code - st] == 0:
                raise Exception("null width")
            sp_width = w[space_code - st]
        except Exception:
            if "/FontDescriptor" in ft and "/MissingWidth" in cast(
                DictionaryObject, ft["/FontDescriptor"]
            ):
                sp_width = ft["/FontDescriptor"]["/MissingWidth"]  # type: ignore
            else:
                # will consider width of char as avg(width)/2
                m = 0
                cpt = 0
                for x in w:
                    if x > 0:
                        m += x
                        cpt += 1
                sp_width = m / max(1, cpt) / 2
    return sp_width
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from typing import Dict, List

from .adobe_glyphs import adobe_glyphs
from .pdfdoc import _pdfdoc_encoding
from .std import _std_encoding
from .symbol import _symbol_encoding
from .zapfding import _zapfding_encoding


def fill_from_encoding(enc: str) -> List[str]:
    lst: List[str] = []
    for x in range(256):
        try:
            lst += (bytes((x,)).decode(enc),)
        except Exception:
            lst += (chr(x),)
    return lst


def rev_encoding(enc: List[str]) -> Dict[str, int]:
    rev: Dict[str, int] = {}
    for i in range(256):
        char = enc[i]
        if char == "\u0000":
            continue
        assert char not in rev, (
            str(char) + " at " + str(i) + " already at " + str(rev[char])
        )
        rev[char] = i
    return rev


_win_encoding = fill_from_encoding("cp1252")
_mac_encoding = fill_from_encoding("mac_roman")


_win_encoding_rev: Dict[str, int] = rev_encoding(_win_encoding)
_mac_encoding_rev: Dict[str, int] = rev_encoding(_mac_encoding)
_symbol_encoding_rev: Dict[str, int] = rev_encoding(_symbol_encoding)
_zapfding_encoding_rev: Dict[str, int] = rev_encoding(_zapfding_encoding)
_pdfdoc_encoding_rev: Dict[str, int] = rev_encoding(_pdfdoc_encoding)


charset_encoding: Dict[str, List[str]] = {
    "/StandardCoding": _std_encoding,
    "/WinAnsiEncoding": _win_encoding,
    "/MacRomanEncoding": _mac_encoding,
    "/PDFDocEncoding": _pdfdoc_encoding,
    "/Symbol": _symbol_encoding,
    "/ZapfDingbats": _zapfding_encoding,
}

__all__ = [
    "adobe_glyphs",
    "_std_encoding",
    "_symbol_encoding",
    "_zapfding_encoding",
    "_pdfdoc_encoding",
    "_pdfdoc_encoding_rev",
    "_win_encoding",
    "_mac_encoding",
    "charset_encoding",
]
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# https://raw.githubusercontent.com/adobe-type-tools/agl-aglfn/master/glyphlist.txt

# converted manually to python
# Extended with data from GlyphNameFormatter:
#    https://github.com/LettError/glyphNameFormatter

# -----------------------------------------------------------
# Copyright 2002-2019 Adobe (http://www.adobe.com/).
#
# Redistribution and use in source and binary forms, with or
# without modification, are permitted provided that the
# following conditions are met:
#
# Redistributions of source code must retain the above
# copyright notice, this list of conditions and the following
# disclaimer.
#
# Redistributions in binary form must reproduce the above
# copyright notice, this list of conditions and the following
# disclaimer in the documentation and/or other materials
# provided with the distribution.
#
# Neither the name of Adobe nor the names of its contributors
# may be used to endorse or promote products derived from this
# software without specific prior written permission.
#
# THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND
# CONTRIBUTORS "AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES,
# INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF
# MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE
# DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT HOLDER OR
# CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
# SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT
# NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;
# LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
# HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN
# CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR
# OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
# SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
# -----------------------------------------------------------
# Name:          Adobe Glyph List
# Table version: 2.0
# Date:          September 20, 2002
# URL:           https://github.com/adobe-type-tools/agl-aglfn
#
# Format: two semicolon-delimited fields:
#   (1) glyph name--upper/lowercase letters and digits
#   (2) Unicode scalar value--four uppercase hexadecimal digits
#
adobe_glyphs = {
    "/.notdef": "\u0000",
    "/A": "\u0041",
    "/AA": "\uA732",
    "/AE": "\u00C6",
    "/AEacute": "\u01FC",
    "/AEmacron": "\u01E2",
    "/AEsmall": "\uF7E6",
    "/AO": "\uA734",
    "/AU": "\uA736",
    "/AV": "\uA738",
    "/AVhorizontalbar": "\uA73A",
    "/AY": "\uA73C",
    "/Aacute": "\u00C1",
    "/Aacutesmall": "\uF7E1",
    "/Abreve": "\u0102",
    "/Abreveacute": "\u1EAE",
    "/Abrevecyr": "\u04D0",
    "/Abrevecyrillic": "\u04D0",
    "/Abrevedotbelow": "\u1EB6",
    "/Abrevegrave": "\u1EB0",
    "/Abrevehoi": "\u1EB2",
    "/Abrevehookabove": "\u1EB2",
    "/Abrevetilde": "\u1EB4",
    "/Acaron": "\u01CD",
    "/Acircle": "\u24B6",
    "/Acircleblack": "\u1F150",
    "/Acircumflex": "\u00C2",
    "/Acircumflexacute": "\u1EA4",
    "/Acircumflexdotbelow": "\u1EAC",
    "/Acircumflexgrave": "\u1EA6",
    "/Acircumflexhoi": "\u1EA8",
    "/Acircumflexhookabove": "\u1EA8",
    "/Acircumflexsmall": "\uF7E2",
    "/Acircumflextilde": "\u1EAA",
    "/Acute": "\uF6C9",
    "/Acutesmall": "\uF7B4",
    "/Acyr": "\u0410",
    "/Acyrillic": "\u0410",
    "/Adblgrave": "\u0200",
    "/Adieresis": "\u00C4",
    "/Adieresiscyr": "\u04D2",
    "/Adieresiscyrillic": "\u04D2",
    "/Adieresismacron": "\u01DE",
    "/Adieresissmall": "\uF7E4",
    "/Adot": "\u0226",
    "/Adotbelow": "\u1EA0",
    "/Adotmacron": "\u01E0",
    "/Agrave": "\u00C0",
    "/Agravedbl": "\u0200",
    "/Agravesmall": "\uF7E0",
    "/Ahoi": "\u1EA2",
    "/Ahookabove": "\u1EA2",
    "/Aiecyr": "\u04D4",
    "/Aiecyrillic": "\u04D4",
    "/Ainvertedbreve": "\u0202",
    "/Akbar": "\uFDF3",
    "/Alayhe": "\uFDF7",
    "/Allah": "\uFDF2",
    "/Alpha": "\u0391",
    "/Alphaacute": "\u1FBB",
    "/Alphaasper": "\u1F09",
    "/Alphaasperacute": "\u1F0D",
    "/Alphaasperacuteiotasub": "\u1F8D",
    "/Alphaaspergrave": "\u1F0B",
    "/Alphaaspergraveiotasub": "\u1F8B",
    "/Alphaasperiotasub": "\u1F89",
    "/Alphaaspertilde": "\u1F0F",
    "/Alphaaspertildeiotasub": "\u1F8F",
    "/Alphabreve": "\u1FB8",
    "/Alphagrave": "\u1FBA",
    "/Alphaiotasub": "\u1FBC",
    "/Alphalenis": "\u1F08",
    "/Alphalenisacute": "\u1F0C",
    "/Alphalenisacuteiotasub": "\u1F8C",
    "/Alphalenisgrave": "\u1F0A",
    "/Alphalenisgraveiotasub": "\u1F8A",
    "/Alphalenisiotasub": "\u1F88",
    "/Alphalenistilde": "\u1F0E",
    "/Alphalenistildeiotasub": "\u1F8E",
    "/Alphatonos": "\u0386",
    "/Alphawithmacron": "\u1FB9",
    "/Amacron": "\u0100",
    "/Amonospace": "\uFF21",
    "/Aogonek": "\u0104",
    "/Aparens": "\u1F110",
    "/Aring": "\u00C5",
    "/Aringacute": "\u01FA",
    "/Aringbelow": "\u1E00",
    "/Aringsmall": "\uF7E5",
    "/Asmall": "\uF761",
    "/Asquare": "\u1F130",
    "/Asquareblack": "\u1F170",
    "/Astroke": "\u023A",
    "/Atilde": "\u00C3",
    "/Atildesmall": "\uF7E3",
    "/Aturned": "\u2C6F",
    "/Ayahend": "\u06DD",
    "/Aybarmenian": "\u0531",
    "/B": "\u0042",
    "/Bcircle": "\u24B7",
    "/Bcircleblack": "\u1F151",
    "/Bdot": "\u1E02",
    "/Bdotaccent": "\u1E02",
    "/Bdotbelow": "\u1E04",
    "/Becyr": "\u0411",
    "/Becyrillic": "\u0411",
    "/Benarmenian": "\u0532",
    "/Beta": "\u0392",
    "/Bflourish": "\uA796",
    "/Bhook": "\u0181",
    "/BismillahArRahmanArRaheem": "\uFDFD",
    "/Blinebelow": "\u1E06",
    "/Bmonospace": "\uFF22",
    "/Bparens": "\u1F111",
    "/Brevesmall": "\uF6F4",
    "/Bscript": "\u212C",
    "/Bsmall": "\uF762",
    "/Bsquare": "\u1F131",
    "/Bsquareblack": "\u1F171",
    "/Bstroke": "\u0243",
    "/Btopbar": "\u0182",
    "/C": "\u0043",
    "/CDcircle": "\u1F12D",
    "/Caarmenian": "\u053E",
    "/Cacute": "\u0106",
    "/Caron": "\uF6CA",
    "/Caronsmall": "\uF6F5",
    "/Cbar": "\uA792",
    "/Ccaron": "\u010C",
    "/Ccedilla": "\u00C7",
    "/Ccedillaacute": "\u1E08",
    "/Ccedillasmall": "\uF7E7",
    "/Ccircle": "\u24B8",
    "/Ccircleblack": "\u1F152",
    "/Ccircumflex": "\u0108",
    "/Cdblstruck": "\u2102",
    "/Cdot": "\u010A",
    "/Cdotaccent": "\u010A",
    "/Cdotreversed": "\uA73E",
    "/Cedillasmall": "\uF7B8",
    "/Cfraktur": "\u212D",
    "/Chaarmenian": "\u0549",
    "/Cheabkhasiancyrillic": "\u04BC",
    "/Cheabkhcyr": "\u04BC",
    "/Cheabkhtailcyr": "\u04BE",
    "/Checyr": "\u0427",
    "/Checyrillic": "\u0427",
    "/Chedescenderabkhasiancyrillic": "\u04BE",
    "/Chedescendercyrillic": "\u04B6",
    "/Chedieresiscyr": "\u04F4",
    "/Chedieresiscyrillic": "\u04F4",
    "/Cheharmenian": "\u0543",
    "/Chekhakascyr": "\u04CB",
    "/Chekhakassiancyrillic": "\u04CB",
    "/Chetailcyr": "\u04B6",
    "/Chevertcyr": "\u04B8",
    "/Cheverticalstrokecyrillic": "\u04B8",
    "/Chi": "\u03A7",
    "/Chook": "\u0187",
    "/Circumflexsmall": "\uF6F6",
    "/Citaliccircle": "\u1F12B",
    "/Cmonospace": "\uFF23",
    "/Coarmenian": "\u0551",
    "/Con": "\uA76E",
    "/Cparens": "\u1F112",
    "/Csmall": "\uF763",
    "/Csquare": "\u1F132",
    "/Csquareblack": "\u1F172",
    "/Cstretched": "\u0297",
    "/Cstroke": "\u023B",
    "/Cuatrillo": "\uA72C",
    "/Cuatrillocomma": "\uA72E",
    "/D": "\u0044",
    "/DZ": "\u01F1",
    "/DZcaron": "\u01C4",
    "/Daarmenian": "\u0534",
    "/Dafrican": "\u0189",
    "/Dcaron": "\u010E",
    "/Dcedilla": "\u1E10",
    "/Dchecyr": "\u052C",
    "/Dcircle": "\u24B9",
    "/Dcircleblack": "\u1F153",
    "/Dcircumflexbelow": "\u1E12",
    "/Dcroat": "\u0110",
    "/Ddblstruckitalic": "\u2145",
    "/Ddot": "\u1E0A",
    "/Ddotaccent": "\u1E0A",
    "/Ddotbelow": "\u1E0C",
    "/Decyr": "\u0414",
    "/Decyrillic": "\u0414",
    "/Deicoptic": "\u03EE",
    "/Dekomicyr": "\u0500",
    "/Delta": "\u2206",
    "/Deltagreek": "\u0394",
    "/Dhook": "\u018A",
    "/Dieresis": "\uF6CB",
    "/DieresisAcute": "\uF6CC",
    "/DieresisGrave": "\uF6CD",
    "/Dieresissmall": "\uF7A8",
    "/Digamma": "\u03DC",
    "/Digammagreek": "\u03DC",
    "/Digammapamphylian": "\u0376",
    "/Dinsular": "\uA779",
    "/Djecyr": "\u0402",
    "/Djecyrillic": "\u0402",
    "/Djekomicyr": "\u0502",
    "/Dlinebelow": "\u1E0E",
    "/Dmonospace": "\uFF24",
    "/Dotaccentsmall": "\uF6F7",
    "/Dparens": "\u1F113",
    "/Dslash": "\u0110",
    "/Dsmall": "\uF764",
    "/Dsquare": "\u1F133",
    "/Dsquareblack": "\u1F173",
    "/Dtopbar": "\u018B",
    "/Dz": "\u01F2",
    "/Dzcaron": "\u01C5",
    "/Dzeabkhasiancyrillic": "\u04E0",
    "/Dzeabkhcyr": "\u04E0",
    "/Dzecyr": "\u0405",
    "/Dzecyrillic": "\u0405",
    "/Dzhecyr": "\u040F",
    "/Dzhecyrillic": "\u040F",
    "/Dzjekomicyr": "\u0506",
    "/Dzzhecyr": "\u052A",
    "/E": "\u0045",
    "/Eacute": "\u00C9",
    "/Eacutesmall": "\uF7E9",
    "/Ebreve": "\u0114",
    "/Ecaron": "\u011A",
    "/Ecedilla": "\u0228",
    "/Ecedillabreve": "\u1E1C",
    "/Echarmenian": "\u0535",
    "/Ecircle": "\u24BA",
    "/Ecircleblack": "\u1F154",
    "/Ecircumflex": "\u00CA",
    "/Ecircumflexacute": "\u1EBE",
    "/Ecircumflexbelow": "\u1E18",
    "/Ecircumflexdotbelow": "\u1EC6",
    "/Ecircumflexgrave": "\u1EC0",
    "/Ecircumflexhoi": "\u1EC2",
    "/Ecircumflexhookabove": "\u1EC2",
    "/Ecircumflexsmall": "\uF7EA",
    "/Ecircumflextilde": "\u1EC4",
    "/Ecyrillic": "\u0404",
    "/Edblgrave": "\u0204",
    "/Edieresis": "\u00CB",
    "/Edieresissmall": "\uF7EB",
    "/Edot": "\u0116",
    "/Edotaccent": "\u0116",
    "/Edotbelow": "\u1EB8",
    "/Efcyr": "\u0424",
    "/Efcyrillic": "\u0424",
    "/Egrave": "\u00C8",
    "/Egravedbl": "\u0204",
    "/Egravesmall": "\uF7E8",
    "/Egyptain": "\uA724",
    "/Egyptalef": "\uA722",
    "/Eharmenian": "\u0537",
    "/Ehoi": "\u1EBA",
    "/Ehookabove": "\u1EBA",
    "/Eightroman": "\u2167",
    "/Einvertedbreve": "\u0206",
    "/Eiotifiedcyr": "\u0464",
    "/Eiotifiedcyrillic": "\u0464",
    "/Elcyr": "\u041B",
    "/Elcyrillic": "\u041B",
    "/Elevenroman": "\u216A",
    "/Elhookcyr": "\u0512",
    "/Elmiddlehookcyr": "\u0520",
    "/Elsharptailcyr": "\u04C5",
    "/Eltailcyr": "\u052E",
    "/Emacron": "\u0112",
    "/Emacronacute": "\u1E16",
    "/Emacrongrave": "\u1E14",
    "/Emcyr": "\u041C",
    "/Emcyrillic": "\u041C",
    "/Emonospace": "\uFF25",
    "/Emsharptailcyr": "\u04CD",
    "/Encyr": "\u041D",
    "/Encyrillic": "\u041D",
    "/Endescendercyrillic": "\u04A2",
    "/Eng": "\u014A",
    "/Engecyr": "\u04A4",
    "/Enghecyrillic": "\u04A4",
    "/Enhookcyr": "\u04C7",
    "/Enhookcyrillic": "\u04C7",
    "/Enhookleftcyr": "\u0528",
    "/Enmiddlehookcyr": "\u0522",
    "/Ensharptailcyr": "\u04C9",
    "/Entailcyr": "\u04A2",
    "/Eogonek": "\u0118",
    "/Eopen": "\u0190",
    "/Eparens": "\u1F114",
    "/Epsilon": "\u0395",
    "/Epsilonacute": "\u1FC9",
    "/Epsilonasper": "\u1F19",
    "/Epsilonasperacute": "\u1F1D",
    "/Epsilonaspergrave": "\u1F1B",
    "/Epsilongrave": "\u1FC8",
    "/Epsilonlenis": "\u1F18",
    "/Epsilonlenisacute": "\u1F1C",
    "/Epsilonlenisgrave": "\u1F1A",
    "/Epsilontonos": "\u0388",
    "/Ercyr": "\u0420",
    "/Ercyrillic": "\u0420",
    "/Ereversed": "\u018E",
    "/Ereversedcyr": "\u042D",
    "/Ereversedcyrillic": "\u042D",
    "/Ereverseddieresiscyr": "\u04EC",
    "/Ereversedopen": "\uA7AB",
    "/Ertickcyr": "\u048E",
    "/Escript": "\u2130",
    "/Escyr": "\u0421",
    "/Escyrillic": "\u0421",
    "/Esdescendercyrillic": "\u04AA",
    "/Esh": "\u01A9",
    "/Esmall": "\uF765",
    "/Esmallturned": "\u2C7B",
    "/Esquare": "\u1F134",
    "/Esquareblack": "\u1F174",
    "/Estailcyr": "\u04AA",
    "/Estroke": "\u0246",
    "/Et": "\uA76A",
    "/Eta": "\u0397",
    "/Etaacute": "\u1FCB",
    "/Etaasper": "\u1F29",
    "/Etaasperacute": "\u1F2D",
    "/Etaasperacuteiotasub": "\u1F9D",
    "/Etaaspergrave": "\u1F2B",
    "/Etaaspergraveiotasub": "\u1F9B",
    "/Etaasperiotasub": "\u1F99",
    "/Etaaspertilde": "\u1F2F",
    "/Etaaspertildeiotasub": "\u1F9F",
    "/Etagrave": "\u1FCA",
    "/Etaiotasub": "\u1FCC",
    "/Etalenis": "\u1F28",
    "/Etalenisacute": "\u1F2C",
    "/Etalenisacuteiotasub": "\u1F9C",
    "/Etalenisgrave": "\u1F2A",
    "/Etalenisgraveiotasub": "\u1F9A",
    "/Etalenisiotasub": "\u1F98",
    "/Etalenistilde": "\u1F2E",
    "/Etalenistildeiotasub": "\u1F9E",
    "/Etarmenian": "\u0538",
    "/Etatonos": "\u0389",
    "/Eth": "\u00D0",
    "/Ethsmall": "\uF7F0",
    "/Etilde": "\u1EBC",
    "/Etildebelow": "\u1E1A",
    "/Eukrcyr": "\u0404",
    "/Euro": "\u20AC",
    "/Ezh": "\u01B7",
    "/Ezhcaron": "\u01EE",
    "/Ezhreversed": "\u01B8",
    "/F": "\u0046",
    "/Fcircle": "\u24BB",
    "/Fcircleblack": "\u1F155",
    "/Fdot": "\u1E1E",
    "/Fdotaccent": "\u1E1E",
    "/Feharmenian": "\u0556",
    "/Feicoptic": "\u03E4",
    "/Fhook": "\u0191",
    "/Finsular": "\uA77B",
    "/Fitacyr": "\u0472",
    "/Fitacyrillic": "\u0472",
    "/Fiveroman": "\u2164",
    "/Fmonospace": "\uFF26",
    "/Fourroman": "\u2163",
    "/Fparens": "\u1F115",
    "/Fscript": "\u2131",
    "/Fsmall": "\uF766",
    "/Fsquare": "\u1F135",
    "/Fsquareblack": "\u1F175",
    "/Fstroke": "\uA798",
    "/Fturned": "\u2132",
    "/G": "\u0047",
    "/GBsquare": "\u3387",
    "/Gacute": "\u01F4",
    "/Gamma": "\u0393",
    "/Gammaafrican": "\u0194",
    "/Gammadblstruck": "\u213E",
    "/Gangiacoptic": "\u03EA",
    "/Gbreve": "\u011E",
    "/Gcaron": "\u01E6",
    "/Gcedilla": "\u0122",
    "/Gcircle": "\u24BC",
    "/Gcircleblack": "\u1F156",
    "/Gcircumflex": "\u011C",
    "/Gcommaaccent": "\u0122",
    "/Gdot": "\u0120",
    "/Gdotaccent": "\u0120",
    "/Gecyr": "\u0413",
    "/Gecyrillic": "\u0413",
    "/Gehookcyr": "\u0494",
    "/Gehookstrokecyr": "\u04FA",
    "/Germandbls": "\u1E9E",
    "/Gestrokecyr": "\u0492",
    "/Getailcyr": "\u04F6",
    "/Geupcyr": "\u0490",
    "/Ghadarmenian": "\u0542",
    "/Ghemiddlehookcyrillic": "\u0494",
    "/Ghestrokecyrillic": "\u0492",
    "/Gheupturncyrillic": "\u0490",
    "/Ghook": "\u0193",
    "/Ghooksmall": "\u029B",
    "/Gimarmenian": "\u0533",
    "/Ginsular": "\uA77D",
    "/Ginsularturned": "\uA77E",
    "/Gjecyr": "\u0403",
    "/Gjecyrillic": "\u0403",
    "/Glottalstop": "\u0241",
    "/Gmacron": "\u1E20",
    "/Gmonospace": "\uFF27",
    "/Gobliquestroke": "\uA7A0",
    "/Gparens": "\u1F116",
    "/Grave": "\uF6CE",
    "/Gravesmall": "\uF760",
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    for i in range(256):
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    "\u00fd",
    "\u00fe",
    "\u00ff",  # 248 - 255
]

assert len(_pdfdoc_encoding) == 256







py-pdf-PyPDF2-95cd474/PyPDF2/_codecs/std.py

_std_encoding = [
    "\x00",
    "\x01",
    "\x02",
    "\x03",
    "\x04",
    "\x05",
    "\x06",
    "\x07",
    "\x08",
    "\t",
    "\n",
    "\x0b",
    "\x0c",
    "\r",
    "\x0e",
    "\x0f",
    "\x10",
    "\x11",
    "\x12",
    "\x13",
    "\x14",
    "\x15",
    "\x16",
    "\x17",
    "\x18",
    "\x19",
    "\x1a",
    "\x1b",
    "\x1c",
    "\x1d",
    "\x1e",
    "\x1f",
    " ",
    "!",
    '"',
    "#",
    "$",
    "%",
    "&",
    "’",
    "(",
    ")",
    "*",
    "+",
    ",",
    "-",
    ".",
    "/",
    "0",
    "1",
    "2",
    "3",
    "4",
    "5",
    "6",
    "7",
    "8",
    "9",
    ":",
    ";",
    "<",
    "=",
    ">",
    "?",
    "@",
    "A",
    "B",
    "C",
    "D",
    "E",
    "F",
    "G",
    "H",
    "I",
    "J",
    "K",
    "L",
    "M",
    "N",
    "O",
    "P",
    "Q",
    "R",
    "S",
    "T",
    "U",
    "V",
    "W",
    "X",
    "Y",
    "Z",
    "[",
    "\\",
    "]",
    "^",
    "_",
    "‘",
    "a",
    "b",
    "c",
    "d",
    "e",
    "f",
    "g",
    "h",
    "i",
    "j",
    "k",
    "l",
    "m",
    "n",
    "o",
    "p",
    "q",
    "r",
    "s",
    "t",
    "u",
    "v",
    "w",
    "x",
    "y",
    "z",
    "{",
    "|",
    "}",
    "~",
    "\x7f",
    "\x80",
    "\x81",
    "\x82",
    "\x83",
    "\x84",
    "\x85",
    "\x86",
    "\x87",
    "\x88",
    "\x89",
    "\x8a",
    "\x8b",
    "\x8c",
    "\x8d",
    "\x8e",
    "\x8f",
    "\x90",
    "\x91",
    "\x92",
    "\x93",
    "\x94",
    "\x95",
    "\x96",
    "\x97",
    "\x98",
    "\x99",
    "\x9a",
    "\x9b",
    "\x9c",
    "\x9d",
    "\x9e",
    "\x9f",
    "\xa0",
    "¡",
    "¢",
    "£",
    "⁄",
    "¥",
    "ƒ",
    "§",
    "¤",
    "'",
    "“",
    "«",
    "‹",
    "›",
    "ﬁ",
    "ﬂ",
    "°",
    "–",
    "†",
    "‡",
    "·",
    "µ",
    "¶",
    "•",
    "‚",
    "„",
    "”",
    "»",
    "…",
    "‰",
    "¾",
    "¿",
    "À",
    "`",
    "´",
    "ˆ",
    "˜",
    "¯",
    "˘",
    "˙",
    "¨",
    "É",
    "˚",
    "¸",
    "Ì",
    "˝",
    "˛",
    "ˇ",
    "—",
    "Ñ",
    "Ò",
    "Ó",
    "Ô",
    "Õ",
    "Ö",
    "×",
    "Ø",
    "Ù",
    "Ú",
    "Û",
    "Ü",
    "Ý",
    "Þ",
    "ß",
    "à",
    "Æ",
    "â",
    "ª",
    "ä",
    "å",
    "æ",
    "ç",
    "Ł",
    "Ø",
    "Œ",
    "º",
    "ì",
    "í",
    "î",
    "ï",
    "ð",
    "æ",
    "ò",
    "ó",
    "ô",
    "ı",
    "ö",
    "÷",
    "ł",
    "ø",
    "œ",
    "ß",
    "ü",
    "ý",
    "þ",
    "ÿ",
]







py-pdf-PyPDF2-95cd474/PyPDF2/_codecs/symbol.py

# manually generated from https://www.unicode.org/Public/MAPPINGS/VENDORS/ADOBE/symbol.txt
_symbol_encoding = [
    "\u0000",
    "\u0001",
    "\u0002",
    "\u0003",
    "\u0004",
    "\u0005",
    "\u0006",
    "\u0007",
    "\u0008",
    "\u0009",
    "\u000A",
    "\u000B",
    "\u000C",
    "\u000D",
    "\u000E",
    "\u000F",
    "\u0010",
    "\u0011",
    "\u0012",
    "\u0013",
    "\u0014",
    "\u0015",
    "\u0016",
    "\u0017",
    "\u0018",
    "\u0019",
    "\u001A",
    "\u001B",
    "\u001C",
    "\u001D",
    "\u001E",
    "\u001F",
    "\u0020",
    "\u0021",
    "\u2200",
    "\u0023",
    "\u2203",
    "\u0025",
    "\u0026",
    "\u220B",
    "\u0028",
    "\u0029",
    "\u2217",
    "\u002B",
    "\u002C",
    "\u2212",
    "\u002E",
    "\u002F",
    "\u0030",
    "\u0031",
    "\u0032",
    "\u0033",
    "\u0034",
    "\u0035",
    "\u0036",
    "\u0037",
    "\u0038",
    "\u0039",
    "\u003A",
    "\u003B",
    "\u003C",
    "\u003D",
    "\u003E",
    "\u003F",
    "\u2245",
    "\u0391",
    "\u0392",
    "\u03A7",
    "\u0394",
    "\u0395",
    "\u03A6",
    "\u0393",
    "\u0397",
    "\u0399",
    "\u03D1",
    "\u039A",
    "\u039B",
    "\u039C",
    "\u039D",
    "\u039F",
    "\u03A0",
    "\u0398",
    "\u03A1",
    "\u03A3",
    "\u03A4",
    "\u03A5",
    "\u03C2",
    "\u03A9",
    "\u039E",
    "\u03A8",
    "\u0396",
    "\u005B",
    "\u2234",
    "\u005D",
    "\u22A5",
    "\u005F",
    "\uF8E5",
    "\u03B1",
    "\u03B2",
    "\u03C7",
    "\u03B4",
    "\u03B5",
    "\u03C6",
    "\u03B3",
    "\u03B7",
    "\u03B9",
    "\u03D5",
    "\u03BA",
    "\u03BB",
    "\u00B5",
    "\u03BD",
    "\u03BF",
    "\u03C0",
    "\u03B8",
    "\u03C1",
    "\u03C3",
    "\u03C4",
    "\u03C5",
    "\u03D6",
    "\u03C9",
    "\u03BE",
    "\u03C8",
    "\u03B6",
    "\u007B",
    "\u007C",
    "\u007D",
    "\u223C",
    "\u007F",
    "\u0080",
    "\u0081",
    "\u0082",
    "\u0083",
    "\u0084",
    "\u0085",
    "\u0086",
    "\u0087",
    "\u0088",
    "\u0089",
    "\u008A",
    "\u008B",
    "\u008C",
    "\u008D",
    "\u008E",
    "\u008F",
    "\u0090",
    "\u0091",
    "\u0092",
    "\u0093",
    "\u0094",
    "\u0095",
    "\u0096",
    "\u0097",
    "\u0098",
    "\u0099",
    "\u009A",
    "\u009B",
    "\u009C",
    "\u009D",
    "\u009E",
    "\u009F",
    "\u20AC",
    "\u03D2",
    "\u2032",
    "\u2264",
    "\u2044",
    "\u221E",
    "\u0192",
    "\u2663",
    "\u2666",
    "\u2665",
    "\u2660",
    "\u2194",
    "\u2190",
    "\u2191",
    "\u2192",
    "\u2193",
    "\u00B0",
    "\u00B1",
    "\u2033",
    "\u2265",
    "\u00D7",
    "\u221D",
    "\u2202",
    "\u2022",
    "\u00F7",
    "\u2260",
    "\u2261",
    "\u2248",
    "\u2026",
    "\uF8E6",
    "\uF8E7",
    "\u21B5",
    "\u2135",
    "\u2111",
    "\u211C",
    "\u2118",
    "\u2297",
    "\u2295",
    "\u2205",
    "\u2229",
    "\u222A",
    "\u2283",
    "\u2287",
    "\u2284",
    "\u2282",
    "\u2286",
    "\u2208",
    "\u2209",
    "\u2220",
    "\u2207",
    "\uF6DA",
    "\uF6D9",
    "\uF6DB",
    "\u220F",
    "\u221A",
    "\u22C5",
    "\u00AC",
    "\u2227",
    "\u2228",
    "\u21D4",
    "\u21D0",
    "\u21D1",
    "\u21D2",
    "\u21D3",
    "\u25CA",
    "\u2329",
    "\uF8E8",
    "\uF8E9",
    "\uF8EA",
    "\u2211",
    "\uF8EB",
    "\uF8EC",
    "\uF8ED",
    "\uF8EE",
    "\uF8EF",
    "\uF8F0",
    "\uF8F1",
    "\uF8F2",
    "\uF8F3",
    "\uF8F4",
    "\u00F0",
    "\u232A",
    "\u222B",
    "\u2320",
    "\uF8F5",
    "\u2321",
    "\uF8F6",
    "\uF8F7",
    "\uF8F8",
    "\uF8F9",
    "\uF8FA",
    "\uF8FB",
    "\uF8FC",
    "\uF8FD",
    "\uF8FE",
    "\u00FF",
]
assert len(_symbol_encoding) == 256







py-pdf-PyPDF2-95cd474/PyPDF2/_codecs/zapfding.py

#  manually generated from https://www.unicode.org/Public/MAPPINGS/VENDORS/ADOBE/zdingbat.txt

_zapfding_encoding = [
    "\u0000",
    "\u0001",
    "\u0002",
    "\u0003",
    "\u0004",
    "\u0005",
    "\u0006",
    "\u0007",
    "\u0008",
    "\u0009",
    "\u000A",
    "\u000B",
    "\u000C",
    "\u000D",
    "\u000E",
    "\u000F",
    "\u0010",
    "\u0011",
    "\u0012",
    "\u0013",
    "\u0014",
    "\u0015",
    "\u0016",
    "\u0017",
    "\u0018",
    "\u0019",
    "\u001A",
    "\u001B",
    "\u001C",
    "\u001D",
    "\u001E",
    "\u001F",
    "\u0020",
    "\u2701",
    "\u2702",
    "\u2703",
    "\u2704",
    "\u260E",
    "\u2706",
    "\u2707",
    "\u2708",
    "\u2709",
    "\u261B",
    "\u261E",
    "\u270C",
    "\u270D",
    "\u270E",
    "\u270F",
    "\u2710",
    "\u2711",
    "\u2712",
    "\u2713",
    "\u2714",
    "\u2715",
    "\u2716",
    "\u2717",
    "\u2718",
    "\u2719",
    "\u271A",
    "\u271B",
    "\u271C",
    "\u271D",
    "\u271E",
    "\u271F",
    "\u2720",
    "\u2721",
    "\u2722",
    "\u2723",
    "\u2724",
    "\u2725",
    "\u2726",
    "\u2727",
    "\u2605",
    "\u2729",
    "\u272A",
    "\u272B",
    "\u272C",
    "\u272D",
    "\u272E",
    "\u272F",
    "\u2730",
    "\u2731",
    "\u2732",
    "\u2733",
    "\u2734",
    "\u2735",
    "\u2736",
    "\u2737",
    "\u2738",
    "\u2739",
    "\u273A",
    "\u273B",
    "\u273C",
    "\u273D",
    "\u273E",
    "\u273F",
    "\u2740",
    "\u2741",
    "\u2742",
    "\u2743",
    "\u2744",
    "\u2745",
    "\u2746",
    "\u2747",
    "\u2748",
    "\u2749",
    "\u274A",
    "\u274B",
    "\u25CF",
    "\u274D",
    "\u25A0",
    "\u274F",
    "\u2750",
    "\u2751",
    "\u2752",
    "\u25B2",
    "\u25BC",
    "\u25C6",
    "\u2756",
    "\u25D7",
    "\u2758",
    "\u2759",
    "\u275A",
    "\u275B",
    "\u275C",
    "\u275D",
    "\u275E",
    "\u007F",
    "\uF8D7",
    "\uF8D8",
    "\uF8D9",
    "\uF8DA",
    "\uF8DB",
    "\uF8DC",
    "\uF8DD",
    "\uF8DE",
    "\uF8DF",
    "\uF8E0",
    "\uF8E1",
    "\uF8E2",
    "\uF8E3",
    "\uF8E4",
    "\u008E",
    "\u008F",
    "\u0090",
    "\u0091",
    "\u0092",
    "\u0093",
    "\u0094",
    "\u0095",
    "\u0096",
    "\u0097",
    "\u0098",
    "\u0099",
    "\u009A",
    "\u009B",
    "\u009C",
    "\u009D",
    "\u009E",
    "\u009F",
    "\u00A0",
    "\u2761",
    "\u2762",
    "\u2763",
    "\u2764",
    "\u2765",
    "\u2766",
    "\u2767",
    "\u2663",
    "\u2666",
    "\u2665",
    "\u2660",
    "\u2460",
    "\u2461",
    "\u2462",
    "\u2463",
    "\u2464",
    "\u2465",
    "\u2466",
    "\u2467",
    "\u2468",
    "\u2469",
    "\u2776",
    "\u2777",
    "\u2778",
    "\u2779",
    "\u277A",
    "\u277B",
    "\u277C",
    "\u277D",
    "\u277E",
    "\u277F",
    "\u2780",
    "\u2781",
    "\u2782",
    "\u2783",
    "\u2784",
    "\u2785",
    "\u2786",
    "\u2787",
    "\u2788",
    "\u2789",
    "\u278A",
    "\u278B",
    "\u278C",
    "\u278D",
    "\u278E",
    "\u278F",
    "\u2790",
    "\u2791",
    "\u2792",
    "\u2793",
    "\u2794",
    "\u2192",
    "\u2194",
    "\u2195",
    "\u2798",
    "\u2799",
    "\u279A",
    "\u279B",
    "\u279C",
    "\u279D",
    "\u279E",
    "\u279F",
    "\u27A0",
    "\u27A1",
    "\u27A2",
    "\u27A3",
    "\u27A4",
    "\u27A5",
    "\u27A6",
    "\u27A7",
    "\u27A8",
    "\u27A9",
    "\u27AA",
    "\u27AB",
    "\u27AC",
    "\u27AD",
    "\u27AE",
    "\u27AF",
    "\u00F0",
    "\u27B1",
    "\u27B2",
    "\u27B3",
    "\u27B4",
    "\u27B5",
    "\u27B6",
    "\u27B7",
    "\u27B8",
    "\u27B9",
    "\u27BA",
    "\u27BB",
    "\u27BC",
    "\u27BD",
    "\u27BE",
    "\u00FF",
]
assert len(_zapfding_encoding) == 256







py-pdf-PyPDF2-95cd474/PyPDF2/_encryption.py

# Copyright (c) 2022, exiledkingcc
# All rights reserved.
#
# Redistribution and use in source and binary forms, with or without
# modification, are permitted provided that the following conditions are
# met:
#
# * Redistributions of source code must retain the above copyright notice,
# this list of conditions and the following disclaimer.
# * Redistributions in binary form must reproduce the above copyright notice,
# this list of conditions and the following disclaimer in the documentation
# and/or other materials provided with the distribution.
# * The name of the author may not be used to endorse or promote products
# derived from this software without specific prior written permission.
#
# THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS"
# AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
# IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
# ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR CONTRIBUTORS BE
# LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR
# CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF
# SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS
# INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN
# CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
# ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE
# POSSIBILITY OF SUCH DAMAGE.

import hashlib
import random
import struct
from enum import IntEnum
from typing import Any, Dict, Optional, Tuple, Union, cast

from PyPDF2._utils import logger_warning
from PyPDF2.errors import DependencyError
from PyPDF2.generic import (
    ArrayObject,
    ByteStringObject,
    DictionaryObject,
    PdfObject,
    StreamObject,
    TextStringObject,
    create_string_object,
)


class CryptBase:
    def encrypt(self, data: bytes) -> bytes:  # pragma: no cover
        return data

    def decrypt(self, data: bytes) -> bytes:  # pragma: no cover
        return data


class CryptIdentity(CryptBase):
    pass


try:
    from Crypto.Cipher import AES, ARC4  # type: ignore[import]

    class CryptRC4(CryptBase):
        def __init__(self, key: bytes) -> None:
            self.key = key

        def encrypt(self, data: bytes) -> bytes:
            return ARC4.ARC4Cipher(self.key).encrypt(data)

        def decrypt(self, data: bytes) -> bytes:
            return ARC4.ARC4Cipher(self.key).decrypt(data)

    class CryptAES(CryptBase):
        def __init__(self, key: bytes) -> None:
            self.key = key

        def encrypt(self, data: bytes) -> bytes:
            iv = bytes(bytearray(random.randint(0, 255) for _ in range(16)))
            p = 16 - len(data) % 16
            data += bytes(bytearray(p for _ in range(p)))
            aes = AES.new(self.key, AES.MODE_CBC, iv)
            return iv + aes.encrypt(data)

        def decrypt(self, data: bytes) -> bytes:
            iv = data[:16]
            data = data[16:]
            aes = AES.new(self.key, AES.MODE_CBC, iv)
            d = aes.decrypt(data)
            if len(d) == 0:
                return d
            else:
                return d[: -d[-1]]

    def RC4_encrypt(key: bytes, data: bytes) -> bytes:
        return ARC4.ARC4Cipher(key).encrypt(data)

    def RC4_decrypt(key: bytes, data: bytes) -> bytes:
        return ARC4.ARC4Cipher(key).decrypt(data)

    def AES_ECB_encrypt(key: bytes, data: bytes) -> bytes:
        return AES.new(key, AES.MODE_ECB).encrypt(data)

    def AES_ECB_decrypt(key: bytes, data: bytes) -> bytes:
        return AES.new(key, AES.MODE_ECB).decrypt(data)

    def AES_CBC_encrypt(key: bytes, iv: bytes, data: bytes) -> bytes:
        return AES.new(key, AES.MODE_CBC, iv).encrypt(data)

    def AES_CBC_decrypt(key: bytes, iv: bytes, data: bytes) -> bytes:
        return AES.new(key, AES.MODE_CBC, iv).decrypt(data)

except ImportError:

    class CryptRC4(CryptBase):  # type: ignore
        def __init__(self, key: bytes) -> None:
            self.S = list(range(256))
            j = 0
            for i in range(256):
                j = (j + self.S[i] + key[i % len(key)]) % 256
                self.S[i], self.S[j] = self.S[j], self.S[i]

        def encrypt(self, data: bytes) -> bytes:
            S = list(self.S)
            out = list(0 for _ in range(len(data)))
            i, j = 0, 0
            for k in range(len(data)):
                i = (i + 1) % 256
                j = (j + S[i]) % 256
                S[i], S[j] = S[j], S[i]
                x = S[(S[i] + S[j]) % 256]
                out[k] = data[k] ^ x
            return bytes(bytearray(out))

        def decrypt(self, data: bytes) -> bytes:
            return self.encrypt(data)

    class CryptAES(CryptBase):  # type: ignore
        def __init__(self, key: bytes) -> None:
            pass

        def encrypt(self, data: bytes) -> bytes:
            raise DependencyError("PyCryptodome is required for AES algorithm")

        def decrypt(self, data: bytes) -> bytes:
            raise DependencyError("PyCryptodome is required for AES algorithm")

    def RC4_encrypt(key: bytes, data: bytes) -> bytes:
        return CryptRC4(key).encrypt(data)

    def RC4_decrypt(key: bytes, data: bytes) -> bytes:
        return CryptRC4(key).decrypt(data)

    def AES_ECB_encrypt(key: bytes, data: bytes) -> bytes:
        raise DependencyError("PyCryptodome is required for AES algorithm")

    def AES_ECB_decrypt(key: bytes, data: bytes) -> bytes:
        raise DependencyError("PyCryptodome is required for AES algorithm")

    def AES_CBC_encrypt(key: bytes, iv: bytes, data: bytes) -> bytes:
        raise DependencyError("PyCryptodome is required for AES algorithm")

    def AES_CBC_decrypt(key: bytes, iv: bytes, data: bytes) -> bytes:
        raise DependencyError("PyCryptodome is required for AES algorithm")


class CryptFilter:
    def __init__(
        self, stmCrypt: CryptBase, strCrypt: CryptBase, efCrypt: CryptBase
    ) -> None:
        self.stmCrypt = stmCrypt
        self.strCrypt = strCrypt
        self.efCrypt = efCrypt

    def encrypt_object(self, obj: PdfObject) -> PdfObject:
        # TODO
        return NotImplemented

    def decrypt_object(self, obj: PdfObject) -> PdfObject:
        if isinstance(obj, ByteStringObject) or isinstance(obj, TextStringObject):
            data = self.strCrypt.decrypt(obj.original_bytes)
            obj = create_string_object(data)
        elif isinstance(obj, StreamObject):
            obj._data = self.stmCrypt.decrypt(obj._data)
        elif isinstance(obj, DictionaryObject):
            for dictkey, value in list(obj.items()):
                obj[dictkey] = self.decrypt_object(value)
        elif isinstance(obj, ArrayObject):
            for i in range(len(obj)):
                obj[i] = self.decrypt_object(obj[i])
        return obj


_PADDING = bytes(
    [
        0x28,
        0xBF,
        0x4E,
        0x5E,
        0x4E,
        0x75,
        0x8A,
        0x41,
        0x64,
        0x00,
        0x4E,
        0x56,
        0xFF,
        0xFA,
        0x01,
        0x08,
        0x2E,
        0x2E,
        0x00,
        0xB6,
        0xD0,
        0x68,
        0x3E,
        0x80,
        0x2F,
        0x0C,
        0xA9,
        0xFE,
        0x64,
        0x53,
        0x69,
        0x7A,
    ]
)


def _padding(data: bytes) -> bytes:
    return (data + _PADDING)[:32]


class AlgV4:
    @staticmethod
    def compute_key(
        password: bytes,
        rev: int,
        key_size: int,
        o_entry: bytes,
        P: int,
        id1_entry: bytes,
        metadata_encrypted: bool,
    ) -> bytes:
        """
        Algorithm 2: Computing an encryption key.

        a) Pad or truncate the password string to exactly 32 bytes. If the
           password string is more than 32 bytes long,
           use only its first 32 bytes; if it is less than 32 bytes long, pad it
           by appending the required number of
           additional bytes from the beginning of the following padding string:
                < 28 BF 4E 5E 4E 75 8A 41 64 00 4E 56 FF FA 01 08
                2E 2E 00 B6 D0 68 3E 80 2F 0C A9 FE 64 53 69 7A >
           That is, if the password string is n bytes long, append
           the first 32 - n bytes of the padding string to the end
           of the password string. If the password string is empty (zero-length),
           meaning there is no user password,
           substitute the entire padding string in its place.

        b) Initialize the MD5 hash function and pass the result of step (a)
           as input to this function.
        c) Pass the value of the encryption dictionary’s O entry to the
           MD5 hash function. ("Algorithm 3: Computing
           the encryption dictionary’s O (owner password) value" shows how the
           O value is computed.)
        d) Convert the integer value of the P entry to a 32-bit unsigned binary
           number and pass these bytes to the
           MD5 hash function, low-order byte first.
        e) Pass the first element of the file’s file identifier array (the value
           of the ID entry in the document’s trailer
           dictionary; see Table 15) to the MD5 hash function.
        f) (Security handlers of revision 4 or greater) If document metadata is
           not being encrypted, pass 4 bytes with
           the value 0xFFFFFFFF to the MD5 hash function.
        g) Finish the hash.
        h) (Security handlers of revision 3 or greater) Do the following
           50 times: Take the output from the previous
           MD5 hash and pass the first n bytes of the output as input into a new
           MD5 hash, where n is the number of
           bytes of the encryption key as defined by the value of the encryption
           dictionary’s Length entry.
        i) Set the encryption key to the first n bytes of the output from the
           final MD5 hash, where n shall always be 5
           for security handlers of revision 2 but, for security handlers of
           revision 3 or greater, shall depend on the
           value of the encryption dictionary’s Length entry.
        """
        a = _padding(password)
        u_hash = hashlib.md5(a)
        u_hash.update(o_entry)
        u_hash.update(struct.pack("<I", P))
        u_hash.update(id1_entry)
        if rev >= 4 and metadata_encrypted is False:
            u_hash.update(b"\xff\xff\xff\xff")
        u_hash_digest = u_hash.digest()
        length = key_size // 8
        if rev >= 3:
            for _ in range(50):
                u_hash_digest = hashlib.md5(u_hash_digest[:length]).digest()
        return u_hash_digest[:length]

    @staticmethod
    def compute_O_value_key(owner_pwd: bytes, rev: int, key_size: int) -> bytes:
        """
        Algorithm 3: Computing the encryption dictionary’s O (owner password) value.

        a) Pad or truncate the owner password string as described in step (a)
           of "Algorithm 2: Computing an encryption key".
           If there is no owner password, use the user password instead.
        b) Initialize the MD5 hash function and pass the result of step (a) as
           input to this function.
        c) (Security handlers of revision 3 or greater) Do the following 50 times:
           Take the output from the previous
           MD5 hash and pass it as input into a new MD5 hash.
        d) Create an RC4 encryption key using the first n bytes of the output
           from the final MD5 hash, where n shall
           always be 5 for security handlers of revision 2 but, for security
           handlers of revision 3 or greater, shall
           depend on the value of the encryption dictionary’s Length entry.
        e) Pad or truncate the user password string as described in step (a) of
           "Algorithm 2: Computing an encryption key".
        f) Encrypt the result of step (e), using an RC4 encryption function with
           the encryption key obtained in step (d).
        g) (Security handlers of revision 3 or greater) Do the following 19 times:
           Take the output from the previous
           invocation of the RC4 function and pass it as input to a new
           invocation of the function; use an encryption
           key generated by taking each byte of the encryption key obtained in
           step (d) and performing an XOR
           (exclusive or) operation between that byte and the single-byte value
           of the iteration counter (from 1 to 19).
        h) Store the output from the final invocation of the RC4 function as
           the value of the O entry in the encryption dictionary.
        """
        a = _padding(owner_pwd)
        o_hash_digest = hashlib.md5(a).digest()

        if rev >= 3:
            for _ in range(50):
                o_hash_digest = hashlib.md5(o_hash_digest).digest()

        rc4_key = o_hash_digest[: key_size // 8]
        return rc4_key

    @staticmethod
    def compute_O_value(rc4_key: bytes, user_pwd: bytes, rev: int) -> bytes:
        """See :func:`compute_O_value_key`."""
        a = _padding(user_pwd)
        rc4_enc = RC4_encrypt(rc4_key, a)
        if rev >= 3:
            for i in range(1, 20):
                key = bytes(bytearray(x ^ i for x in rc4_key))
                rc4_enc = RC4_encrypt(key, rc4_enc)
        return rc4_enc

    @staticmethod
    def compute_U_value(key: bytes, rev: int, id1_entry: bytes) -> bytes:
        """
        Algorithm 4: Computing the encryption dictionary’s U (user password) value.

        (Security handlers of revision 2)

        a) Create an encryption key based on the user password string, as
           described in "Algorithm 2: Computing an encryption key".
        b) Encrypt the 32-byte padding string shown in step (a) of
           "Algorithm 2: Computing an encryption key", using an RC4 encryption
           function with the encryption key from the preceding step.
        c) Store the result of step (b) as the value of the U entry in the
           encryption dictionary.
        """
        if rev <= 2:
            value = RC4_encrypt(key, _PADDING)
            return value

        """
        Algorithm 5: Computing the encryption dictionary’s U (user password) value.

        (Security handlers of revision 3 or greater)

        a) Create an encryption key based on the user password string, as
           described in "Algorithm 2: Computing an encryption key".
        b) Initialize the MD5 hash function and pass the 32-byte padding string
           shown in step (a) of "Algorithm 2:
           Computing an encryption key" as input to this function.
        c) Pass the first element of the file’s file identifier array (the value
           of the ID entry in the document’s trailer
           dictionary; see Table 15) to the hash function and finish the hash.
        d) Encrypt the 16-byte result of the hash, using an RC4 encryption
           function with the encryption key from step (a).
        e) Do the following 19 times: Take the output from the previous
           invocation of the RC4 function and pass it as input to a new
           invocation of the function; use an encryption key generated by
           taking each byte of the original encryption key obtained in
           step (a) and performing an XOR (exclusive or) operation between that
           byte and the single-byte value of the iteration counter (from 1 to 19).
        f) Append 16 bytes of arbitrary padding to the output from the final
           invocation of the RC4 function and store the 32-byte result as the
           value of the U entry in the encryption dictionary.
        """
        u_hash = hashlib.md5(_PADDING)
        u_hash.update(id1_entry)
        rc4_enc = RC4_encrypt(key, u_hash.digest())
        for i in range(1, 20):
            rc4_key = bytes(bytearray(x ^ i for x in key))
            rc4_enc = RC4_encrypt(rc4_key, rc4_enc)
        return _padding(rc4_enc)

    @staticmethod
    def verify_user_password(
        user_pwd: bytes,
        rev: int,
        key_size: int,
        o_entry: bytes,
        u_entry: bytes,
        P: int,
        id1_entry: bytes,
        metadata_encrypted: bool,
    ) -> bytes:
        """
        Algorithm 6: Authenticating the user password.

        a) Perform all but the last step of "Algorithm 4: Computing the encryption dictionary’s U (user password)
           value (Security handlers of revision 2)" or "Algorithm 5: Computing the encryption dictionary’s U (user
           password) value (Security handlers of revision 3 or greater)" using the supplied password string.
        b) If the result of step (a) is equal to the value of the encryption dictionary’s U entry (comparing on the first 16
           bytes in the case of security handlers of revision 3 or greater), the password supplied is the correct user
           password. The key obtained in step (a) (that is, in the first step of "Algorithm 4: Computing the encryption
           dictionary’s U (user password) value (Security handlers of revision 2)" or "Algorithm 5: Computing the
           encryption dictionary’s U (user password) value (Security handlers of revision 3 or greater)") shall be used
           to decrypt the document.
        """
        key = AlgV4.compute_key(
            user_pwd, rev, key_size, o_entry, P, id1_entry, metadata_encrypted
        )
        u_value = AlgV4.compute_U_value(key, rev, id1_entry)
        if rev >= 3:
            u_value = u_value[:16]
            u_entry = u_entry[:16]
        if u_value != u_entry:
            key = b""
        return key

    @staticmethod
    def verify_owner_password(
        owner_pwd: bytes,
        rev: int,
        key_size: int,
        o_entry: bytes,
        u_entry: bytes,
        P: int,
        id1_entry: bytes,
        metadata_encrypted: bool,
    ) -> bytes:
        """
        Algorithm 7: Authenticating the owner password.

        a) Compute an encryption key from the supplied password string, as described in steps (a) to (d) of
           "Algorithm 3: Computing the encryption dictionary’s O (owner password) value".
        b) (Security handlers of revision 2 only) Decrypt the value of the encryption dictionary’s O entry, using an RC4
           encryption function with the encryption key computed in step (a).
           (Security handlers of revision 3 or greater) Do the following 20 times: Decrypt the value of the encryption
           dictionary’s O entry (first iteration) or the output from the previous iteration (all subsequent iterations),
           using an RC4 encryption function with a different encryption key at each iteration. The key shall be
           generated by taking the original key (obtained in step (a)) and performing an XOR (exclusive or) operation
           between each byte of the key and the single-byte value of the iteration counter (from 19 to 0).
        c) The result of step (b) purports to be the user password. Authenticate this user password using "Algorithm 6:
           Authenticating the user password". If it is correct, the password supplied is the correct owner password.
        """
        rc4_key = AlgV4.compute_O_value_key(owner_pwd, rev, key_size)

        if rev <= 2:
            u_pwd = RC4_decrypt(rc4_key, o_entry)
        else:
            u_pwd = o_entry
            for i in range(19, -1, -1):
                key = bytes(bytearray(x ^ i for x in rc4_key))
                u_pwd = RC4_decrypt(key, u_pwd)
        return AlgV4.verify_user_password(
            u_pwd, rev, key_size, o_entry, u_entry, P, id1_entry, metadata_encrypted
        )


class AlgV5:
    @staticmethod
    def verify_owner_password(
        R: int, password: bytes, o_value: bytes, oe_value: bytes, u_value: bytes
    ) -> bytes:
        """
        Algorithm 3.2a Computing an encryption key.

        To understand the algorithm below, it is necessary to treat the O and U strings in the Encrypt dictionary
        as made up of three sections. The first 32 bytes are a hash value (explained below). The next 8 bytes are
        called the Validation Salt. The final 8 bytes are called the Key Salt.

        1. The password string is generated from Unicode input by processing the input string with the SASLprep
           (IETF RFC 4013) profile of stringprep (IETF RFC 3454), and then converting to a UTF-8 representation.
        2. Truncate the UTF-8 representation to 127 bytes if it is longer than 127 bytes.
        3. Test the password against the owner key by computing the SHA-256 hash of the UTF-8 password
           concatenated with the 8 bytes of owner Validation Salt, concatenated with the 48-byte U string. If the
           32-byte result matches the first 32 bytes of the O string, this is the owner password.
           Compute an intermediate owner key by computing the SHA-256 hash of the UTF-8 password
           concatenated with the 8 bytes of owner Key Salt, concatenated with the 48-byte U string. The 32-byte
           result is the key used to decrypt the 32-byte OE string using AES-256 in CBC mode with no padding and
           an initialization vector of zero. The 32-byte result is the file encryption key.
        4. Test the password against the user key by computing the SHA-256 hash of the UTF-8 password
           concatenated with the 8 bytes of user Validation Salt. If the 32 byte result matches the first 32 bytes of
           the U string, this is the user password.
           Compute an intermediate user key by computing the SHA-256 hash of the UTF-8 password
           concatenated with the 8 bytes of user Key Salt. The 32-byte result is the key used to decrypt the 32-byte
           UE string using AES-256 in CBC mode with no padding and an initialization vector of zero. The 32-byte
           result is the file encryption key.
        5. Decrypt the 16-byte Perms string using AES-256 in ECB mode with an initialization vector of zero and
           the file encryption key as the key. Verify that bytes 9-11 of the result are the characters ‘a’, ‘d’, ‘b’. Bytes
           0-3 of the decrypted Perms entry, treated as a little-endian integer, are the user permissions. They
           should match the value in the P key.
        """
        password = password[:127]
        if (
            AlgV5.calculate_hash(R, password, o_value[32:40], u_value[:48])
            != o_value[:32]
        ):
            return b""
        iv = bytes(0 for _ in range(16))
        tmp_key = AlgV5.calculate_hash(R, password, o_value[40:48], u_value[:48])
        key = AES_CBC_decrypt(tmp_key, iv, oe_value)
        return key

    @staticmethod
    def verify_user_password(
        R: int, password: bytes, u_value: bytes, ue_value: bytes
    ) -> bytes:
        """See :func:`verify_owner_password`."""
        password = password[:127]
        if AlgV5.calculate_hash(R, password, u_value[32:40], b"") != u_value[:32]:
            return b""
        iv = bytes(0 for _ in range(16))
        tmp_key = AlgV5.calculate_hash(R, password, u_value[40:48], b"")
        return AES_CBC_decrypt(tmp_key, iv, ue_value)

    @staticmethod
    def calculate_hash(R: int, password: bytes, salt: bytes, udata: bytes) -> bytes:
        # from https://github.com/qpdf/qpdf/blob/main/libqpdf/QPDF_encryption.cc
        K = hashlib.sha256(password + salt + udata).digest()
        if R < 6:
            return K
        count = 0
        while True:
            count += 1
            K1 = password + K + udata
            E = AES_CBC_encrypt(K[:16], K[16:32], K1 * 64)
            hash_fn = (
                hashlib.sha256,
                hashlib.sha384,
                hashlib.sha512,
            )[sum(E[:16]) % 3]
            K = hash_fn(E).digest()
            if count >= 64 and E[-1] <= count - 32:
                break
        return K[:32]

    @staticmethod
    def verify_perms(
        key: bytes, perms: bytes, p: int, metadata_encrypted: bool
    ) -> bool:
        """See :func:`verify_owner_password` and :func:`compute_Perms_value`."""
        b8 = b"T" if metadata_encrypted else b"F"
        p1 = struct.pack("<I", p) + b"\xff\xff\xff\xff" + b8 + b"adb"
        p2 = AES_ECB_decrypt(key, perms)
        return p1 == p2[:12]

    @staticmethod
    def generate_values(
        user_pwd: bytes, owner_pwd: bytes, key: bytes, p: int, metadata_encrypted: bool
    ) -> Dict[Any, Any]:
        u_value, ue_value = AlgV5.compute_U_value(user_pwd, key)
        o_value, oe_value = AlgV5.compute_O_value(owner_pwd, key, u_value)
        perms = AlgV5.compute_Perms_value(key, p, metadata_encrypted)
        return {
            "/U": u_value,
            "/UE": ue_value,
            "/O": o_value,
            "/OE": oe_value,
            "/Perms": perms,
        }

    @staticmethod
    def compute_U_value(password: bytes, key: bytes) -> Tuple[bytes, bytes]:
        """
        Algorithm 3.8 Computing the encryption dictionary’s U (user password) and UE (user encryption key) values

        1. Generate 16 random bytes of data using a strong random number generator. The first 8 bytes are the
           User Validation Salt. The second 8 bytes are the User Key Salt. Compute the 32-byte SHA-256 hash of
           the password concatenated with the User Validation Salt. The 48-byte string consisting of the 32-byte
           hash followed by the User Validation Salt followed by the User Key Salt is stored as the U key.
        2. Compute the 32-byte SHA-256 hash of the password concatenated with the User Key Salt. Using this
           hash as the key, encrypt the file encryption key using AES-256 in CBC mode with no padding and an
           initialization vector of zero. The resulting 32-byte string is stored as the UE key.
        """
        random_bytes = bytes(random.randrange(0, 256) for _ in range(16))
        val_salt = random_bytes[:8]
        key_salt = random_bytes[8:]
        u_value = hashlib.sha256(password + val_salt).digest() + val_salt + key_salt

        tmp_key = hashlib.sha256(password + key_salt).digest()
        iv = bytes(0 for _ in range(16))
        ue_value = AES_CBC_encrypt(tmp_key, iv, key)
        return u_value, ue_value

    @staticmethod
    def compute_O_value(
        password: bytes, key: bytes, u_value: bytes
    ) -> Tuple[bytes, bytes]:
        """
        Algorithm 3.9 Computing the encryption dictionary’s O (owner password) and OE (owner encryption key) values.

        1. Generate 16 random bytes of data using a strong random number generator. The first 8 bytes are the
           Owner Validation Salt. The second 8 bytes are the Owner Key Salt. Compute the 32-byte SHA-256 hash
           of the password concatenated with the Owner Validation Salt and then concatenated with the 48-byte
           U string as generated in Algorithm 3.8. The 48-byte string consisting of the 32-byte hash followed by
           the Owner Validation Salt followed by the Owner Key Salt is stored as the O key.
        2. Compute the 32-byte SHA-256 hash of the password concatenated with the Owner Key Salt and then
           concatenated with the 48-byte U string as generated in Algorithm 3.8. Using this hash as the key,
           encrypt the file encryption key using AES-256 in CBC mode with no padding and an initialization vector
           of zero. The resulting 32-byte string is stored as the OE key.
        """
        random_bytes = bytes(random.randrange(0, 256) for _ in range(16))
        val_salt = random_bytes[:8]
        key_salt = random_bytes[8:]
        o_value = (
            hashlib.sha256(password + val_salt + u_value).digest() + val_salt + key_salt
        )

        tmp_key = hashlib.sha256(password + key_salt + u_value).digest()
        iv = bytes(0 for _ in range(16))
        oe_value = AES_CBC_encrypt(tmp_key, iv, key)
        return o_value, oe_value

    @staticmethod
    def compute_Perms_value(key: bytes, p: int, metadata_encrypted: bool) -> bytes:
        """
        Algorithm 3.10 Computing the encryption dictionary’s Perms (permissions) value

        1. Extend the permissions (contents of the P integer) to 64 bits by setting the upper 32 bits to all 1’s. (This
           allows for future extension without changing the format.)
        2. Record the 8 bytes of permission in the bytes 0-7 of the block, low order byte first.
        3. Set byte 8 to the ASCII value ' T ' or ' F ' according to the EncryptMetadata Boolean.
        4. Set bytes 9-11 to the ASCII characters ' a ', ' d ', ' b '.
        5. Set bytes 12-15 to 4 bytes of random data, which will be ignored.
        6. Encrypt the 16-byte block using AES-256 in ECB mode with an initialization vector of zero, using the file
           encryption key as the key. The result (16 bytes) is stored as the Perms string, and checked for validity
           when the file is opened.
        """
        b8 = b"T" if metadata_encrypted else b"F"
        rr = bytes(random.randrange(0, 256) for _ in range(4))
        data = struct.pack("<I", p) + b"\xff\xff\xff\xff" + b8 + b"adb" + rr
        perms = AES_ECB_encrypt(key, data)
        return perms


class PasswordType(IntEnum):
    NOT_DECRYPTED = 0
    USER_PASSWORD = 1
    OWNER_PASSWORD = 2


class Encryption:
    def __init__(
        self,
        algV: int,
        algR: int,
        entry: DictionaryObject,
        first_id_entry: bytes,
        StmF: str,
        StrF: str,
        EFF: str,
    ) -> None:
        # See TABLE 3.18 Entries common to all encryption dictionaries
        self.algV = algV
        self.algR = algR
        self.entry = entry
        self.key_size = entry.get("/Length", 40)
        self.id1_entry = first_id_entry
        self.StmF = StmF
        self.StrF = StrF
        self.EFF = EFF

        # 1 => owner password
        # 2 => user password
        self._password_type = PasswordType.NOT_DECRYPTED
        self._key: Optional[bytes] = None

    def is_decrypted(self) -> bool:
        return self._password_type != PasswordType.NOT_DECRYPTED

    def decrypt_object(self, obj: PdfObject, idnum: int, generation: int) -> PdfObject:
        """
        Algorithm 1: Encryption of data using the RC4 or AES algorithms.

        a) Obtain the object number and generation number from the object identifier of the string or stream to be
           encrypted (see 7.3.10, "Indirect Objects"). If the string is a direct object, use the identifier of the indirect
           object containing it.
        b) For all strings and streams without crypt filter specifier; treating the object number and generation number
           as binary integers, extend the original n-byte encryption key to n + 5 bytes by appending the low-order 3
           bytes of the object number and the low-order 2 bytes of the generation number in that order, low-order byte
           first. (n is 5 unless the value of V in the encryption dictionary is greater than 1, in which case n is the value
           of Length divided by 8.)
           If using the AES algorithm, extend the encryption key an additional 4 bytes by adding the value “sAlT”,
           which corresponds to the hexadecimal values 0x73, 0x41, 0x6C, 0x54. (This addition is done for backward
           compatibility and is not intended to provide additional security.)
        c) Initialize the MD5 hash function and pass the result of step (b) as input to this function.
        d) Use the first (n + 5) bytes, up to a maximum of 16, of the output from the MD5 hash as the key for the RC4
           or AES symmetric key algorithms, along with the string or stream data to be encrypted.
           If using the AES algorithm, the Cipher Block Chaining (CBC) mode, which requires an initialization vector,
           is used. The block size parameter is set to 16 bytes, and the initialization vector is a 16-byte random
           number that is stored as the first 16 bytes of the encrypted stream or string.

        Algorithm 3.1a Encryption of data using the AES algorithm
        1. Use the 32-byte file encryption key for the AES-256 symmetric key algorithm, along with the string or
           stream data to be encrypted.
           Use the AES algorithm in Cipher Block Chaining (CBC) mode, which requires an initialization vector. The
           block size parameter is set to 16 bytes, and the initialization vector is a 16-byte random number that is
           stored as the first 16 bytes of the encrypted stream or string.
           The output is the encrypted data to be stored in the PDF file.
        """
        pack1 = struct.pack("<i", idnum)[:3]
        pack2 = struct.pack("<i", generation)[:2]

        assert self._key
        key = self._key
        n = 5 if self.algV == 1 else self.key_size // 8
        key_data = key[:n] + pack1 + pack2
        key_hash = hashlib.md5(key_data)
        rc4_key = key_hash.digest()[: min(n + 5, 16)]
        # for AES-128
        key_hash.update(b"sAlT")
        aes128_key = key_hash.digest()[: min(n + 5, 16)]

        # for AES-256
        aes256_key = key

        stmCrypt = self._get_crypt(self.StmF, rc4_key, aes128_key, aes256_key)
        StrCrypt = self._get_crypt(self.StrF, rc4_key, aes128_key, aes256_key)
        efCrypt = self._get_crypt(self.EFF, rc4_key, aes128_key, aes256_key)

        cf = CryptFilter(stmCrypt, StrCrypt, efCrypt)
        return cf.decrypt_object(obj)

    @staticmethod
    def _get_crypt(
        method: str, rc4_key: bytes, aes128_key: bytes, aes256_key: bytes
    ) -> CryptBase:
        if method == "/AESV3":
            return CryptAES(aes256_key)
        if method == "/AESV2":
            return CryptAES(aes128_key)
        elif method == "/Identity":
            return CryptIdentity()
        else:
            return CryptRC4(rc4_key)

    def verify(self, password: Union[bytes, str]) -> PasswordType:
        if isinstance(password, str):
            try:
                pwd = password.encode("latin-1")
            except Exception:  # noqa
                pwd = password.encode("utf-8")
        else:
            pwd = password

        key, rc = self.verify_v4(pwd) if self.algV <= 4 else self.verify_v5(pwd)
        if rc != PasswordType.NOT_DECRYPTED:
            self._password_type = rc
            self._key = key
        return rc

    def verify_v4(self, password: bytes) -> Tuple[bytes, PasswordType]:
        R = cast(int, self.entry["/R"])
        P = cast(int, self.entry["/P"])
        P = (P + 0x100000000) % 0x100000000  # maybe < 0
        # make type(metadata_encrypted) == bool
        em = self.entry.get("/EncryptMetadata")
        metadata_encrypted = em.value if em else True
        o_entry = cast(ByteStringObject, self.entry["/O"].get_object()).original_bytes
        u_entry = cast(ByteStringObject, self.entry["/U"].get_object()).original_bytes

        # verify owner password first
        key = AlgV4.verify_owner_password(
            password,
            R,
            self.key_size,
            o_entry,
            u_entry,
            P,
            self.id1_entry,
            metadata_encrypted,
        )
        if key:
            return key, PasswordType.OWNER_PASSWORD
        key = AlgV4.verify_user_password(
            password,
            R,
            self.key_size,
            o_entry,
            u_entry,
            P,
            self.id1_entry,
            metadata_encrypted,
        )
        if key:
            return key, PasswordType.USER_PASSWORD
        return b"", PasswordType.NOT_DECRYPTED

    def verify_v5(self, password: bytes) -> Tuple[bytes, PasswordType]:
        # TODO: use SASLprep process
        o_entry = cast(ByteStringObject, self.entry["/O"].get_object()).original_bytes
        u_entry = cast(ByteStringObject, self.entry["/U"].get_object()).original_bytes
        oe_entry = cast(ByteStringObject, self.entry["/OE"].get_object()).original_bytes
        ue_entry = cast(ByteStringObject, self.entry["/UE"].get_object()).original_bytes

        # verify owner password first
        key = AlgV5.verify_owner_password(
            self.algR, password, o_entry, oe_entry, u_entry
        )
        rc = PasswordType.OWNER_PASSWORD
        if not key:
            key = AlgV5.verify_user_password(self.algR, password, u_entry, ue_entry)
            rc = PasswordType.USER_PASSWORD
        if not key:
            return b"", PasswordType.NOT_DECRYPTED

        # verify Perms
        perms = cast(ByteStringObject, self.entry["/Perms"].get_object()).original_bytes
        P = cast(int, self.entry["/P"])
        P = (P + 0x100000000) % 0x100000000  # maybe < 0
        metadata_encrypted = self.entry.get("/EncryptMetadata", True)
        if not AlgV5.verify_perms(key, perms, P, metadata_encrypted):
            logger_warning("ignore '/Perms' verify failed", __name__)
        return key, rc

    @staticmethod
    def read(encryption_entry: DictionaryObject, first_id_entry: bytes) -> "Encryption":
        filter = encryption_entry.get("/Filter")
        if filter != "/Standard":
            raise NotImplementedError(
                "only Standard PDF encryption handler is available"
            )
        if "/SubFilter" in encryption_entry:
            raise NotImplementedError("/SubFilter NOT supported")

        StmF = "/V2"
        StrF = "/V2"
        EFF = "/V2"

        V = encryption_entry.get("/V", 0)
        if V not in (1, 2, 3, 4, 5):
            raise NotImplementedError(f"Encryption V={V} NOT supported")
        if V >= 4:
            filters = encryption_entry["/CF"]

            StmF = encryption_entry.get("/StmF", "/Identity")
            StrF = encryption_entry.get("/StrF", "/Identity")
            EFF = encryption_entry.get("/EFF", StmF)

            if StmF != "/Identity":
                StmF = filters[StmF]["/CFM"]  # type: ignore
            if StrF != "/Identity":
                StrF = filters[StrF]["/CFM"]  # type: ignore
            if EFF != "/Identity":
                EFF = filters[EFF]["/CFM"]  # type: ignore

            allowed_methods = ("/Identity", "/V2", "/AESV2", "/AESV3")
            if StmF not in allowed_methods:
                raise NotImplementedError("StmF Method {StmF} NOT supported!")
            if StrF not in allowed_methods:
                raise NotImplementedError(f"StrF Method {StrF} NOT supported!")
            if EFF not in allowed_methods:
                raise NotImplementedError(f"EFF Method {EFF} NOT supported!")

        R = cast(int, encryption_entry["/R"])
        return Encryption(V, R, encryption_entry, first_id_entry, StmF, StrF, EFF)







py-pdf-PyPDF2-95cd474/PyPDF2/_merger.py

# Copyright (c) 2006, Mathieu Fenniak
# All rights reserved.
#
# Redistribution and use in source and binary forms, with or without
# modification, are permitted provided that the following conditions are
# met:
#
# * Redistributions of source code must retain the above copyright notice,
# this list of conditions and the following disclaimer.
# * Redistributions in binary form must reproduce the above copyright notice,
# this list of conditions and the following disclaimer in the documentation
# and/or other materials provided with the distribution.
# * The name of the author may not be used to endorse or promote products
# derived from this software without specific prior written permission.
#
# THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS"
# AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
# IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
# ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR CONTRIBUTORS BE
# LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR
# CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF
# SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS
# INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN
# CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
# ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE
# POSSIBILITY OF SUCH DAMAGE.

from io import BytesIO, FileIO, IOBase
from pathlib import Path
from types import TracebackType
from typing import (
    Any,
    Dict,
    Iterable,
    List,
    Optional,
    Tuple,
    Type,
    Union,
    cast,
)

from ._encryption import Encryption
from ._page import PageObject
from ._reader import PdfReader
from ._utils import (
    StrByteType,
    deprecate_bookmark,
    deprecate_with_replacement,
    str_,
)
from ._writer import PdfWriter
from .constants import GoToActionArguments
from .constants import PagesAttributes as PA
from .constants import TypArguments, TypFitArguments
from .generic import (
    ArrayObject,
    Destination,
    DictionaryObject,
    FloatObject,
    IndirectObject,
    NameObject,
    NullObject,
    NumberObject,
    OutlineItem,
    TextStringObject,
    TreeObject,
)
from .pagerange import PageRange, PageRangeSpec
from .types import FitType, LayoutType, OutlineType, PagemodeType, ZoomArgType

ERR_CLOSED_WRITER = "close() was called and thus the writer cannot be used anymore"


class _MergedPage:
    """Collect necessary information on each page that is being merged."""

    def __init__(self, pagedata: PageObject, src: PdfReader, id: int) -> None:
        self.src = src
        self.pagedata = pagedata
        self.out_pagedata = None
        self.id = id


class PdfMerger:
    """
    Initialize a ``PdfMerger`` object.

    ``PdfMerger`` merges multiple PDFs into a single PDF.
    It can concatenate, slice, insert, or any combination of the above.

    See the functions :meth:`merge()<merge>` (or :meth:`append()<append>`)
    and :meth:`write()<write>` for usage information.

    :param bool strict: Determines whether user should be warned of all
            problems and also causes some correctable problems to be fatal.
            Defaults to ``False``.
    :param fileobj: Output file. Can be a filename or any kind of
            file-like object.
    """

    @deprecate_bookmark(bookmarks="outline")
    def __init__(
        self, strict: bool = False, fileobj: Union[Path, StrByteType] = ""
    ) -> None:
        self.inputs: List[Tuple[Any, PdfReader]] = []
        self.pages: List[Any] = []
        self.output: Optional[PdfWriter] = PdfWriter()
        self.outline: OutlineType = []
        self.named_dests: List[Any] = []
        self.id_count = 0
        self.fileobj = fileobj
        self.strict = strict

    def __enter__(self) -> "PdfMerger":
        # There is nothing to do.
        return self

    def __exit__(
        self,
        exc_type: Optional[Type[BaseException]],
        exc: Optional[BaseException],
        traceback: Optional[TracebackType],
    ) -> None:
        """Write to the fileobj and close the merger."""
        if self.fileobj:
            self.write(self.fileobj)
        self.close()

    @deprecate_bookmark(bookmark="outline_item", import_bookmarks="import_outline")
    def merge(
        self,
        position: int,
        fileobj: Union[Path, StrByteType, PdfReader],
        outline_item: Optional[str] = None,
        pages: Optional[PageRangeSpec] = None,
        import_outline: bool = True,
    ) -> None:
        """
        Merge the pages from the given file into the output file at the
        specified page number.

        :param int position: The *page number* to insert this file. File will
            be inserted after the given number.

        :param fileobj: A File Object or an object that supports the standard
            read and seek methods similar to a File Object. Could also be a
            string representing a path to a PDF file.

        :param str outline_item: Optionally, you may specify an outline item
            (previously referred to as a 'bookmark') to be applied at the
            beginning of the included file by supplying the text of the outline item.

        :param pages: can be a :class:`PageRange<PyPDF2.pagerange.PageRange>`
            or a ``(start, stop[, step])`` tuple
            to merge only the specified range of pages from the source
            document into the output document.

        :param bool import_outline: You may prevent the source document's
            outline (collection of outline items, previously referred to as
            'bookmarks') from being imported by specifying this as ``False``.
        """
        stream, encryption_obj = self._create_stream(fileobj)

        # Create a new PdfReader instance using the stream
        # (either file or BytesIO or StringIO) created above
        reader = PdfReader(stream, strict=self.strict)  # type: ignore[arg-type]
        self.inputs.append((stream, reader))
        if encryption_obj is not None:
            reader._encryption = encryption_obj

        # Find the range of pages to merge.
        if pages is None:
            pages = (0, len(reader.pages))
        elif isinstance(pages, PageRange):
            pages = pages.indices(len(reader.pages))
        elif not isinstance(pages, tuple):
            raise TypeError('"pages" must be a tuple of (start, stop[, step])')

        srcpages = []

        outline = []
        if import_outline:
            outline = reader.outline
            outline = self._trim_outline(reader, outline, pages)

        if outline_item:
            outline_item_typ = OutlineItem(
                TextStringObject(outline_item),
                NumberObject(self.id_count),
                NameObject(TypFitArguments.FIT),
            )
            self.outline += [outline_item_typ, outline]  # type: ignore
        else:
            self.outline += outline

        dests = reader.named_destinations
        trimmed_dests = self._trim_dests(reader, dests, pages)
        self.named_dests += trimmed_dests

        # Gather all the pages that are going to be merged
        for i in range(*pages):
            page = reader.pages[i]

            id = self.id_count
            self.id_count += 1

            mp = _MergedPage(page, reader, id)

            srcpages.append(mp)

        self._associate_dests_to_pages(srcpages)
        self._associate_outline_items_to_pages(srcpages)

        # Slice to insert the pages at the specified position
        self.pages[position:position] = srcpages

    def _create_stream(
        self, fileobj: Union[Path, StrByteType, PdfReader]
    ) -> Tuple[IOBase, Optional[Encryption]]:
        # If the fileobj parameter is a string, assume it is a path
        # and create a file object at that location. If it is a file,
        # copy the file's contents into a BytesIO stream object; if
        # it is a PdfReader, copy that reader's stream into a
        # BytesIO stream.
        # If fileobj is none of the above types, it is not modified
        encryption_obj = None
        stream: IOBase
        if isinstance(fileobj, (str, Path)):
            stream = FileIO(fileobj, "rb")
        elif isinstance(fileobj, PdfReader):
            if fileobj._encryption:
                encryption_obj = fileobj._encryption
            orig_tell = fileobj.stream.tell()
            fileobj.stream.seek(0)
            stream = BytesIO(fileobj.stream.read())

            # reset the stream to its original location
            fileobj.stream.seek(orig_tell)
        elif hasattr(fileobj, "seek") and hasattr(fileobj, "read"):
            fileobj.seek(0)
            filecontent = fileobj.read()
            stream = BytesIO(filecontent)
        else:
            raise NotImplementedError(
                "PdfMerger.merge requires an object that PdfReader can parse. "
                "Typically, that is a Path or a string representing a Path, "
                "a file object, or an object implementing .seek and .read. "
                "Passing a PdfReader directly works as well."
            )
        return stream, encryption_obj

    @deprecate_bookmark(bookmark="outline_item", import_bookmarks="import_outline")
    def append(
        self,
        fileobj: Union[StrByteType, PdfReader, Path],
        outline_item: Optional[str] = None,
        pages: Union[None, PageRange, Tuple[int, int], Tuple[int, int, int]] = None,
        import_outline: bool = True,
    ) -> None:
        """
        Identical to the :meth:`merge()<merge>` method, but assumes you want to
        concatenate all pages onto the end of the file instead of specifying a
        position.

        :param fileobj: A File Object or an object that supports the standard
            read and seek methods similar to a File Object. Could also be a
            string representing a path to a PDF file.

        :param str outline_item: Optionally, you may specify an outline item
            (previously referred to as a 'bookmark') to be applied at the
            beginning of the included file by supplying the text of the outline item.

        :param pages: can be a :class:`PageRange<PyPDF2.pagerange.PageRange>`
            or a ``(start, stop[, step])`` tuple
            to merge only the specified range of pages from the source
            document into the output document.

        :param bool import_outline: You may prevent the source document's
            outline (collection of outline items, previously referred to as
            'bookmarks') from being imported by specifying this as ``False``.
        """
        self.merge(len(self.pages), fileobj, outline_item, pages, import_outline)

    def write(self, fileobj: Union[Path, StrByteType]) -> None:
        """
        Write all data that has been merged to the given output file.

        :param fileobj: Output file. Can be a filename or any kind of
            file-like object.
        """
        if self.output is None:
            raise RuntimeError(ERR_CLOSED_WRITER)

        # Add pages to the PdfWriter
        # The commented out line below was replaced with the two lines below it
        # to allow PdfMerger to work with PyPdf 1.13
        for page in self.pages:
            self.output.add_page(page.pagedata)
            pages_obj = cast(Dict[str, Any], self.output._pages.get_object())
            page.out_pagedata = self.output.get_reference(
                pages_obj[PA.KIDS][-1].get_object()
            )
            # idnum = self.output._objects.index(self.output._pages.get_object()[PA.KIDS][-1].get_object()) + 1
            # page.out_pagedata = IndirectObject(idnum, 0, self.output)

        # Once all pages are added, create outline items to point at those pages
        self._write_dests()
        self._write_outline()

        # Write the output to the file
        my_file, ret_fileobj = self.output.write(fileobj)

        if my_file:
            ret_fileobj.close()

    def close(self) -> None:
        """Shut all file descriptors (input and output) and clear all memory usage."""
        self.pages = []
        for fo, _reader in self.inputs:
            fo.close()

        self.inputs = []
        self.output = None

    def add_metadata(self, infos: Dict[str, Any]) -> None:
        """
        Add custom metadata to the output.

        :param dict infos: a Python dictionary where each key is a field
            and each value is your new metadata.
            Example: ``{u'/Title': u'My title'}``
        """
        if self.output is None:
            raise RuntimeError(ERR_CLOSED_WRITER)
        self.output.add_metadata(infos)

    def addMetadata(self, infos: Dict[str, Any]) -> None:  # pragma: no cover
        """
        .. deprecated:: 1.28.0

            Use :meth:`add_metadata` instead.
        """
        deprecate_with_replacement("addMetadata", "add_metadata")
        self.add_metadata(infos)

    def setPageLayout(self, layout: LayoutType) -> None:  # pragma: no cover
        """
        .. deprecated:: 1.28.0

            Use :meth:`set_page_layout` instead.
        """
        deprecate_with_replacement("setPageLayout", "set_page_layout")
        self.set_page_layout(layout)

    def set_page_layout(self, layout: LayoutType) -> None:
        """
        Set the page layout.

        :param str layout: The page layout to be used

        .. list-table:: Valid ``layout`` arguments
           :widths: 50 200

           * - /NoLayout
             - Layout explicitly not specified
           * - /SinglePage
             - Show one page at a time
           * - /OneColumn
             - Show one column at a time
           * - /TwoColumnLeft
             - Show pages in two columns, odd-numbered pages on the left
           * - /TwoColumnRight
             - Show pages in two columns, odd-numbered pages on the right
           * - /TwoPageLeft
             - Show two pages at a time, odd-numbered pages on the left
           * - /TwoPageRight
             - Show two pages at a time, odd-numbered pages on the right
        """
        if self.output is None:
            raise RuntimeError(ERR_CLOSED_WRITER)
        self.output._set_page_layout(layout)

    def setPageMode(self, mode: PagemodeType) -> None:  # pragma: no cover
        """
        .. deprecated:: 1.28.0

            Use :meth:`set_page_mode` instead.
        """
        deprecate_with_replacement("setPageMode", "set_page_mode")
        self.set_page_mode(mode)

    def set_page_mode(self, mode: PagemodeType) -> None:
        """
        Set the page mode.

        :param str mode: The page mode to use.

        .. list-table:: Valid ``mode`` arguments
           :widths: 50 200

           * - /UseNone
             - Do not show outline or thumbnails panels
           * - /UseOutlines
             - Show outline (aka bookmarks) panel
           * - /UseThumbs
             - Show page thumbnails panel
           * - /FullScreen
             - Fullscreen view
           * - /UseOC
             - Show Optional Content Group (OCG) panel
           * - /UseAttachments
             - Show attachments panel
        """
        if self.output is None:
            raise RuntimeError(ERR_CLOSED_WRITER)
        self.output.set_page_mode(mode)

    def _trim_dests(
        self,
        pdf: PdfReader,
        dests: Dict[str, Dict[str, Any]],
        pages: Union[Tuple[int, int], Tuple[int, int, int]],
    ) -> List[Dict[str, Any]]:
        """Remove named destinations that are not a part of the specified page set."""
        new_dests = []
        for key, obj in dests.items():
            for j in range(*pages):
                if pdf.pages[j].get_object() == obj["/Page"].get_object():
                    obj[NameObject("/Page")] = obj["/Page"].get_object()
                    assert str_(key) == str_(obj["/Title"])
                    new_dests.append(obj)
                    break
        return new_dests

    def _trim_outline(
        self,
        pdf: PdfReader,
        outline: OutlineType,
        pages: Union[Tuple[int, int], Tuple[int, int, int]],
    ) -> OutlineType:
        """Remove outline item entries that are not a part of the specified page set."""
        new_outline = []
        prev_header_added = True
        for i, outline_item in enumerate(outline):
            if isinstance(outline_item, list):
                sub = self._trim_outline(pdf, outline_item, pages)  # type: ignore
                if sub:
                    if not prev_header_added:
                        new_outline.append(outline[i - 1])
                    new_outline.append(sub)  # type: ignore
            else:
                prev_header_added = False
                for j in range(*pages):
                    if outline_item["/Page"] is None:
                        continue
                    if pdf.pages[j].get_object() == outline_item["/Page"].get_object():
                        outline_item[NameObject("/Page")] = outline_item[
                            "/Page"
                        ].get_object()
                        new_outline.append(outline_item)
                        prev_header_added = True
                        break
        return new_outline

    def _write_dests(self) -> None:
        if self.output is None:
            raise RuntimeError(ERR_CLOSED_WRITER)
        for named_dest in self.named_dests:
            pageno = None
            if "/Page" in named_dest:
                for pageno, page in enumerate(self.pages):  # noqa: B007
                    if page.id == named_dest["/Page"]:
                        named_dest[NameObject("/Page")] = page.out_pagedata
                        break

            if pageno is not None:
                self.output.add_named_destination_object(named_dest)

    @deprecate_bookmark(bookmarks="outline")
    def _write_outline(
        self,
        outline: Optional[Iterable[OutlineItem]] = None,
        parent: Optional[TreeObject] = None,
    ) -> None:
        if self.output is None:
            raise RuntimeError(ERR_CLOSED_WRITER)
        if outline is None:
            outline = self.outline  # type: ignore
        assert outline is not None, "hint for mypy"  # TODO: is that true?

        last_added = None
        for outline_item in outline:
            if isinstance(outline_item, list):
                self._write_outline(outline_item, last_added)
                continue

            page_no = None
            if "/Page" in outline_item:
                for page_no, page in enumerate(self.pages):  # noqa: B007
                    if page.id == outline_item["/Page"]:
                        self._write_outline_item_on_page(outline_item, page)
                        break
            if page_no is not None:
                del outline_item["/Page"], outline_item["/Type"]
                last_added = self.output.add_outline_item_dict(outline_item, parent)

    @deprecate_bookmark(bookmark="outline_item")
    def _write_outline_item_on_page(
        self, outline_item: Union[OutlineItem, Destination], page: _MergedPage
    ) -> None:
        oi_type = cast(str, outline_item["/Type"])
        args = [NumberObject(page.id), NameObject(oi_type)]
        fit2arg_keys: Dict[str, Tuple[str, ...]] = {
            TypFitArguments.FIT_H: (TypArguments.TOP,),
            TypFitArguments.FIT_BH: (TypArguments.TOP,),
            TypFitArguments.FIT_V: (TypArguments.LEFT,),
            TypFitArguments.FIT_BV: (TypArguments.LEFT,),
            TypFitArguments.XYZ: (TypArguments.LEFT, TypArguments.TOP, "/Zoom"),
            TypFitArguments.FIT_R: (
                TypArguments.LEFT,
                TypArguments.BOTTOM,
                TypArguments.RIGHT,
                TypArguments.TOP,
            ),
        }
        for arg_key in fit2arg_keys.get(oi_type, tuple()):
            if arg_key in outline_item and not isinstance(
                outline_item[arg_key], NullObject
            ):
                args.append(FloatObject(outline_item[arg_key]))
            else:
                args.append(FloatObject(0))
            del outline_item[arg_key]

        outline_item[NameObject("/A")] = DictionaryObject(
            {
                NameObject(GoToActionArguments.S): NameObject("/GoTo"),
                NameObject(GoToActionArguments.D): ArrayObject(args),
            }
        )

    def _associate_dests_to_pages(self, pages: List[_MergedPage]) -> None:
        for named_dest in self.named_dests:
            pageno = None
            np = named_dest["/Page"]

            if isinstance(np, NumberObject):
                continue

            for page in pages:
                if np.get_object() == page.pagedata.get_object():
                    pageno = page.id

            if pageno is None:
                raise ValueError(
                    f"Unresolved named destination '{named_dest['/Title']}'"
                )
            named_dest[NameObject("/Page")] = NumberObject(pageno)

    @deprecate_bookmark(bookmarks="outline")
    def _associate_outline_items_to_pages(
        self, pages: List[_MergedPage], outline: Optional[Iterable[OutlineItem]] = None
    ) -> None:
        if outline is None:
            outline = self.outline  # type: ignore # TODO: self.bookmarks can be None!
        assert outline is not None, "hint for mypy"
        for outline_item in outline:
            if isinstance(outline_item, list):
                self._associate_outline_items_to_pages(pages, outline_item)
                continue

            pageno = None
            outline_item_page = outline_item["/Page"]

            if isinstance(outline_item_page, NumberObject):
                continue

            for p in pages:
                if outline_item_page.get_object() == p.pagedata.get_object():
                    pageno = p.id

            if pageno is not None:
                outline_item[NameObject("/Page")] = NumberObject(pageno)

    @deprecate_bookmark(bookmark="outline_item")
    def find_outline_item(
        self,
        outline_item: Dict[str, Any],
        root: Optional[OutlineType] = None,
    ) -> Optional[List[int]]:
        if root is None:
            root = self.outline

        for i, oi_enum in enumerate(root):
            if isinstance(oi_enum, list):
                # oi_enum is still an inner node
                # (OutlineType, if recursive types were supported by mypy)
                res = self.find_outline_item(outline_item, oi_enum)  # type: ignore
                if res:
                    return [i] + res
            elif (
                oi_enum == outline_item
                or cast(Dict[Any, Any], oi_enum["/Title"]) == outline_item
            ):
                # we found a leaf node
                return [i]

        return None

    @deprecate_bookmark(bookmark="outline_item")
    def find_bookmark(
        self,
        outline_item: Dict[str, Any],
        root: Optional[OutlineType] = None,
    ) -> Optional[List[int]]:  # pragma: no cover
        """
        .. deprecated:: 2.9.0
            Use :meth:`find_outline_item` instead.
        """
        return self.find_outline_item(outline_item, root)

    def add_outline_item(
        self,
        title: str,
        pagenum: int,
        parent: Union[None, TreeObject, IndirectObject] = None,
        color: Optional[Tuple[float, float, float]] = None,
        bold: bool = False,
        italic: bool = False,
        fit: FitType = "/Fit",
        *args: ZoomArgType,
    ) -> IndirectObject:
        """
        Add an outline item (commonly referred to as a "Bookmark") to this PDF file.

        :param str title: Title to use for this outline item.
        :param int pagenum: Page number this outline item will point to.
        :param parent: A reference to a parent outline item to create nested
            outline items.
        :param tuple color: Color of the outline item's font as a red, green, blue tuple
            from 0.0 to 1.0
        :param bool bold: Outline item font is bold
        :param bool italic: Outline item font is italic
        :param str fit: The fit of the destination page. See
            :meth:`add_link()<add_link>` for details.
        """
        writer = self.output
        if writer is None:
            raise RuntimeError(ERR_CLOSED_WRITER)
        return writer.add_outline_item(
            title, pagenum, parent, color, bold, italic, fit, *args
        )

    def addBookmark(
        self,
        title: str,
        pagenum: int,
        parent: Union[None, TreeObject, IndirectObject] = None,
        color: Optional[Tuple[float, float, float]] = None,
        bold: bool = False,
        italic: bool = False,
        fit: FitType = "/Fit",
        *args: ZoomArgType,
    ) -> IndirectObject:  # pragma: no cover
        """
        .. deprecated:: 1.28.0
            Use :meth:`add_outline_item` instead.
        """
        deprecate_with_replacement("addBookmark", "add_outline_item")
        return self.add_outline_item(
            title, pagenum, parent, color, bold, italic, fit, *args
        )

    def add_bookmark(
        self,
        title: str,
        pagenum: int,
        parent: Union[None, TreeObject, IndirectObject] = None,
        color: Optional[Tuple[float, float, float]] = None,
        bold: bool = False,
        italic: bool = False,
        fit: FitType = "/Fit",
        *args: ZoomArgType,
    ) -> IndirectObject:  # pragma: no cover
        """
        .. deprecated:: 2.9.0
            Use :meth:`add_outline_item` instead.
        """
        deprecate_with_replacement("addBookmark", "add_outline_item")
        return self.add_outline_item(
            title, pagenum, parent, color, bold, italic, fit, *args
        )

    def addNamedDestination(self, title: str, pagenum: int) -> None:  # pragma: no cover
        """
        .. deprecated:: 1.28.0
            Use :meth:`add_named_destination` instead.
        """
        deprecate_with_replacement("addNamedDestination", "add_named_destination")
        return self.add_named_destination(title, pagenum)

    def add_named_destination(self, title: str, pagenum: int) -> None:
        """
        Add a destination to the output.

        :param str title: Title to use
        :param int pagenum: Page number this destination points at.
        """
        dest = Destination(
            TextStringObject(title),
            NumberObject(pagenum),
            NameObject(TypFitArguments.FIT_H),
            NumberObject(826),
        )
        self.named_dests.append(dest)


class PdfFileMerger(PdfMerger):  # pragma: no cover
    def __init__(self, *args: Any, **kwargs: Any) -> None:
        deprecate_with_replacement("PdfFileMerger", "PdfMerger")

        if "strict" not in kwargs and len(args) < 1:
            kwargs["strict"] = True  # maintain the default
        super().__init__(*args, **kwargs)







py-pdf-PyPDF2-95cd474/PyPDF2/_page.py

# Copyright (c) 2006, Mathieu Fenniak
# Copyright (c) 2007, Ashish Kulkarni <kulkarni.ashish@gmail.com>
#
# All rights reserved.
#
# Redistribution and use in source and binary forms, with or without
# modification, are permitted provided that the following conditions are
# met:
#
# * Redistributions of source code must retain the above copyright notice,
# this list of conditions and the following disclaimer.
# * Redistributions in binary form must reproduce the above copyright notice,
# this list of conditions and the following disclaimer in the documentation
# and/or other materials provided with the distribution.
# * The name of the author may not be used to endorse or promote products
# derived from this software without specific prior written permission.
#
# THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS"
# AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
# IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
# ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR CONTRIBUTORS BE
# LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR
# CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF
# SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS
# INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN
# CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
# ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE
# POSSIBILITY OF SUCH DAMAGE.

import math
import uuid
import warnings
from decimal import Decimal
from typing import (
    Any,
    Callable,
    Dict,
    Iterable,
    Iterator,
    List,
    Optional,
    Set,
    Tuple,
    Union,
    cast,
)

from ._cmap import build_char_map, unknown_char_map
from ._utils import (
    CompressedTransformationMatrix,
    TransformationMatrixType,
    deprecate_no_replacement,
    deprecate_with_replacement,
    logger_warning,
    matrix_multiply,
)
from .constants import PageAttributes as PG
from .constants import Ressources as RES
from .errors import PageSizeNotDefinedError
from .generic import (
    ArrayObject,
    ContentStream,
    DictionaryObject,
    EncodedStreamObject,
    FloatObject,
    IndirectObject,
    NameObject,
    NullObject,
    NumberObject,
    RectangleObject,
    TextStringObject,
    encode_pdfdocencoding,
)

CUSTOM_RTL_MIN: int = -1
CUSTOM_RTL_MAX: int = -1
CUSTOM_RTL_SPECIAL_CHARS: List[int] = []


def set_custom_rtl(
    _min: Union[str, int, None] = None,
    _max: Union[str, int, None] = None,
    specials: Union[str, List[int], None] = None,
) -> Tuple[int, int, List[int]]:
    """
    changes the Right-To-Left and special characters customed parameters:

    _min -> CUSTOM_RTL_MIN : None does not change the value ; int or str(converted to ascii code) ; -1 by default
    _max -> CUSTOM_RTL_MAX : None does not change the value ; int or str(converted to ascii code) ; -1 by default
        those values define a range of custom characters that will be written right to left ;
        [-1;-1] set no additional range to be converter

    specials -> CUSTOM_RTL_SPECIAL_CHARS: None does not change the current value; str to be converted to list or list of ascii codes ; [] by default
        list of codes that will inserted applying the current insertion order ; this consist normally in a list of punctuation characters
    """
    global CUSTOM_RTL_MIN, CUSTOM_RTL_MAX, CUSTOM_RTL_SPECIAL_CHARS
    if isinstance(_min, int):
        CUSTOM_RTL_MIN = _min
    elif isinstance(_min, str):
        CUSTOM_RTL_MIN = ord(_min)
    if isinstance(_max, int):
        CUSTOM_RTL_MAX = _max
    elif isinstance(_max, str):
        CUSTOM_RTL_MAX = ord(_max)
    if isinstance(specials, str):
        CUSTOM_RTL_SPECIAL_CHARS = [ord(x) for x in specials]
    elif isinstance(specials, list):
        CUSTOM_RTL_SPECIAL_CHARS = specials
    return CUSTOM_RTL_MIN, CUSTOM_RTL_MAX, CUSTOM_RTL_SPECIAL_CHARS


def _get_rectangle(self: Any, name: str, defaults: Iterable[str]) -> RectangleObject:
    retval: Union[None, RectangleObject, IndirectObject] = self.get(name)
    if isinstance(retval, RectangleObject):
        return retval
    if retval is None:
        for d in defaults:
            retval = self.get(d)
            if retval is not None:
                break
    if isinstance(retval, IndirectObject):
        retval = self.pdf.get_object(retval)
    retval = RectangleObject(retval)  # type: ignore
    _set_rectangle(self, name, retval)
    return retval


def getRectangle(
    self: Any, name: str, defaults: Iterable[str]
) -> RectangleObject:  # pragma: no cover
    deprecate_no_replacement("getRectangle")
    return _get_rectangle(self, name, defaults)


def _set_rectangle(self: Any, name: str, value: Union[RectangleObject, float]) -> None:
    name = NameObject(name)
    self[name] = value


def setRectangle(
    self: Any, name: str, value: Union[RectangleObject, float]
) -> None:  # pragma: no cover
    deprecate_no_replacement("setRectangle")
    _set_rectangle(self, name, value)


def _delete_rectangle(self: Any, name: str) -> None:
    del self[name]


def deleteRectangle(self: Any, name: str) -> None:  # pragma: no cover
    deprecate_no_replacement("deleteRectangle")
    del self[name]


def _create_rectangle_accessor(name: str, fallback: Iterable[str]) -> property:
    return property(
        lambda self: _get_rectangle(self, name, fallback),
        lambda self, value: _set_rectangle(self, name, value),
        lambda self: _delete_rectangle(self, name),
    )


def createRectangleAccessor(
    name: str, fallback: Iterable[str]
) -> property:  # pragma: no cover
    deprecate_no_replacement("createRectangleAccessor")
    return _create_rectangle_accessor(name, fallback)


class Transformation:
    """
    Specify a 2D transformation.

    The transformation between two coordinate systems is represented by a 3-by-3
    transformation matrix written as follows::

        a b 0
        c d 0
        e f 1

    Because a transformation matrix has only six elements that can be changed,
    it is usually specified in PDF as the six-element array [ a b c d e f ].

    Coordinate transformations are expressed as matrix multiplications::

                                 a b 0
     [ x′ y′ 1 ] = [ x y 1 ] ×   c d 0
                                 e f 1


    Usage
    -----

        >>> from PyPDF2 import Transformation
        >>> op = Transformation().scale(sx=2, sy=3).translate(tx=10, ty=20)
        >>> page.add_transformation(op)
    """

    # 9.5.4 Coordinate Systems for 3D
    # 4.2.2 Common Transformations
    def __init__(self, ctm: CompressedTransformationMatrix = (1, 0, 0, 1, 0, 0)):
        self.ctm = ctm

    @property
    def matrix(self) -> TransformationMatrixType:
        return (
            (self.ctm[0], self.ctm[1], 0),
            (self.ctm[2], self.ctm[3], 0),
            (self.ctm[4], self.ctm[5], 1),
        )

    @staticmethod
    def compress(matrix: TransformationMatrixType) -> CompressedTransformationMatrix:
        return (
            matrix[0][0],
            matrix[0][1],
            matrix[1][0],
            matrix[1][1],
            matrix[0][2],
            matrix[1][2],
        )

    def translate(self, tx: float = 0, ty: float = 0) -> "Transformation":
        m = self.ctm
        return Transformation(ctm=(m[0], m[1], m[2], m[3], m[4] + tx, m[5] + ty))

    def scale(
        self, sx: Optional[float] = None, sy: Optional[float] = None
    ) -> "Transformation":
        """
        Scale the contents of a page towards the origin of the coordinate system.

        Typically, that is the lower-left corner of the page. That can be
        changed by translating the contents / the page boxes.
        """
        if sx is None and sy is None:
            raise ValueError("Either sx or sy must be specified")
        if sx is None:
            sx = sy
        if sy is None:
            sy = sx
        assert sx is not None
        assert sy is not None
        op: TransformationMatrixType = ((sx, 0, 0), (0, sy, 0), (0, 0, 1))
        ctm = Transformation.compress(matrix_multiply(self.matrix, op))
        return Transformation(ctm)

    def rotate(self, rotation: float) -> "Transformation":
        rotation = math.radians(rotation)
        op: TransformationMatrixType = (
            (math.cos(rotation), math.sin(rotation), 0),
            (-math.sin(rotation), math.cos(rotation), 0),
            (0, 0, 1),
        )
        ctm = Transformation.compress(matrix_multiply(self.matrix, op))
        return Transformation(ctm)

    def __repr__(self) -> str:
        return f"Transformation(ctm={self.ctm})"


class PageObject(DictionaryObject):
    """
    PageObject represents a single page within a PDF file.

    Typically this object will be created by accessing the
    :meth:`get_page()<PyPDF2.PdfReader.get_page>` method of the
    :class:`PdfReader<PyPDF2.PdfReader>` class, but it is
    also possible to create an empty page with the
    :meth:`create_blank_page()<PyPDF2._page.PageObject.create_blank_page>` static method.

    :param pdf: PDF file the page belongs to.
    :param indirect_ref: Stores the original indirect reference to
        this object in its source PDF
    """

    def __init__(
        self,
        pdf: Optional[Any] = None,  # PdfReader
        indirect_ref: Optional[IndirectObject] = None,
    ) -> None:
        from ._reader import PdfReader

        DictionaryObject.__init__(self)
        self.pdf: Optional[PdfReader] = pdf
        self.indirect_ref = indirect_ref

    def hash_value_data(self) -> bytes:
        data = super().hash_value_data()
        data += b"%d" % id(self)
        return data

    @staticmethod
    def create_blank_page(
        pdf: Optional[Any] = None,  # PdfReader
        width: Union[float, Decimal, None] = None,
        height: Union[float, Decimal, None] = None,
    ) -> "PageObject":
        """
        Return a new blank page.

        If ``width`` or ``height`` is ``None``, try to get the page size
        from the last page of *pdf*.

        :param pdf: PDF file the page belongs to
        :param float width: The width of the new page expressed in default user
            space units.
        :param float height: The height of the new page expressed in default user
            space units.
        :return: the new blank page
        :raises PageSizeNotDefinedError: if ``pdf`` is ``None`` or contains
            no page
        """
        page = PageObject(pdf)

        # Creates a new page (cf PDF Reference  7.7.3.3)
        page.__setitem__(NameObject(PG.TYPE), NameObject("/Page"))
        page.__setitem__(NameObject(PG.PARENT), NullObject())
        page.__setitem__(NameObject(PG.RESOURCES), DictionaryObject())
        if width is None or height is None:
            if pdf is not None and len(pdf.pages) > 0:
                lastpage = pdf.pages[len(pdf.pages) - 1]
                width = lastpage.mediabox.width
                height = lastpage.mediabox.height
            else:
                raise PageSizeNotDefinedError
        page.__setitem__(
            NameObject(PG.MEDIABOX), RectangleObject((0, 0, width, height))  # type: ignore
        )

        return page

    @staticmethod
    def createBlankPage(
        pdf: Optional[Any] = None,  # PdfReader
        width: Union[float, Decimal, None] = None,
        height: Union[float, Decimal, None] = None,
    ) -> "PageObject":  # pragma: no cover
        """
        .. deprecated:: 1.28.0

            Use :meth:`create_blank_page` instead.
        """
        deprecate_with_replacement("createBlankPage", "create_blank_page")
        return PageObject.create_blank_page(pdf, width, height)

    def rotate(self, angle: int) -> "PageObject":
        """
        Rotate a page clockwise by increments of 90 degrees.

        :param int angle: Angle to rotate the page.  Must be an increment
            of 90 deg.
        """
        if angle % 90 != 0:
            raise ValueError("Rotation angle must be a multiple of 90")
        rotate_obj = self.get(PG.ROTATE, 0)
        current_angle = (
            rotate_obj if isinstance(rotate_obj, int) else rotate_obj.get_object()
        )
        self[NameObject(PG.ROTATE)] = NumberObject(current_angle + angle)
        return self

    def rotate_clockwise(self, angle: int) -> "PageObject":  # pragma: no cover
        deprecate_with_replacement("rotate_clockwise", "rotate")
        return self.rotate(angle)

    def rotateClockwise(self, angle: int) -> "PageObject":  # pragma: no cover
        """
        .. deprecated:: 1.28.0

            Use :meth:`rotate_clockwise` instead.
        """
        deprecate_with_replacement("rotateClockwise", "rotate")
        return self.rotate(angle)

    def rotateCounterClockwise(self, angle: int) -> "PageObject":  # pragma: no cover
        """
        .. deprecated:: 1.28.0

            Use :meth:`rotate_clockwise` with a negative argument instead.
        """
        deprecate_with_replacement("rotateCounterClockwise", "rotate")
        return self.rotate(-angle)

    @staticmethod
    def _merge_resources(
        res1: DictionaryObject, res2: DictionaryObject, resource: Any
    ) -> Tuple[Dict[str, Any], Dict[str, Any]]:
        new_res = DictionaryObject()
        new_res.update(res1.get(resource, DictionaryObject()).get_object())
        page2res = cast(
            DictionaryObject, res2.get(resource, DictionaryObject()).get_object()
        )
        rename_res = {}
        for key in list(page2res.keys()):
            if key in new_res and new_res.raw_get(key) != page2res.raw_get(key):
                newname = NameObject(key + str(uuid.uuid4()))
                rename_res[key] = newname
                new_res[newname] = page2res[key]
            elif key not in new_res:
                new_res[key] = page2res.raw_get(key)
        return new_res, rename_res

    @staticmethod
    def _content_stream_rename(
        stream: ContentStream, rename: Dict[Any, Any], pdf: Any  # PdfReader
    ) -> ContentStream:
        if not rename:
            return stream
        stream = ContentStream(stream, pdf)
        for operands, _operator in stream.operations:
            if isinstance(operands, list):
                for i in range(len(operands)):
                    op = operands[i]
                    if isinstance(op, NameObject):
                        operands[i] = rename.get(op, op)
            elif isinstance(operands, dict):
                for i in operands:
                    op = operands[i]
                    if isinstance(op, NameObject):
                        operands[i] = rename.get(op, op)
            else:
                raise KeyError(f"type of operands is {type(operands)}")
        return stream

    @staticmethod
    def _push_pop_gs(contents: Any, pdf: Any) -> ContentStream:  # PdfReader
        # adds a graphics state "push" and "pop" to the beginning and end
        # of a content stream.  This isolates it from changes such as
        # transformation matricies.
        stream = ContentStream(contents, pdf)
        stream.operations.insert(0, ([], "q"))
        stream.operations.append(([], "Q"))
        return stream

    @staticmethod
    def _add_transformation_matrix(
        contents: Any, pdf: Any, ctm: CompressedTransformationMatrix
    ) -> ContentStream:  # PdfReader
        # adds transformation matrix at the beginning of the given
        # contents stream.
        a, b, c, d, e, f = ctm
        contents = ContentStream(contents, pdf)
        contents.operations.insert(
            0,
            [
                [
                    FloatObject(a),
                    FloatObject(b),
                    FloatObject(c),
                    FloatObject(d),
                    FloatObject(e),
                    FloatObject(f),
                ],
                " cm",
            ],
        )
        return contents

    def get_contents(self) -> Optional[ContentStream]:
        """
        Access the page contents.

        :return: the ``/Contents`` object, or ``None`` if it doesn't exist.
            ``/Contents`` is optional, as described in PDF Reference  7.7.3.3
        """
        if PG.CONTENTS in self:
            return self[PG.CONTENTS].get_object()  # type: ignore
        else:
            return None

    def getContents(self) -> Optional[ContentStream]:  # pragma: no cover
        """
        .. deprecated:: 1.28.0

            Use :meth:`get_contents` instead.
        """
        deprecate_with_replacement("getContents", "get_contents")
        return self.get_contents()

    def merge_page(self, page2: "PageObject", expand: bool = False) -> None:
        """
        Merge the content streams of two pages into one.

        Resource references
        (i.e. fonts) are maintained from both pages.  The mediabox/cropbox/etc
        of this page are not altered.  The parameter page's content stream will
        be added to the end of this page's content stream, meaning that it will
        be drawn after, or "on top" of this page.

        :param PageObject page2: The page to be merged into this one. Should be
            an instance of :class:`PageObject<PageObject>`.
        :param bool expand: If true, the current page dimensions will be
            expanded to accommodate the dimensions of the page to be merged.
        """
        self._merge_page(page2, expand=expand)

    def mergePage(self, page2: "PageObject") -> None:  # pragma: no cover
        """
        .. deprecated:: 1.28.0

            Use :meth:`merge_page` instead.
        """
        deprecate_with_replacement("mergePage", "merge_page")
        return self.merge_page(page2)

    def _merge_page(
        self,
        page2: "PageObject",
        page2transformation: Optional[Callable[[Any], ContentStream]] = None,
        ctm: Optional[CompressedTransformationMatrix] = None,
        expand: bool = False,
    ) -> None:
        # First we work on merging the resource dictionaries.  This allows us
        # to find out what symbols in the content streams we might need to
        # rename.

        new_resources = DictionaryObject()
        rename = {}
        original_resources = cast(DictionaryObject, self[PG.RESOURCES].get_object())
        page2resources = cast(DictionaryObject, page2[PG.RESOURCES].get_object())
        new_annots = ArrayObject()

        for page in (self, page2):
            if PG.ANNOTS in page:
                annots = page[PG.ANNOTS]
                if isinstance(annots, ArrayObject):
                    for ref in annots:
                        new_annots.append(ref)

        for res in (
            RES.EXT_G_STATE,
            RES.FONT,
            RES.XOBJECT,
            RES.COLOR_SPACE,
            RES.PATTERN,
            RES.SHADING,
            RES.PROPERTIES,
        ):
            new, newrename = PageObject._merge_resources(
                original_resources, page2resources, res
            )
            if new:
                new_resources[NameObject(res)] = new
                rename.update(newrename)

        # Combine /ProcSet sets.
        new_resources[NameObject(RES.PROC_SET)] = ArrayObject(
            frozenset(
                original_resources.get(RES.PROC_SET, ArrayObject()).get_object()
            ).union(
                frozenset(page2resources.get(RES.PROC_SET, ArrayObject()).get_object())
            )
        )

        new_content_array = ArrayObject()

        original_content = self.get_contents()
        if original_content is not None:
            new_content_array.append(
                PageObject._push_pop_gs(original_content, self.pdf)
            )

        page2content = page2.get_contents()
        if page2content is not None:
            page2content = ContentStream(page2content, self.pdf)
            rect = page2.trimbox
            page2content.operations.insert(
                0,
                (
                    map(
                        FloatObject,
                        [
                            rect.left,
                            rect.bottom,
                            rect.width,
                            rect.height,
                        ],
                    ),
                    "re",
                ),
            )
            page2content.operations.insert(1, ([], "W"))
            page2content.operations.insert(2, ([], "n"))
            if page2transformation is not None:
                page2content = page2transformation(page2content)
            page2content = PageObject._content_stream_rename(
                page2content, rename, self.pdf
            )
            page2content = PageObject._push_pop_gs(page2content, self.pdf)
            new_content_array.append(page2content)

        # if expanding the page to fit a new page, calculate the new media box size
        if expand:
            self._expand_mediabox(page2, ctm)

        self[NameObject(PG.CONTENTS)] = ContentStream(new_content_array, self.pdf)
        self[NameObject(PG.RESOURCES)] = new_resources
        self[NameObject(PG.ANNOTS)] = new_annots

    def _expand_mediabox(
        self, page2: "PageObject", ctm: Optional[CompressedTransformationMatrix]
    ) -> None:
        corners1 = (
            self.mediabox.left.as_numeric(),
            self.mediabox.bottom.as_numeric(),
            self.mediabox.right.as_numeric(),
            self.mediabox.top.as_numeric(),
        )
        corners2 = (
            page2.mediabox.left.as_numeric(),
            page2.mediabox.bottom.as_numeric(),
            page2.mediabox.left.as_numeric(),
            page2.mediabox.top.as_numeric(),
            page2.mediabox.right.as_numeric(),
            page2.mediabox.top.as_numeric(),
            page2.mediabox.right.as_numeric(),
            page2.mediabox.bottom.as_numeric(),
        )
        if ctm is not None:
            ctm = tuple(float(x) for x in ctm)  # type: ignore[assignment]
            new_x = tuple(
                ctm[0] * corners2[i] + ctm[2] * corners2[i + 1] + ctm[4]
                for i in range(0, 8, 2)
            )
            new_y = tuple(
                ctm[1] * corners2[i] + ctm[3] * corners2[i + 1] + ctm[5]
                for i in range(0, 8, 2)
            )
        else:
            new_x = corners2[0:8:2]
            new_y = corners2[1:8:2]
        lowerleft = (min(new_x), min(new_y))
        upperright = (max(new_x), max(new_y))
        lowerleft = (min(corners1[0], lowerleft[0]), min(corners1[1], lowerleft[1]))
        upperright = (
            max(corners1[2], upperright[0]),
            max(corners1[3], upperright[1]),
        )

        self.mediabox.lower_left = lowerleft
        self.mediabox.upper_right = upperright

    def mergeTransformedPage(
        self,
        page2: "PageObject",
        ctm: Union[CompressedTransformationMatrix, Transformation],
        expand: bool = False,
    ) -> None:  # pragma: no cover
        """
        mergeTransformedPage is similar to merge_page, but a transformation
        matrix is applied to the merged stream.

        :param PageObject page2: The page to be merged into this one. Should be
            an instance of :class:`PageObject<PageObject>`.
        :param tuple ctm: a 6-element tuple containing the operands of the
            transformation matrix
        :param bool expand: Whether the page should be expanded to fit the dimensions
            of the page to be merged.

        .. deprecated:: 1.28.0

            Use :meth:`add_transformation`  and :meth:`merge_page` instead.
        """
        deprecate_with_replacement(
            "page.mergeTransformedPage(page2, ctm)",
            "page2.add_transformation(ctm); page.merge_page(page2)",
        )
        if isinstance(ctm, Transformation):
            ctm = ctm.ctm
        ctm = cast(CompressedTransformationMatrix, ctm)
        self._merge_page(
            page2,
            lambda page2Content: PageObject._add_transformation_matrix(
                page2Content, page2.pdf, ctm  # type: ignore[arg-type]
            ),
            ctm,
            expand,
        )

    def mergeScaledPage(
        self, page2: "PageObject", scale: float, expand: bool = False
    ) -> None:  # pragma: no cover
        """
        mergeScaledPage is similar to merge_page, but the stream to be merged
        is scaled by applying a transformation matrix.

        :param PageObject page2: The page to be merged into this one. Should be
            an instance of :class:`PageObject<PageObject>`.
        :param float scale: The scaling factor
        :param bool expand: Whether the page should be expanded to fit the
            dimensions of the page to be merged.

        .. deprecated:: 1.28.0

            Use :meth:`add_transformation` and :meth:`merge_page` instead.
        """
        deprecate_with_replacement(
            "page.mergeScaledPage(page2, scale, expand)",
            "page2.add_transformation(Transformation().scale(scale)); page.merge_page(page2, expand)",
        )
        op = Transformation().scale(scale, scale)
        self.mergeTransformedPage(page2, op, expand)

    def mergeRotatedPage(
        self, page2: "PageObject", rotation: float, expand: bool = False
    ) -> None:  # pragma: no cover
        """
        mergeRotatedPage is similar to merge_page, but the stream to be merged
        is rotated by applying a transformation matrix.

        :param PageObject page2: the page to be merged into this one. Should be
            an instance of :class:`PageObject<PageObject>`.
        :param float rotation: The angle of the rotation, in degrees
        :param bool expand: Whether the page should be expanded to fit the
            dimensions of the page to be merged.

        .. deprecated:: 1.28.0

            Use :meth:`add_transformation` and :meth:`merge_page` instead.
        """
        deprecate_with_replacement(
            "page.mergeRotatedPage(page2, rotation, expand)",
            "page2.add_transformation(Transformation().rotate(rotation)); page.merge_page(page2, expand)",
        )
        op = Transformation().rotate(rotation)
        self.mergeTransformedPage(page2, op, expand)

    def mergeTranslatedPage(
        self, page2: "PageObject", tx: float, ty: float, expand: bool = False
    ) -> None:  # pragma: no cover
        """
        mergeTranslatedPage is similar to merge_page, but the stream to be
        merged is translated by applying a transformation matrix.

        :param PageObject page2: the page to be merged into this one. Should be
            an instance of :class:`PageObject<PageObject>`.
        :param float tx: The translation on X axis
        :param float ty: The translation on Y axis
        :param bool expand: Whether the page should be expanded to fit the
            dimensions of the page to be merged.

        .. deprecated:: 1.28.0

            Use :meth:`add_transformation` and :meth:`merge_page` instead.
        """
        deprecate_with_replacement(
            "page.mergeTranslatedPage(page2, tx, ty, expand)",
            "page2.add_transformation(Transformation().translate(tx, ty)); page.merge_page(page2, expand)",
        )
        op = Transformation().translate(tx, ty)
        self.mergeTransformedPage(page2, op, expand)

    def mergeRotatedTranslatedPage(
        self,
        page2: "PageObject",
        rotation: float,
        tx: float,
        ty: float,
        expand: bool = False,
    ) -> None:  # pragma: no cover
        """
        mergeRotatedTranslatedPage is similar to merge_page, but the stream to
        be merged is rotated and translated by applying a transformation matrix.

        :param PageObject page2: the page to be merged into this one. Should be
            an instance of :class:`PageObject<PageObject>`.
        :param float tx: The translation on X axis
        :param float ty: The translation on Y axis
        :param float rotation: The angle of the rotation, in degrees
        :param bool expand: Whether the page should be expanded to fit the
            dimensions of the page to be merged.

        .. deprecated:: 1.28.0

            Use :meth:`add_transformation` and :meth:`merge_page` instead.
        """
        deprecate_with_replacement(
            "page.mergeRotatedTranslatedPage(page2, rotation, tx, ty, expand)",
            "page2.add_transformation(Transformation().rotate(rotation).translate(tx, ty)); page.merge_page(page2, expand)",
        )
        op = Transformation().translate(-tx, -ty).rotate(rotation).translate(tx, ty)
        return self.mergeTransformedPage(page2, op, expand)

    def mergeRotatedScaledPage(
        self, page2: "PageObject", rotation: float, scale: float, expand: bool = False
    ) -> None:  # pragma: no cover
        """
        mergeRotatedScaledPage is similar to merge_page, but the stream to be
        merged is rotated and scaled by applying a transformation matrix.

        :param PageObject page2: the page to be merged into this one. Should be
            an instance of :class:`PageObject<PageObject>`.
        :param float rotation: The angle of the rotation, in degrees
        :param float scale: The scaling factor
        :param bool expand: Whether the page should be expanded to fit the
            dimensions of the page to be merged.

        .. deprecated:: 1.28.0

            Use :meth:`add_transformation` and :meth:`merge_page` instead.
        """
        deprecate_with_replacement(
            "page.mergeRotatedScaledPage(page2, rotation, scale, expand)",
            "page2.add_transformation(Transformation().rotate(rotation).scale(scale)); page.merge_page(page2, expand)",
        )
        op = Transformation().rotate(rotation).scale(scale, scale)
        self.mergeTransformedPage(page2, op, expand)

    def mergeScaledTranslatedPage(
        self,
        page2: "PageObject",
        scale: float,
        tx: float,
        ty: float,
        expand: bool = False,
    ) -> None:  # pragma: no cover
        """
        mergeScaledTranslatedPage is similar to merge_page, but the stream to be
        merged is translated and scaled by applying a transformation matrix.

        :param PageObject page2: the page to be merged into this one. Should be
            an instance of :class:`PageObject<PageObject>`.
        :param float scale: The scaling factor
        :param float tx: The translation on X axis
        :param float ty: The translation on Y axis
        :param bool expand: Whether the page should be expanded to fit the
            dimensions of the page to be merged.

        .. deprecated:: 1.28.0

            Use :meth:`add_transformation` and :meth:`merge_page` instead.
        """
        deprecate_with_replacement(
            "page.mergeScaledTranslatedPage(page2, scale, tx, ty, expand)",
            "page2.add_transformation(Transformation().scale(scale).translate(tx, ty)); page.merge_page(page2, expand)",
        )
        op = Transformation().scale(scale, scale).translate(tx, ty)
        return self.mergeTransformedPage(page2, op, expand)

    def mergeRotatedScaledTranslatedPage(
        self,
        page2: "PageObject",
        rotation: float,
        scale: float,
        tx: float,
        ty: float,
        expand: bool = False,
    ) -> None:  # pragma: no cover
        """
        mergeRotatedScaledTranslatedPage is similar to merge_page, but the
        stream to be merged is translated, rotated and scaled by applying a
        transformation matrix.

        :param PageObject page2: the page to be merged into this one. Should be
            an instance of :class:`PageObject<PageObject>`.
        :param float tx: The translation on X axis
        :param float ty: The translation on Y axis
        :param float rotation: The angle of the rotation, in degrees
        :param float scale: The scaling factor
        :param bool expand: Whether the page should be expanded to fit the
            dimensions of the page to be merged.

        .. deprecated:: 1.28.0

            Use :meth:`add_transformation` and :meth:`merge_page` instead.
        """
        deprecate_with_replacement(
            "page.mergeRotatedScaledTranslatedPage(page2, rotation, tx, ty, expand)",
            "page2.add_transformation(Transformation().rotate(rotation).scale(scale)); page.merge_page(page2, expand)",
        )
        op = Transformation().rotate(rotation).scale(scale, scale).translate(tx, ty)
        self.mergeTransformedPage(page2, op, expand)

    def add_transformation(
        self,
        ctm: Union[Transformation, CompressedTransformationMatrix],
        expand: bool = False,
    ) -> None:
        """
        Apply a transformation matrix to the page.

        :param tuple ctm: A 6-element tuple containing the operands of the
            transformation matrix. Alternatively, a
            :py:class:`Transformation<PyPDF2.Transformation>`
            object can be passed.

        See :doc:`/user/cropping-and-transforming`.
        """
        if isinstance(ctm, Transformation):
            ctm = ctm.ctm
        content = self.get_contents()
        if content is not None:
            content = PageObject._add_transformation_matrix(content, self.pdf, ctm)
            content = PageObject._push_pop_gs(content, self.pdf)
            self[NameObject(PG.CONTENTS)] = content
        # if expanding the page to fit a new page, calculate the new media box size
        if expand:
            corners = [
                self.mediabox.left.as_numeric(),
                self.mediabox.bottom.as_numeric(),
                self.mediabox.left.as_numeric(),
                self.mediabox.top.as_numeric(),
                self.mediabox.right.as_numeric(),
                self.mediabox.top.as_numeric(),
                self.mediabox.right.as_numeric(),
                self.mediabox.bottom.as_numeric(),
            ]

            ctm = tuple(float(x) for x in ctm)  # type: ignore[assignment]
            new_x = [
                ctm[0] * corners[i] + ctm[2] * corners[i + 1] + ctm[4]
                for i in range(0, 8, 2)
            ]
            new_y = [
                ctm[1] * corners[i] + ctm[3] * corners[i + 1] + ctm[5]
                for i in range(0, 8, 2)
            ]

            lowerleft = (min(new_x), min(new_y))
            upperright = (max(new_x), max(new_y))
            lowerleft = (min(corners[0], lowerleft[0]), min(corners[1], lowerleft[1]))
            upperright = (
                max(corners[2], upperright[0]),
                max(corners[3], upperright[1]),
            )

            self.mediabox.lower_left = lowerleft
            self.mediabox.upper_right = upperright

    def addTransformation(
        self, ctm: CompressedTransformationMatrix
    ) -> None:  # pragma: no cover
        """
        .. deprecated:: 1.28.0

            Use :meth:`add_transformation` instead.
        """
        deprecate_with_replacement("addTransformation", "add_transformation")
        self.add_transformation(ctm)

    def scale(self, sx: float, sy: float) -> None:
        """
        Scale a page by the given factors by applying a transformation
        matrix to its content and updating the page size.

        This updates the mediabox, the cropbox, and the contents
        of the page.

        :param float sx: The scaling factor on horizontal axis.
        :param float sy: The scaling factor on vertical axis.
        """
        self.add_transformation((sx, 0, 0, sy, 0, 0))
        self.cropbox = self.cropbox.scale(sx, sy)
        self.artbox = self.artbox.scale(sx, sy)
        self.bleedbox = self.bleedbox.scale(sx, sy)
        self.trimbox = self.trimbox.scale(sx, sy)
        self.mediabox = self.mediabox.scale(sx, sy)
        if PG.VP in self:
            viewport = self[PG.VP]
            if isinstance(viewport, ArrayObject):
                bbox = viewport[0]["/BBox"]
            else:
                bbox = viewport["/BBox"]  # type: ignore
            scaled_bbox = RectangleObject(
                (
                    float(bbox[0]) * sx,
                    float(bbox[1]) * sy,
                    float(bbox[2]) * sx,
                    float(bbox[3]) * sy,
                )
            )
            if isinstance(viewport, ArrayObject):
                self[NameObject(PG.VP)][NumberObject(0)][  # type: ignore
                    NameObject("/BBox")
                ] = scaled_bbox
            else:
                self[NameObject(PG.VP)][NameObject("/BBox")] = scaled_bbox  # type: ignore

    def scale_by(self, factor: float) -> None:
        """
        Scale a page by the given factor by applying a transformation
        matrix to its content and updating the page size.

        :param float factor: The scaling factor (for both X and Y axis).
        """
        self.scale(factor, factor)

    def scaleBy(self, factor: float) -> None:  # pragma: no cover
        """
        .. deprecated:: 1.28.0

            Use :meth:`scale_by` instead.
        """
        deprecate_with_replacement("scaleBy", "scale_by")
        self.scale(factor, factor)

    def scale_to(self, width: float, height: float) -> None:
        """
        Scale a page to the specified dimensions by applying a
        transformation matrix to its content and updating the page size.

        :param float width: The new width.
        :param float height: The new height.
        """
        sx = width / float(self.mediabox.width)
        sy = height / float(self.mediabox.height)
        self.scale(sx, sy)

    def scaleTo(self, width: float, height: float) -> None:  # pragma: no cover
        """
        .. deprecated:: 1.28.0

            Use :meth:`scale_to` instead.
        """
        deprecate_with_replacement("scaleTo", "scale_to")
        self.scale_to(width, height)

    def compress_content_streams(self) -> None:
        """
        Compress the size of this page by joining all content streams and
        applying a FlateDecode filter.

        However, it is possible that this function will perform no action if
        content stream compression becomes "automatic".
        """
        content = self.get_contents()
        if content is not None:
            if not isinstance(content, ContentStream):
                content = ContentStream(content, self.pdf)
            self[NameObject(PG.CONTENTS)] = content.flate_encode()

    def compressContentStreams(self) -> None:  # pragma: no cover
        """
        .. deprecated:: 1.28.0

            Use :meth:`compress_content_streams` instead.
        """
        deprecate_with_replacement("compressContentStreams", "compress_content_streams")
        self.compress_content_streams()

    def _extract_text_old(
        self, Tj_sep: str = "", TJ_sep: str = ""
    ) -> str:  # pragma: no cover
        """
        Locate all text drawing commands, in the order they are provided in the
        content stream, and extract the text.  This works well for some PDF
        files, but poorly for others, depending on the generator used.  This will
        be refined in the future.  Do not rely on the order of text coming out of
        this function, as it will change if this function is made more
        sophisticated.

        :return: a string object.
        """
        text = ""
        content = self[PG.CONTENTS].get_object()
        if not isinstance(content, ContentStream):
            content = ContentStream(content, self.pdf)
        # Note: we check all strings are TextStringObjects.  ByteStringObjects
        # are strings where the byte->string encoding was unknown, so adding
        # them to the text here would be gibberish.

        space_scale = 1.0

        for operands, operator in content.operations:
            # Missing operators:
            #   Tf: text font
            #  Tfs: text font size
            #   Tc: '5.2.1 Character Spacing'
            #   Th: '5.2.3 Horizontal Scaling'
            #   Tl: '5.2.4 Leading'
            # Tmode: '5.2.5 Text Rendering Mode'
            # Trise: '5.2.6 Text Rise'

            if operator in [b"Tf", b"Tfs", b"Tc", b"Th", b"Tl", b"Tmode"]:
                pass
            elif operator == b"Tw":  # word spacing
                # See '5.2.2 Word Spacing'
                space_scale = 1.0 + float(operands[0])
            elif operator == b"Tj":
                # See 'TABLE 5.6 Text-showing operators'
                _text = operands[0]
                if isinstance(_text, TextStringObject):
                    text += Tj_sep
                    text += _text
                    text += "\n"
            elif operator == b"T*":
                # See 'TABLE 5.5 Text-positioning operators'
                text += "\n"
            elif operator == b"'":
                # See 'TABLE 5.6 Text-showing operators'
                text += "\n"
                _text = operands[0]
                if isinstance(_text, TextStringObject):
                    text += operands[0]
            elif operator == b'"':
                # See 'TABLE 5.6 Text-showing operators'
                _text = operands[2]
                if isinstance(_text, TextStringObject):
                    text += "\n"
                    text += _text
            elif operator == b"TJ":
                # See 'TABLE 5.6 Text-showing operators'
                for i in operands[0]:
                    if isinstance(i, TextStringObject):
                        text += TJ_sep
                        text += i
                    elif isinstance(i, (NumberObject, FloatObject)):
                        # a positive value decreases and the negative value increases
                        # space
                        if int(i) < -space_scale * 250:
                            if len(text) == 0 or text[-1] != " ":
                                text += " "
                        else:
                            if len(text) > 1 and text[-1] == " ":
                                text = text[:-1]
                text += "\n"
        return text

    def _debug_for_extract(self) -> str:  # pragma: no cover
        out = ""
        for ope, op in ContentStream(
            self["/Contents"].getObject(), self.pdf, "bytes"
        ).operations:
            if op == b"TJ":
                s = [x for x in ope[0] if isinstance(x, str)]
            else:
                s = []
            out += op.decode("utf-8") + " " + "".join(s) + ope.__repr__() + "\n"
        out += "\n=============================\n"
        try:
            for fo in self["/Resources"]["/Font"]:  # type:ignore
                out += fo + "\n"
                out += self["/Resources"]["/Font"][fo].__repr__() + "\n"  # type:ignore
                try:
                    enc_repr = self["/Resources"]["/Font"][fo][  # type:ignore
                        "/Encoding"
                    ].__repr__()
                    out += enc_repr + "\n"
                except Exception:
                    pass
                try:
                    out += (
                        self["/Resources"]["/Font"][fo][  # type:ignore
                            "/ToUnicode"
                        ]
                        .get_data()
                        .decode()
                        + "\n"
                    )
                except Exception:
                    pass

        except KeyError:
            out += "No Font\n"
        return out

    def _extract_text(
        self,
        obj: Any,
        pdf: Any,
        orientations: Tuple[int, ...] = (0, 90, 180, 270),
        space_width: float = 200.0,
        content_key: Optional[str] = PG.CONTENTS,
    ) -> str:
        """
        Locate all text drawing commands, in the order they are provided in the
        content stream, and extract the text.  This works well for some PDF
        files, but poorly for others, depending on the generator used.  This will
        be refined in the future.  Do not rely on the order of text coming out of
        this function, as it will change if this function is made more
        sophisticated.

        Arabic, Hebrew,... are extracted in the good order. If required an custom RTL range of characters
        can be defined; see function set_custom_rtl

        :param Tuple[int, ...] orientations: list of orientations text_extraction will look for
                    default = (0, 90, 180, 270)
                note: currently only 0(Up),90(turned Left), 180(upside Down), 270 (turned Right)
        :param float space_width: force default space width
                    (if not extracted from font (default 200)
        :param Optional[str] content_key: indicate the default key where to extract data
            None = the object; this allow to reuse the function on XObject
            default = "/Content"
        :return: a string object.
        """
        text: str = ""
        output: str = ""
        rtl_dir: bool = False  # right-to-left
        cmaps: Dict[
            str, Tuple[str, float, Union[str, Dict[int, str]], Dict[str, str]]
        ] = {}
        try:
            objr = obj
            while NameObject("/Resources") not in objr:
                # /Resources can be inherited sometimes so we look to parents
                objr = objr["/Parent"].get_object()
                # if no parents we will have no /Resources will be available => an exception wil be raised
            resources_dict = cast(DictionaryObject, objr["/Resources"])
        except Exception:
            return ""  # no resources means no text is possible (no font) we consider the file as not damaged, no need to check for TJ or Tj
        if "/Font" in resources_dict:
            for f in cast(DictionaryObject, resources_dict["/Font"]):
                cmaps[f] = build_char_map(f, space_width, obj)
        cmap: Tuple[Union[str, Dict[int, str]], Dict[str, str], str] = (
            "charmap",
            {},
            "NotInitialized",
        )  # (encoding,CMAP,font_name)
        try:
            content = (
                obj[content_key].get_object() if isinstance(content_key, str) else obj
            )
            if not isinstance(content, ContentStream):
                content = ContentStream(content, pdf, "bytes")
        except KeyError:  # it means no content can be extracted(certainly empty page)
            return ""
        # Note: we check all strings are TextStringObjects.  ByteStringObjects
        # are strings where the byte->string encoding was unknown, so adding
        # them to the text here would be gibberish.

        cm_matrix: List[float] = [1.0, 0.0, 0.0, 1.0, 0.0, 0.0]
        cm_stack = []
        tm_matrix: List[float] = [1.0, 0.0, 0.0, 1.0, 0.0, 0.0]
        tm_prev: List[float] = [
            1.0,
            0.0,
            0.0,
            1.0,
            0.0,
            0.0,
        ]  # will store cm_matrix * tm_matrix
        char_scale = 1.0
        space_scale = 1.0
        _space_width: float = 500.0  # will be set correctly at first Tf
        TL = 0.0
        font_size = 12.0  # init just in case of

        def mult(m: List[float], n: List[float]) -> List[float]:
            return [
                m[0] * n[0] + m[1] * n[2],
                m[0] * n[1] + m[1] * n[3],
                m[2] * n[0] + m[3] * n[2],
                m[2] * n[1] + m[3] * n[3],
                m[4] * n[0] + m[5] * n[2] + n[4],
                m[4] * n[1] + m[5] * n[3] + n[5],
            ]

        def orient(m: List[float]) -> int:
            if m[3] > 1e-6:
                return 0
            elif m[3] < -1e-6:
                return 180
            elif m[1] > 0:
                return 90
            else:
                return 270

        def current_spacewidth() -> float:
            # return space_scale * _space_width * char_scale
            return _space_width / 1000.0

        def process_operation(operator: bytes, operands: List) -> None:
            nonlocal cm_matrix, cm_stack, tm_matrix, tm_prev, output, text, char_scale, space_scale, _space_width, TL, font_size, cmap, orientations, rtl_dir
            global CUSTOM_RTL_MIN, CUSTOM_RTL_MAX, CUSTOM_RTL_SPECIAL_CHARS

            check_crlf_space: bool = False
            # Table 5.4 page 405
            if operator == b"BT":
                tm_matrix = [1.0, 0.0, 0.0, 1.0, 0.0, 0.0]
                # tm_prev = tm_matrix
                output += text
                # based
                # if output != "" and output[-1]!="\n":
                #    output += "\n"
                text = ""
                return None
            elif operator == b"ET":
                output += text
                text = ""
            # table 4.7, page 219
            # cm_matrix calculation is a reserved for the moment
            elif operator == b"q":
                cm_stack.append(
                    (
                        cm_matrix,
                        cmap,
                        font_size,
                        char_scale,
                        space_scale,
                        _space_width,
                        TL,
                    )
                )
            elif operator == b"Q":
                try:
                    (
                        cm_matrix,
                        cmap,
                        font_size,
                        char_scale,
                        space_scale,
                        _space_width,
                        TL,
                    ) = cm_stack.pop()
                except Exception:
                    cm_matrix = [1.0, 0.0, 0.0, 1.0, 0.0, 0.0]
                # rtl_dir = False
            elif operator == b"cm":
                output += text
                text = ""
                cm_matrix = mult(
                    [
                        float(operands[0]),
                        float(operands[1]),
                        float(operands[2]),
                        float(operands[3]),
                        float(operands[4]),
                        float(operands[5]),
                    ],
                    cm_matrix,
                )
                # rtl_dir = False
            # Table 5.2 page 398
            elif operator == b"Tz":
                char_scale = float(operands[0]) / 100.0
            elif operator == b"Tw":
                space_scale = 1.0 + float(operands[0])
            elif operator == b"TL":
                TL = float(operands[0])
            elif operator == b"Tf":
                if text != "":
                    output += text  # .translate(cmap)
                text = ""
                # rtl_dir = False
                try:
                    _space_width = cmaps[operands[0]][1]
                    cmap = (
                        cmaps[operands[0]][2],
                        cmaps[operands[0]][3],
                        operands[0],
                    )
                except KeyError:  # font not found
                    _space_width = unknown_char_map[1]
                    cmap = (
                        unknown_char_map[2],
                        unknown_char_map[3],
                        "???" + operands[0],
                    )
                try:
                    font_size = float(operands[1])
                except Exception:
                    pass  # keep previous size
            # Table 5.5 page 406
            elif operator == b"Td":
                check_crlf_space = True
                tm_matrix[4] += float(operands[0])
                tm_matrix[5] += float(operands[1])
            elif operator == b"Tm":
                check_crlf_space = True
                tm_matrix = [
                    float(operands[0]),
                    float(operands[1]),
                    float(operands[2]),
                    float(operands[3]),
                    float(operands[4]),
                    float(operands[5]),
                ]
            elif operator == b"T*":
                check_crlf_space = True
                tm_matrix[5] -= TL

            elif operator == b"Tj":
                check_crlf_space = True
                m = mult(tm_matrix, cm_matrix)
                o = orient(m)
                if o in orientations:
                    if isinstance(operands[0], str):
                        text += operands[0]
                    else:
                        t: str = ""
                        tt: bytes = (
                            encode_pdfdocencoding(operands[0])
                            if isinstance(operands[0], str)
                            else operands[0]
                        )
                        if isinstance(cmap[0], str):
                            try:
                                t = tt.decode(
                                    cmap[0], "surrogatepass"
                                )  # apply str encoding
                            except Exception:  # the data does not match the expectation, we use the alternative ; text extraction may not be good
                                t = tt.decode(
                                    "utf-16-be" if cmap[0] == "charmap" else "charmap",
                                    "surrogatepass",
                                )  # apply str encoding
                        else:  # apply dict encoding
                            t = "".join(
                                [
                                    cmap[0][x] if x in cmap[0] else bytes((x,)).decode()
                                    for x in tt
                                ]
                            )
                        # "\u0590 - \u08FF \uFB50 - \uFDFF"
                        for x in "".join(
                            [cmap[1][x] if x in cmap[1] else x for x in t]
                        ):
                            xx = ord(x)
                            # fmt: off
                            if (  # cases where the current inserting order is kept (punctuation,...)
                                (xx <= 0x2F)                        # punctuations but...
                                or (0x3A <= xx and xx <= 0x40)      # numbers (x30-39)
                                or (0x2000 <= xx and xx <= 0x206F)  # upper punctuations..
                                or (0x20A0 <= xx and xx <= 0x21FF)  # but (numbers) indices/exponents
                                or xx in CUSTOM_RTL_SPECIAL_CHARS   # customized....
                            ):
                                text = x + text if rtl_dir else text + x
                            elif (  # right-to-left characters set
                                (0x0590 <= xx and xx <= 0x08FF)
                                or (0xFB1D <= xx and xx <= 0xFDFF)
                                or (0xFE70 <= xx and xx <= 0xFEFF)
                                or (CUSTOM_RTL_MIN <= xx and xx <= CUSTOM_RTL_MAX)
                            ):
                                # print("<",xx,x)
                                if not rtl_dir:
                                    rtl_dir = True
                                    # print("RTL",text,"*")
                                    output += text
                                    text = ""
                                text = x + text
                            else:  # left-to-right
                                # print(">",xx,x,end="")
                                if rtl_dir:
                                    rtl_dir = False
                                    # print("LTR",text,"*")
                                    output += text
                                    text = ""
                                text = text + x
                            # fmt: on
            else:
                return None
            if check_crlf_space:
                m = mult(tm_matrix, cm_matrix)
                o = orient(m)
                deltaX = m[4] - tm_prev[4]
                deltaY = m[5] - tm_prev[5]
                k = math.sqrt(abs(m[0] * m[3]) + abs(m[1] * m[2]))
                f = font_size * k
                tm_prev = m
                if o not in orientations:
                    return None
                try:
                    if o == 0:
                        if deltaY < -0.8 * f:
                            if (output + text)[-1] != "\n":
                                output += text + "\n"
                                text = ""
                        elif (
                            abs(deltaY) < f * 0.3
                            and abs(deltaX) > current_spacewidth() * f * 15
                        ):
                            if (output + text)[-1] != " ":
                                text += " "
                    elif o == 180:
                        if deltaY > 0.8 * f:
                            if (output + text)[-1] != "\n":
                                output += text + "\n"
                                text = ""
                        elif (
                            abs(deltaY) < f * 0.3
                            and abs(deltaX) > current_spacewidth() * f * 15
                        ):
                            if (output + text)[-1] != " ":
                                text += " "
                    elif o == 90:
                        if deltaX > 0.8 * f:
                            if (output + text)[-1] != "\n":
                                output += text + "\n"
                                text = ""
                        elif (
                            abs(deltaX) < f * 0.3
                            and abs(deltaY) > current_spacewidth() * f * 15
                        ):
                            if (output + text)[-1] != " ":
                                text += " "
                    elif o == 270:
                        if deltaX < -0.8 * f:
                            if (output + text)[-1] != "\n":
                                output += text + "\n"
                                text = ""
                        elif (
                            abs(deltaX) < f * 0.3
                            and abs(deltaY) > current_spacewidth() * f * 15
                        ):
                            if (output + text)[-1] != " ":
                                text += " "
                except Exception:
                    pass

        for operands, operator in content.operations:
            # multiple operators are defined in here ####
            if operator == b"'":
                process_operation(b"T*", [])
                process_operation(b"Tj", operands)
            elif operator == b'"':
                process_operation(b"Tw", [operands[0]])
                process_operation(b"Tc", [operands[1]])
                process_operation(b"T*", [])
                process_operation(b"Tj", operands[2:])
            elif operator == b"TD":
                process_operation(b"TL", [-operands[1]])
                process_operation(b"Td", operands)
            elif operator == b"TJ":
                for op in operands[0]:
                    if isinstance(op, (str, bytes)):
                        process_operation(b"Tj", [op])
                    if isinstance(op, (int, float, NumberObject, FloatObject)):
                        if (
                            (abs(float(op)) >= _space_width)
                            and (len(text) > 0)
                            and (text[-1] != " ")
                        ):
                            process_operation(b"Tj", [" "])
            elif operator == b"Do":
                output += text
                try:
                    if output[-1] != "\n":
                        output += "\n"
                except IndexError:
                    pass
                try:
                    xobj = resources_dict["/XObject"]
                    if xobj[operands[0]]["/Subtype"] != "/Image":  # type: ignore
                        # output += text
                        text = self.extract_xform_text(xobj[operands[0]], orientations, space_width)  # type: ignore
                        output += text
                except Exception:
                    logger_warning(
                        f" impossible to decode XFormObject {operands[0]}",
                        __name__,
                    )
                finally:
                    text = ""
            else:
                process_operation(operator, operands)
        output += text  # just in case of
        return output

    def extract_text(
        self,
        *args: Any,
        Tj_sep: str = None,
        TJ_sep: str = None,
        orientations: Union[int, Tuple[int, ...]] = (0, 90, 180, 270),
        space_width: float = 200.0,
    ) -> str:
        """
        Locate all text drawing commands, in the order they are provided in the
        content stream, and extract the text.

        This works well for some PDF files, but poorly for others, depending on
        the generator used.  This will be refined in the future.

        Do not rely on the order of text coming out of this function, as it
        will change if this function is made more sophisticated.

        :param Tj_sep: Deprecated. Kept for compatibility until PyPDF2==4.0.0
        :param TJ_sep: Deprecated. Kept for compatibility until PyPDF2==4.0.0
        :param orientations: (list of) orientations (of the characters) (default: (0,90,270,360))
                single int is equivalent to a singleton ( 0 == (0,) )
                note: currently only 0(Up),90(turned Left), 180(upside Down),270 (turned Right)
        :param float space_width: force default space width (if not extracted from font (default: 200)
        :return: The extracted text
        """
        if len(args) >= 1:
            if isinstance(args[0], str):
                Tj_sep = args[0]
                if len(args) >= 2:
                    if isinstance(args[1], str):
                        TJ_sep = args[1]
                    else:
                        raise TypeError(f"Invalid positional parameter {args[1]}")
                if len(args) >= 3:
                    if isinstance(args[2], (tuple, int)):
                        orientations = args[2]
                    else:
                        raise TypeError(f"Invalid positional parameter {args[2]}")
                if len(args) >= 4:
                    if isinstance(args[3], (float, int)):
                        space_width = args[3]
                    else:
                        raise TypeError(f"Invalid positional parameter {args[3]}")
            elif isinstance(args[0], (tuple, int)):
                orientations = args[0]
                if len(args) >= 2:
                    if isinstance(args[1], (float, int)):
                        space_width = args[1]
                    else:
                        raise TypeError(f"Invalid positional parameter {args[1]}")
            else:
                raise TypeError(f"Invalid positional parameter {args[0]}")
        if Tj_sep is not None or TJ_sep is not None:
            warnings.warn(
                "parameters Tj_Sep, TJ_sep depreciated, and will be removed in PyPDF2 3.0.0.",
                DeprecationWarning,
            )

        if isinstance(orientations, int):
            orientations = (orientations,)

        return self._extract_text(
            self, self.pdf, orientations, space_width, PG.CONTENTS
        )

    def extract_xform_text(
        self,
        xform: EncodedStreamObject,
        orientations: Tuple[int, ...] = (0, 90, 270, 360),
        space_width: float = 200.0,
    ) -> str:
        """
        Extract text from an XObject.

        :param float space_width:  force default space width (if not extracted from font (default 200)

        :return: The extracted text
        """
        return self._extract_text(xform, self.pdf, orientations, space_width, None)

    def extractText(
        self, Tj_sep: str = "", TJ_sep: str = ""
    ) -> str:  # pragma: no cover
        """
        .. deprecated:: 1.28.0

            Use :meth:`extract_text` instead.
        """
        deprecate_with_replacement("extractText", "extract_text")
        return self.extract_text()

    def _get_fonts(self) -> Tuple[Set[str], Set[str]]:
        """
        Get the names of embedded fonts and unembedded fonts.

        :return: (Set of embedded fonts, set of unembedded fonts)
        """
        obj = self.get_object()
        assert isinstance(obj, DictionaryObject)
        fonts, embedded = _get_fonts_walk(cast(DictionaryObject, obj["/Resources"]))
        unembedded = fonts - embedded
        return embedded, unembedded

    mediabox = _create_rectangle_accessor(PG.MEDIABOX, ())
    """
    A :class:`RectangleObject<PyPDF2.generic.RectangleObject>`, expressed in default user space units,
    defining the boundaries of the physical medium on which the page is
    intended to be displayed or printed.
    """

    @property
    def mediaBox(self) -> RectangleObject:  # pragma: no cover
        """
        .. deprecated:: 1.28.0

            Use :py:attr:`mediabox` instead.
        """
        deprecate_with_replacement("mediaBox", "mediabox")
        return self.mediabox

    @mediaBox.setter
    def mediaBox(self, value: RectangleObject) -> None:  # pragma: no cover
        """
        .. deprecated:: 1.28.0

            Use :py:attr:`mediabox` instead.
        """
        deprecate_with_replacement("mediaBox", "mediabox")
        self.mediabox = value

    cropbox = _create_rectangle_accessor("/CropBox", (PG.MEDIABOX,))
    """
    A :class:`RectangleObject<PyPDF2.generic.RectangleObject>`, expressed in default user space units,
    defining the visible region of default user space.  When the page is
    displayed or printed, its contents are to be clipped (cropped) to this
    rectangle and then imposed on the output medium in some
    implementation-defined manner.  Default value: same as :attr:`mediabox<mediabox>`.
    """

    @property
    def cropBox(self) -> RectangleObject:  # pragma: no cover
        """
        .. deprecated:: 1.28.0

            Use :py:attr:`cropbox` instead.
        """
        deprecate_with_replacement("cropBox", "cropbox")
        return self.cropbox

    @cropBox.setter
    def cropBox(self, value: RectangleObject) -> None:  # pragma: no cover
        deprecate_with_replacement("cropBox", "cropbox")
        self.cropbox = value

    bleedbox = _create_rectangle_accessor("/BleedBox", ("/CropBox", PG.MEDIABOX))
    """
    A :class:`RectangleObject<PyPDF2.generic.RectangleObject>`, expressed in default user space units,
    defining the region to which the contents of the page should be clipped
    when output in a production environment.
    """

    @property
    def bleedBox(self) -> RectangleObject:  # pragma: no cover
        """
        .. deprecated:: 1.28.0

            Use :py:attr:`bleedbox` instead.
        """
        deprecate_with_replacement("bleedBox", "bleedbox")
        return self.bleedbox

    @bleedBox.setter
    def bleedBox(self, value: RectangleObject) -> None:  # pragma: no cover
        deprecate_with_replacement("bleedBox", "bleedbox")
        self.bleedbox = value

    trimbox = _create_rectangle_accessor("/TrimBox", ("/CropBox", PG.MEDIABOX))
    """
    A :class:`RectangleObject<PyPDF2.generic.RectangleObject>`, expressed in default user space units,
    defining the intended dimensions of the finished page after trimming.
    """

    @property
    def trimBox(self) -> RectangleObject:  # pragma: no cover
        """
        .. deprecated:: 1.28.0

            Use :py:attr:`trimbox` instead.
        """
        deprecate_with_replacement("trimBox", "trimbox")
        return self.trimbox

    @trimBox.setter
    def trimBox(self, value: RectangleObject) -> None:  # pragma: no cover
        deprecate_with_replacement("trimBox", "trimbox")
        self.trimbox = value

    artbox = _create_rectangle_accessor("/ArtBox", ("/CropBox", PG.MEDIABOX))
    """
    A :class:`RectangleObject<PyPDF2.generic.RectangleObject>`, expressed in default user space units,
    defining the extent of the page's meaningful content as intended by the
    page's creator.
    """

    @property
    def artBox(self) -> RectangleObject:  # pragma: no cover
        """
        .. deprecated:: 1.28.0

            Use :py:attr:`artbox` instead.
        """
        deprecate_with_replacement("artBox", "artbox")
        return self.artbox

    @artBox.setter
    def artBox(self, value: RectangleObject) -> None:  # pragma: no cover
        deprecate_with_replacement("artBox", "artbox")
        self.artbox = value

    @property
    def annotations(self) -> Optional[ArrayObject]:
        if "/Annots" not in self:
            return None
        else:
            return cast(ArrayObject, self["/Annots"])

    @annotations.setter
    def annotations(self, value: Optional[ArrayObject]) -> None:
        """
        Set the annotations array of the page.

        Typically you don't want to set this value, but append to it.
        If you append to it, don't forget to add the object first to the writer
        and only add the indirect object.
        """
        if value is None:
            del self[NameObject("/Annots")]
        else:
            self[NameObject("/Annots")] = value


class _VirtualList:
    def __init__(
        self,
        length_function: Callable[[], int],
        get_function: Callable[[int], PageObject],
    ) -> None:
        self.length_function = length_function
        self.get_function = get_function
        self.current = -1

    def __len__(self) -> int:
        return self.length_function()

    def __getitem__(self, index: int) -> PageObject:
        if isinstance(index, slice):
            indices = range(*index.indices(len(self)))
            cls = type(self)
            return cls(indices.__len__, lambda idx: self[indices[idx]])
        if not isinstance(index, int):
            raise TypeError("sequence indices must be integers")
        len_self = len(self)
        if index < 0:
            # support negative indexes
            index = len_self + index
        if index < 0 or index >= len_self:
            raise IndexError("sequence index out of range")
        return self.get_function(index)

    def __iter__(self) -> Iterator[PageObject]:
        for i in range(len(self)):
            yield self[i]


def _get_fonts_walk(
    obj: DictionaryObject,
    fnt: Optional[Set[str]] = None,
    emb: Optional[Set[str]] = None,
) -> Tuple[Set[str], Set[str]]:
    """
    If there is a key called 'BaseFont', that is a font that is used in the document.
    If there is a key called 'FontName' and another key in the same dictionary object
    that is called 'FontFilex' (where x is null, 2, or 3), then that fontname is
    embedded.

    We create and add to two sets, fnt = fonts used and emb = fonts embedded.
    """
    if fnt is None:
        fnt = set()
    if emb is None:
        emb = set()
    if not hasattr(obj, "keys"):
        return set(), set()
    fontkeys = ("/FontFile", "/FontFile2", "/FontFile3")
    if "/BaseFont" in obj:
        fnt.add(cast(str, obj["/BaseFont"]))
    if "/FontName" in obj:
        if [x for x in fontkeys if x in obj]:  # test to see if there is FontFile
            emb.add(cast(str, obj["/FontName"]))

    for key in obj.keys():
        _get_fonts_walk(cast(DictionaryObject, obj[key]), fnt, emb)

    return fnt, emb  # return the sets for each page
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# Copyright (c) 2006, Mathieu Fenniak
# Copyright (c) 2007, Ashish Kulkarni <kulkarni.ashish@gmail.com>
#
# All rights reserved.
#
# Redistribution and use in source and binary forms, with or without
# modification, are permitted provided that the following conditions are
# met:
#
# * Redistributions of source code must retain the above copyright notice,
# this list of conditions and the following disclaimer.
# * Redistributions in binary form must reproduce the above copyright notice,
# this list of conditions and the following disclaimer in the documentation
# and/or other materials provided with the distribution.
# * The name of the author may not be used to endorse or promote products
# derived from this software without specific prior written permission.
#
# THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS"
# AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
# IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
# ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR CONTRIBUTORS BE
# LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR
# CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF
# SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS
# INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN
# CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
# ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE
# POSSIBILITY OF SUCH DAMAGE.

import os
import re
import struct
import zlib
from io import BytesIO
from pathlib import Path
from typing import (
    Any,
    Callable,
    Dict,
    Iterable,
    List,
    Optional,
    Tuple,
    Union,
    cast,
)

from ._encryption import Encryption, PasswordType
from ._page import PageObject, _VirtualList
from ._utils import (
    StrByteType,
    StreamType,
    b_,
    deprecate_no_replacement,
    deprecate_with_replacement,
    logger_warning,
    read_non_whitespace,
    read_previous_line,
    read_until_whitespace,
    skip_over_comment,
    skip_over_whitespace,
)
from .constants import CatalogAttributes as CA
from .constants import CatalogDictionary as CD
from .constants import CheckboxRadioButtonAttributes
from .constants import Core as CO
from .constants import DocumentInformationAttributes as DI
from .constants import FieldDictionaryAttributes, GoToActionArguments
from .constants import PageAttributes as PG
from .constants import PagesAttributes as PA
from .constants import TrailerKeys as TK
from .errors import (
    EmptyFileError,
    FileNotDecryptedError,
    PdfReadError,
    PdfStreamError,
    WrongPasswordError,
)
from .generic import (
    ArrayObject,
    ContentStream,
    DecodedStreamObject,
    Destination,
    DictionaryObject,
    EncodedStreamObject,
    Field,
    FloatObject,
    IndirectObject,
    NameObject,
    NullObject,
    NumberObject,
    PdfObject,
    TextStringObject,
    TreeObject,
    read_object,
)
from .types import OutlineType, PagemodeType
from .xmp import XmpInformation


def convert_to_int(d: bytes, size: int) -> Union[int, Tuple[Any, ...]]:
    if size > 8:
        raise PdfReadError("invalid size in convert_to_int")
    d = b"\x00\x00\x00\x00\x00\x00\x00\x00" + d
    d = d[-8:]
    return struct.unpack(">q", d)[0]


def convertToInt(
    d: bytes, size: int
) -> Union[int, Tuple[Any, ...]]:  # pragma: no cover
    deprecate_with_replacement("convertToInt", "convert_to_int")
    return convert_to_int(d, size)


class DocumentInformation(DictionaryObject):
    """
    A class representing the basic document metadata provided in a PDF File.
    This class is accessible through :py:class:`PdfReader.metadata<PyPDF2.PdfReader.metadata>`.

    All text properties of the document metadata have
    *two* properties, eg. author and author_raw. The non-raw property will
    always return a ``TextStringObject``, making it ideal for a case where
    the metadata is being displayed. The raw property can sometimes return
    a ``ByteStringObject``, if PyPDF2 was unable to decode the string's
    text encoding; this requires additional safety in the caller and
    therefore is not as commonly accessed.
    """

    def __init__(self) -> None:
        DictionaryObject.__init__(self)

    def _get_text(self, key: str) -> Optional[str]:
        retval = self.get(key, None)
        if isinstance(retval, TextStringObject):
            return retval
        return None

    def getText(self, key: str) -> Optional[str]:  # pragma: no cover
        """
        The text value of the specified key or None.

        .. deprecated:: 1.28.0

            Use the attributes (e.g. :py:attr:`title` / :py:attr:`author`).
        """
        deprecate_no_replacement("getText")
        return self._get_text(key)

    @property
    def title(self) -> Optional[str]:
        """
        Read-only property accessing the document's **title**.

        Returns a unicode string (``TextStringObject``) or ``None``
        if the title is not specified.
        """
        return (
            self._get_text(DI.TITLE) or self.get(DI.TITLE).get_object()  # type: ignore
            if self.get(DI.TITLE)
            else None
        )

    @property
    def title_raw(self) -> Optional[str]:
        """The "raw" version of title; can return a ``ByteStringObject``."""
        return self.get(DI.TITLE)

    @property
    def author(self) -> Optional[str]:
        """
        Read-only property accessing the document's **author**.

        Returns a unicode string (``TextStringObject``) or ``None``
        if the author is not specified.
        """
        return self._get_text(DI.AUTHOR)

    @property
    def author_raw(self) -> Optional[str]:
        """The "raw" version of author; can return a ``ByteStringObject``."""
        return self.get(DI.AUTHOR)

    @property
    def subject(self) -> Optional[str]:
        """
        Read-only property accessing the document's **subject**.

        Returns a unicode string (``TextStringObject``) or ``None``
        if the subject is not specified.
        """
        return self._get_text(DI.SUBJECT)

    @property
    def subject_raw(self) -> Optional[str]:
        """The "raw" version of subject; can return a ``ByteStringObject``."""
        return self.get(DI.SUBJECT)

    @property
    def creator(self) -> Optional[str]:
        """
        Read-only property accessing the document's **creator**.

        If the document was converted to PDF from another format, this is the
        name of the application (e.g. OpenOffice) that created the original
        document from which it was converted. Returns a unicode string
        (``TextStringObject``) or ``None`` if the creator is not specified.
        """
        return self._get_text(DI.CREATOR)

    @property
    def creator_raw(self) -> Optional[str]:
        """The "raw" version of creator; can return a ``ByteStringObject``."""
        return self.get(DI.CREATOR)

    @property
    def producer(self) -> Optional[str]:
        """
        Read-only property accessing the document's **producer**.

        If the document was converted to PDF from another format, this is
        the name of the application (for example, OSX Quartz) that converted
        it to PDF. Returns a unicode string (``TextStringObject``)
        or ``None`` if the producer is not specified.
        """
        return self._get_text(DI.PRODUCER)

    @property
    def producer_raw(self) -> Optional[str]:
        """The "raw" version of producer; can return a ``ByteStringObject``."""
        return self.get(DI.PRODUCER)


class PdfReader:
    """
    Initialize a PdfReader object.

    This operation can take some time, as the PDF stream's cross-reference
    tables are read into memory.

    :param stream: A File object or an object that supports the standard read
        and seek methods similar to a File object. Could also be a
        string representing a path to a PDF file.
    :param bool strict: Determines whether user should be warned of all
        problems and also causes some correctable problems to be fatal.
        Defaults to ``False``.
    :param None/str/bytes password: Decrypt PDF file at initialization. If the
        password is None, the file will not be decrypted.
        Defaults to ``None``
    """

    def __init__(
        self,
        stream: Union[StrByteType, Path],
        strict: bool = False,
        password: Union[None, str, bytes] = None,
    ) -> None:
        self.strict = strict
        self.flattened_pages: Optional[List[PageObject]] = None
        self.resolved_objects: Dict[Tuple[Any, Any], Optional[PdfObject]] = {}
        self.xref_index = 0
        self._page_id2num: Optional[
            Dict[Any, Any]
        ] = None  # map page indirect_ref number to Page Number
        if hasattr(stream, "mode") and "b" not in stream.mode:  # type: ignore
            logger_warning(
                "PdfReader stream/file object is not in binary mode. "
                "It may not be read correctly.",
                __name__,
            )
        if isinstance(stream, (str, Path)):
            with open(stream, "rb") as fh:
                stream = BytesIO(fh.read())
        self.read(stream)
        self.stream = stream

        self._override_encryption = False
        self._encryption: Optional[Encryption] = None
        if self.is_encrypted:
            self._override_encryption = True
            # Some documents may not have a /ID, use two empty
            # byte strings instead. Solves
            # https://github.com/mstamy2/PyPDF2/issues/608
            id_entry = self.trailer.get(TK.ID)
            id1_entry = id_entry[0].get_object().original_bytes if id_entry else b""
            encrypt_entry = cast(
                DictionaryObject, self.trailer[TK.ENCRYPT].get_object()
            )
            self._encryption = Encryption.read(encrypt_entry, id1_entry)

            # try empty password if no password provided
            pwd = password if password is not None else b""
            if (
                self._encryption.verify(pwd) == PasswordType.NOT_DECRYPTED
                and password is not None
            ):
                # raise if password provided
                raise WrongPasswordError("Wrong password")
            self._override_encryption = False
        else:
            if password is not None:
                raise PdfReadError("Not encrypted file")

    @property
    def pdf_header(self) -> str:
        # TODO: Make this return a bytes object for consistency
        #       but that needs a deprecation
        loc = self.stream.tell()
        self.stream.seek(0, 0)
        pdf_file_version = self.stream.read(8).decode("utf-8")
        self.stream.seek(loc, 0)  # return to where it was
        return pdf_file_version

    @property
    def metadata(self) -> Optional[DocumentInformation]:
        """
        Retrieve the PDF file's document information dictionary, if it exists.
        Note that some PDF files use metadata streams instead of docinfo
        dictionaries, and these metadata streams will not be accessed by this
        function.

        :return: the document information of this PDF file
        """
        if TK.INFO not in self.trailer:
            return None
        obj = self.trailer[TK.INFO]
        retval = DocumentInformation()
        if isinstance(obj, type(None)):
            raise PdfReadError(
                "trailer not found or does not point to document information directory"
            )
        retval.update(obj)  # type: ignore
        return retval

    def getDocumentInfo(self) -> Optional[DocumentInformation]:  # pragma: no cover
        """
        .. deprecated:: 1.28.0

            Use the attribute :py:attr:`metadata` instead.
        """
        deprecate_with_replacement("getDocumentInfo", "metadata")
        return self.metadata

    @property
    def documentInfo(self) -> Optional[DocumentInformation]:  # pragma: no cover
        """
        .. deprecated:: 1.28.0

            Use the attribute :py:attr:`metadata` instead.
        """
        deprecate_with_replacement("documentInfo", "metadata")
        return self.metadata

    @property
    def xmp_metadata(self) -> Optional[XmpInformation]:
        """
        XMP (Extensible Metadata Platform) data

        :return: a :class:`XmpInformation<xmp.XmpInformation>`
            instance that can be used to access XMP metadata from the document.
            or ``None`` if no metadata was found on the document root.
        """
        try:
            self._override_encryption = True
            return self.trailer[TK.ROOT].xmp_metadata  # type: ignore
        finally:
            self._override_encryption = False

    def getXmpMetadata(self) -> Optional[XmpInformation]:  # pragma: no cover
        """
        .. deprecated:: 1.28.0

            Use the attribute :py:attr:`xmp_metadata` instead.
        """
        deprecate_with_replacement("getXmpMetadata", "xmp_metadata")
        return self.xmp_metadata

    @property
    def xmpMetadata(self) -> Optional[XmpInformation]:  # pragma: no cover
        """
        .. deprecated:: 1.28.0

            Use the attribute :py:attr:`xmp_metadata` instead.
        """
        deprecate_with_replacement("xmpMetadata", "xmp_metadata")
        return self.xmp_metadata

    def _get_num_pages(self) -> int:
        """
        Calculate the number of pages in this PDF file.

        :return: number of pages
        :raises PdfReadError: if file is encrypted and restrictions prevent
            this action.
        """
        # Flattened pages will not work on an Encrypted PDF;
        # the PDF file's page count is used in this case. Otherwise,
        # the original method (flattened page count) is used.
        if self.is_encrypted:
            return self.trailer[TK.ROOT]["/Pages"]["/Count"]  # type: ignore
        else:
            if self.flattened_pages is None:
                self._flatten()
            return len(self.flattened_pages)  # type: ignore

    def getNumPages(self) -> int:  # pragma: no cover
        """
        .. deprecated:: 1.28.0

            Use :code:`len(reader.pages)` instead.
        """
        deprecate_with_replacement("reader.getNumPages", "len(reader.pages)")
        return self._get_num_pages()

    @property
    def numPages(self) -> int:  # pragma: no cover
        """
        .. deprecated:: 1.28.0

            Use :code:`len(reader.pages)` instead.
        """
        deprecate_with_replacement("reader.numPages", "len(reader.pages)")
        return self._get_num_pages()

    def getPage(self, pageNumber: int) -> PageObject:  # pragma: no cover
        """
        .. deprecated:: 1.28.0

            Use :code:`reader.pages[pageNumber]` instead.
        """
        deprecate_with_replacement(
            "reader.getPage(pageNumber)", "reader.pages[pageNumber]"
        )
        return self._get_page(pageNumber)

    def _get_page(self, page_number: int) -> PageObject:
        """
        Retrieve a page by number from this PDF file.

        :param int page_number: The page number to retrieve
            (pages begin at zero)
        :return: a :class:`PageObject<PyPDF2._page.PageObject>` instance.
        """
        # ensure that we're not trying to access an encrypted PDF
        # assert not self.trailer.has_key(TK.ENCRYPT)
        if self.flattened_pages is None:
            self._flatten()
        assert self.flattened_pages is not None, "hint for mypy"
        return self.flattened_pages[page_number]

    @property
    def namedDestinations(self) -> Dict[str, Any]:  # pragma: no cover
        """
        .. deprecated:: 1.28.0

            Use :py:attr:`named_destinations` instead.
        """
        deprecate_with_replacement("namedDestinations", "named_destinations")
        return self.named_destinations

    @property
    def named_destinations(self) -> Dict[str, Any]:
        """
        A read-only dictionary which maps names to
        :class:`Destinations<PyPDF2.generic.Destination>`
        """
        return self._get_named_destinations()

    # A select group of relevant field attributes. For the complete list,
    # see section 8.6.2 of the PDF 1.7 reference.

    def get_fields(
        self,
        tree: Optional[TreeObject] = None,
        retval: Optional[Dict[Any, Any]] = None,
        fileobj: Optional[Any] = None,
    ) -> Optional[Dict[str, Any]]:
        """
        Extract field data if this PDF contains interactive form fields.

        The *tree* and *retval* parameters are for recursive use.

        :param fileobj: A file object (usually a text file) to write
            a report to on all interactive form fields found.
        :return: A dictionary where each key is a field name, and each
            value is a :class:`Field<PyPDF2.generic.Field>` object. By
            default, the mapping name is used for keys.
            ``None`` if form data could not be located.
        """
        field_attributes = FieldDictionaryAttributes.attributes_dict()
        field_attributes.update(CheckboxRadioButtonAttributes.attributes_dict())
        if retval is None:
            retval = {}
            catalog = cast(DictionaryObject, self.trailer[TK.ROOT])
            # get the AcroForm tree
            if CD.ACRO_FORM in catalog:
                tree = cast(Optional[TreeObject], catalog[CD.ACRO_FORM])
            else:
                return None
        if tree is None:
            return retval
        self._check_kids(tree, retval, fileobj)
        for attr in field_attributes:
            if attr in tree:
                # Tree is a field
                self._build_field(tree, retval, fileobj, field_attributes)
                break

        if "/Fields" in tree:
            fields = cast(ArrayObject, tree["/Fields"])
            for f in fields:
                field = f.get_object()
                self._build_field(field, retval, fileobj, field_attributes)

        return retval

    def getFields(
        self,
        tree: Optional[TreeObject] = None,
        retval: Optional[Dict[Any, Any]] = None,
        fileobj: Optional[Any] = None,
    ) -> Optional[Dict[str, Any]]:  # pragma: no cover
        """
        .. deprecated:: 1.28.0

            Use :meth:`get_fields` instead.
        """
        deprecate_with_replacement("getFields", "get_fields")
        return self.get_fields(tree, retval, fileobj)

    def _build_field(
        self,
        field: Union[TreeObject, DictionaryObject],
        retval: Dict[Any, Any],
        fileobj: Any,
        field_attributes: Any,
    ) -> None:
        self._check_kids(field, retval, fileobj)
        try:
            key = field["/TM"]
        except KeyError:
            try:
                key = field["/T"]
            except KeyError:
                # Ignore no-name field for now
                return
        if fileobj:
            self._write_field(fileobj, field, field_attributes)
            fileobj.write("\n")
        retval[key] = Field(field)

    def _check_kids(
        self, tree: Union[TreeObject, DictionaryObject], retval: Any, fileobj: Any
    ) -> None:
        if PA.KIDS in tree:
            # recurse down the tree
            for kid in tree[PA.KIDS]:  # type: ignore
                self.get_fields(kid.get_object(), retval, fileobj)

    def _write_field(self, fileobj: Any, field: Any, field_attributes: Any) -> None:
        field_attributes_tuple = FieldDictionaryAttributes.attributes()
        field_attributes_tuple = (
            field_attributes_tuple + CheckboxRadioButtonAttributes.attributes()
        )

        for attr in field_attributes_tuple:
            if attr in (
                FieldDictionaryAttributes.Kids,
                FieldDictionaryAttributes.AA,
            ):
                continue
            attr_name = field_attributes[attr]
            try:
                if attr == FieldDictionaryAttributes.FT:
                    # Make the field type value more clear
                    types = {
                        "/Btn": "Button",
                        "/Tx": "Text",
                        "/Ch": "Choice",
                        "/Sig": "Signature",
                    }
                    if field[attr] in types:
                        fileobj.write(attr_name + ": " + types[field[attr]] + "\n")
                elif attr == FieldDictionaryAttributes.Parent:
                    # Let's just write the name of the parent
                    try:
                        name = field[attr][FieldDictionaryAttributes.TM]
                    except KeyError:
                        name = field[attr][FieldDictionaryAttributes.T]
                    fileobj.write(attr_name + ": " + name + "\n")
                else:
                    fileobj.write(attr_name + ": " + str(field[attr]) + "\n")
            except KeyError:
                # Field attribute is N/A or unknown, so don't write anything
                pass

    def get_form_text_fields(self) -> Dict[str, Any]:
        """
        Retrieve form fields from the document with textual data.

        The key is the name of the form field, the value is the content of the
        field.

        If the document contains multiple form fields with the same name, the
        second and following will get the suffix _2, _3, ...
        """
        # Retrieve document form fields
        formfields = self.get_fields()
        if formfields is None:
            return {}
        return {
            formfields[field]["/T"]: formfields[field].get("/V")
            for field in formfields
            if formfields[field].get("/FT") == "/Tx"
        }

    def getFormTextFields(self) -> Dict[str, Any]:  # pragma: no cover
        """
        .. deprecated:: 1.28.0

            Use :meth:`get_form_text_fields` instead.
        """
        deprecate_with_replacement("getFormTextFields", "get_form_text_fields")
        return self.get_form_text_fields()

    def _get_named_destinations(
        self,
        tree: Union[TreeObject, None] = None,
        retval: Optional[Any] = None,
    ) -> Dict[str, Any]:
        """
        Retrieve the named destinations present in the document.

        :return: a dictionary which maps names to
            :class:`Destinations<PyPDF2.generic.Destination>`.
        """
        if retval is None:
            retval = {}
            catalog = cast(DictionaryObject, self.trailer[TK.ROOT])

            # get the name tree
            if CA.DESTS in catalog:
                tree = cast(TreeObject, catalog[CA.DESTS])
            elif CA.NAMES in catalog:
                names = cast(DictionaryObject, catalog[CA.NAMES])
                if CA.DESTS in names:
                    tree = cast(TreeObject, names[CA.DESTS])

        if tree is None:
            return retval

        if PA.KIDS in tree:
            # recurse down the tree
            for kid in cast(ArrayObject, tree[PA.KIDS]):
                self._get_named_destinations(kid.get_object(), retval)
        # TABLE 3.33 Entries in a name tree node dictionary (PDF 1.7 specs)
        elif CA.NAMES in tree:  # KIDS and NAMES are exclusives (PDF 1.7 specs p 162)
            names = cast(DictionaryObject, tree[CA.NAMES])
            for i in range(0, len(names), 2):
                key = cast(str, names[i].get_object())
                value = names[i + 1].get_object()
                if isinstance(value, DictionaryObject) and "/D" in value:
                    value = value["/D"]
                dest = self._build_destination(key, value)  # type: ignore
                if dest is not None:
                    retval[key] = dest
        else:  # case where Dests is in root catalog (PDF 1.7 specs, Â§2 about PDF1.1
            for k__, v__ in tree.items():
                val = v__.get_object()
                dest = self._build_destination(k__, val)
                if dest is not None:
                    retval[k__] = dest
        return retval

    def getNamedDestinations(
        self,
        tree: Union[TreeObject, None] = None,
        retval: Optional[Any] = None,
    ) -> Dict[str, Any]:  # pragma: no cover
        """
        .. deprecated:: 1.28.0

            Use :py:attr:`named_destinations` instead.
        """
        deprecate_with_replacement("getNamedDestinations", "named_destinations")
        return self._get_named_destinations(tree, retval)

    @property
    def outline(self) -> OutlineType:
        """
        Read-only property for the outline (i.e., a collection of 'outline items'
        which are also known as 'bookmarks') present in the document.

        :return: a nested list of :class:`Destinations<PyPDF2.generic.Destination>`.
        """
        return self._get_outline()

    @property
    def outlines(self) -> OutlineType:  # pragma: no cover
        """
        .. deprecated:: 2.9.0

            Use :py:attr:`outline` instead.
        """
        deprecate_with_replacement("outlines", "outline")
        return self.outline

    def _get_outline(
        self, node: Optional[DictionaryObject] = None, outline: Optional[Any] = None
    ) -> OutlineType:
        if outline is None:
            outline = []
            catalog = cast(DictionaryObject, self.trailer[TK.ROOT])

            # get the outline dictionary and named destinations
            if CO.OUTLINES in catalog:
                lines = cast(DictionaryObject, catalog[CO.OUTLINES])

                if isinstance(lines, NullObject):
                    return outline

                # TABLE 8.3 Entries in the outline dictionary
                if lines is not None and "/First" in lines:
                    node = cast(DictionaryObject, lines["/First"])
            self._namedDests = self._get_named_destinations()

        if node is None:
            return outline

        # see if there are any more outline items
        while True:
            outline_obj = self._build_outline_item(node)
            if outline_obj:
                outline.append(outline_obj)

            # check for sub-outline
            if "/First" in node:
                sub_outline: List[Any] = []
                self._get_outline(cast(DictionaryObject, node["/First"]), sub_outline)
                if sub_outline:
                    outline.append(sub_outline)

            if "/Next" not in node:
                break
            node = cast(DictionaryObject, node["/Next"])

        return outline

    def getOutlines(
        self, node: Optional[DictionaryObject] = None, outline: Optional[Any] = None
    ) -> OutlineType:  # pragma: no cover
        """
        .. deprecated:: 1.28.0

            Use :py:attr:`outline` instead.
        """
        deprecate_with_replacement("getOutlines", "outline")
        return self._get_outline(node, outline)

    def _get_page_number_by_indirect(
        self, indirect_ref: Union[None, int, NullObject, IndirectObject]
    ) -> int:
        """Generate _page_id2num"""
        if self._page_id2num is None:
            self._page_id2num = {
                x.indirect_ref.idnum: i for i, x in enumerate(self.pages)  # type: ignore
            }

        if indirect_ref is None or isinstance(indirect_ref, NullObject):
            return -1
        if isinstance(indirect_ref, int):
            idnum = indirect_ref
        else:
            idnum = indirect_ref.idnum
        assert self._page_id2num is not None, "hint for mypy"
        ret = self._page_id2num.get(idnum, -1)
        return ret

    def get_page_number(self, page: PageObject) -> int:
        """
        Retrieve page number of a given PageObject

        :param PageObject page: The page to get page number. Should be
            an instance of :class:`PageObject<PyPDF2._page.PageObject>`
        :return: the page number or -1 if page not found
        """
        return self._get_page_number_by_indirect(page.indirect_ref)

    def getPageNumber(self, page: PageObject) -> int:  # pragma: no cover
        """
        .. deprecated:: 1.28.0

            Use :meth:`get_page_number` instead.
        """
        deprecate_with_replacement("getPageNumber", "get_page_number")
        return self.get_page_number(page)

    def get_destination_page_number(self, destination: Destination) -> int:
        """
        Retrieve page number of a given Destination object.

        :param Destination destination: The destination to get page number.
        :return: the page number or -1 if page not found
        """
        return self._get_page_number_by_indirect(destination.page)

    def getDestinationPageNumber(
        self, destination: Destination
    ) -> int:  # pragma: no cover
        """
        .. deprecated:: 1.28.0

            Use :meth:`get_destination_page_number` instead.
        """
        deprecate_with_replacement(
            "getDestinationPageNumber", "get_destination_page_number"
        )
        return self.get_destination_page_number(destination)

    def _build_destination(
        self,
        title: str,
        array: List[Union[NumberObject, IndirectObject, NullObject, DictionaryObject]],
    ) -> Destination:
        page, typ = None, None
        # handle outline items with missing or invalid destination
        if (
            isinstance(array, (type(None), NullObject))
            or (isinstance(array, ArrayObject) and len(array) == 0)
            or (isinstance(array, str))
        ):

            page = NullObject()
            typ = TextStringObject("/Fit")
            return Destination(title, page, typ)
        else:
            page, typ = array[0:2]  # type: ignore
            array = array[2:]
            try:
                return Destination(title, page, typ, *array)  # type: ignore
            except PdfReadError:
                logger_warning(f"Unknown destination: {title} {array}", __name__)
                if self.strict:
                    raise
                # create a link to first Page
                tmp = self.pages[0].indirect_ref
                indirect_ref = NullObject() if tmp is None else tmp
                return Destination(
                    title, indirect_ref, TextStringObject("/Fit")  # type: ignore
                )

    def _build_outline_item(self, node: DictionaryObject) -> Optional[Destination]:
        dest, title, outline_item = None, None, None

        # title required for valid outline
        # PDF Reference 1.7: TABLE 8.4 Entries in an outline item dictionary
        try:
            title = node["/Title"]
        except KeyError:
            if self.strict:
                raise PdfReadError(f"Outline Entry Missing /Title attribute: {node!r}")
            title = ""  # type: ignore

        if "/A" in node:
            # Action, PDFv1.7 Section 12.6 (only type GoTo supported)
            action = cast(DictionaryObject, node["/A"])
            action_type = cast(NameObject, action[GoToActionArguments.S])
            if action_type == "/GoTo":
                dest = action[GoToActionArguments.D]
        elif "/Dest" in node:
            # Destination, PDFv1.7 Section 12.3.2
            dest = node["/Dest"]
            # if array was referenced in another object, will be a dict w/ key "/D"
            if isinstance(dest, DictionaryObject) and "/D" in dest:
                dest = dest["/D"]

        if isinstance(dest, ArrayObject):
            outline_item = self._build_destination(title, dest)  # type: ignore
        elif isinstance(dest, str):
            # named destination, addresses NameObject Issue #193
            try:
                outline_item = self._build_destination(
                    title, self._namedDests[dest].dest_array
                )
            except KeyError:
                # named destination not found in Name Dict
                outline_item = self._build_destination(title, None)
        elif isinstance(dest, type(None)):
            # outline item not required to have destination or action
            # PDFv1.7 Table 153
            outline_item = self._build_destination(title, dest)  # type: ignore
        else:
            if self.strict:
                raise PdfReadError(f"Unexpected destination {dest!r}")
            outline_item = self._build_destination(title, None)  # type: ignore

        # if outline item created, add color, format, and child count if present
        if outline_item:
            if "/C" in node:
                # Color of outline item font in (R, G, B) with values ranging 0.0-1.0
                outline_item[NameObject("/C")] = ArrayObject(FloatObject(c) for c in node["/C"])  # type: ignore
            if "/F" in node:
                # specifies style characteristics bold and/or italic
                # 1=italic, 2=bold, 3=both
                outline_item[NameObject("/F")] = node["/F"]
            if "/Count" in node:
                # absolute value = num. visible children
                # positive = open/unfolded, negative = closed/folded
                outline_item[NameObject("/Count")] = node["/Count"]

        return outline_item

    @property
    def pages(self) -> List[PageObject]:
        """Read-only property that emulates a list of :py:class:`Page<PyPDF2._page.Page>` objects."""
        return _VirtualList(self._get_num_pages, self._get_page)  # type: ignore

    @property
    def page_layout(self) -> Optional[str]:
        """
        Get the page layout.

        :return: Page layout currently being used.

        .. list-table:: Valid ``layout`` values
           :widths: 50 200

           * - /NoLayout
             - Layout explicitly not specified
           * - /SinglePage
             - Show one page at a time
           * - /OneColumn
             - Show one column at a time
           * - /TwoColumnLeft
             - Show pages in two columns, odd-numbered pages on the left
           * - /TwoColumnRight
             - Show pages in two columns, odd-numbered pages on the right
           * - /TwoPageLeft
             - Show two pages at a time, odd-numbered pages on the left
           * - /TwoPageRight
             - Show two pages at a time, odd-numbered pages on the right
        """
        trailer = cast(DictionaryObject, self.trailer[TK.ROOT])
        if CD.PAGE_LAYOUT in trailer:
            return cast(NameObject, trailer[CD.PAGE_LAYOUT])
        return None

    def getPageLayout(self) -> Optional[str]:  # pragma: no cover
        """
        .. deprecated:: 1.28.0

            Use :py:attr:`page_layout` instead.
        """
        deprecate_with_replacement("getPageLayout", "page_layout")
        return self.page_layout

    @property
    def pageLayout(self) -> Optional[str]:  # pragma: no cover
        """
        .. deprecated:: 1.28.0

            Use :py:attr:`page_layout` instead.
        """
        deprecate_with_replacement("pageLayout", "page_layout")
        return self.page_layout

    @property
    def page_mode(self) -> Optional[PagemodeType]:
        """
        Get the page mode.

        :return: Page mode currently being used.

        .. list-table:: Valid ``mode`` values
           :widths: 50 200

           * - /UseNone
             - Do not show outline or thumbnails panels
           * - /UseOutlines
             - Show outline (aka bookmarks) panel
           * - /UseThumbs
             - Show page thumbnails panel
           * - /FullScreen
             - Fullscreen view
           * - /UseOC
             - Show Optional Content Group (OCG) panel
           * - /UseAttachments
             - Show attachments panel
        """
        try:
            return self.trailer[TK.ROOT]["/PageMode"]  # type: ignore
        except KeyError:
            return None

    def getPageMode(self) -> Optional[PagemodeType]:  # pragma: no cover
        """
        .. deprecated:: 1.28.0

            Use :py:attr:`page_mode` instead.
        """
        deprecate_with_replacement("getPageMode", "page_mode")
        return self.page_mode

    @property
    def pageMode(self) -> Optional[PagemodeType]:  # pragma: no cover
        """
        .. deprecated:: 1.28.0

            Use :py:attr:`page_mode` instead.
        """
        deprecate_with_replacement("pageMode", "page_mode")
        return self.page_mode

    def _flatten(
        self,
        pages: Union[None, DictionaryObject, PageObject] = None,
        inherit: Optional[Dict[str, Any]] = None,
        indirect_ref: Optional[IndirectObject] = None,
    ) -> None:
        inheritable_page_attributes = (
            NameObject(PG.RESOURCES),
            NameObject(PG.MEDIABOX),
            NameObject(PG.CROPBOX),
            NameObject(PG.ROTATE),
        )
        if inherit is None:
            inherit = {}
        if pages is None:
            # Fix issue 327: set flattened_pages attribute only for
            # decrypted file
            catalog = self.trailer[TK.ROOT].get_object()
            pages = catalog["/Pages"].get_object()  # type: ignore
            self.flattened_pages = []

        t = "/Pages"
        if PA.TYPE in pages:
            t = pages[PA.TYPE]  # type: ignore

        if t == "/Pages":
            for attr in inheritable_page_attributes:
                if attr in pages:
                    inherit[attr] = pages[attr]
            for page in pages[PA.KIDS]:  # type: ignore
                addt = {}
                if isinstance(page, IndirectObject):
                    addt["indirect_ref"] = page
                self._flatten(page.get_object(), inherit, **addt)
        elif t == "/Page":
            for attr_in, value in list(inherit.items()):
                # if the page has it's own value, it does not inherit the
                # parent's value:
                if attr_in not in pages:
                    pages[attr_in] = value
            page_obj = PageObject(self, indirect_ref)
            page_obj.update(pages)

            # TODO: Could flattened_pages be None at this point?
            self.flattened_pages.append(page_obj)  # type: ignore

    def _get_object_from_stream(
        self, indirect_reference: IndirectObject
    ) -> Union[int, PdfObject, str]:
        # indirect reference to object in object stream
        # read the entire object stream into memory
        stmnum, idx = self.xref_objStm[indirect_reference.idnum]
        obj_stm: EncodedStreamObject = IndirectObject(stmnum, 0, self).get_object()  # type: ignore
        # This is an xref to a stream, so its type better be a stream
        assert cast(str, obj_stm["/Type"]) == "/ObjStm"
        # /N is the number of indirect objects in the stream
        assert idx < obj_stm["/N"]
        stream_data = BytesIO(b_(obj_stm.get_data()))  # type: ignore
        for i in range(obj_stm["/N"]):  # type: ignore
            read_non_whitespace(stream_data)
            stream_data.seek(-1, 1)
            objnum = NumberObject.read_from_stream(stream_data)
            read_non_whitespace(stream_data)
            stream_data.seek(-1, 1)
            offset = NumberObject.read_from_stream(stream_data)
            read_non_whitespace(stream_data)
            stream_data.seek(-1, 1)
            if objnum != indirect_reference.idnum:
                # We're only interested in one object
                continue
            if self.strict and idx != i:
                raise PdfReadError("Object is in wrong index.")
            stream_data.seek(int(obj_stm["/First"] + offset), 0)  # type: ignore

            # to cope with some case where the 'pointer' is on a white space
            read_non_whitespace(stream_data)
            stream_data.seek(-1, 1)

            try:
                obj = read_object(stream_data, self)
            except PdfStreamError as exc:
                # Stream object cannot be read. Normally, a critical error, but
                # Adobe Reader doesn't complain, so continue (in strict mode?)
                logger_warning(
                    f"Invalid stream (index {i}) within object "
                    f"{indirect_reference.idnum} {indirect_reference.generation}: "
                    f"{exc}",
                    __name__,
                )

                if self.strict:
                    raise PdfReadError(f"Can't read object stream: {exc}")
                # Replace with null. Hopefully it's nothing important.
                obj = NullObject()
            return obj

        if self.strict:
            raise PdfReadError("This is a fatal error in strict mode.")
        return NullObject()

    def get_object(self, indirect_reference: IndirectObject) -> Optional[PdfObject]:
        retval = self.cache_get_indirect_object(
            indirect_reference.generation, indirect_reference.idnum
        )
        if retval is not None:
            return retval
        if (
            indirect_reference.generation == 0
            and indirect_reference.idnum in self.xref_objStm
        ):
            retval = self._get_object_from_stream(indirect_reference)  # type: ignore
        elif (
            indirect_reference.generation in self.xref
            and indirect_reference.idnum in self.xref[indirect_reference.generation]
        ):
            if self.xref_free_entry.get(indirect_reference.generation, {}).get(
                indirect_reference.idnum, False
            ):
                return NullObject()
            start = self.xref[indirect_reference.generation][indirect_reference.idnum]
            self.stream.seek(start, 0)
            try:
                idnum, generation = self.read_object_header(self.stream)
            except Exception:
                if hasattr(self.stream, "getbuffer"):
                    buf = bytes(self.stream.getbuffer())  # type: ignore
                else:
                    p = self.stream.tell()
                    self.stream.seek(0, 0)
                    buf = self.stream.read(-1)
                    self.stream.seek(p, 0)
                m = re.search(
                    rf"\s{indirect_reference.idnum}\s+{indirect_reference.generation}\s+obj".encode(),
                    buf,
                )
                if m is not None:
                    logger_warning(
                        f"Object ID {indirect_reference.idnum},{indirect_reference.generation} ref repaired",
                        __name__,
                    )
                    self.xref[indirect_reference.generation][
                        indirect_reference.idnum
                    ] = (m.start(0) + 1)
                    self.stream.seek(m.start(0) + 1)
                    idnum, generation = self.read_object_header(self.stream)
                else:
                    idnum = -1  # exception will be raised below
            if idnum != indirect_reference.idnum and self.xref_index:
                # Xref table probably had bad indexes due to not being zero-indexed
                if self.strict:
                    raise PdfReadError(
                        f"Expected object ID ({indirect_reference.idnum} {indirect_reference.generation}) "
                        f"does not match actual ({idnum} {generation}); "
                        "xref table not zero-indexed."
                    )
                # xref table is corrected in non-strict mode
            elif idnum != indirect_reference.idnum and self.strict:
                # some other problem
                raise PdfReadError(
                    f"Expected object ID ({indirect_reference.idnum} "
                    f"{indirect_reference.generation}) does not match actual "
                    f"({idnum} {generation})."
                )
            if self.strict:
                assert generation == indirect_reference.generation
            retval = read_object(self.stream, self)  # type: ignore

            # override encryption is used for the /Encrypt dictionary
            if not self._override_encryption and self._encryption is not None:
                # if we don't have the encryption key:
                if not self._encryption.is_decrypted():
                    raise FileNotDecryptedError("File has not been decrypted")
                # otherwise, decrypt here...
                retval = cast(PdfObject, retval)
                retval = self._encryption.decrypt_object(
                    retval, indirect_reference.idnum, indirect_reference.generation
                )
        else:
            if hasattr(self.stream, "getbuffer"):
                buf = bytes(self.stream.getbuffer())  # type: ignore
            else:
                p = self.stream.tell()
                self.stream.seek(0, 0)
                buf = self.stream.read(-1)
                self.stream.seek(p, 0)
            m = re.search(
                rf"\s{indirect_reference.idnum}\s+{indirect_reference.generation}\s+obj".encode(),
                buf,
            )
            if m is not None:
                logger_warning(
                    f"Object {indirect_reference.idnum} {indirect_reference.generation} found",
                    __name__,
                )
                if indirect_reference.generation not in self.xref:
                    self.xref[indirect_reference.generation] = {}
                self.xref[indirect_reference.generation][indirect_reference.idnum] = (
                    m.start(0) + 1
                )
                self.stream.seek(m.end(0) + 1)
                skip_over_whitespace(self.stream)
                self.stream.seek(-1, 1)
                retval = read_object(self.stream, self)  # type: ignore

                # override encryption is used for the /Encrypt dictionary
                if not self._override_encryption and self._encryption is not None:
                    # if we don't have the encryption key:
                    if not self._encryption.is_decrypted():
                        raise FileNotDecryptedError("File has not been decrypted")
                    # otherwise, decrypt here...
                    retval = cast(PdfObject, retval)
                    retval = self._encryption.decrypt_object(
                        retval, indirect_reference.idnum, indirect_reference.generation
                    )
            else:
                logger_warning(
                    f"Object {indirect_reference.idnum} {indirect_reference.generation} not defined.",
                    __name__,
                )
                if self.strict:
                    raise PdfReadError("Could not find object.")
        self.cache_indirect_object(
            indirect_reference.generation, indirect_reference.idnum, retval
        )
        return retval

    def getObject(
        self, indirectReference: IndirectObject
    ) -> Optional[PdfObject]:  # pragma: no cover
        """
        .. deprecated:: 1.28.0

            Use :meth:`get_object` instead.
        """
        deprecate_with_replacement("getObject", "get_object")
        return self.get_object(indirectReference)

    def read_object_header(self, stream: StreamType) -> Tuple[int, int]:
        # Should never be necessary to read out whitespace, since the
        # cross-reference table should put us in the right spot to read the
        # object header.  In reality... some files have stupid cross reference
        # tables that are off by whitespace bytes.
        extra = False
        skip_over_comment(stream)
        extra |= skip_over_whitespace(stream)
        stream.seek(-1, 1)
        idnum = read_until_whitespace(stream)
        extra |= skip_over_whitespace(stream)
        stream.seek(-1, 1)
        generation = read_until_whitespace(stream)
        extra |= skip_over_whitespace(stream)
        stream.seek(-1, 1)

        # although it's not used, it might still be necessary to read
        _obj = stream.read(3)  # noqa: F841

        read_non_whitespace(stream)
        stream.seek(-1, 1)
        if extra and self.strict:
            logger_warning(
                f"Superfluous whitespace found in object header {idnum} {generation}",  # type: ignore
                __name__,
            )
        return int(idnum), int(generation)

    def readObjectHeader(
        self, stream: StreamType
    ) -> Tuple[int, int]:  # pragma: no cover
        """
        .. deprecated:: 1.28.0

            Use :meth:`read_object_header` instead.
        """
        deprecate_with_replacement("readObjectHeader", "read_object_header")
        return self.read_object_header(stream)

    def cache_get_indirect_object(
        self, generation: int, idnum: int
    ) -> Optional[PdfObject]:
        return self.resolved_objects.get((generation, idnum))

    def cacheGetIndirectObject(
        self, generation: int, idnum: int
    ) -> Optional[PdfObject]:  # pragma: no cover
        """
        .. deprecated:: 1.28.0

            Use :meth:`cache_get_indirect_object` instead.
        """
        deprecate_with_replacement(
            "cacheGetIndirectObject", "cache_get_indirect_object"
        )
        return self.cache_get_indirect_object(generation, idnum)

    def cache_indirect_object(
        self, generation: int, idnum: int, obj: Optional[PdfObject]
    ) -> Optional[PdfObject]:
        if (generation, idnum) in self.resolved_objects:
            msg = f"Overwriting cache for {generation} {idnum}"
            if self.strict:
                raise PdfReadError(msg)
            logger_warning(msg, __name__)
        self.resolved_objects[(generation, idnum)] = obj
        return obj

    def cacheIndirectObject(
        self, generation: int, idnum: int, obj: Optional[PdfObject]
    ) -> Optional[PdfObject]:  # pragma: no cover
        """
        .. deprecated:: 1.28.0

            Use :meth:`cache_indirect_object` instead.
        """
        deprecate_with_replacement("cacheIndirectObject", "cache_indirect_object")
        return self.cache_indirect_object(generation, idnum, obj)

    def read(self, stream: StreamType) -> None:
        self._basic_validation(stream)
        self._find_eof_marker(stream)
        startxref = self._find_startxref_pos(stream)

        # check and eventually correct the startxref only in not strict
        xref_issue_nr = self._get_xref_issues(stream, startxref)
        if xref_issue_nr != 0:
            if self.strict and xref_issue_nr:
                raise PdfReadError("Broken xref table")
            logger_warning(f"incorrect startxref pointer({xref_issue_nr})", __name__)

        # read all cross reference tables and their trailers
        self._read_xref_tables_and_trailers(stream, startxref, xref_issue_nr)

        # if not zero-indexed, verify that the table is correct; change it if necessary
        if self.xref_index and not self.strict:
            loc = stream.tell()
            for gen, xref_entry in self.xref.items():
                if gen == 65535:
                    continue
                xref_k = sorted(
                    xref_entry.keys()
                )  # must ensure ascendant to prevent damange
                for id in xref_k:
                    stream.seek(xref_entry[id], 0)
                    try:
                        pid, _pgen = self.read_object_header(stream)
                    except ValueError:
                        break
                    if pid == id - self.xref_index:
                        # fixing index item per item is required for revised PDF.
                        self.xref[gen][pid] = self.xref[gen][id]
                        del self.xref[gen][id]
                    # if not, then either it's just plain wrong, or the
                    # non-zero-index is actually correct
            stream.seek(loc, 0)  # return to where it was

    def _basic_validation(self, stream: StreamType) -> None:
        # start at the end:
        stream.seek(0, os.SEEK_END)
        if not stream.tell():
            raise EmptyFileError("Cannot read an empty file")
        if self.strict:
            stream.seek(0, os.SEEK_SET)
            header_byte = stream.read(5)
            if header_byte != b"%PDF-":
                raise PdfReadError(
                    f"PDF starts with '{header_byte.decode('utf8')}', "
                    "but '%PDF-' expected"
                )
            stream.seek(0, os.SEEK_END)

    def _find_eof_marker(self, stream: StreamType) -> None:
        last_mb = 8  # to parse whole file
        line = b""
        while line[:5] != b"%%EOF":
            if stream.tell() < last_mb:
                raise PdfReadError("EOF marker not found")
            line = read_previous_line(stream)

    def _find_startxref_pos(self, stream: StreamType) -> int:
        """Find startxref entry - the location of the xref table"""
        line = read_previous_line(stream)
        try:
            startxref = int(line)
        except ValueError:
            # 'startxref' may be on the same line as the location
            if not line.startswith(b"startxref"):
                raise PdfReadError("startxref not found")
            startxref = int(line[9:].strip())
            logger_warning("startxref on same line as offset", __name__)
        else:
            line = read_previous_line(stream)
            if line[:9] != b"startxref":
                raise PdfReadError("startxref not found")
        return startxref

    def _read_standard_xref_table(self, stream: StreamType) -> None:
        # standard cross-reference table
        ref = stream.read(4)
        if ref[:3] != b"ref":
            raise PdfReadError("xref table read error")
        read_non_whitespace(stream)
        stream.seek(-1, 1)
        firsttime = True  # check if the first time looking at the xref table
        while True:
            num = cast(int, read_object(stream, self))
            if firsttime and num != 0:
                self.xref_index = num
                if self.strict:
                    logger_warning(
                        "Xref table not zero-indexed. ID numbers for objects will be corrected.",
                        __name__,
                    )
                    # if table not zero indexed, could be due to error from when PDF was created
                    # which will lead to mismatched indices later on, only warned and corrected if self.strict==True
            firsttime = False
            read_non_whitespace(stream)
            stream.seek(-1, 1)
            size = cast(int, read_object(stream, self))
            read_non_whitespace(stream)
            stream.seek(-1, 1)
            cnt = 0
            while cnt < size:
                line = stream.read(20)

                # It's very clear in section 3.4.3 of the PDF spec
                # that all cross-reference table lines are a fixed
                # 20 bytes (as of PDF 1.7). However, some files have
                # 21-byte entries (or more) due to the use of \r\n
                # (CRLF) EOL's. Detect that case, and adjust the line
                # until it does not begin with a \r (CR) or \n (LF).
                while line[0] in b"\x0D\x0A":
                    stream.seek(-20 + 1, 1)
                    line = stream.read(20)

                # On the other hand, some malformed PDF files
                # use a single character EOL without a preceding
                # space.  Detect that case, and seek the stream
                # back one character.  (0-9 means we've bled into
                # the next xref entry, t means we've bled into the
                # text "trailer"):
                if line[-1] in b"0123456789t":
                    stream.seek(-1, 1)

                try:
                    offset_b, generation_b = line[:16].split(b" ")
                    entry_type_b = line[17:18]

                    offset, generation = int(offset_b), int(generation_b)
                except Exception:
                    # if something wrong occured
                    if hasattr(stream, "getbuffer"):
                        buf = bytes(stream.getbuffer())  # type: ignore
                    else:
                        p = stream.tell()
                        stream.seek(0, 0)
                        buf = stream.read(-1)
                        stream.seek(p)

                    f = re.search(f"{num}\\s+(\\d+)\\s+obj".encode(), buf)
                    if f is None:
                        logger_warning(
                            f"entry {num} in Xref table invalid; object not found",
                            __name__,
                        )
                        generation = 65535
                        offset = -1
                    else:
                        logger_warning(
                            f"entry {num} in Xref table invalid but object found",
                            __name__,
                        )
                        generation = int(f.group(1))
                        offset = f.start()

                if generation not in self.xref:
                    self.xref[generation] = {}
                    self.xref_free_entry[generation] = {}
                if num in self.xref[generation]:
                    # It really seems like we should allow the last
                    # xref table in the file to override previous
                    # ones. Since we read the file backwards, assume
                    # any existing key is already set correctly.
                    pass
                else:
                    self.xref[generation][num] = offset
                    try:
                        self.xref_free_entry[generation][num] = entry_type_b == b"f"
                    except Exception:
                        pass
                    try:
                        self.xref_free_entry[65535][num] = entry_type_b == b"f"
                    except Exception:
                        pass
                cnt += 1
                num += 1
            read_non_whitespace(stream)
            stream.seek(-1, 1)
            trailertag = stream.read(7)
            if trailertag != b"trailer":
                # more xrefs!
                stream.seek(-7, 1)
            else:
                break

    def _read_xref_tables_and_trailers(
        self, stream: StreamType, startxref: Optional[int], xref_issue_nr: int
    ) -> None:
        self.xref: Dict[int, Dict[Any, Any]] = {}
        self.xref_free_entry: Dict[int, Dict[Any, Any]] = {}
        self.xref_objStm: Dict[int, Tuple[Any, Any]] = {}
        self.trailer = DictionaryObject()
        while startxref is not None:
            # load the xref table
            stream.seek(startxref, 0)
            x = stream.read(1)
            if x in b"\r\n":
                x = stream.read(1)
            if x == b"x":
                startxref = self._read_xref(stream)
            elif xref_issue_nr:
                try:
                    self._rebuild_xref_table(stream)
                    break
                except Exception:
                    xref_issue_nr = 0
            elif x.isdigit():
                try:
                    xrefstream = self._read_pdf15_xref_stream(stream)
                except Exception as e:
                    if TK.ROOT in self.trailer:
                        logger_warning(
                            f"Previous trailer can not be read {e.args}",
                            __name__,
                        )
                        break
                    else:
                        raise PdfReadError(f"trailer can not be read {e.args}")
                trailer_keys = TK.ROOT, TK.ENCRYPT, TK.INFO, TK.ID
                for key in trailer_keys:
                    if key in xrefstream and key not in self.trailer:
                        self.trailer[NameObject(key)] = xrefstream.raw_get(key)
                if "/XRefStm" in xrefstream:
                    p = stream.tell()
                    stream.seek(cast(int, xrefstream["/XRefStm"]) + 1, 0)
                    self._read_pdf15_xref_stream(stream)
                    stream.seek(p, 0)
                if "/Prev" in xrefstream:
                    startxref = cast(int, xrefstream["/Prev"])
                else:
                    break
            else:
                startxref = self._read_xref_other_error(stream, startxref)

    def _read_xref(self, stream: StreamType) -> Optional[int]:
        self._read_standard_xref_table(stream)
        read_non_whitespace(stream)
        stream.seek(-1, 1)
        new_trailer = cast(Dict[str, Any], read_object(stream, self))
        for key, value in new_trailer.items():
            if key not in self.trailer:
                self.trailer[key] = value
        if "/XRefStm" in new_trailer:
            p = stream.tell()
            stream.seek(cast(int, new_trailer["/XRefStm"]) + 1, 0)
            try:
                self._read_pdf15_xref_stream(stream)
            except Exception:
                logger_warning(
                    f"XRef object at {new_trailer['/XRefStm']} can not be read, some object may be missing",
                    __name__,
                )
            stream.seek(p, 0)
        if "/Prev" in new_trailer:
            startxref = new_trailer["/Prev"]
            return startxref
        else:
            return None

    def _read_xref_other_error(
        self, stream: StreamType, startxref: int
    ) -> Optional[int]:
        # some PDFs have /Prev=0 in the trailer, instead of no /Prev
        if startxref == 0:
            if self.strict:
                raise PdfReadError(
                    "/Prev=0 in the trailer (try opening with strict=False)"
                )
            logger_warning(
                "/Prev=0 in the trailer - assuming there is no previous xref table",
                __name__,
            )
            return None
        # bad xref character at startxref.  Let's see if we can find
        # the xref table nearby, as we've observed this error with an
        # off-by-one before.
        stream.seek(-11, 1)
        tmp = stream.read(20)
        xref_loc = tmp.find(b"xref")
        if xref_loc != -1:
            startxref -= 10 - xref_loc
            return startxref
        # No explicit xref table, try finding a cross-reference stream.
        stream.seek(startxref, 0)
        for look in range(5):
            if stream.read(1).isdigit():
                # This is not a standard PDF, consider adding a warning
                startxref += look
                return startxref
        # no xref table found at specified location
        if "/Root" in self.trailer and not self.strict:
            # if Root has been already found, just raise warning
            logger_warning("Invalid parent xref., rebuild xref", __name__)
            try:
                self._rebuild_xref_table(stream)
                return None
            except Exception:
                raise PdfReadError("can not rebuild xref")
        raise PdfReadError("Could not find xref table at specified location")

    def _read_pdf15_xref_stream(
        self, stream: StreamType
    ) -> Union[ContentStream, EncodedStreamObject, DecodedStreamObject]:
        # PDF 1.5+ Cross-Reference Stream
        stream.seek(-1, 1)
        idnum, generation = self.read_object_header(stream)
        xrefstream = cast(ContentStream, read_object(stream, self))
        assert cast(str, xrefstream["/Type"]) == "/XRef"
        self.cache_indirect_object(generation, idnum, xrefstream)
        stream_data = BytesIO(b_(xrefstream.get_data()))
        # Index pairs specify the subsections in the dictionary. If
        # none create one subsection that spans everything.
        idx_pairs = xrefstream.get("/Index", [0, xrefstream.get("/Size")])
        entry_sizes = cast(Dict[Any, Any], xrefstream.get("/W"))
        assert len(entry_sizes) >= 3
        if self.strict and len(entry_sizes) > 3:
            raise PdfReadError(f"Too many entry sizes: {entry_sizes}")

        def get_entry(i: int) -> Union[int, Tuple[int, ...]]:
            # Reads the correct number of bytes for each entry. See the
            # discussion of the W parameter in PDF spec table 17.
            if entry_sizes[i] > 0:
                d = stream_data.read(entry_sizes[i])
                return convert_to_int(d, entry_sizes[i])

            # PDF Spec Table 17: A value of zero for an element in the
            # W array indicates...the default value shall be used
            if i == 0:
                return 1  # First value defaults to 1
            else:
                return 0

        def used_before(num: int, generation: Union[int, Tuple[int, ...]]) -> bool:
            # We move backwards through the xrefs, don't replace any.
            return num in self.xref.get(generation, []) or num in self.xref_objStm  # type: ignore

        # Iterate through each subsection
        self._read_xref_subsections(idx_pairs, get_entry, used_before)
        return xrefstream

    @staticmethod
    def _get_xref_issues(stream: StreamType, startxref: int) -> int:
        """Return an int which indicates an issue. 0 means there is no issue."""
        stream.seek(startxref - 1, 0)  # -1 to check character before
        line = stream.read(1)
        if line not in b"\r\n \t":
            return 1
        line = stream.read(4)
        if line != b"xref":
            # not an xref so check if it is an XREF object
            line = b""
            while line in b"0123456789 \t":
                line = stream.read(1)
                if line == b"":
                    return 2
            line += stream.read(2)  # 1 char already read, +2 to check "obj"
            if line.lower() != b"obj":
                return 3
            # while stream.read(1) in b" \t\r\n":
            #     pass
            # line = stream.read(256)  # check that it is xref obj
            # if b"/xref" not in line.lower():
            #     return 4
        return 0

    def _rebuild_xref_table(self, stream: StreamType) -> None:
        self.xref = {}
        stream.seek(0, 0)
        f_ = stream.read(-1)

        for m in re.finditer(rb"[\r\n \t][ \t]*(\d+)[ \t]+(\d+)[ \t]+obj", f_):
            idnum = int(m.group(1))
            generation = int(m.group(2))
            if generation not in self.xref:
                self.xref[generation] = {}
            self.xref[generation][idnum] = m.start(1)
        stream.seek(0, 0)
        for m in re.finditer(rb"[\r\n \t][ \t]*trailer[\r\n \t]*(<<)", f_):
            stream.seek(m.start(1), 0)
            new_trailer = cast(Dict[Any, Any], read_object(stream, self))
            # Here, we are parsing the file from start to end, the new data have to erase the existing.
            for key, value in list(new_trailer.items()):
                self.trailer[key] = value

    def _read_xref_subsections(
        self,
        idx_pairs: List[int],
        get_entry: Callable[[int], Union[int, Tuple[int, ...]]],
        used_before: Callable[[int, Union[int, Tuple[int, ...]]], bool],
    ) -> None:
        last_end = 0
        for start, size in self._pairs(idx_pairs):
            # The subsections must increase
            assert start >= last_end
            last_end = start + size
            for num in range(start, start + size):
                # The first entry is the type
                xref_type = get_entry(0)
                # The rest of the elements depend on the xref_type
                if xref_type == 0:
                    # linked list of free objects
                    next_free_object = get_entry(1)  # noqa: F841
                    next_generation = get_entry(2)  # noqa: F841
                elif xref_type == 1:
                    # objects that are in use but are not compressed
                    byte_offset = get_entry(1)
                    generation = get_entry(2)
                    if generation not in self.xref:
                        self.xref[generation] = {}  # type: ignore
                    if not used_before(num, generation):
                        self.xref[generation][num] = byte_offset  # type: ignore
                elif xref_type == 2:
                    # compressed objects
                    objstr_num = get_entry(1)
                    obstr_idx = get_entry(2)
                    generation = 0  # PDF spec table 18, generation is 0
                    if not used_before(num, generation):
                        self.xref_objStm[num] = (objstr_num, obstr_idx)
                elif self.strict:
                    raise PdfReadError(f"Unknown xref type: {xref_type}")

    def _pairs(self, array: List[int]) -> Iterable[Tuple[int, int]]:
        i = 0
        while True:
            yield array[i], array[i + 1]
            i += 2
            if (i + 1) >= len(array):
                break

    def read_next_end_line(
        self, stream: StreamType, limit_offset: int = 0
    ) -> bytes:  # pragma: no cover
        """.. deprecated:: 2.1.0"""
        deprecate_no_replacement("read_next_end_line", removed_in="4.0.0")
        line_parts = []
        while True:
            # Prevent infinite loops in malformed PDFs
            if stream.tell() == 0 or stream.tell() == limit_offset:
                raise PdfReadError("Could not read malformed PDF file")
            x = stream.read(1)
            if stream.tell() < 2:
                raise PdfReadError("EOL marker not found")
            stream.seek(-2, 1)
            if x in (b"\n", b"\r"):  # \n = LF; \r = CR
                crlf = False
                while x in (b"\n", b"\r"):
                    x = stream.read(1)
                    if x in (b"\n", b"\r"):  # account for CR+LF
                        stream.seek(-1, 1)
                        crlf = True
                    if stream.tell() < 2:
                        raise PdfReadError("EOL marker not found")
                    stream.seek(-2, 1)
                stream.seek(
                    2 if crlf else 1, 1
                )  # if using CR+LF, go back 2 bytes, else 1
                break
            else:
                line_parts.append(x)
        line_parts.reverse()
        return b"".join(line_parts)

    def readNextEndLine(
        self, stream: StreamType, limit_offset: int = 0
    ) -> bytes:  # pragma: no cover
        """.. deprecated:: 1.28.0"""
        deprecate_no_replacement("readNextEndLine")
        return self.read_next_end_line(stream, limit_offset)

    def decrypt(self, password: Union[str, bytes]) -> PasswordType:
        """
        When using an encrypted / secured PDF file with the PDF Standard
        encryption handler, this function will allow the file to be decrypted.
        It checks the given password against the document's user password and
        owner password, and then stores the resulting decryption key if either
        password is correct.

        It does not matter which password was matched.  Both passwords provide
        the correct decryption key that will allow the document to be used with
        this library.

        :param str password: The password to match.
        :return: `PasswordType`.
        """
        if not self._encryption:
            raise PdfReadError("Not encrypted file")
        # TODO: raise Exception for wrong password
        return self._encryption.verify(password)

    def decode_permissions(self, permissions_code: int) -> Dict[str, bool]:
        # Takes the permissions as an integer, returns the allowed access
        permissions = {}
        permissions["print"] = permissions_code & (1 << 3 - 1) != 0  # bit 3
        permissions["modify"] = permissions_code & (1 << 4 - 1) != 0  # bit 4
        permissions["copy"] = permissions_code & (1 << 5 - 1) != 0  # bit 5
        permissions["annotations"] = permissions_code & (1 << 6 - 1) != 0  # bit 6
        permissions["forms"] = permissions_code & (1 << 9 - 1) != 0  # bit 9
        permissions["accessability"] = permissions_code & (1 << 10 - 1) != 0  # bit 10
        permissions["assemble"] = permissions_code & (1 << 11 - 1) != 0  # bit 11
        permissions["print_high_quality"] = (
            permissions_code & (1 << 12 - 1) != 0
        )  # bit 12
        return permissions

    @property
    def is_encrypted(self) -> bool:
        """
        Read-only boolean property showing whether this PDF file is encrypted.
        Note that this property, if true, will remain true even after the
        :meth:`decrypt()<PyPDF2.PdfReader.decrypt>` method is called.
        """
        return TK.ENCRYPT in self.trailer

    def getIsEncrypted(self) -> bool:  # pragma: no cover
        """
        .. deprecated:: 1.28.0

            Use :py:attr:`is_encrypted` instead.
        """
        deprecate_with_replacement("getIsEncrypted", "is_encrypted")
        return self.is_encrypted

    @property
    def isEncrypted(self) -> bool:  # pragma: no cover
        """
        .. deprecated:: 1.28.0

            Use :py:attr:`is_encrypted` instead.
        """
        deprecate_with_replacement("isEncrypted", "is_encrypted")
        return self.is_encrypted

    @property
    def xfa(self) -> Optional[Dict[str, Any]]:
        tree: Optional[TreeObject] = None
        retval: Dict[str, Any] = {}
        catalog = cast(DictionaryObject, self.trailer[TK.ROOT])

        if "/AcroForm" not in catalog or not catalog["/AcroForm"]:
            return None

        tree = cast(TreeObject, catalog["/AcroForm"])

        if "/XFA" in tree:
            fields = cast(ArrayObject, tree["/XFA"])
            i = iter(fields)
            for f in i:
                tag = f
                f = next(i)
                if isinstance(f, IndirectObject):
                    field = cast(Optional[EncodedStreamObject], f.get_object())
                    if field:
                        es = zlib.decompress(field._data)
                        retval[tag] = es
        return retval

    def _get_indirect_object(self, num: int, gen: int) -> Optional[PdfObject]:
        """
        used to ease development
        equivalent to generic.IndirectObject(num,gen,self).get_object()
        """
        return IndirectObject(num, gen, self).get_object()


class PdfFileReader(PdfReader):  # pragma: no cover
    def __init__(self, *args: Any, **kwargs: Any) -> None:
        deprecate_with_replacement("PdfFileReader", "PdfReader")
        if "strict" not in kwargs and len(args) < 2:
            kwargs["strict"] = True  # maintain the default
        super().__init__(*args, **kwargs)







py-pdf-PyPDF2-95cd474/PyPDF2/_security.py

# Copyright (c) 2006, Mathieu Fenniak
# Copyright (c) 2007, Ashish Kulkarni <kulkarni.ashish@gmail.com>
#
# All rights reserved.
#
# Redistribution and use in source and binary forms, with or without
# modification, are permitted provided that the following conditions are
# met:
#
# * Redistributions of source code must retain the above copyright notice,
# this list of conditions and the following disclaimer.
# * Redistributions in binary form must reproduce the above copyright notice,
# this list of conditions and the following disclaimer in the documentation
# and/or other materials provided with the distribution.
# * The name of the author may not be used to endorse or promote products
# derived from this software without specific prior written permission.
#
# THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS"
# AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
# IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
# ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR CONTRIBUTORS BE
# LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR
# CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF
# SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS
# INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN
# CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
# ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE
# POSSIBILITY OF SUCH DAMAGE.

"""Anything related to encryption / decryption."""

import struct
from hashlib import md5
from typing import Tuple, Union

from ._utils import b_, ord_, str_
from .generic import ByteStringObject

try:
    from typing import Literal  # type: ignore[attr-defined]
except ImportError:
    # PEP 586 introduced typing.Literal with Python 3.8
    # For older Python versions, the backport typing_extensions is necessary:
    from typing_extensions import Literal  # type: ignore[misc]

# ref: pdf1.8 spec section 3.5.2 algorithm 3.2
_encryption_padding = (
    b"\x28\xbf\x4e\x5e\x4e\x75\x8a\x41\x64\x00\x4e\x56"
    b"\xff\xfa\x01\x08\x2e\x2e\x00\xb6\xd0\x68\x3e\x80\x2f\x0c"
    b"\xa9\xfe\x64\x53\x69\x7a"
)


def _alg32(
    password: str,
    rev: Literal[2, 3, 4],
    keylen: int,
    owner_entry: ByteStringObject,
    p_entry: int,
    id1_entry: ByteStringObject,
    metadata_encrypt: bool = True,
) -> bytes:
    """
    Implementation of algorithm 3.2 of the PDF standard security handler.

    See section 3.5.2 of the PDF 1.6 reference.
    """
    # 1. Pad or truncate the password string to exactly 32 bytes.  If the
    # password string is more than 32 bytes long, use only its first 32 bytes;
    # if it is less than 32 bytes long, pad it by appending the required number
    # of additional bytes from the beginning of the padding string
    # (_encryption_padding).
    password_bytes = b_((str_(password) + str_(_encryption_padding))[:32])
    # 2. Initialize the MD5 hash function and pass the result of step 1 as
    # input to this function.
    m = md5(password_bytes)
    # 3. Pass the value of the encryption dictionary's /O entry to the MD5 hash
    # function.
    m.update(owner_entry.original_bytes)
    # 4. Treat the value of the /P entry as an unsigned 4-byte integer and pass
    # these bytes to the MD5 hash function, low-order byte first.
    p_entry_bytes = struct.pack("<i", p_entry)
    m.update(p_entry_bytes)
    # 5. Pass the first element of the file's file identifier array to the MD5
    # hash function.
    m.update(id1_entry.original_bytes)
    # 6. (Revision 3 or greater) If document metadata is not being encrypted,
    # pass 4 bytes with the value 0xFFFFFFFF to the MD5 hash function.
    if rev >= 3 and not metadata_encrypt:
        m.update(b"\xff\xff\xff\xff")
    # 7. Finish the hash.
    md5_hash = m.digest()
    # 8. (Revision 3 or greater) Do the following 50 times: Take the output
    # from the previous MD5 hash and pass the first n bytes of the output as
    # input into a new MD5 hash, where n is the number of bytes of the
    # encryption key as defined by the value of the encryption dictionary's
    # /Length entry.
    if rev >= 3:
        for _ in range(50):
            md5_hash = md5(md5_hash[:keylen]).digest()
    # 9. Set the encryption key to the first n bytes of the output from the
    # final MD5 hash, where n is always 5 for revision 2 but, for revision 3 or
    # greater, depends on the value of the encryption dictionary's /Length
    # entry.
    return md5_hash[:keylen]


def _alg33(owner_pwd: str, user_pwd: str, rev: Literal[2, 3, 4], keylen: int) -> bytes:
    """
    Implementation of algorithm 3.3 of the PDF standard security handler,
    section 3.5.2 of the PDF 1.6 reference.
    """
    # steps 1 - 4
    key = _alg33_1(owner_pwd, rev, keylen)
    # 5. Pad or truncate the user password string as described in step 1 of
    # algorithm 3.2.
    user_pwd_bytes = b_((user_pwd + str_(_encryption_padding))[:32])
    # 6. Encrypt the result of step 5, using an RC4 encryption function with
    # the encryption key obtained in step 4.
    val = RC4_encrypt(key, user_pwd_bytes)
    # 7. (Revision 3 or greater) Do the following 19 times: Take the output
    # from the previous invocation of the RC4 function and pass it as input to
    # a new invocation of the function; use an encryption key generated by
    # taking each byte of the encryption key obtained in step 4 and performing
    # an XOR operation between that byte and the single-byte value of the
    # iteration counter (from 1 to 19).
    if rev >= 3:
        for i in range(1, 20):
            new_key = ""
            for key_char in key:
                new_key += chr(ord_(key_char) ^ i)
            val = RC4_encrypt(new_key, val)
    # 8. Store the output from the final invocation of the RC4 as the value of
    # the /O entry in the encryption dictionary.
    return val


def _alg33_1(password: str, rev: Literal[2, 3, 4], keylen: int) -> bytes:
    """Steps 1-4 of algorithm 3.3"""
    # 1. Pad or truncate the owner password string as described in step 1 of
    # algorithm 3.2.  If there is no owner password, use the user password
    # instead.
    password_bytes = b_((password + str_(_encryption_padding))[:32])
    # 2. Initialize the MD5 hash function and pass the result of step 1 as
    # input to this function.
    m = md5(password_bytes)
    # 3. (Revision 3 or greater) Do the following 50 times: Take the output
    # from the previous MD5 hash and pass it as input into a new MD5 hash.
    md5_hash = m.digest()
    if rev >= 3:
        for _ in range(50):
            md5_hash = md5(md5_hash).digest()
    # 4. Create an RC4 encryption key using the first n bytes of the output
    # from the final MD5 hash, where n is always 5 for revision 2 but, for
    # revision 3 or greater, depends on the value of the encryption
    # dictionary's /Length entry.
    key = md5_hash[:keylen]
    return key


def _alg34(
    password: str,
    owner_entry: ByteStringObject,
    p_entry: int,
    id1_entry: ByteStringObject,
) -> Tuple[bytes, bytes]:
    """
    Implementation of algorithm 3.4 of the PDF standard security handler.

    See section 3.5.2 of the PDF 1.6 reference.
    """
    # 1. Create an encryption key based on the user password string, as
    # described in algorithm 3.2.
    rev: Literal[2] = 2
    keylen = 5
    key = _alg32(password, rev, keylen, owner_entry, p_entry, id1_entry)
    # 2. Encrypt the 32-byte padding string shown in step 1 of algorithm 3.2,
    # using an RC4 encryption function with the encryption key from the
    # preceding step.
    U = RC4_encrypt(key, _encryption_padding)
    # 3. Store the result of step 2 as the value of the /U entry in the
    # encryption dictionary.
    return U, key


def _alg35(
    password: str,
    rev: Literal[2, 3, 4],
    keylen: int,
    owner_entry: ByteStringObject,
    p_entry: int,
    id1_entry: ByteStringObject,
    metadata_encrypt: bool,
) -> Tuple[bytes, bytes]:
    """
    Implementation of algorithm 3.4 of the PDF standard security handler.

    See section 3.5.2 of the PDF 1.6 reference.
    """
    # 1. Create an encryption key based on the user password string, as
    # described in Algorithm 3.2.
    key = _alg32(password, rev, keylen, owner_entry, p_entry, id1_entry)
    # 2. Initialize the MD5 hash function and pass the 32-byte padding string
    # shown in step 1 of Algorithm 3.2 as input to this function.
    m = md5()
    m.update(_encryption_padding)
    # 3. Pass the first element of the file's file identifier array (the value
    # of the ID entry in the document's trailer dictionary; see Table 3.13 on
    # page 73) to the hash function and finish the hash.  (See implementation
    # note 25 in Appendix H.)
    m.update(id1_entry.original_bytes)
    md5_hash = m.digest()
    # 4. Encrypt the 16-byte result of the hash, using an RC4 encryption
    # function with the encryption key from step 1.
    val = RC4_encrypt(key, md5_hash)
    # 5. Do the following 19 times: Take the output from the previous
    # invocation of the RC4 function and pass it as input to a new invocation
    # of the function; use an encryption key generated by taking each byte of
    # the original encryption key (obtained in step 2) and performing an XOR
    # operation between that byte and the single-byte value of the iteration
    # counter (from 1 to 19).
    for i in range(1, 20):
        new_key = b""
        for k in key:
            new_key += b_(chr(ord_(k) ^ i))
        val = RC4_encrypt(new_key, val)
    # 6. Append 16 bytes of arbitrary padding to the output from the final
    # invocation of the RC4 function and store the 32-byte result as the value
    # of the U entry in the encryption dictionary.
    # (implementer note: I don't know what "arbitrary padding" is supposed to
    # mean, so I have used null bytes.  This seems to match a few other
    # people's implementations)
    return val + (b"\x00" * 16), key


def RC4_encrypt(key: Union[str, bytes], plaintext: bytes) -> bytes:  # TODO
    S = list(range(256))
    j = 0
    for i in range(256):
        j = (j + S[i] + ord_(key[i % len(key)])) % 256
        S[i], S[j] = S[j], S[i]
    i, j = 0, 0
    retval = []
    for plaintext_char in plaintext:
        i = (i + 1) % 256
        j = (j + S[i]) % 256
        S[i], S[j] = S[j], S[i]
        t = S[(S[i] + S[j]) % 256]
        retval.append(b_(chr(ord_(plaintext_char) ^ t)))
    return b"".join(retval)
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# Copyright (c) 2006, Mathieu Fenniak
# All rights reserved.
#
# Redistribution and use in source and binary forms, with or without
# modification, are permitted provided that the following conditions are
# met:
#
# * Redistributions of source code must retain the above copyright notice,
# this list of conditions and the following disclaimer.
# * Redistributions in binary form must reproduce the above copyright notice,
# this list of conditions and the following disclaimer in the documentation
# and/or other materials provided with the distribution.
# * The name of the author may not be used to endorse or promote products
# derived from this software without specific prior written permission.
#
# THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS"
# AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
# IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
# ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR CONTRIBUTORS BE
# LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR
# CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF
# SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS
# INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN
# CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
# ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE
# POSSIBILITY OF SUCH DAMAGE.

"""Utility functions for PDF library."""
__author__ = "Mathieu Fenniak"
__author_email__ = "biziqe@mathieu.fenniak.net"

import functools
import logging
import warnings
from codecs import getencoder
from io import (
    DEFAULT_BUFFER_SIZE,
    BufferedReader,
    BufferedWriter,
    BytesIO,
    FileIO,
)
from os import SEEK_CUR
from typing import (
    Any,
    Callable,
    Dict,
    Optional,
    Pattern,
    Tuple,
    Union,
    overload,
)

try:
    # Python 3.10+: https://www.python.org/dev/peps/pep-0484/
    from typing import TypeAlias  # type: ignore[attr-defined]
except ImportError:
    from typing_extensions import TypeAlias

from .errors import STREAM_TRUNCATED_PREMATURELY, PdfStreamError

TransformationMatrixType: TypeAlias = Tuple[
    Tuple[float, float, float], Tuple[float, float, float], Tuple[float, float, float]
]
CompressedTransformationMatrix: TypeAlias = Tuple[
    float, float, float, float, float, float
]

StreamType = Union[BytesIO, BufferedReader, BufferedWriter, FileIO]
StrByteType = Union[str, StreamType]

DEPR_MSG_NO_REPLACEMENT = "{} is deprecated and will be removed in PyPDF2 {}."
DEPR_MSG = "{} is deprecated and will be removed in PyPDF2 3.0.0. Use {} instead."


def _get_max_pdf_version_header(header1: bytes, header2: bytes) -> bytes:
    versions = (
        b"%PDF-1.3",
        b"%PDF-1.4",
        b"%PDF-1.5",
        b"%PDF-1.6",
        b"%PDF-1.7",
        b"%PDF-2.0",
    )
    pdf_header_indices = []
    if header1 in versions:
        pdf_header_indices.append(versions.index(header1))
    if header2 in versions:
        pdf_header_indices.append(versions.index(header2))
    if len(pdf_header_indices) == 0:
        raise ValueError(f"neither {header1!r} nor {header2!r} are proper headers")
    return versions[max(pdf_header_indices)]


def read_until_whitespace(stream: StreamType, maxchars: Optional[int] = None) -> bytes:
    """
    Read non-whitespace characters and return them.

    Stops upon encountering whitespace or when maxchars is reached.
    """
    txt = b""
    while True:
        tok = stream.read(1)
        if tok.isspace() or not tok:
            break
        txt += tok
        if len(txt) == maxchars:
            break
    return txt


def read_non_whitespace(stream: StreamType) -> bytes:
    """Find and read the next non-whitespace character (ignores whitespace)."""
    tok = stream.read(1)
    while tok in WHITESPACES:
        tok = stream.read(1)
    return tok


def skip_over_whitespace(stream: StreamType) -> bool:
    """
    Similar to read_non_whitespace, but return a Boolean if more than
    one whitespace character was read.
    """
    tok = WHITESPACES[0]
    cnt = 0
    while tok in WHITESPACES:
        tok = stream.read(1)
        cnt += 1
    return cnt > 1


def skip_over_comment(stream: StreamType) -> None:
    tok = stream.read(1)
    stream.seek(-1, 1)
    if tok == b"%":
        while tok not in (b"\n", b"\r"):
            tok = stream.read(1)


def read_until_regex(
    stream: StreamType, regex: Pattern[bytes], ignore_eof: bool = False
) -> bytes:
    """
    Read until the regular expression pattern matched (ignore the match).

    :raises PdfStreamError: on premature end-of-file
    :param bool ignore_eof: If true, ignore end-of-line and return immediately
    :param regex: re.Pattern
    """
    name = b""
    while True:
        tok = stream.read(16)
        if not tok:
            if ignore_eof:
                return name
            raise PdfStreamError(STREAM_TRUNCATED_PREMATURELY)
        m = regex.search(tok)
        if m is not None:
            name += tok[: m.start()]
            stream.seek(m.start() - len(tok), 1)
            break
        name += tok
    return name


def read_block_backwards(stream: StreamType, to_read: int) -> bytes:
    """
    Given a stream at position X, read a block of size to_read ending at position X.

    This changes the stream's position to the beginning of where the block was
    read.
    """
    if stream.tell() < to_read:
        raise PdfStreamError("Could not read malformed PDF file")
    # Seek to the start of the block we want to read.
    stream.seek(-to_read, SEEK_CUR)
    read = stream.read(to_read)
    # Seek to the start of the block we read after reading it.
    stream.seek(-to_read, SEEK_CUR)
    return read


def read_previous_line(stream: StreamType) -> bytes:
    """
    Given a byte stream with current position X, return the previous line.

    All characters between the first CR/LF byte found before X
    (or, the start of the file, if no such byte is found) and position X
    After this call, the stream will be positioned one byte after the
    first non-CRLF character found beyond the first CR/LF byte before X,
    or, if no such byte is found, at the beginning of the stream.
    """
    line_content = []
    found_crlf = False
    if stream.tell() == 0:
        raise PdfStreamError(STREAM_TRUNCATED_PREMATURELY)
    while True:
        to_read = min(DEFAULT_BUFFER_SIZE, stream.tell())
        if to_read == 0:
            break
        # Read the block. After this, our stream will be one
        # beyond the initial position.
        block = read_block_backwards(stream, to_read)
        idx = len(block) - 1
        if not found_crlf:
            # We haven't found our first CR/LF yet.
            # Read off characters until we hit one.
            while idx >= 0 and block[idx] not in b"\r\n":
                idx -= 1
            if idx >= 0:
                found_crlf = True
        if found_crlf:
            # We found our first CR/LF already (on this block or
            # a previous one).
            # Our combined line is the remainder of the block
            # plus any previously read blocks.
            line_content.append(block[idx + 1 :])
            # Continue to read off any more CRLF characters.
            while idx >= 0 and block[idx] in b"\r\n":
                idx -= 1
        else:
            # Didn't find CR/LF yet - add this block to our
            # previously read blocks and continue.
            line_content.append(block)
        if idx >= 0:
            # We found the next non-CRLF character.
            # Set the stream position correctly, then break
            stream.seek(idx + 1, SEEK_CUR)
            break
    # Join all the blocks in the line (which are in reverse order)
    return b"".join(line_content[::-1])


def matrix_multiply(
    a: TransformationMatrixType, b: TransformationMatrixType
) -> TransformationMatrixType:
    return tuple(  # type: ignore[return-value]
        tuple(sum(float(i) * float(j) for i, j in zip(row, col)) for col in zip(*b))
        for row in a
    )


def mark_location(stream: StreamType) -> None:
    """Create text file showing current location in context."""
    # Mainly for debugging
    radius = 5000
    stream.seek(-radius, 1)
    with open("PyPDF2_pdfLocation.txt", "wb") as output_fh:
        output_fh.write(stream.read(radius))
        output_fh.write(b"HERE")
        output_fh.write(stream.read(radius))
    stream.seek(-radius, 1)


B_CACHE: Dict[Union[str, bytes], bytes] = {}


def b_(s: Union[str, bytes]) -> bytes:
    bc = B_CACHE
    if s in bc:
        return bc[s]
    if isinstance(s, bytes):
        return s
    try:
        r = s.encode("latin-1")
        if len(s) < 2:
            bc[s] = r
        return r
    except Exception:
        r = s.encode("utf-8")
        if len(s) < 2:
            bc[s] = r
        return r


@overload
def str_(b: str) -> str:
    ...


@overload
def str_(b: bytes) -> str:
    ...


def str_(b: Union[str, bytes]) -> str:
    if isinstance(b, bytes):
        return b.decode("latin-1")
    else:
        return b


@overload
def ord_(b: str) -> int:
    ...


@overload
def ord_(b: bytes) -> bytes:
    ...


@overload
def ord_(b: int) -> int:
    ...


def ord_(b: Union[int, str, bytes]) -> Union[int, bytes]:
    if isinstance(b, str):
        return ord(b)
    return b


def hexencode(b: bytes) -> bytes:

    coder = getencoder("hex_codec")
    coded = coder(b)  # type: ignore
    return coded[0]


def hex_str(num: int) -> str:
    return hex(num).replace("L", "")


WHITESPACES = (b" ", b"\n", b"\r", b"\t", b"\x00")


def paeth_predictor(left: int, up: int, up_left: int) -> int:
    p = left + up - up_left
    dist_left = abs(p - left)
    dist_up = abs(p - up)
    dist_up_left = abs(p - up_left)

    if dist_left <= dist_up and dist_left <= dist_up_left:
        return left
    elif dist_up <= dist_up_left:
        return up
    else:
        return up_left


def deprecate(msg: str, stacklevel: int = 3) -> None:
    warnings.warn(msg, PendingDeprecationWarning, stacklevel=stacklevel)


def deprecate_with_replacement(
    old_name: str, new_name: str, removed_in: str = "3.0.0"
) -> None:
    deprecate(DEPR_MSG.format(old_name, new_name, removed_in), 4)


def deprecate_no_replacement(name: str, removed_in: str = "3.0.0") -> None:
    deprecate(DEPR_MSG_NO_REPLACEMENT.format(name, removed_in), 4)


def logger_warning(msg: str, src: str) -> None:
    """
    Use this instead of logger.warning directly.

    That allows people to overwrite it more easily.

    ## Exception, warnings.warn, logger_warning
    - Exceptions should be used if the user should write code that deals with
      an error case, e.g. the PDF being completely broken.
    - warnings.warn should be used if the user needs to fix their code, e.g.
      DeprecationWarnings
    - logger_warning should be used if the user needs to know that an issue was
      handled by PyPDF2, e.g. a non-compliant PDF being read in a way that
      PyPDF2 could apply a robustness fix to still read it. This applies mainly
      to strict=False mode.
    """
    logging.getLogger(src).warning(msg)


def deprecate_bookmark(**aliases: str) -> Callable:
    """
    Decorator for deprecated term "bookmark"
    To be used for methods and function arguments
        outline_item = a bookmark
        outline = a collection of outline items
    """

    def decoration(func: Callable):  # type: ignore
        @functools.wraps(func)
        def wrapper(*args, **kwargs):  # type: ignore
            rename_kwargs(func.__name__, kwargs, aliases)
            return func(*args, **kwargs)

        return wrapper

    return decoration


def rename_kwargs(  # type: ignore
    func_name: str, kwargs: Dict[str, Any], aliases: Dict[str, str]
):
    """
    Helper function to deprecate arguments.
    """

    for old_term, new_term in aliases.items():
        if old_term in kwargs:
            if new_term in kwargs:
                raise TypeError(
                    f"{func_name} received both {old_term} and {new_term} as an argument. "
                    f"{old_term} is deprecated. Use {new_term} instead."
                )
            kwargs[new_term] = kwargs.pop(old_term)
            warnings.warn(
                message=(
                    f"{old_term} is deprecated as an argument. Use {new_term} instead"
                )
            )
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__version__ = "2.10.6"
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# Copyright (c) 2006, Mathieu Fenniak
# Copyright (c) 2007, Ashish Kulkarni <kulkarni.ashish@gmail.com>
#
# All rights reserved.
#
# Redistribution and use in source and binary forms, with or without
# modification, are permitted provided that the following conditions are
# met:
#
# * Redistributions of source code must retain the above copyright notice,
# this list of conditions and the following disclaimer.
# * Redistributions in binary form must reproduce the above copyright notice,
# this list of conditions and the following disclaimer in the documentation
# and/or other materials provided with the distribution.
# * The name of the author may not be used to endorse or promote products
# derived from this software without specific prior written permission.
#
# THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS"
# AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
# IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
# ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR CONTRIBUTORS BE
# LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR
# CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF
# SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS
# INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN
# CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
# ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE
# POSSIBILITY OF SUCH DAMAGE.

import codecs
import collections
import decimal
import logging
import random
import struct
import time
import uuid
from hashlib import md5
from io import BufferedReader, BufferedWriter, BytesIO, FileIO
from pathlib import Path
from types import TracebackType
from typing import (
    Any,
    Callable,
    Deque,
    Dict,
    List,
    Optional,
    Tuple,
    Type,
    Union,
    cast,
)

from ._page import PageObject, _VirtualList
from ._reader import PdfReader
from ._security import _alg33, _alg34, _alg35
from ._utils import (
    StrByteType,
    StreamType,
    _get_max_pdf_version_header,
    b_,
    deprecate_bookmark,
    deprecate_with_replacement,
    logger_warning,
)
from .constants import AnnotationDictionaryAttributes
from .constants import CatalogAttributes as CA
from .constants import CatalogDictionary
from .constants import Core as CO
from .constants import EncryptionDictAttributes as ED
from .constants import (
    FieldDictionaryAttributes,
    FieldFlag,
    FileSpecificationDictionaryEntries,
    GoToActionArguments,
    InteractiveFormDictEntries,
)
from .constants import PageAttributes as PG
from .constants import PagesAttributes as PA
from .constants import StreamAttributes as SA
from .constants import TrailerKeys as TK
from .constants import TypFitArguments, UserAccessPermissions
from .generic import (
    AnnotationBuilder,
    ArrayObject,
    BooleanObject,
    ByteStringObject,
    ContentStream,
    DecodedStreamObject,
    Destination,
    DictionaryObject,
    FloatObject,
    IndirectObject,
    NameObject,
    NullObject,
    NumberObject,
    PdfObject,
    RectangleObject,
    StreamObject,
    TextStringObject,
    TreeObject,
    create_string_object,
    hex_to_rgb,
)
from .types import (
    BorderArrayType,
    FitType,
    LayoutType,
    OutlineItemType,
    PagemodeType,
    ZoomArgsType,
    ZoomArgType,
)

logger = logging.getLogger(__name__)


OPTIONAL_READ_WRITE_FIELD = FieldFlag(0)
ALL_DOCUMENT_PERMISSIONS = UserAccessPermissions((2**31 - 1) - 3)


class PdfWriter:
    """
    This class supports writing PDF files out, given pages produced by another
    class (typically :class:`PdfReader<PyPDF2.PdfReader>`).
    """

    def __init__(self, fileobj: StrByteType = "") -> None:
        self._header = b"%PDF-1.3"
        self._objects: List[Optional[PdfObject]] = []  # array of indirect objects
        self._idnum_hash: Dict[bytes, IndirectObject] = {}

        # The root of our page tree node.
        pages = DictionaryObject()
        pages.update(
            {
                NameObject(PA.TYPE): NameObject("/Pages"),
                NameObject(PA.COUNT): NumberObject(0),
                NameObject(PA.KIDS): ArrayObject(),
            }
        )
        self._pages = self._add_object(pages)

        # info object
        info = DictionaryObject()
        info.update(
            {
                NameObject("/Producer"): create_string_object(
                    codecs.BOM_UTF16_BE + "PyPDF2".encode("utf-16be")
                )
            }
        )
        self._info = self._add_object(info)

        # root object
        root = DictionaryObject()
        root.update(
            {
                NameObject(PA.TYPE): NameObject(CO.CATALOG),
                NameObject(CO.PAGES): self._pages,
            }
        )
        self._root: Optional[IndirectObject] = None
        self._root_object = root
        self.fileobj = fileobj
        self.with_as_usage = False

    def __enter__(self) -> "PdfWriter":
        """Store that writer is initialized by 'with'."""
        self.with_as_usage = True
        return self

    def __exit__(
        self,
        exc_type: Optional[Type[BaseException]],
        exc: Optional[BaseException],
        traceback: Optional[TracebackType],
    ) -> None:
        """Write data to the fileobj."""
        if self.fileobj:
            self.write(self.fileobj)

    @property
    def pdf_header(self) -> bytes:
        """
        Header of the PDF document that is written.

        This should be something like b'%PDF-1.5'. It is recommended to set the
        lowest version that supports all features which are used within the
        PDF file.
        """
        return self._header

    @pdf_header.setter
    def pdf_header(self, new_header: bytes) -> None:
        self._header = new_header

    def _add_object(self, obj: Optional[PdfObject]) -> IndirectObject:
        self._objects.append(obj)
        return IndirectObject(len(self._objects), 0, self)

    def get_object(self, ido: IndirectObject) -> PdfObject:
        if ido.pdf != self:
            raise ValueError("pdf must be self")
        return self._objects[ido.idnum - 1]  # type: ignore

    def getObject(self, ido: IndirectObject) -> PdfObject:  # pragma: no cover
        """
        .. deprecated:: 1.28.0

            Use :meth:`get_object` instead.
        """
        deprecate_with_replacement("getObject", "get_object")
        return self.get_object(ido)

    def _add_page(
        self, page: PageObject, action: Callable[[Any, IndirectObject], None]
    ) -> None:
        assert cast(str, page[PA.TYPE]) == CO.PAGE
        if page.pdf is not None:
            other = page.pdf.pdf_header
            if isinstance(other, str):
                other = other.encode()  # type: ignore
            self.pdf_header = _get_max_pdf_version_header(self.pdf_header, other)  # type: ignore
        page[NameObject(PA.PARENT)] = self._pages
        page_ind = self._add_object(page)
        pages = cast(DictionaryObject, self.get_object(self._pages))
        action(pages[PA.KIDS], page_ind)
        page_count = cast(int, pages[PA.COUNT])
        pages[NameObject(PA.COUNT)] = NumberObject(page_count + 1)

    def set_need_appearances_writer(self) -> None:
        # See 12.7.2 and 7.7.2 for more information:
        # http://www.adobe.com/content/dam/acom/en/devnet/acrobat/pdfs/PDF32000_2008.pdf
        try:
            catalog = self._root_object
            # get the AcroForm tree
            if CatalogDictionary.ACRO_FORM not in catalog:
                self._root_object.update(
                    {
                        NameObject(CatalogDictionary.ACRO_FORM): IndirectObject(
                            len(self._objects), 0, self
                        )
                    }
                )

            need_appearances = NameObject(InteractiveFormDictEntries.NeedAppearances)
            self._root_object[CatalogDictionary.ACRO_FORM][need_appearances] = BooleanObject(True)  # type: ignore
        except Exception as exc:
            logger.error("set_need_appearances_writer() catch : ", repr(exc))

    def add_page(self, page: PageObject) -> None:
        """
        Add a page to this PDF file.

        The page is usually acquired from a :class:`PdfReader<PyPDF2.PdfReader>`
        instance.

        :param PageObject page: The page to add to the document. Should be
            an instance of :class:`PageObject<PyPDF2._page.PageObject>`
        """
        self._add_page(page, list.append)

    def addPage(self, page: PageObject) -> None:  # pragma: no cover
        """
        .. deprecated:: 1.28.0

            Use :meth:`add_page` instead.
        """
        deprecate_with_replacement("addPage", "add_page")
        self.add_page(page)

    def insert_page(self, page: PageObject, index: int = 0) -> None:
        """
        Insert a page in this PDF file. The page is usually acquired from a
        :class:`PdfReader<PyPDF2.PdfReader>` instance.

        :param PageObject page: The page to add to the document.
        :param int index: Position at which the page will be inserted.
        """
        self._add_page(page, lambda l, p: l.insert(index, p))

    def insertPage(self, page: PageObject, index: int = 0) -> None:  # pragma: no cover
        """
        .. deprecated:: 1.28.0

            Use :meth:`insert_page` instead.
        """
        deprecate_with_replacement("insertPage", "insert_page")
        self.insert_page(page, index)

    def get_page(
        self, page_number: Optional[int] = None, pageNumber: Optional[int] = None
    ) -> PageObject:
        """
        Retrieve a page by number from this PDF file.

        :param int page_number: The page number to retrieve
            (pages begin at zero)
        :return: the page at the index given by *page_number*
        """
        if pageNumber is not None:  # pragma: no cover
            if page_number is not None:
                raise ValueError("Please only use the page_number parameter")
            deprecate_with_replacement(
                "get_page(pageNumber)", "get_page(page_number)", "4.0.0"
            )
            page_number = pageNumber
        if page_number is None and pageNumber is None:  # pragma: no cover
            raise ValueError("Please specify the page_number")
        pages = cast(Dict[str, Any], self.get_object(self._pages))
        # TODO: crude hack
        return cast(PageObject, pages[PA.KIDS][page_number].get_object())

    def getPage(self, pageNumber: int) -> PageObject:  # pragma: no cover
        """
        .. deprecated:: 1.28.0

            Use :code:`writer.pages[page_number]` instead.
        """
        deprecate_with_replacement("getPage", "writer.pages[page_number]")
        return self.get_page(pageNumber)

    def _get_num_pages(self) -> int:
        pages = cast(Dict[str, Any], self.get_object(self._pages))
        return int(pages[NameObject("/Count")])

    def getNumPages(self) -> int:  # pragma: no cover
        """
        .. deprecated:: 1.28.0

            Use :code:`len(writer.pages)` instead.
        """
        deprecate_with_replacement("getNumPages", "len(writer.pages)")
        return self._get_num_pages()

    @property
    def pages(self) -> List[PageObject]:
        """Property that emulates a list of :class:`PageObject<PyPDF2._page.PageObject>`."""
        return _VirtualList(self._get_num_pages, self.get_page)  # type: ignore

    def add_blank_page(
        self, width: Optional[float] = None, height: Optional[float] = None
    ) -> PageObject:
        """
        Append a blank page to this PDF file and returns it. If no page size
        is specified, use the size of the last page.

        :param float width: The width of the new page expressed in default user
            space units.
        :param float height: The height of the new page expressed in default
            user space units.
        :return: the newly appended page
        :raises PageSizeNotDefinedError: if width and height are not defined
            and previous page does not exist.
        """
        page = PageObject.create_blank_page(self, width, height)
        self.add_page(page)
        return page

    def addBlankPage(
        self, width: Optional[float] = None, height: Optional[float] = None
    ) -> PageObject:  # pragma: no cover
        """
        .. deprecated:: 1.28.0

            Use :meth:`add_blank_page` instead.
        """
        deprecate_with_replacement("addBlankPage", "add_blank_page")
        return self.add_blank_page(width, height)

    def insert_blank_page(
        self,
        width: Optional[decimal.Decimal] = None,
        height: Optional[decimal.Decimal] = None,
        index: int = 0,
    ) -> PageObject:
        """
        Insert a blank page to this PDF file and returns it. If no page size
        is specified, use the size of the last page.

        :param float width: The width of the new page expressed in default user
            space units.
        :param float height: The height of the new page expressed in default
            user space units.
        :param int index: Position to add the page.
        :return: the newly appended page
        :raises PageSizeNotDefinedError: if width and height are not defined
            and previous page does not exist.
        """
        if width is None or height is None and (self._get_num_pages() - 1) >= index:
            oldpage = self.pages[index]
            width = oldpage.mediabox.width
            height = oldpage.mediabox.height
        page = PageObject.create_blank_page(self, width, height)
        self.insert_page(page, index)
        return page

    def insertBlankPage(
        self,
        width: Optional[decimal.Decimal] = None,
        height: Optional[decimal.Decimal] = None,
        index: int = 0,
    ) -> PageObject:  # pragma: no cover
        """
        .. deprecated:: 1.28.0

            Use :meth:`insertBlankPage` instead.
        """
        deprecate_with_replacement("insertBlankPage", "insert_blank_page")
        return self.insert_blank_page(width, height, index)

    def add_js(self, javascript: str) -> None:
        """
        Add Javascript which will launch upon opening this PDF.

        :param str javascript: Your Javascript.

        >>> output.add_js("this.print({bUI:true,bSilent:false,bShrinkToFit:true});")
        # Example: This will launch the print window when the PDF is opened.
        """
        js = DictionaryObject()
        js.update(
            {
                NameObject(PA.TYPE): NameObject("/Action"),
                NameObject("/S"): NameObject("/JavaScript"),
                NameObject("/JS"): NameObject(f"({javascript})"),
            }
        )
        js_indirect_object = self._add_object(js)

        # We need a name for parameterized javascript in the pdf file, but it can be anything.
        js_string_name = str(uuid.uuid4())

        js_name_tree = DictionaryObject()
        js_name_tree.update(
            {
                NameObject("/JavaScript"): DictionaryObject(
                    {
                        NameObject(CA.NAMES): ArrayObject(
                            [create_string_object(js_string_name), js_indirect_object]
                        )
                    }
                )
            }
        )
        self._add_object(js_name_tree)

        self._root_object.update(
            {
                NameObject("/OpenAction"): js_indirect_object,
                NameObject(CA.NAMES): js_name_tree,
            }
        )

    def addJS(self, javascript: str) -> None:  # pragma: no cover
        """
        .. deprecated:: 1.28.0

            Use :meth:`add_js` instead.
        """
        deprecate_with_replacement("addJS", "add_js")
        return self.add_js(javascript)

    def add_attachment(self, filename: str, data: Union[str, bytes]) -> None:
        """
        Embed a file inside the PDF.

        :param str filename: The filename to display.
        :param str data: The data in the file.

        Reference:
        https://www.adobe.com/content/dam/Adobe/en/devnet/acrobat/pdfs/PDF32000_2008.pdf
        Section 7.11.3
        """
        # We need three entries:
        # * The file's data
        # * The /Filespec entry
        # * The file's name, which goes in the Catalog

        # The entry for the file
        # Sample:
        # 8 0 obj
        # <<
        #  /Length 12
        #  /Type /EmbeddedFile
        # >>
        # stream
        # Hello world!
        # endstream
        # endobj

        file_entry = DecodedStreamObject()
        file_entry.set_data(data)
        file_entry.update({NameObject(PA.TYPE): NameObject("/EmbeddedFile")})

        # The Filespec entry
        # Sample:
        # 7 0 obj
        # <<
        #  /Type /Filespec
        #  /F (hello.txt)
        #  /EF << /F 8 0 R >>
        # >>

        ef_entry = DictionaryObject()
        ef_entry.update({NameObject("/F"): file_entry})

        filespec = DictionaryObject()
        filespec.update(
            {
                NameObject(PA.TYPE): NameObject("/Filespec"),
                NameObject(FileSpecificationDictionaryEntries.F): create_string_object(
                    filename
                ),  # Perhaps also try TextStringObject
                NameObject(FileSpecificationDictionaryEntries.EF): ef_entry,
            }
        )

        # Then create the entry for the root, as it needs a reference to the Filespec
        # Sample:
        # 1 0 obj
        # <<
        #  /Type /Catalog
        #  /Outlines 2 0 R
        #  /Pages 3 0 R
        #  /Names << /EmbeddedFiles << /Names [(hello.txt) 7 0 R] >> >>
        # >>
        # endobj

        embedded_files_names_dictionary = DictionaryObject()
        embedded_files_names_dictionary.update(
            {
                NameObject(CA.NAMES): ArrayObject(
                    [create_string_object(filename), filespec]
                )
            }
        )

        embedded_files_dictionary = DictionaryObject()
        embedded_files_dictionary.update(
            {NameObject("/EmbeddedFiles"): embedded_files_names_dictionary}
        )
        # Update the root
        self._root_object.update({NameObject(CA.NAMES): embedded_files_dictionary})

    def addAttachment(
        self, fname: str, fdata: Union[str, bytes]
    ) -> None:  # pragma: no cover
        """
        .. deprecated:: 1.28.0

            Use :meth:`add_attachment` instead.
        """
        deprecate_with_replacement("addAttachment", "add_attachment")
        return self.add_attachment(fname, fdata)

    def append_pages_from_reader(
        self,
        reader: PdfReader,
        after_page_append: Optional[Callable[[PageObject], None]] = None,
    ) -> None:
        """
        Copy pages from reader to writer. Includes an optional callback parameter
        which is invoked after pages are appended to the writer.

        :param PdfReader reader: a PdfReader object from which to copy page
            annotations to this writer object.  The writer's annots
            will then be updated
        :param Callable[[PageObject], None] after_page_append:
            Callback function that is invoked after each page is appended to
            the writer. Signature includes a reference to the appended page
            (delegates to append_pages_from_reader). The single parameter of the
            callback is a reference to the page just appended to the document.
        """
        # Get page count from writer and reader
        reader_num_pages = len(reader.pages)
        writer_num_pages = len(self.pages)

        # Copy pages from reader to writer
        for rpagenum in range(reader_num_pages):
            reader_page = reader.pages[rpagenum]
            self.add_page(reader_page)
            writer_page = self.pages[writer_num_pages + rpagenum]
            # Trigger callback, pass writer page as parameter
            if callable(after_page_append):
                after_page_append(writer_page)

    def appendPagesFromReader(
        self,
        reader: PdfReader,
        after_page_append: Optional[Callable[[PageObject], None]] = None,
    ) -> None:  # pragma: no cover
        """
        .. deprecated:: 1.28.0

            Use :meth:`append_pages_from_reader` instead.
        """
        deprecate_with_replacement("appendPagesFromReader", "append_pages_from_reader")
        self.append_pages_from_reader(reader, after_page_append)

    def update_page_form_field_values(
        self,
        page: PageObject,
        fields: Dict[str, Any],
        flags: FieldFlag = OPTIONAL_READ_WRITE_FIELD,
    ) -> None:
        """
        Update the form field values for a given page from a fields dictionary.

        Copy field texts and values from fields to page.
        If the field links to a parent object, add the information to the parent.

        :param PageObject page: Page reference from PDF writer where the
            annotations and field data will be updated.
        :param dict fields: a Python dictionary of field names (/T) and text
            values (/V)
        :param int flags: An integer (0 to 7). The first bit sets ReadOnly, the
            second bit sets Required, the third bit sets NoExport. See
            PDF Reference Table 8.70 for details.
        """
        self.set_need_appearances_writer()
        # Iterate through pages, update field values
        for j in range(len(page[PG.ANNOTS])):  # type: ignore
            writer_annot = page[PG.ANNOTS][j].get_object()  # type: ignore
            # retrieve parent field values, if present
            writer_parent_annot = {}  # fallback if it's not there
            if PG.PARENT in writer_annot:
                writer_parent_annot = writer_annot[PG.PARENT]
            for field in fields:
                if writer_annot.get(FieldDictionaryAttributes.T) == field:
                    if writer_annot.get(FieldDictionaryAttributes.FT) == "/Btn":
                        writer_annot.update(
                            {
                                NameObject(
                                    AnnotationDictionaryAttributes.AS
                                ): NameObject(fields[field])
                            }
                        )
                    writer_annot.update(
                        {
                            NameObject(FieldDictionaryAttributes.V): TextStringObject(
                                fields[field]
                            )
                        }
                    )
                    if flags:
                        writer_annot.update(
                            {
                                NameObject(FieldDictionaryAttributes.Ff): NumberObject(
                                    flags
                                )
                            }
                        )
                elif writer_parent_annot.get(FieldDictionaryAttributes.T) == field:
                    writer_parent_annot.update(
                        {
                            NameObject(FieldDictionaryAttributes.V): TextStringObject(
                                fields[field]
                            )
                        }
                    )

    def updatePageFormFieldValues(
        self,
        page: PageObject,
        fields: Dict[str, Any],
        flags: FieldFlag = OPTIONAL_READ_WRITE_FIELD,
    ) -> None:  # pragma: no cover
        """
        .. deprecated:: 1.28.0

            Use :meth:`update_page_form_field_values` instead.
        """
        deprecate_with_replacement(
            "updatePageFormFieldValues", "update_page_form_field_values"
        )
        return self.update_page_form_field_values(page, fields, flags)

    def clone_reader_document_root(self, reader: PdfReader) -> None:
        """
        Copy the reader document root to the writer.

        :param reader:  PdfReader from the document root should be copied.
        """
        self._root_object = cast(DictionaryObject, reader.trailer[TK.ROOT])

    def cloneReaderDocumentRoot(self, reader: PdfReader) -> None:  # pragma: no cover
        """
        .. deprecated:: 1.28.0

            Use :meth:`clone_reader_document_root` instead.
        """
        deprecate_with_replacement(
            "cloneReaderDocumentRoot", "clone_reader_document_root"
        )
        self.clone_reader_document_root(reader)

    def clone_document_from_reader(
        self,
        reader: PdfReader,
        after_page_append: Optional[Callable[[PageObject], None]] = None,
    ) -> None:
        """
        Create a copy (clone) of a document from a PDF file reader

        :param reader: PDF file reader instance from which the clone
            should be created.
        :param Callable[[PageObject], None] after_page_append:
            Callback function that is invoked after each page is appended to
            the writer. Signature includes a reference to the appended page
            (delegates to append_pages_from_reader). The single parameter of the
            callback is a reference to the page just appended to the document.
        """
        self.clone_reader_document_root(reader)
        self.append_pages_from_reader(reader, after_page_append)

    def cloneDocumentFromReader(
        self,
        reader: PdfReader,
        after_page_append: Optional[Callable[[PageObject], None]] = None,
    ) -> None:  # pragma: no cover
        """
        .. deprecated:: 1.28.0

            Use :meth:`clone_document_from_reader` instead.
        """
        deprecate_with_replacement(
            "cloneDocumentFromReader", "clone_document_from_reader"
        )
        self.clone_document_from_reader(reader, after_page_append)

    def encrypt(
        self,
        user_pwd: str,
        owner_pwd: Optional[str] = None,
        use_128bit: bool = True,
        permissions_flag: UserAccessPermissions = ALL_DOCUMENT_PERMISSIONS,
    ) -> None:
        """
        Encrypt this PDF file with the PDF Standard encryption handler.

        :param str user_pwd: The "user password", which allows for opening
            and reading the PDF file with the restrictions provided.
        :param str owner_pwd: The "owner password", which allows for
            opening the PDF files without any restrictions.  By default,
            the owner password is the same as the user password.
        :param bool use_128bit: flag as to whether to use 128bit
            encryption.  When false, 40bit encryption will be used.  By default,
            this flag is on.
        :param unsigned int permissions_flag: permissions as described in
            TABLE 3.20 of the PDF 1.7 specification. A bit value of 1 means the
            permission is grantend. Hence an integer value of -1 will set all
            flags.
            Bit position 3 is for printing, 4 is for modifying content, 5 and 6
            control annotations, 9 for form fields, 10 for extraction of
            text and graphics.
        """
        if owner_pwd is None:
            owner_pwd = user_pwd
        if use_128bit:
            V = 2
            rev = 3
            keylen = int(128 / 8)
        else:
            V = 1
            rev = 2
            keylen = int(40 / 8)
        P = permissions_flag
        O = ByteStringObject(_alg33(owner_pwd, user_pwd, rev, keylen))  # type: ignore[arg-type]
        ID_1 = ByteStringObject(md5((repr(time.time())).encode("utf8")).digest())
        ID_2 = ByteStringObject(md5((repr(random.random())).encode("utf8")).digest())
        self._ID = ArrayObject((ID_1, ID_2))
        if rev == 2:
            U, key = _alg34(user_pwd, O, P, ID_1)
        else:
            assert rev == 3
            U, key = _alg35(user_pwd, rev, keylen, O, P, ID_1, False)  # type: ignore[arg-type]
        encrypt = DictionaryObject()
        encrypt[NameObject(SA.FILTER)] = NameObject("/Standard")
        encrypt[NameObject("/V")] = NumberObject(V)
        if V == 2:
            encrypt[NameObject(SA.LENGTH)] = NumberObject(keylen * 8)
        encrypt[NameObject(ED.R)] = NumberObject(rev)
        encrypt[NameObject(ED.O)] = ByteStringObject(O)
        encrypt[NameObject(ED.U)] = ByteStringObject(U)
        encrypt[NameObject(ED.P)] = NumberObject(P)
        self._encrypt = self._add_object(encrypt)
        self._encrypt_key = key

    def write_stream(self, stream: StreamType) -> None:
        if hasattr(stream, "mode") and "b" not in stream.mode:
            logger_warning(
                f"File <{stream.name}> to write to is not in binary mode. "  # type: ignore
                "It may not be written to correctly.",
                __name__,
            )

        if not self._root:
            self._root = self._add_object(self._root_object)

        # PDF objects sometimes have circular references to their /Page objects
        # inside their object tree (for example, annotations).  Those will be
        # indirect references to objects that we've recreated in this PDF.  To
        # address this problem, PageObject's store their original object
        # reference number, and we add it to the external reference map before
        # we sweep for indirect references.  This forces self-page-referencing
        # trees to reference the correct new object location, rather than
        # copying in a new copy of the page object.
        self._sweep_indirect_references(self._root)

        object_positions = self._write_header(stream)
        xref_location = self._write_xref_table(stream, object_positions)
        self._write_trailer(stream)
        stream.write(b_(f"\nstartxref\n{xref_location}\n%%EOF\n"))  # eof

    def write(
        self, stream: Union[Path, StrByteType]
    ) -> Tuple[bool, Union[FileIO, BytesIO, BufferedReader, BufferedWriter]]:
        """
        Write the collection of pages added to this object out as a PDF file.

        :param stream: An object to write the file to.  The object can support
            the write method and the tell method, similar to a file object, or
            be a file path, just like the fileobj, just named it stream to keep
            existing workflow.
        """
        my_file = False

        if stream == "":
            raise ValueError(f"Output(stream={stream}) is empty.")

        if isinstance(stream, (str, Path)):
            stream = FileIO(stream, "wb")
            my_file = True

        self.write_stream(stream)

        if self.with_as_usage:
            stream.close()

        return my_file, stream

    def _write_header(self, stream: StreamType) -> List[int]:
        object_positions = []
        stream.write(self.pdf_header + b"\n")
        stream.write(b"%\xE2\xE3\xCF\xD3\n")
        for i, obj in enumerate(self._objects):
            obj = self._objects[i]
            # If the obj is None we can't write anything
            if obj is not None:
                idnum = i + 1
                object_positions.append(stream.tell())
                stream.write(b_(str(idnum)) + b" 0 obj\n")
                key = None
                if hasattr(self, "_encrypt") and idnum != self._encrypt.idnum:
                    pack1 = struct.pack("<i", i + 1)[:3]
                    pack2 = struct.pack("<i", 0)[:2]
                    key = self._encrypt_key + pack1 + pack2
                    assert len(key) == (len(self._encrypt_key) + 5)
                    md5_hash = md5(key).digest()
                    key = md5_hash[: min(16, len(self._encrypt_key) + 5)]
                obj.write_to_stream(stream, key)
                stream.write(b"\nendobj\n")
        return object_positions

    def _write_xref_table(self, stream: StreamType, object_positions: List[int]) -> int:
        xref_location = stream.tell()
        stream.write(b"xref\n")
        stream.write(b_(f"0 {len(self._objects) + 1}\n"))
        stream.write(b_(f"{0:0>10} {65535:0>5} f \n"))
        for offset in object_positions:
            stream.write(b_(f"{offset:0>10} {0:0>5} n \n"))
        return xref_location

    def _write_trailer(self, stream: StreamType) -> None:
        stream.write(b"trailer\n")
        trailer = DictionaryObject()
        trailer.update(
            {
                NameObject(TK.SIZE): NumberObject(len(self._objects) + 1),
                NameObject(TK.ROOT): self._root,
                NameObject(TK.INFO): self._info,
            }
        )
        if hasattr(self, "_ID"):
            trailer[NameObject(TK.ID)] = self._ID
        if hasattr(self, "_encrypt"):
            trailer[NameObject(TK.ENCRYPT)] = self._encrypt
        trailer.write_to_stream(stream, None)

    def add_metadata(self, infos: Dict[str, Any]) -> None:
        """
        Add custom metadata to the output.

        :param dict infos: a Python dictionary where each key is a field
            and each value is your new metadata.
        """
        args = {}
        for key, value in list(infos.items()):
            args[NameObject(key)] = create_string_object(value)
        self.get_object(self._info).update(args)  # type: ignore

    def addMetadata(self, infos: Dict[str, Any]) -> None:  # pragma: no cover
        """
        .. deprecated:: 1.28.0

            Use :meth:`add_metadata` instead.
        """
        deprecate_with_replacement("addMetadata", "add_metadata")
        self.add_metadata(infos)

    def _sweep_indirect_references(
        self,
        root: Union[
            ArrayObject,
            BooleanObject,
            DictionaryObject,
            FloatObject,
            IndirectObject,
            NameObject,
            PdfObject,
            NumberObject,
            TextStringObject,
            NullObject,
        ],
    ) -> None:
        stack: Deque[
            Tuple[
                Any,
                Optional[Any],
                Any,
                List[PdfObject],
            ]
        ] = collections.deque()
        discovered = []
        parent = None
        grant_parents: List[PdfObject] = []
        key_or_id = None

        # Start from root
        stack.append((root, parent, key_or_id, grant_parents))

        while len(stack):
            data, parent, key_or_id, grant_parents = stack.pop()

            # Build stack for a processing depth-first
            if isinstance(data, (ArrayObject, DictionaryObject)):
                for key, value in data.items():
                    stack.append(
                        (
                            value,
                            data,
                            key,
                            grant_parents + [parent] if parent is not None else [],
                        )
                    )
            elif isinstance(data, IndirectObject):
                data = self._resolve_indirect_object(data)

                if str(data) not in discovered:
                    discovered.append(str(data))
                    stack.append((data.get_object(), None, None, []))

            # Check if data has a parent and if it is a dict or an array update the value
            if isinstance(parent, (DictionaryObject, ArrayObject)):
                if isinstance(data, StreamObject):
                    # a dictionary value is a stream.  streams must be indirect
                    # objects, so we need to change this value.
                    data = self._resolve_indirect_object(self._add_object(data))

                update_hashes = []

                # Data changed and thus the hash value changed
                if parent[key_or_id] != data:
                    update_hashes = [parent.hash_value()] + [
                        grant_parent.hash_value() for grant_parent in grant_parents
                    ]
                    parent[key_or_id] = data

                # Update old hash value to new hash value
                for old_hash in update_hashes:
                    indirect_ref = self._idnum_hash.pop(old_hash, None)

                    if indirect_ref is not None:
                        indirect_ref_obj = indirect_ref.get_object()

                        if indirect_ref_obj is not None:
                            self._idnum_hash[
                                indirect_ref_obj.hash_value()
                            ] = indirect_ref

    def _resolve_indirect_object(self, data: IndirectObject) -> IndirectObject:
        """
        Resolves indirect object to this pdf indirect objects.

        If it is a new object then it is added to self._objects
        and new idnum is given and generation is always 0.
        """
        if hasattr(data.pdf, "stream") and data.pdf.stream.closed:
            raise ValueError(f"I/O operation on closed file: {data.pdf.stream.name}")

        # Get real object indirect object
        real_obj = data.pdf.get_object(data)

        if real_obj is None:
            logger_warning(
                f"Unable to resolve [{data.__class__.__name__}: {data}], "
                "returning NullObject instead",
                __name__,
            )
            real_obj = NullObject()

        hash_value = real_obj.hash_value()

        # Check if object is handled
        if hash_value in self._idnum_hash:
            return self._idnum_hash[hash_value]

        if data.pdf == self:
            self._idnum_hash[hash_value] = IndirectObject(data.idnum, 0, self)
        # This is new object in this pdf
        else:
            self._idnum_hash[hash_value] = self._add_object(real_obj)

        return self._idnum_hash[hash_value]

    def get_reference(self, obj: PdfObject) -> IndirectObject:
        idnum = self._objects.index(obj) + 1
        ref = IndirectObject(idnum, 0, self)
        assert ref.get_object() == obj
        return ref

    def getReference(self, obj: PdfObject) -> IndirectObject:  # pragma: no cover
        """
        .. deprecated:: 1.28.0

            Use :meth:`get_reference` instead.
        """
        deprecate_with_replacement("getReference", "get_reference")
        return self.get_reference(obj)

    def get_outline_root(self) -> TreeObject:
        if CO.OUTLINES in self._root_object:
            # TABLE 3.25 Entries in the catalog dictionary
            outline = cast(TreeObject, self._root_object[CO.OUTLINES])
            idnum = self._objects.index(outline) + 1
            outline_ref = IndirectObject(idnum, 0, self)
            assert outline_ref.get_object() == outline
        else:
            outline = TreeObject()
            outline.update({})
            outline_ref = self._add_object(outline)
            self._root_object[NameObject(CO.OUTLINES)] = outline_ref

        return outline

    def getOutlineRoot(self) -> TreeObject:  # pragma: no cover
        """
        .. deprecated:: 1.28.0

            Use :meth:`get_outline_root` instead.
        """
        deprecate_with_replacement("getOutlineRoot", "get_outline_root")
        return self.get_outline_root()

    def get_named_dest_root(self) -> ArrayObject:
        if CA.NAMES in self._root_object and isinstance(
            self._root_object[CA.NAMES], DictionaryObject
        ):
            names = cast(DictionaryObject, self._root_object[CA.NAMES])
            idnum = self._objects.index(names) + 1
            names_ref = IndirectObject(idnum, 0, self)
            assert names_ref.get_object() == names
            if CA.DESTS in names and isinstance(names[CA.DESTS], DictionaryObject):
                # 3.6.3 Name Dictionary (PDF spec 1.7)
                dests = cast(DictionaryObject, names[CA.DESTS])
                idnum = self._objects.index(dests) + 1
                dests_ref = IndirectObject(idnum, 0, self)
                assert dests_ref.get_object() == dests
                if CA.NAMES in dests:
                    # TABLE 3.33 Entries in a name tree node dictionary
                    nd = cast(ArrayObject, dests[CA.NAMES])
                else:
                    nd = ArrayObject()
                    dests[NameObject(CA.NAMES)] = nd
            else:
                dests = DictionaryObject()
                dests_ref = self._add_object(dests)
                names[NameObject(CA.DESTS)] = dests_ref
                nd = ArrayObject()
                dests[NameObject(CA.NAMES)] = nd

        else:
            names = DictionaryObject()
            names_ref = self._add_object(names)
            self._root_object[NameObject(CA.NAMES)] = names_ref
            dests = DictionaryObject()
            dests_ref = self._add_object(dests)
            names[NameObject(CA.DESTS)] = dests_ref
            nd = ArrayObject()
            dests[NameObject(CA.NAMES)] = nd

        return nd

    def getNamedDestRoot(self) -> ArrayObject:  # pragma: no cover
        """
        .. deprecated:: 1.28.0

            Use :meth:`get_named_dest_root` instead.
        """
        deprecate_with_replacement("getNamedDestRoot", "get_named_dest_root")
        return self.get_named_dest_root()

    def add_outline_item_destination(
        self,
        dest: Union[PageObject, TreeObject],
        parent: Union[None, TreeObject, IndirectObject] = None,
    ) -> IndirectObject:
        if parent is None:
            parent = self.get_outline_root()

        parent = cast(TreeObject, parent.get_object())
        dest_ref = self._add_object(dest)
        parent.add_child(dest_ref, self)

        return dest_ref

    def add_bookmark_destination(
        self,
        dest: Union[PageObject, TreeObject],
        parent: Union[None, TreeObject, IndirectObject] = None,
    ) -> IndirectObject:  # pragma: no cover
        """
        .. deprecated:: 2.9.0

            Use :meth:`add_outline_item_destination` instead.
        """
        deprecate_with_replacement(
            "add_bookmark_destination", "add_outline_item_destination"
        )
        return self.add_outline_item_destination(dest, parent)

    def addBookmarkDestination(
        self, dest: PageObject, parent: Optional[TreeObject] = None
    ) -> IndirectObject:  # pragma: no cover
        """
        .. deprecated:: 1.28.0

            Use :meth:`add_outline_item_destination` instead.
        """
        deprecate_with_replacement(
            "addBookmarkDestination", "add_outline_item_destination"
        )
        return self.add_outline_item_destination(dest, parent)

    @deprecate_bookmark(bookmark="outline_item")
    def add_outline_item_dict(
        self, outline_item: OutlineItemType, parent: Optional[TreeObject] = None
    ) -> IndirectObject:
        outline_item_object = TreeObject()
        for k, v in list(outline_item.items()):
            outline_item_object[NameObject(str(k))] = v
        outline_item_object.update(outline_item)

        if "/A" in outline_item:
            action = DictionaryObject()
            a_dict = cast(DictionaryObject, outline_item["/A"])
            for k, v in list(a_dict.items()):
                action[NameObject(str(k))] = v
            action_ref = self._add_object(action)
            outline_item_object[NameObject("/A")] = action_ref

        return self.add_outline_item_destination(outline_item_object, parent)

    @deprecate_bookmark(bookmark="outline_item")
    def add_bookmark_dict(
        self, outline_item: OutlineItemType, parent: Optional[TreeObject] = None
    ) -> IndirectObject:  # pragma: no cover
        """
        .. deprecated:: 2.9.0

            Use :meth:`add_outline_item_dict` instead.
        """
        deprecate_with_replacement("add_bookmark_dict", "add_outline_item_dict")
        return self.add_outline_item_dict(outline_item, parent)

    @deprecate_bookmark(bookmark="outline_item")
    def addBookmarkDict(
        self, outline_item: OutlineItemType, parent: Optional[TreeObject] = None
    ) -> IndirectObject:  # pragma: no cover
        """
        .. deprecated:: 1.28.0

            Use :meth:`add_outline_item_dict` instead.
        """
        deprecate_with_replacement("addBookmarkDict", "add_outline_item_dict")
        return self.add_outline_item_dict(outline_item, parent)

    def add_outline_item(
        self,
        title: str,
        pagenum: int,
        parent: Union[None, TreeObject, IndirectObject] = None,
        color: Optional[Union[Tuple[float, float, float], str]] = None,
        bold: bool = False,
        italic: bool = False,
        fit: FitType = "/Fit",
        *args: ZoomArgType,
    ) -> IndirectObject:
        """
        Add an outline item (commonly referred to as a "Bookmark") to this PDF file.

        :param str title: Title to use for this outline item.
        :param int pagenum: Page number this outline item will point to.
        :param parent: A reference to a parent outline item to create nested
            outline items.
        :param tuple color: Color of the outline item's font as a red, green, blue tuple
            from 0.0 to 1.0 or as a Hex String (#RRGGBB)
        :param bool bold: Outline item font is bold
        :param bool italic: Outline item font is italic
        :param str fit: The fit of the destination page. See
            :meth:`add_link()<add_link>` for details.
        """
        page_ref = NumberObject(pagenum)
        zoom_args: ZoomArgsType = [
            NullObject() if a is None else NumberObject(a) for a in args
        ]
        dest = Destination(
            NameObject("/" + title + " outline item"),
            page_ref,
            NameObject(fit),
            *zoom_args,
        )

        action_ref = self._add_object(
            DictionaryObject(
                {
                    NameObject(GoToActionArguments.D): dest.dest_array,
                    NameObject(GoToActionArguments.S): NameObject("/GoTo"),
                }
            )
        )
        outline_item = _create_outline_item(action_ref, title, color, italic, bold)

        if parent is None:
            parent = self.get_outline_root()
        return self.add_outline_item_destination(outline_item, parent)

    def add_bookmark(
        self,
        title: str,
        pagenum: int,
        parent: Union[None, TreeObject, IndirectObject] = None,
        color: Optional[Tuple[float, float, float]] = None,
        bold: bool = False,
        italic: bool = False,
        fit: FitType = "/Fit",
        *args: ZoomArgType,
    ) -> IndirectObject:  # pragma: no cover
        """
        .. deprecated:: 2.9.0

            Use :meth:`add_outline_item` instead.
        """
        deprecate_with_replacement("add_bookmark", "add_outline_item")
        return self.add_outline_item(
            title, pagenum, parent, color, bold, italic, fit, *args
        )

    def addBookmark(
        self,
        title: str,
        pagenum: int,
        parent: Union[None, TreeObject, IndirectObject] = None,
        color: Optional[Tuple[float, float, float]] = None,
        bold: bool = False,
        italic: bool = False,
        fit: FitType = "/Fit",
        *args: ZoomArgType,
    ) -> IndirectObject:  # pragma: no cover
        """
        .. deprecated:: 1.28.0

            Use :meth:`add_outline_item` instead.
        """
        deprecate_with_replacement("addBookmark", "add_outline_item")
        return self.add_outline_item(
            title, pagenum, parent, color, bold, italic, fit, *args
        )

    def add_outline(self) -> None:
        raise NotImplementedError(
            "This method is not yet implemented. Use :meth:`add_outline_item` instead."
        )

    def add_named_destination_object(self, dest: PdfObject) -> IndirectObject:
        dest_ref = self._add_object(dest)

        nd = self.get_named_dest_root()
        nd.extend([dest["/Title"], dest_ref])  # type: ignore
        return dest_ref

    def addNamedDestinationObject(
        self, dest: PdfObject
    ) -> IndirectObject:  # pragma: no cover
        """
        .. deprecated:: 1.28.0

            Use :meth:`add_named_destination_object` instead.
        """
        deprecate_with_replacement(
            "addNamedDestinationObject", "add_named_destination_object"
        )
        return self.add_named_destination_object(dest)

    def add_named_destination(self, title: str, pagenum: int) -> IndirectObject:
        page_ref = self.get_object(self._pages)[PA.KIDS][pagenum]  # type: ignore
        dest = DictionaryObject()
        dest.update(
            {
                NameObject(GoToActionArguments.D): ArrayObject(
                    [page_ref, NameObject(TypFitArguments.FIT_H), NumberObject(826)]
                ),
                NameObject(GoToActionArguments.S): NameObject("/GoTo"),
            }
        )

        dest_ref = self._add_object(dest)
        nd = self.get_named_dest_root()
        nd.extend([title, dest_ref])
        return dest_ref

    def addNamedDestination(
        self, title: str, pagenum: int
    ) -> IndirectObject:  # pragma: no cover
        """
        .. deprecated:: 1.28.0

            Use :meth:`add_named_destination` instead.
        """
        deprecate_with_replacement("addNamedDestination", "add_named_destination")
        return self.add_named_destination(title, pagenum)

    def remove_links(self) -> None:
        """Remove links and annotations from this output."""
        pg_dict = cast(DictionaryObject, self.get_object(self._pages))
        pages = cast(ArrayObject, pg_dict[PA.KIDS])
        for page in pages:
            page_ref = cast(DictionaryObject, self.get_object(page))
            if PG.ANNOTS in page_ref:
                del page_ref[PG.ANNOTS]

    def removeLinks(self) -> None:  # pragma: no cover
        """
        .. deprecated:: 1.28.0

            Use :meth:`remove_links` instead.
        """
        deprecate_with_replacement("removeLinks", "remove_links")
        return self.remove_links()

    def remove_images(self, ignore_byte_string_object: bool = False) -> None:
        """
        Remove images from this output.

        :param bool ignore_byte_string_object: optional parameter
            to ignore ByteString Objects.
        """
        pg_dict = cast(DictionaryObject, self.get_object(self._pages))
        pages = cast(ArrayObject, pg_dict[PA.KIDS])
        jump_operators = (
            b"cm",
            b"w",
            b"J",
            b"j",
            b"M",
            b"d",
            b"ri",
            b"i",
            b"gs",
            b"W",
            b"b",
            b"s",
            b"S",
            b"f",
            b"F",
            b"n",
            b"m",
            b"l",
            b"c",
            b"v",
            b"y",
            b"h",
            b"B",
            b"Do",
            b"sh",
        )
        for page in pages:
            page_ref = cast(DictionaryObject, self.get_object(page))
            content = page_ref["/Contents"].get_object()
            if not isinstance(content, ContentStream):
                content = ContentStream(content, page_ref)

            _operations = []
            seq_graphics = False
            for operands, operator in content.operations:
                if operator in [b"Tj", b"'"]:
                    text = operands[0]
                    if ignore_byte_string_object and not isinstance(
                        text, TextStringObject
                    ):
                        operands[0] = TextStringObject()
                elif operator == b'"':
                    text = operands[2]
                    if ignore_byte_string_object and not isinstance(
                        text, TextStringObject
                    ):
                        operands[2] = TextStringObject()
                elif operator == b"TJ":
                    for i in range(len(operands[0])):
                        if ignore_byte_string_object and not isinstance(
                            operands[0][i], TextStringObject
                        ):
                            operands[0][i] = TextStringObject()

                if operator == b"q":
                    seq_graphics = True
                if operator == b"Q":
                    seq_graphics = False
                if seq_graphics and operator in jump_operators:
                    continue
                if operator == b"re":
                    continue
                _operations.append((operands, operator))

            content.operations = _operations
            page_ref.__setitem__(NameObject("/Contents"), content)

    def removeImages(
        self, ignoreByteStringObject: bool = False
    ) -> None:  # pragma: no cover
        """
        .. deprecated:: 1.28.0

            Use :meth:`remove_images` instead.
        """
        deprecate_with_replacement("removeImages", "remove_images")
        return self.remove_images(ignoreByteStringObject)

    def remove_text(self, ignore_byte_string_object: bool = False) -> None:
        """
        Remove text from this output.

        :param bool ignore_byte_string_object: optional parameter
            to ignore ByteString Objects.
        """
        pg_dict = cast(DictionaryObject, self.get_object(self._pages))
        pages = cast(List[IndirectObject], pg_dict[PA.KIDS])
        for page in pages:
            page_ref = cast(PageObject, self.get_object(page))
            content = page_ref["/Contents"].get_object()
            if not isinstance(content, ContentStream):
                content = ContentStream(content, page_ref)
            for operands, operator in content.operations:
                if operator in [b"Tj", b"'"]:
                    text = operands[0]
                    if not ignore_byte_string_object:
                        if isinstance(text, TextStringObject):
                            operands[0] = TextStringObject()
                    else:
                        if isinstance(text, (TextStringObject, ByteStringObject)):
                            operands[0] = TextStringObject()
                elif operator == b'"':
                    text = operands[2]
                    if not ignore_byte_string_object:
                        if isinstance(text, TextStringObject):
                            operands[2] = TextStringObject()
                    else:
                        if isinstance(text, (TextStringObject, ByteStringObject)):
                            operands[2] = TextStringObject()
                elif operator == b"TJ":
                    for i in range(len(operands[0])):
                        if not ignore_byte_string_object:
                            if isinstance(operands[0][i], TextStringObject):
                                operands[0][i] = TextStringObject()
                        else:
                            if isinstance(
                                operands[0][i], (TextStringObject, ByteStringObject)
                            ):
                                operands[0][i] = TextStringObject()

            page_ref.__setitem__(NameObject("/Contents"), content)

    def removeText(
        self, ignoreByteStringObject: bool = False
    ) -> None:  # pragma: no cover
        """
        .. deprecated:: 1.28.0

            Use :meth:`remove_text` instead.
        """
        deprecate_with_replacement("removeText", "remove_text")
        return self.remove_text(ignoreByteStringObject)

    def add_uri(
        self,
        pagenum: int,
        uri: str,
        rect: RectangleObject,
        border: Optional[ArrayObject] = None,
    ) -> None:
        """
        Add an URI from a rectangular area to the specified page.
        This uses the basic structure of :meth:`add_link`

        :param int pagenum: index of the page on which to place the URI action.
        :param str uri: URI of resource to link to.
        :param Tuple[int, int, int, int] rect: :class:`RectangleObject<PyPDF2.generic.RectangleObject>` or array of four
            integers specifying the clickable rectangular area
            ``[xLL, yLL, xUR, yUR]``, or string in the form ``"[ xLL yLL xUR yUR ]"``.
        :param ArrayObject border: if provided, an array describing border-drawing
            properties. See the PDF spec for details. No border will be
            drawn if this argument is omitted.
        """
        page_link = self.get_object(self._pages)[PA.KIDS][pagenum]  # type: ignore
        page_ref = cast(Dict[str, Any], self.get_object(page_link))

        border_arr: BorderArrayType
        if border is not None:
            border_arr = [NameObject(n) for n in border[:3]]
            if len(border) == 4:
                dash_pattern = ArrayObject([NameObject(n) for n in border[3]])
                border_arr.append(dash_pattern)
        else:
            border_arr = [NumberObject(2)] * 3

        if isinstance(rect, str):
            rect = NameObject(rect)
        elif isinstance(rect, RectangleObject):
            pass
        else:
            rect = RectangleObject(rect)

        lnk2 = DictionaryObject()
        lnk2.update(
            {
                NameObject("/S"): NameObject("/URI"),
                NameObject("/URI"): TextStringObject(uri),
            }
        )
        lnk = DictionaryObject()
        lnk.update(
            {
                NameObject(AnnotationDictionaryAttributes.Type): NameObject(PG.ANNOTS),
                NameObject(AnnotationDictionaryAttributes.Subtype): NameObject("/Link"),
                NameObject(AnnotationDictionaryAttributes.P): page_link,
                NameObject(AnnotationDictionaryAttributes.Rect): rect,
                NameObject("/H"): NameObject("/I"),
                NameObject(AnnotationDictionaryAttributes.Border): ArrayObject(
                    border_arr
                ),
                NameObject("/A"): lnk2,
            }
        )
        lnk_ref = self._add_object(lnk)

        if PG.ANNOTS in page_ref:
            page_ref[PG.ANNOTS].append(lnk_ref)
        else:
            page_ref[NameObject(PG.ANNOTS)] = ArrayObject([lnk_ref])

    def addURI(
        self,
        pagenum: int,
        uri: str,
        rect: RectangleObject,
        border: Optional[ArrayObject] = None,
    ) -> None:  # pragma: no cover
        """
        .. deprecated:: 1.28.0

            Use :meth:`add_uri` instead.
        """
        deprecate_with_replacement("addURI", "add_uri")
        return self.add_uri(pagenum, uri, rect, border)

    def add_link(
        self,
        pagenum: int,
        pagedest: int,
        rect: RectangleObject,
        border: Optional[ArrayObject] = None,
        fit: FitType = "/Fit",
        *args: ZoomArgType,
    ) -> None:
        deprecate_with_replacement(
            "add_link", "add_annotation(AnnotationBuilder.link(...))"
        )

        if isinstance(rect, str):
            rect = rect.strip()[1:-1]
            rect = RectangleObject(
                [float(num) for num in rect.split(" ") if len(num) > 0]
            )
        elif isinstance(rect, RectangleObject):
            pass
        else:
            rect = RectangleObject(rect)

        annotation = AnnotationBuilder.link(
            rect=rect,
            border=border,
            target_page_index=pagedest,
            fit=fit,
            fit_args=args,
        )
        return self.add_annotation(page_number=pagenum, annotation=annotation)

    def addLink(
        self,
        pagenum: int,
        pagedest: int,
        rect: RectangleObject,
        border: Optional[ArrayObject] = None,
        fit: FitType = "/Fit",
        *args: ZoomArgType,
    ) -> None:  # pragma: no cover
        """
        .. deprecated:: 1.28.0

            Use :meth:`add_link` instead.
        """
        deprecate_with_replacement(
            "addLink", "add_annotation(AnnotationBuilder.link(...))", "4.0.0"
        )
        return self.add_link(pagenum, pagedest, rect, border, fit, *args)

    _valid_layouts = (
        "/NoLayout",
        "/SinglePage",
        "/OneColumn",
        "/TwoColumnLeft",
        "/TwoColumnRight",
        "/TwoPageLeft",
        "/TwoPageRight",
    )

    def _get_page_layout(self) -> Optional[LayoutType]:
        try:
            return cast(LayoutType, self._root_object["/PageLayout"])
        except KeyError:
            return None

    def getPageLayout(self) -> Optional[LayoutType]:  # pragma: no cover
        """
        .. deprecated:: 1.28.0

            Use :py:attr:`page_layout` instead.
        """
        deprecate_with_replacement("getPageLayout", "page_layout")
        return self._get_page_layout()

    def _set_page_layout(self, layout: Union[NameObject, LayoutType]) -> None:
        """
        Set the page layout.

        :param str layout: The page layout to be used.

        .. list-table:: Valid ``layout`` arguments
           :widths: 50 200

           * - /NoLayout
             - Layout explicitly not specified
           * - /SinglePage
             - Show one page at a time
           * - /OneColumn
             - Show one column at a time
           * - /TwoColumnLeft
             - Show pages in two columns, odd-numbered pages on the left
           * - /TwoColumnRight
             - Show pages in two columns, odd-numbered pages on the right
           * - /TwoPageLeft
             - Show two pages at a time, odd-numbered pages on the left
           * - /TwoPageRight
             - Show two pages at a time, odd-numbered pages on the right
        """
        if not isinstance(layout, NameObject):
            if layout not in self._valid_layouts:
                logger_warning(
                    f"Layout should be one of: {'', ''.join(self._valid_layouts)}",
                    __name__,
                )
            layout = NameObject(layout)
        self._root_object.update({NameObject("/PageLayout"): layout})

    def setPageLayout(self, layout: LayoutType) -> None:  # pragma: no cover
        """
        .. deprecated:: 1.28.0

            Use :py:attr:`page_layout` instead.
        """
        deprecate_with_replacement(
            "writer.setPageLayout(val)", "writer.page_layout = val"
        )
        return self._set_page_layout(layout)

    @property
    def page_layout(self) -> Optional[LayoutType]:
        """
        Page layout property.

        .. list-table:: Valid ``layout`` values
           :widths: 50 200

           * - /NoLayout
             - Layout explicitly not specified
           * - /SinglePage
             - Show one page at a time
           * - /OneColumn
             - Show one column at a time
           * - /TwoColumnLeft
             - Show pages in two columns, odd-numbered pages on the left
           * - /TwoColumnRight
             - Show pages in two columns, odd-numbered pages on the right
           * - /TwoPageLeft
             - Show two pages at a time, odd-numbered pages on the left
           * - /TwoPageRight
             - Show two pages at a time, odd-numbered pages on the right
        """
        return self._get_page_layout()

    @page_layout.setter
    def page_layout(self, layout: LayoutType) -> None:
        self._set_page_layout(layout)

    @property
    def pageLayout(self) -> Optional[LayoutType]:  # pragma: no cover
        """
        .. deprecated:: 1.28.0

            Use :py:attr:`page_layout` instead.
        """
        deprecate_with_replacement("pageLayout", "page_layout")
        return self.page_layout

    @pageLayout.setter
    def pageLayout(self, layout: LayoutType) -> None:  # pragma: no cover
        """
        .. deprecated:: 1.28.0

            Use :py:attr:`page_layout` instead.
        """
        deprecate_with_replacement("pageLayout", "page_layout")
        self.page_layout = layout

    _valid_modes = (
        "/UseNone",
        "/UseOutlines",
        "/UseThumbs",
        "/FullScreen",
        "/UseOC",
        "/UseAttachments",
    )

    def _get_page_mode(self) -> Optional[PagemodeType]:
        try:
            return cast(PagemodeType, self._root_object["/PageMode"])
        except KeyError:
            return None

    def getPageMode(self) -> Optional[PagemodeType]:  # pragma: no cover
        """
        .. deprecated:: 1.28.0

            Use :py:attr:`page_mode` instead.
        """
        deprecate_with_replacement("getPageMode", "page_mode")
        return self._get_page_mode()

    def set_page_mode(self, mode: PagemodeType) -> None:
        """
        .. deprecated:: 1.28.0

            Use :py:attr:`page_mode` instead.
        """
        if isinstance(mode, NameObject):
            mode_name: NameObject = mode
        else:
            if mode not in self._valid_modes:
                logger_warning(
                    f"Mode should be one of: {', '.join(self._valid_modes)}", __name__
                )
            mode_name = NameObject(mode)
        self._root_object.update({NameObject("/PageMode"): mode_name})

    def setPageMode(self, mode: PagemodeType) -> None:  # pragma: no cover
        """
        .. deprecated:: 1.28.0

            Use :py:attr:`page_mode` instead.
        """
        deprecate_with_replacement("writer.setPageMode(val)", "writer.page_mode = val")
        self.set_page_mode(mode)

    @property
    def page_mode(self) -> Optional[PagemodeType]:
        """
        Page mode property.

        .. list-table:: Valid ``mode`` values
           :widths: 50 200

           * - /UseNone
             - Do not show outline or thumbnails panels
           * - /UseOutlines
             - Show outline (aka bookmarks) panel
           * - /UseThumbs
             - Show page thumbnails panel
           * - /FullScreen
             - Fullscreen view
           * - /UseOC
             - Show Optional Content Group (OCG) panel
           * - /UseAttachments
             - Show attachments panel
        """
        return self._get_page_mode()

    @page_mode.setter
    def page_mode(self, mode: PagemodeType) -> None:
        self.set_page_mode(mode)

    @property
    def pageMode(self) -> Optional[PagemodeType]:  # pragma: no cover
        """
        .. deprecated:: 1.28.0

            Use :py:attr:`page_mode` instead.
        """
        deprecate_with_replacement("pageMode", "page_mode")
        return self.page_mode

    @pageMode.setter
    def pageMode(self, mode: PagemodeType) -> None:  # pragma: no cover
        """
        .. deprecated:: 1.28.0

            Use :py:attr:`page_mode` instead.
        """
        deprecate_with_replacement("pageMode", "page_mode")
        self.page_mode = mode

    def add_annotation(self, page_number: int, annotation: Dict[str, Any]) -> None:
        to_add = cast(DictionaryObject, _pdf_objectify(annotation))
        to_add[NameObject("/P")] = self.get_object(self._pages)["/Kids"][page_number]  # type: ignore
        page = self.pages[page_number]
        if page.annotations is None:
            page[NameObject("/Annots")] = ArrayObject()
        assert page.annotations is not None

        # Internal link annotations need the correct object type for the
        # destination
        if to_add.get("/Subtype") == "/Link" and NameObject("/Dest") in to_add:
            tmp = cast(dict, to_add[NameObject("/Dest")])
            dest = Destination(
                NameObject("/LinkName"),
                tmp["target_page_index"],
                tmp["fit"],
                *tmp["fit_args"],
            )
            to_add[NameObject("/Dest")] = dest.dest_array

        ind_obj = self._add_object(to_add)

        page.annotations.append(ind_obj)


def _pdf_objectify(obj: Union[Dict[str, Any], str, int, List[Any]]) -> PdfObject:
    if isinstance(obj, PdfObject):
        return obj
    if isinstance(obj, dict):
        to_add = DictionaryObject()
        for key, value in obj.items():
            name_key = NameObject(key)
            casted_value = _pdf_objectify(value)
            to_add[name_key] = casted_value
        return to_add
    elif isinstance(obj, list):
        arr = ArrayObject()
        for el in obj:
            arr.append(_pdf_objectify(el))
        return arr
    elif isinstance(obj, str):
        if obj.startswith("/"):
            return NameObject(obj)
        else:
            return TextStringObject(obj)
    elif isinstance(obj, (int, float)):
        return FloatObject(obj)
    else:
        raise NotImplementedError(
            f"type(obj)={type(obj)} could not be casted to PdfObject"
        )


def _create_outline_item(
    action_ref: IndirectObject,
    title: str,
    color: Union[Tuple[float, float, float], str, None],
    italic: bool,
    bold: bool,
) -> TreeObject:
    outline_item = TreeObject()
    outline_item.update(
        {
            NameObject("/A"): action_ref,
            NameObject("/Title"): create_string_object(title),
        }
    )
    if color:
        if isinstance(color, str):
            color = hex_to_rgb(color)
        outline_item.update(
            {NameObject("/C"): ArrayObject([FloatObject(c) for c in color])}
        )
    if italic or bold:
        format_flag = 0
        if italic:
            format_flag += 1
        if bold:
            format_flag += 2
        outline_item.update({NameObject("/F"): NumberObject(format_flag)})
    return outline_item


class PdfFileWriter(PdfWriter):  # pragma: no cover
    def __init__(self, *args: Any, **kwargs: Any) -> None:
        deprecate_with_replacement("PdfFileWriter", "PdfWriter")
        super().__init__(*args, **kwargs)
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"""
See Portable Document Format Reference Manual, 1993. ISBN 0-201-62628-4.

See https://ia802202.us.archive.org/8/items/pdfy-0vt8s-egqFwDl7L2/PDF%20Reference%201.0.pdf

PDF Reference, third edition, Version 1.4, 2001. ISBN 0-201-75839-3.

PDF Reference, sixth edition, Version 1.7, 2006.
"""

from enum import IntFlag
from typing import Dict, Tuple


class Core:
    """Keywords that don't quite belong anywhere else."""

    OUTLINES = "/Outlines"
    PAGE = "/Page"
    PAGES = "/Pages"
    CATALOG = "/Catalog"


class TrailerKeys:
    ROOT = "/Root"
    ENCRYPT = "/Encrypt"
    ID = "/ID"
    INFO = "/Info"
    SIZE = "/Size"


class CatalogAttributes:
    NAMES = "/Names"
    DESTS = "/Dests"


class EncryptionDictAttributes:
    """
    Additional encryption dictionary entries for the standard security handler.

    TABLE 3.19, Page 122
    """

    R = "/R"  # number, required; revision of the standard security handler
    O = "/O"  # 32-byte string, required
    U = "/U"  # 32-byte string, required
    P = "/P"  # integer flag, required; permitted operations
    ENCRYPT_METADATA = "/EncryptMetadata"  # boolean flag, optional


class UserAccessPermissions(IntFlag):
    """TABLE 3.20 User access permissions"""

    R1 = 1
    R2 = 2
    PRINT = 4
    MODIFY = 8
    EXTRACT = 16
    ADD_OR_MODIFY = 32
    R7 = 64
    R8 = 128
    FILL_FORM_FIELDS = 256
    EXTRACT_TEXT_AND_GRAPHICS = 512
    ASSEMBLE_DOC = 1024
    PRINT_TO_REPRESENTATION = 2048
    R13 = 2**12
    R14 = 2**13
    R15 = 2**14
    R16 = 2**15
    R17 = 2**16
    R18 = 2**17
    R19 = 2**18
    R20 = 2**19
    R21 = 2**20
    R22 = 2**21
    R23 = 2**22
    R24 = 2**23
    R25 = 2**24
    R26 = 2**25
    R27 = 2**26
    R28 = 2**27
    R29 = 2**28
    R30 = 2**29
    R31 = 2**30
    R32 = 2**31


class Ressources:
    """TABLE 3.30 Entries in a resource dictionary."""

    EXT_G_STATE = "/ExtGState"  # dictionary, optional
    COLOR_SPACE = "/ColorSpace"  # dictionary, optional
    PATTERN = "/Pattern"  # dictionary, optional
    SHADING = "/Shading"  # dictionary, optional
    XOBJECT = "/XObject"  # dictionary, optional
    FONT = "/Font"  # dictionary, optional
    PROC_SET = "/ProcSet"  # array, optional
    PROPERTIES = "/Properties"  # dictionary, optional


class PagesAttributes:
    """Page Attributes, Table 6.2, Page 52."""

    TYPE = "/Type"  # name, required; must be /Pages
    KIDS = "/Kids"  # array, required; List of indirect references
    COUNT = "/Count"  # integer, required; the number of all nodes und this node
    PARENT = "/Parent"  # dictionary, required; indirect reference to pages object


class PageAttributes:
    """TABLE 3.27 Entries in a page object."""

    TYPE = "/Type"  # name, required; must be /Page
    PARENT = "/Parent"  # dictionary, required; a pages object
    LAST_MODIFIED = (
        "/LastModified"  # date, optional; date and time of last modification
    )
    RESOURCES = "/Resources"  # dictionary, required if there are any
    MEDIABOX = "/MediaBox"  # rectangle, required; rectangle specifying page size
    CROPBOX = "/CropBox"  # rectangle, optional; rectangle
    BLEEDBOX = "/BleedBox"  # rectangle, optional; rectangle
    TRIMBOX = "/TrimBox"  # rectangle, optional; rectangle
    ARTBOX = "/ArtBox"  # rectangle, optional; rectangle
    BOX_COLOR_INFO = "/BoxColorInfo"  # dictionary, optional
    CONTENTS = "/Contents"  # stream or array, optional
    ROTATE = "/Rotate"  # integer, optional; page rotation in degrees
    GROUP = "/Group"  # dictionary, optional; page group
    THUMB = "/Thumb"  # stream, optional; indirect reference to image of the page
    B = "/B"  # array, optional
    DUR = "/Dur"  # number, optional
    TRANS = "/Trans"  # dictionary, optional
    ANNOTS = "/Annots"  # array, optional; an array of annotations
    AA = "/AA"  # dictionary, optional
    METADATA = "/Metadata"  # stream, optional
    PIECE_INFO = "/PieceInfo"  # dictionary, optional
    STRUCT_PARENTS = "/StructParents"  # integer, optional
    ID = "/ID"  # byte string, optional
    PZ = "/PZ"  # number, optional
    TABS = "/Tabs"  # name, optional
    TEMPLATE_INSTANTIATED = "/TemplateInstantiated"  # name, optional
    PRES_STEPS = "/PresSteps"  # dictionary, optional
    USER_UNIT = "/UserUnit"  # number, optional
    VP = "/VP"  # dictionary, optional


class FileSpecificationDictionaryEntries:
    """TABLE 3.41 Entries in a file specification dictionary"""

    Type = "/Type"
    FS = "/FS"  # The name of the file system to be used to interpret this file specification
    F = "/F"  # A file specification string of the form described in Section 3.10.1
    EF = "/EF"  # dictionary, containing a subset of the keys F , UF , DOS , Mac , and Unix


class StreamAttributes:
    """Table 4.2."""

    LENGTH = "/Length"  # integer, required
    FILTER = "/Filter"  # name or array of names, optional
    DECODE_PARMS = "/DecodeParms"  # variable, optional -- 'decodeParams is wrong


class FilterTypes:
    """
    Table 4.3 of the 1.4 Manual.

    Page 354 of the 1.7 Manual
    """

    ASCII_HEX_DECODE = "/ASCIIHexDecode"  # abbreviation: AHx
    ASCII_85_DECODE = "/ASCII85Decode"  # abbreviation: A85
    LZW_DECODE = "/LZWDecode"  # abbreviation: LZW
    FLATE_DECODE = "/FlateDecode"  # abbreviation: Fl, PDF 1.2
    RUN_LENGTH_DECODE = "/RunLengthDecode"  # abbreviation: RL
    CCITT_FAX_DECODE = "/CCITTFaxDecode"  # abbreviation: CCF
    DCT_DECODE = "/DCTDecode"  # abbreviation: DCT


class FilterTypeAbbreviations:
    """Table 4.44 of the 1.7 Manual (page 353ff)."""

    AHx = "/AHx"
    A85 = "/A85"
    LZW = "/LZW"
    FL = "/Fl"  # FlateDecode
    RL = "/RL"
    CCF = "/CCF"
    DCT = "/DCT"


class LzwFilterParameters:
    """Table 4.4."""

    PREDICTOR = "/Predictor"  # integer
    COLUMNS = "/Columns"  # integer
    COLORS = "/Colors"  # integer
    BITS_PER_COMPONENT = "/BitsPerComponent"  # integer
    EARLY_CHANGE = "/EarlyChange"  # integer


class CcittFaxDecodeParameters:
    """Table 4.5."""

    K = "/K"  # integer
    END_OF_LINE = "/EndOfLine"  # boolean
    ENCODED_BYTE_ALIGN = "/EncodedByteAlign"  # boolean
    COLUMNS = "/Columns"  # integer
    ROWS = "/Rows"  # integer
    END_OF_BLOCK = "/EndOfBlock"  # boolean
    BLACK_IS_1 = "/BlackIs1"  # boolean
    DAMAGED_ROWS_BEFORE_ERROR = "/DamagedRowsBeforeError"  # integer


class ImageAttributes:
    """Table 6.20."""

    TYPE = "/Type"  # name, required; must be /XObject
    SUBTYPE = "/Subtype"  # name, required; must be /Image
    NAME = "/Name"  # name, required
    WIDTH = "/Width"  # integer, required
    HEIGHT = "/Height"  # integer, required
    BITS_PER_COMPONENT = "/BitsPerComponent"  # integer, required
    COLOR_SPACE = "/ColorSpace"  # name, required
    DECODE = "/Decode"  # array, optional
    INTERPOLATE = "/Interpolate"  # boolean, optional
    IMAGE_MASK = "/ImageMask"  # boolean, optional


class ColorSpaces:
    DEVICE_RGB = "/DeviceRGB"
    DEVICE_CMYK = "/DeviceCMYK"
    DEVICE_GRAY = "/DeviceGray"


class TypArguments:
    """Table 8.2 of the PDF 1.7 reference."""

    LEFT = "/Left"
    RIGHT = "/Right"
    BOTTOM = "/Bottom"
    TOP = "/Top"


class TypFitArguments:
    """Table 8.2 of the PDF 1.7 reference."""

    FIT = "/Fit"
    FIT_V = "/FitV"
    FIT_BV = "/FitBV"
    FIT_B = "/FitB"
    FIT_H = "/FitH"
    FIT_BH = "/FitBH"
    FIT_R = "/FitR"
    XYZ = "/XYZ"


class GoToActionArguments:
    S = "/S"  # name, required: type of action
    D = "/D"  # name / byte string /array, required: Destination to jump to


class AnnotationDictionaryAttributes:
    """TABLE 8.15 Entries common to all annotation dictionaries"""

    Type = "/Type"
    Subtype = "/Subtype"
    Rect = "/Rect"
    Contents = "/Contents"
    P = "/P"
    NM = "/NM"
    M = "/M"
    F = "/F"
    AP = "/AP"
    AS = "/AS"
    Border = "/Border"
    C = "/C"
    StructParent = "/StructParent"
    OC = "/OC"


class InteractiveFormDictEntries:
    Fields = "/Fields"
    NeedAppearances = "/NeedAppearances"
    SigFlags = "/SigFlags"
    CO = "/CO"
    DR = "/DR"
    DA = "/DA"
    Q = "/Q"
    XFA = "/XFA"


class FieldDictionaryAttributes:
    """TABLE 8.69 Entries common to all field dictionaries (PDF 1.7 reference)."""

    FT = "/FT"  # name, required for terminal fields
    Parent = "/Parent"  # dictionary, required for children
    Kids = "/Kids"  # array, sometimes required
    T = "/T"  # text string, optional
    TU = "/TU"  # text string, optional
    TM = "/TM"  # text string, optional
    Ff = "/Ff"  # integer, optional
    V = "/V"  # text string, optional
    DV = "/DV"  # text string, optional
    AA = "/AA"  # dictionary, optional

    @classmethod
    def attributes(cls) -> Tuple[str, ...]:
        return (
            cls.TM,
            cls.T,
            cls.FT,
            cls.Parent,
            cls.TU,
            cls.Ff,
            cls.V,
            cls.DV,
            cls.Kids,
            cls.AA,
        )

    @classmethod
    def attributes_dict(cls) -> Dict[str, str]:
        return {
            cls.FT: "Field Type",
            cls.Parent: "Parent",
            cls.T: "Field Name",
            cls.TU: "Alternate Field Name",
            cls.TM: "Mapping Name",
            cls.Ff: "Field Flags",
            cls.V: "Value",
            cls.DV: "Default Value",
        }


class CheckboxRadioButtonAttributes:
    """TABLE 8.76 Field flags common to all field types"""

    Opt = "/Opt"  # Options, Optional

    @classmethod
    def attributes(cls) -> Tuple[str, ...]:
        return (cls.Opt,)

    @classmethod
    def attributes_dict(cls) -> Dict[str, str]:
        return {
            cls.Opt: "Options",
        }


class FieldFlag(IntFlag):
    """TABLE 8.70 Field flags common to all field types"""

    READ_ONLY = 1
    REQUIRED = 2
    NO_EXPORT = 4


class DocumentInformationAttributes:
    """TABLE 10.2 Entries in the document information dictionary."""

    TITLE = "/Title"  # text string, optional
    AUTHOR = "/Author"  # text string, optional
    SUBJECT = "/Subject"  # text string, optional
    KEYWORDS = "/Keywords"  # text string, optional
    CREATOR = "/Creator"  # text string, optional
    PRODUCER = "/Producer"  # text string, optional
    CREATION_DATE = "/CreationDate"  # date, optional
    MOD_DATE = "/ModDate"  # date, optional
    TRAPPED = "/Trapped"  # name, optional


class PageLayouts:
    """Page 84, PDF 1.4 reference."""

    SINGLE_PAGE = "/SinglePage"
    ONE_COLUMN = "/OneColumn"
    TWO_COLUMN_LEFT = "/TwoColumnLeft"
    TWO_COLUMN_RIGHT = "/TwoColumnRight"


class GraphicsStateParameters:
    """Table 4.8 of the 1.7 reference."""

    TYPE = "/Type"  # name, optional
    LW = "/LW"  # number, optional
    # TODO: Many more!
    FONT = "/Font"  # array, optional
    S_MASK = "/SMask"  # dictionary or name, optional


class CatalogDictionary:
    """Table 3.25 in the 1.7 reference."""

    TYPE = "/Type"  # name, required; must be /Catalog
    VERSION = "/Version"  # name
    PAGES = "/Pages"  # dictionary, required
    PAGE_LABELS = "/PageLabels"  # number tree, optional
    NAMES = "/Names"  # dictionary, optional
    DESTS = "/Dests"  # dictionary, optional
    VIEWER_PREFERENCES = "/ViewerPreferences"  # dictionary, optional
    PAGE_LAYOUT = "/PageLayout"  # name, optional
    PAGE_MODE = "/PageMode"  # name, optional
    OUTLINES = "/Outlines"  # dictionary, optional
    THREADS = "/Threads"  # array, optional
    OPEN_ACTION = "/OpenAction"  # array or dictionary or name, optional
    AA = "/AA"  # dictionary, optional
    URI = "/URI"  # dictionary, optional
    ACRO_FORM = "/AcroForm"  # dictionary, optional
    METADATA = "/Metadata"  # stream, optional
    STRUCT_TREE_ROOT = "/StructTreeRoot"  # dictionary, optional
    MARK_INFO = "/MarkInfo"  # dictionary, optional
    LANG = "/Lang"  # text string, optional
    SPIDER_INFO = "/SpiderInfo"  # dictionary, optional
    OUTPUT_INTENTS = "/OutputIntents"  # array, optional
    PIECE_INFO = "/PieceInfo"  # dictionary, optional
    OC_PROPERTIES = "/OCProperties"  # dictionary, optional
    PERMS = "/Perms"  # dictionary, optional
    LEGAL = "/Legal"  # dictionary, optional
    REQUIREMENTS = "/Requirements"  # array, optional
    COLLECTION = "/Collection"  # dictionary, optional
    NEEDS_RENDERING = "/NeedsRendering"  # boolean, optional


class OutlineFontFlag(IntFlag):
    """
    A class used as an enumerable flag for formatting an outline font
    """

    italic = 1
    bold = 2


PDF_KEYS = (
    AnnotationDictionaryAttributes,
    CatalogAttributes,
    CatalogDictionary,
    CcittFaxDecodeParameters,
    CheckboxRadioButtonAttributes,
    ColorSpaces,
    Core,
    DocumentInformationAttributes,
    EncryptionDictAttributes,
    FieldDictionaryAttributes,
    FilterTypeAbbreviations,
    FilterTypes,
    GoToActionArguments,
    GraphicsStateParameters,
    ImageAttributes,
    FileSpecificationDictionaryEntries,
    LzwFilterParameters,
    PageAttributes,
    PageLayouts,
    PagesAttributes,
    Ressources,
    StreamAttributes,
    TrailerKeys,
    TypArguments,
    TypFitArguments,
)
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"""
All errors/exceptions PyPDF2 raises and all of the warnings it uses.

Please note that broken PDF files might cause other Exceptions.
"""


class DependencyError(Exception):
    pass


class PyPdfError(Exception):
    pass


class PdfReadError(PyPdfError):
    pass


class PageSizeNotDefinedError(PyPdfError):
    pass


class PdfReadWarning(UserWarning):
    pass


class PdfStreamError(PdfReadError):
    pass


class ParseError(Exception):
    pass


class FileNotDecryptedError(PdfReadError):
    pass


class WrongPasswordError(FileNotDecryptedError):
    pass


class EmptyFileError(PdfReadError):
    pass


STREAM_TRUNCATED_PREMATURELY = "Stream has ended unexpectedly"
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# Copyright (c) 2006, Mathieu Fenniak
# All rights reserved.
#
# Redistribution and use in source and binary forms, with or without
# modification, are permitted provided that the following conditions are
# met:
#
# * Redistributions of source code must retain the above copyright notice,
# this list of conditions and the following disclaimer.
# * Redistributions in binary form must reproduce the above copyright notice,
# this list of conditions and the following disclaimer in the documentation
# and/or other materials provided with the distribution.
# * The name of the author may not be used to endorse or promote products
# derived from this software without specific prior written permission.
#
# THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS"
# AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
# IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
# ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR CONTRIBUTORS BE
# LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR
# CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF
# SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS
# INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN
# CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
# ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE
# POSSIBILITY OF SUCH DAMAGE.


"""
Implementation of stream filters for PDF.

See TABLE H.1 Abbreviations for standard filter names
"""
__author__ = "Mathieu Fenniak"
__author_email__ = "biziqe@mathieu.fenniak.net"

import math
import struct
import zlib
from io import BytesIO
from typing import Any, Dict, Optional, Tuple, Union, cast

from .generic import ArrayObject, DictionaryObject, IndirectObject, NameObject

try:
    from typing import Literal  # type: ignore[attr-defined]
except ImportError:
    # PEP 586 introduced typing.Literal with Python 3.8
    # For older Python versions, the backport typing_extensions is necessary:
    from typing_extensions import Literal  # type: ignore[misc]

from ._utils import b_, deprecate_with_replacement, ord_, paeth_predictor
from .constants import CcittFaxDecodeParameters as CCITT
from .constants import ColorSpaces
from .constants import FilterTypeAbbreviations as FTA
from .constants import FilterTypes as FT
from .constants import GraphicsStateParameters as G
from .constants import ImageAttributes as IA
from .constants import LzwFilterParameters as LZW
from .constants import StreamAttributes as SA
from .errors import PdfReadError, PdfStreamError


def decompress(data: bytes) -> bytes:
    try:
        return zlib.decompress(data)
    except zlib.error:
        d = zlib.decompressobj(zlib.MAX_WBITS | 32)
        result_str = b""
        for b in [data[i : i + 1] for i in range(len(data))]:
            try:
                result_str += d.decompress(b)
            except zlib.error:
                pass
        return result_str


class FlateDecode:
    @staticmethod
    def decode(
        data: bytes,
        decode_parms: Union[None, ArrayObject, DictionaryObject] = None,
        **kwargs: Any,
    ) -> bytes:
        """
        Decode data which is flate-encoded.

        :param data: flate-encoded data.
        :param decode_parms: a dictionary of values, understanding the
            "/Predictor":<int> key only
        :return: the flate-decoded data.

        :raises PdfReadError:
        """
        if "decodeParms" in kwargs:  # pragma: no cover
            deprecate_with_replacement("decodeParms", "parameters", "4.0.0")
            decode_parms = kwargs["decodeParms"]
        str_data = decompress(data)
        predictor = 1

        if decode_parms:
            try:
                if isinstance(decode_parms, ArrayObject):
                    for decode_parm in decode_parms:
                        if "/Predictor" in decode_parm:
                            predictor = decode_parm["/Predictor"]
                else:
                    predictor = decode_parms.get("/Predictor", 1)
            except (AttributeError, TypeError):  # Type Error is NullObject
                pass  # Usually an array with a null object was read
        # predictor 1 == no predictor
        if predictor != 1:
            # The /Columns param. has 1 as the default value; see ISO 32000,
            # ยง7.4.4.3 LZWDecode and FlateDecode Parameters, Table 8
            DEFAULT_BITS_PER_COMPONENT = 8
            if isinstance(decode_parms, ArrayObject):
                columns = 1
                bits_per_component = DEFAULT_BITS_PER_COMPONENT
                for decode_parm in decode_parms:
                    if "/Columns" in decode_parm:
                        columns = decode_parm["/Columns"]
                    if LZW.BITS_PER_COMPONENT in decode_parm:
                        bits_per_component = decode_parm[LZW.BITS_PER_COMPONENT]
            else:
                columns = (
                    1 if decode_parms is None else decode_parms.get(LZW.COLUMNS, 1)
                )
                bits_per_component = (
                    decode_parms.get(LZW.BITS_PER_COMPONENT, DEFAULT_BITS_PER_COMPONENT)
                    if decode_parms
                    else DEFAULT_BITS_PER_COMPONENT
                )

            # PNG predictor can vary by row and so is the lead byte on each row
            rowlength = (
                math.ceil(columns * bits_per_component / 8) + 1
            )  # number of bytes

            # PNG prediction:
            if 10 <= predictor <= 15:
                str_data = FlateDecode._decode_png_prediction(str_data, columns, rowlength)  # type: ignore
            else:
                # unsupported predictor
                raise PdfReadError(f"Unsupported flatedecode predictor {predictor!r}")
        return str_data

    @staticmethod
    def _decode_png_prediction(data: str, columns: int, rowlength: int) -> bytes:
        output = BytesIO()
        # PNG prediction can vary from row to row
        if len(data) % rowlength != 0:
            raise PdfReadError("Image data is not rectangular")
        prev_rowdata = (0,) * rowlength
        for row in range(len(data) // rowlength):
            rowdata = [
                ord_(x) for x in data[(row * rowlength) : ((row + 1) * rowlength)]
            ]
            filter_byte = rowdata[0]

            if filter_byte == 0:
                pass
            elif filter_byte == 1:
                for i in range(2, rowlength):
                    rowdata[i] = (rowdata[i] + rowdata[i - 1]) % 256
            elif filter_byte == 2:
                for i in range(1, rowlength):
                    rowdata[i] = (rowdata[i] + prev_rowdata[i]) % 256
            elif filter_byte == 3:
                for i in range(1, rowlength):
                    left = rowdata[i - 1] if i > 1 else 0
                    floor = math.floor(left + prev_rowdata[i]) / 2
                    rowdata[i] = (rowdata[i] + int(floor)) % 256
            elif filter_byte == 4:
                for i in range(1, rowlength):
                    left = rowdata[i - 1] if i > 1 else 0
                    up = prev_rowdata[i]
                    up_left = prev_rowdata[i - 1] if i > 1 else 0
                    paeth = paeth_predictor(left, up, up_left)
                    rowdata[i] = (rowdata[i] + paeth) % 256
            else:
                # unsupported PNG filter
                raise PdfReadError(f"Unsupported PNG filter {filter_byte!r}")
            prev_rowdata = tuple(rowdata)
            output.write(bytearray(rowdata[1:]))
        return output.getvalue()

    @staticmethod
    def encode(data: bytes) -> bytes:
        return zlib.compress(data)


class ASCIIHexDecode:
    """
    The ASCIIHexDecode filter decodes data that has been encoded in ASCII
    hexadecimal form into a base-7 ASCII format.
    """

    @staticmethod
    def decode(
        data: str,
        decode_parms: Union[None, ArrayObject, DictionaryObject] = None,  # noqa: F841
        **kwargs: Any,
    ) -> str:
        """
        :param data: a str sequence of hexadecimal-encoded values to be
            converted into a base-7 ASCII string
        :param decode_parms:
        :return: a string conversion in base-7 ASCII, where each of its values
            v is such that 0 <= ord(v) <= 127.

        :raises PdfStreamError:
        """
        if "decodeParms" in kwargs:  # pragma: no cover
            deprecate_with_replacement("decodeParms", "parameters", "4.0.0")
            decode_parms = kwargs["decodeParms"]  # noqa: F841
        retval = ""
        hex_pair = ""
        index = 0
        while True:
            if index >= len(data):
                raise PdfStreamError("Unexpected EOD in ASCIIHexDecode")
            char = data[index]
            if char == ">":
                break
            elif char.isspace():
                index += 1
                continue
            hex_pair += char
            if len(hex_pair) == 2:
                retval += chr(int(hex_pair, base=16))
                hex_pair = ""
            index += 1
        assert hex_pair == ""
        return retval


class LZWDecode:
    """Taken from:
    http://www.java2s.com/Open-Source/Java-Document/PDF/PDF-Renderer/com/sun/pdfview/decode/LZWDecode.java.htm
    """

    class Decoder:
        def __init__(self, data: bytes) -> None:
            self.STOP = 257
            self.CLEARDICT = 256
            self.data = data
            self.bytepos = 0
            self.bitpos = 0
            self.dict = [""] * 4096
            for i in range(256):
                self.dict[i] = chr(i)
            self.reset_dict()

        def reset_dict(self) -> None:
            self.dictlen = 258
            self.bitspercode = 9

        def next_code(self) -> int:
            fillbits = self.bitspercode
            value = 0
            while fillbits > 0:
                if self.bytepos >= len(self.data):
                    return -1
                nextbits = ord_(self.data[self.bytepos])
                bitsfromhere = 8 - self.bitpos
                bitsfromhere = min(bitsfromhere, fillbits)
                value |= (
                    (nextbits >> (8 - self.bitpos - bitsfromhere))
                    & (0xFF >> (8 - bitsfromhere))
                ) << (fillbits - bitsfromhere)
                fillbits -= bitsfromhere
                self.bitpos += bitsfromhere
                if self.bitpos >= 8:
                    self.bitpos = 0
                    self.bytepos = self.bytepos + 1
            return value

        def decode(self) -> str:
            """
            TIFF 6.0 specification explains in sufficient details the steps to
            implement the LZW encode() and decode() algorithms.

            algorithm derived from:
            http://www.rasip.fer.hr/research/compress/algorithms/fund/lz/lzw.html
            and the PDFReference

            :raises PdfReadError: If the stop code is missing
            """
            cW = self.CLEARDICT
            baos = ""
            while True:
                pW = cW
                cW = self.next_code()
                if cW == -1:
                    raise PdfReadError("Missed the stop code in LZWDecode!")
                if cW == self.STOP:
                    break
                elif cW == self.CLEARDICT:
                    self.reset_dict()
                elif pW == self.CLEARDICT:
                    baos += self.dict[cW]
                else:
                    if cW < self.dictlen:
                        baos += self.dict[cW]
                        p = self.dict[pW] + self.dict[cW][0]
                        self.dict[self.dictlen] = p
                        self.dictlen += 1
                    else:
                        p = self.dict[pW] + self.dict[pW][0]
                        baos += p
                        self.dict[self.dictlen] = p
                        self.dictlen += 1
                    if (
                        self.dictlen >= (1 << self.bitspercode) - 1
                        and self.bitspercode < 12
                    ):
                        self.bitspercode += 1
            return baos

    @staticmethod
    def decode(
        data: bytes,
        decode_parms: Union[None, ArrayObject, DictionaryObject] = None,
        **kwargs: Any,
    ) -> str:
        """
        :param data: ``bytes`` or ``str`` text to decode.
        :param decode_parms: a dictionary of parameter values.
        :return: decoded data.
        """
        if "decodeParms" in kwargs:  # pragma: no cover
            deprecate_with_replacement("decodeParms", "parameters", "4.0.0")
            decode_parms = kwargs["decodeParms"]  # noqa: F841
        return LZWDecode.Decoder(data).decode()


class ASCII85Decode:
    """Decodes string ASCII85-encoded data into a byte format."""

    @staticmethod
    def decode(
        data: Union[str, bytes],
        decode_parms: Union[None, ArrayObject, DictionaryObject] = None,
        **kwargs: Any,
    ) -> bytes:
        if "decodeParms" in kwargs:  # pragma: no cover
            deprecate_with_replacement("decodeParms", "parameters", "4.0.0")
            decode_parms = kwargs["decodeParms"]  # noqa: F841
        if isinstance(data, str):
            data = data.encode("ascii")
        group_index = b = 0
        out = bytearray()
        for char in data:
            if ord("!") <= char and char <= ord("u"):
                group_index += 1
                b = b * 85 + (char - 33)
                if group_index == 5:
                    out += struct.pack(b">L", b)
                    group_index = b = 0
            elif char == ord("z"):
                assert group_index == 0
                out += b"\0\0\0\0"
            elif char == ord("~"):
                if group_index:
                    for _ in range(5 - group_index):
                        b = b * 85 + 84
                    out += struct.pack(b">L", b)[: group_index - 1]
                break
        return bytes(out)


class DCTDecode:
    @staticmethod
    def decode(
        data: bytes,
        decode_parms: Union[None, ArrayObject, DictionaryObject] = None,
        **kwargs: Any,
    ) -> bytes:
        if "decodeParms" in kwargs:  # pragma: no cover
            deprecate_with_replacement("decodeParms", "parameters", "4.0.0")
            decode_parms = kwargs["decodeParms"]  # noqa: F841
        return data


class JPXDecode:
    @staticmethod
    def decode(
        data: bytes,
        decode_parms: Union[None, ArrayObject, DictionaryObject] = None,
        **kwargs: Any,
    ) -> bytes:
        if "decodeParms" in kwargs:  # pragma: no cover
            deprecate_with_replacement("decodeParms", "parameters", "4.0.0")
            decode_parms = kwargs["decodeParms"]  # noqa: F841
        return data


class CCITParameters:
    """TABLE 3.9 Optional parameters for the CCITTFaxDecode filter."""

    def __init__(self, K: int = 0, columns: int = 0, rows: int = 0) -> None:
        self.K = K
        self.EndOfBlock = None
        self.EndOfLine = None
        self.EncodedByteAlign = None
        self.columns = columns  # width
        self.rows = rows  # height
        self.DamagedRowsBeforeError = None

    @property
    def group(self) -> int:
        if self.K < 0:
            CCITTgroup = 4
        else:
            # k == 0: Pure one-dimensional encoding (Group 3, 1-D)
            # k > 0: Mixed one- and two-dimensional encoding (Group 3, 2-D)
            CCITTgroup = 3
        return CCITTgroup


class CCITTFaxDecode:
    """
    See 3.3.5 CCITTFaxDecode Filter (PDF 1.7 Standard).

    Either Group 3 or Group 4 CCITT facsimile (fax) encoding.
    CCITT encoding is bit-oriented, not byte-oriented.

    See: TABLE 3.9 Optional parameters for the CCITTFaxDecode filter
    """

    @staticmethod
    def _get_parameters(
        parameters: Union[None, ArrayObject, DictionaryObject], rows: int
    ) -> CCITParameters:
        # TABLE 3.9 Optional parameters for the CCITTFaxDecode filter
        k = 0
        columns = 1728
        if parameters:
            if isinstance(parameters, ArrayObject):
                for decode_parm in parameters:
                    if CCITT.COLUMNS in decode_parm:
                        columns = decode_parm[CCITT.COLUMNS]
                    if CCITT.K in decode_parm:
                        k = decode_parm[CCITT.K]
            else:
                if CCITT.COLUMNS in parameters:
                    columns = parameters[CCITT.COLUMNS]  # type: ignore
                if CCITT.K in parameters:
                    k = parameters[CCITT.K]  # type: ignore

        return CCITParameters(k, columns, rows)

    @staticmethod
    def decode(
        data: bytes,
        decode_parms: Union[None, ArrayObject, DictionaryObject] = None,
        height: int = 0,
        **kwargs: Any,
    ) -> bytes:
        if "decodeParms" in kwargs:  # pragma: no cover
            deprecate_with_replacement("decodeParms", "parameters", "4.0.0")
            decode_parms = kwargs["decodeParms"]
        parms = CCITTFaxDecode._get_parameters(decode_parms, height)

        img_size = len(data)
        tiff_header_struct = "<2shlh" + "hhll" * 8 + "h"
        tiff_header = struct.pack(
            tiff_header_struct,
            b"II",  # Byte order indication: Little endian
            42,  # Version number (always 42)
            8,  # Offset to first IFD
            8,  # Number of tags in IFD
            256,
            4,
            1,
            parms.columns,  # ImageWidth, LONG, 1, width
            257,
            4,
            1,
            parms.rows,  # ImageLength, LONG, 1, length
            258,
            3,
            1,
            1,  # BitsPerSample, SHORT, 1, 1
            259,
            3,
            1,
            parms.group,  # Compression, SHORT, 1, 4 = CCITT Group 4 fax encoding
            262,
            3,
            1,
            0,  # Thresholding, SHORT, 1, 0 = WhiteIsZero
            273,
            4,
            1,
            struct.calcsize(
                tiff_header_struct
            ),  # StripOffsets, LONG, 1, length of header
            278,
            4,
            1,
            parms.rows,  # RowsPerStrip, LONG, 1, length
            279,
            4,
            1,
            img_size,  # StripByteCounts, LONG, 1, size of image
            0,  # last IFD
        )

        return tiff_header + data


def decode_stream_data(stream: Any) -> Union[str, bytes]:  # utils.StreamObject
    filters = stream.get(SA.FILTER, ())
    if isinstance(filters, IndirectObject):
        filters = cast(ArrayObject, filters.get_object())
    if len(filters) and not isinstance(filters[0], NameObject):
        # we have a single filter instance
        filters = (filters,)
    data: bytes = stream._data
    # If there is not data to decode we should not try to decode the data.
    if data:
        for filter_type in filters:
            if filter_type in (FT.FLATE_DECODE, FTA.FL):
                data = FlateDecode.decode(data, stream.get(SA.DECODE_PARMS))
            elif filter_type in (FT.ASCII_HEX_DECODE, FTA.AHx):
                data = ASCIIHexDecode.decode(data)  # type: ignore
            elif filter_type in (FT.LZW_DECODE, FTA.LZW):
                data = LZWDecode.decode(data, stream.get(SA.DECODE_PARMS))  # type: ignore
            elif filter_type in (FT.ASCII_85_DECODE, FTA.A85):
                data = ASCII85Decode.decode(data)
            elif filter_type == FT.DCT_DECODE:
                data = DCTDecode.decode(data)
            elif filter_type == "/JPXDecode":
                data = JPXDecode.decode(data)
            elif filter_type == FT.CCITT_FAX_DECODE:
                height = stream.get(IA.HEIGHT, ())
                data = CCITTFaxDecode.decode(data, stream.get(SA.DECODE_PARMS), height)
            elif filter_type == "/Crypt":
                decode_parms = stream.get(SA.DECODE_PARMS, {})
                if "/Name" not in decode_parms and "/Type" not in decode_parms:
                    pass
                else:
                    raise NotImplementedError(
                        "/Crypt filter with /Name or /Type not supported yet"
                    )
            else:
                # Unsupported filter
                raise NotImplementedError(f"unsupported filter {filter_type}")
    return data


def decodeStreamData(stream: Any) -> Union[str, bytes]:  # pragma: no cover
    deprecate_with_replacement("decodeStreamData", "decode_stream_data", "4.0.0")
    return decode_stream_data(stream)


def _xobj_to_image(x_object_obj: Dict[str, Any]) -> Tuple[Optional[str], bytes]:
    """
    Users need to have the pillow package installed.

    It's unclear if PyPDF2 will keep this function here, hence it's private.
    It might get removed at any point.

    :return: Tuple[file extension, bytes]
    """
    from PIL import Image

    size = (x_object_obj[IA.WIDTH], x_object_obj[IA.HEIGHT])
    data = x_object_obj.get_data()  # type: ignore
    if (
        IA.COLOR_SPACE in x_object_obj
        and x_object_obj[IA.COLOR_SPACE] == ColorSpaces.DEVICE_RGB
    ):
        # https://pillow.readthedocs.io/en/stable/handbook/concepts.html#modes
        mode: Literal["RGB", "P"] = "RGB"
    else:
        mode = "P"
    extension = None
    if SA.FILTER in x_object_obj:
        if x_object_obj[SA.FILTER] == FT.FLATE_DECODE:
            extension = ".png"
            color_space = None
            if "/ColorSpace" in x_object_obj:
                color_space = x_object_obj["/ColorSpace"].get_object()
                if (
                    isinstance(color_space, ArrayObject)
                    and color_space[0] == "/Indexed"
                ):
                    color_space, base, hival, lookup = (
                        value.get_object() for value in color_space
                    )

            img = Image.frombytes(mode, size, data)
            if color_space == "/Indexed":
                img.putpalette(lookup.get_data())
                img = img.convert("RGB")
            if G.S_MASK in x_object_obj:  # add alpha channel
                alpha = Image.frombytes("L", size, x_object_obj[G.S_MASK].get_data())
                img.putalpha(alpha)
            img_byte_arr = BytesIO()
            img.save(img_byte_arr, format="PNG")
            data = img_byte_arr.getvalue()
        elif x_object_obj[SA.FILTER] in (
            [FT.LZW_DECODE],
            [FT.ASCII_85_DECODE],
            [FT.CCITT_FAX_DECODE],
        ):
            extension = ".png"
            data = b_(data)
        elif x_object_obj[SA.FILTER] == FT.DCT_DECODE:
            extension = ".jpg"
        elif x_object_obj[SA.FILTER] == "/JPXDecode":
            extension = ".jp2"
        elif x_object_obj[SA.FILTER] == FT.CCITT_FAX_DECODE:
            extension = ".tiff"
    else:
        extension = ".png"
        img = Image.frombytes(mode, size, data)
        img_byte_arr = BytesIO()
        img.save(img_byte_arr, format="PNG")
        data = img_byte_arr.getvalue()

    return extension, data
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# Copyright (c) 2006, Mathieu Fenniak
# All rights reserved.
#
# Redistribution and use in source and binary forms, with or without
# modification, are permitted provided that the following conditions are
# met:
#
# * Redistributions of source code must retain the above copyright notice,
# this list of conditions and the following disclaimer.
# * Redistributions in binary form must reproduce the above copyright notice,
# this list of conditions and the following disclaimer in the documentation
# and/or other materials provided with the distribution.
# * The name of the author may not be used to endorse or promote products
# derived from this software without specific prior written permission.
#
# THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS"
# AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
# IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
# ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR CONTRIBUTORS BE
# LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR
# CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF
# SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS
# INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN
# CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
# ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE
# POSSIBILITY OF SUCH DAMAGE.

"""Implementation of generic PDF objects (dictionary, number, string, ...)."""
__author__ = "Mathieu Fenniak"
__author_email__ = "biziqe@mathieu.fenniak.net"

from typing import Dict, List, Union

from .._utils import StreamType, deprecate_with_replacement
from ..constants import OutlineFontFlag
from ._annotations import AnnotationBuilder
from ._base import (
    BooleanObject,
    ByteStringObject,
    FloatObject,
    IndirectObject,
    NameObject,
    NullObject,
    NumberObject,
    PdfObject,
    TextStringObject,
    encode_pdfdocencoding,
)
from ._data_structures import (
    ArrayObject,
    ContentStream,
    DecodedStreamObject,
    Destination,
    DictionaryObject,
    EncodedStreamObject,
    Field,
    StreamObject,
    TreeObject,
    read_object,
)
from ._outline import Bookmark, OutlineItem
from ._rectangle import RectangleObject
from ._utils import (
    create_string_object,
    decode_pdfdocencoding,
    hex_to_rgb,
    read_hex_string_from_stream,
    read_string_from_stream,
)


def readHexStringFromStream(
    stream: StreamType,
) -> Union["TextStringObject", "ByteStringObject"]:  # pragma: no cover
    deprecate_with_replacement(
        "readHexStringFromStream", "read_hex_string_from_stream", "4.0.0"
    )
    return read_hex_string_from_stream(stream)


def readStringFromStream(
    stream: StreamType,
    forced_encoding: Union[None, str, List[str], Dict[int, str]] = None,
) -> Union["TextStringObject", "ByteStringObject"]:  # pragma: no cover
    deprecate_with_replacement(
        "readStringFromStream", "read_string_from_stream", "4.0.0"
    )
    return read_string_from_stream(stream, forced_encoding)


def createStringObject(
    string: Union[str, bytes],
    forced_encoding: Union[None, str, List[str], Dict[int, str]] = None,
) -> Union[TextStringObject, ByteStringObject]:  # pragma: no cover
    deprecate_with_replacement("createStringObject", "create_string_object", "4.0.0")
    return create_string_object(string, forced_encoding)


__all__ = [
    # Base types
    "BooleanObject",
    "FloatObject",
    "NumberObject",
    "NameObject",
    "IndirectObject",
    "NullObject",
    "PdfObject",
    "TextStringObject",
    "ByteStringObject",
    # Annotations
    "AnnotationBuilder",
    # Data structures
    "ArrayObject",
    "DictionaryObject",
    "TreeObject",
    "StreamObject",
    "DecodedStreamObject",
    "EncodedStreamObject",
    "ContentStream",
    "RectangleObject",
    "Field",
    "Destination",
    # --- More specific stuff
    # Outline
    "OutlineItem",
    "OutlineFontFlag",
    "Bookmark",
    # Data structures core functions
    "read_object",
    # Utility functions
    "create_string_object",
    "encode_pdfdocencoding",
    "decode_pdfdocencoding",
    "hex_to_rgb",
    "read_hex_string_from_stream",
    "read_string_from_stream",
]
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from typing import Optional, Tuple, Union

from ._base import (
    BooleanObject,
    FloatObject,
    NameObject,
    NullObject,
    NumberObject,
    TextStringObject,
)
from ._data_structures import ArrayObject, DictionaryObject
from ._rectangle import RectangleObject
from ._utils import hex_to_rgb


class AnnotationBuilder:
    """
    The AnnotationBuilder creates dictionaries representing PDF annotations.

    Those dictionaries can be modified before they are added to a PdfWriter
    instance via `writer.add_annotation`.

    See `adding PDF annotations <../user/adding-pdf-annotations.html>`_ for
    it's usage combined with PdfWriter.
    """

    from ..types import FitType, ZoomArgType

    @staticmethod
    def text(
        rect: Union[RectangleObject, Tuple[float, float, float, float]],
        text: str,
        open: bool = False,
        flags: int = 0,
    ) -> DictionaryObject:
        """
        Add text annotation.

        :param Tuple[int, int, int, int] rect:
            or array of four integers specifying the clickable rectangular area
            ``[xLL, yLL, xUR, yUR]``
        :param bool open:
        :param int flags:
        """
        # TABLE 8.23 Additional entries specific to a text annotation
        text_obj = DictionaryObject(
            {
                NameObject("/Type"): NameObject("/Annot"),
                NameObject("/Subtype"): NameObject("/Text"),
                NameObject("/Rect"): RectangleObject(rect),
                NameObject("/Contents"): TextStringObject(text),
                NameObject("/Open"): BooleanObject(open),
                NameObject("/Flags"): NumberObject(flags),
            }
        )
        return text_obj

    @staticmethod
    def free_text(
        text: str,
        rect: Union[RectangleObject, Tuple[float, float, float, float]],
        font: str = "Helvetica",
        bold: bool = False,
        italic: bool = False,
        font_size: str = "14pt",
        font_color: str = "000000",
        border_color: str = "000000",
        background_color: str = "ffffff",
    ) -> DictionaryObject:
        """
        Add text in a rectangle to a page.

        :param str text: Text to be added
        :param RectangleObject rect: or array of four integers
            specifying the clickable rectangular area ``[xLL, yLL, xUR, yUR]``
        :param str font: Name of the Font, e.g. 'Helvetica'
        :param bool bold: Print the text in bold
        :param bool italic: Print the text in italic
        :param str font_size: How big the text will be, e.g. '14pt'
        :param str font_color: Hex-string for the color
        :param str border_color: Hex-string for the border color
        :param str background_color: Hex-string for the background of the annotation
        """
        font_str = "font: "
        if bold is True:
            font_str = font_str + "bold "
        if italic is True:
            font_str = font_str + "italic "
        font_str = font_str + font + " " + font_size
        font_str = font_str + ";text-align:left;color:#" + font_color

        bg_color_str = ""
        for st in hex_to_rgb(border_color):
            bg_color_str = bg_color_str + str(st) + " "
        bg_color_str = bg_color_str + "rg"

        free_text = DictionaryObject()
        free_text.update(
            {
                NameObject("/Type"): NameObject("/Annot"),
                NameObject("/Subtype"): NameObject("/FreeText"),
                NameObject("/Rect"): RectangleObject(rect),
                NameObject("/Contents"): TextStringObject(text),
                # font size color
                NameObject("/DS"): TextStringObject(font_str),
                # border color
                NameObject("/DA"): TextStringObject(bg_color_str),
                # background color
                NameObject("/C"): ArrayObject(
                    [FloatObject(n) for n in hex_to_rgb(background_color)]
                ),
            }
        )
        return free_text

    @staticmethod
    def line(
        p1: Tuple[float, float],
        p2: Tuple[float, float],
        rect: Union[RectangleObject, Tuple[float, float, float, float]],
        text: str = "",
        title_bar: str = "",
    ) -> DictionaryObject:
        """
        Draw a line on the PDF.

        :param Tuple[float, float] p1: First point
        :param Tuple[float, float] p2: Second point
        :param RectangleObject rect: or array of four
                integers specifying the clickable rectangular area
                ``[xLL, yLL, xUR, yUR]``
        :param str text: Text to be displayed as the line annotation
        :param str title_bar: Text to be displayed in the title bar of the
            annotation; by convention this is the name of the author
        """
        line_obj = DictionaryObject(
            {
                NameObject("/Type"): NameObject("/Annot"),
                NameObject("/Subtype"): NameObject("/Line"),
                NameObject("/Rect"): RectangleObject(rect),
                NameObject("/T"): TextStringObject(title_bar),
                NameObject("/L"): ArrayObject(
                    [
                        FloatObject(p1[0]),
                        FloatObject(p1[1]),
                        FloatObject(p2[0]),
                        FloatObject(p2[1]),
                    ]
                ),
                NameObject("/LE"): ArrayObject(
                    [
                        NameObject(None),
                        NameObject(None),
                    ]
                ),
                NameObject("/IC"): ArrayObject(
                    [
                        FloatObject(0.5),
                        FloatObject(0.5),
                        FloatObject(0.5),
                    ]
                ),
                NameObject("/Contents"): TextStringObject(text),
            }
        )
        return line_obj

    @staticmethod
    def link(
        rect: Union[RectangleObject, Tuple[float, float, float, float]],
        border: Optional[ArrayObject] = None,
        url: Optional[str] = None,
        target_page_index: Optional[int] = None,
        fit: FitType = "/Fit",
        fit_args: Tuple[ZoomArgType, ...] = tuple(),
    ) -> DictionaryObject:
        """
        Add a link to the document.

        The link can either be an external link or an internal link.

        An external link requires the URL parameter.
        An internal link requires the target_page_index, fit, and fit args.


        :param RectangleObject rect: or array of four
            integers specifying the clickable rectangular area
            ``[xLL, yLL, xUR, yUR]``
        :param border: if provided, an array describing border-drawing
            properties. See the PDF spec for details. No border will be
            drawn if this argument is omitted.
            - horizontal corner radius,
            - vertical corner radius, and
            - border width
            - Optionally: Dash
        :param str url: Link to a website (if you want to make an external link)
        :param int target_page_index: index of the page to which the link should go
                                (if you want to make an internal link)
        :param str fit: Page fit or 'zoom' option (see below). Additional arguments may need
            to be supplied. Passing ``None`` will be read as a null value for that coordinate.
        :param Tuple[int, ...] fit_args: Parameters for the fit argument.


        .. list-table:: Valid ``fit`` arguments (see Table 8.2 of the PDF 1.7 reference for details)
           :widths: 50 200

           * - /Fit
             - No additional arguments
           * - /XYZ
             - [left] [top] [zoomFactor]
           * - /FitH
             - [top]
           * - /FitV
             - [left]
           * - /FitR
             - [left] [bottom] [right] [top]
           * - /FitB
             - No additional arguments
           * - /FitBH
             - [top]
           * - /FitBV
             - [left]
        """
        from ..types import BorderArrayType

        is_external = url is not None
        is_internal = target_page_index is not None
        if not is_external and not is_internal:
            raise ValueError(
                "Either 'url' or 'target_page_index' have to be provided. Both were None."
            )
        if is_external and is_internal:
            raise ValueError(
                f"Either 'url' or 'target_page_index' have to be provided. url={url}, target_page_index={target_page_index}"
            )

        border_arr: BorderArrayType
        if border is not None:
            border_arr = [NameObject(n) for n in border[:3]]
            if len(border) == 4:
                dash_pattern = ArrayObject([NameObject(n) for n in border[3]])
                border_arr.append(dash_pattern)
        else:
            border_arr = [NumberObject(0)] * 3

        link_obj = DictionaryObject(
            {
                NameObject("/Type"): NameObject("/Annot"),
                NameObject("/Subtype"): NameObject("/Link"),
                NameObject("/Rect"): RectangleObject(rect),
                NameObject("/Border"): ArrayObject(border_arr),
            }
        )
        if is_external:
            link_obj[NameObject("/A")] = DictionaryObject(
                {
                    NameObject("/S"): NameObject("/URI"),
                    NameObject("/Type"): NameObject("/Action"),
                    NameObject("/URI"): TextStringObject(url),
                }
            )
        if is_internal:
            fit_arg_ready = [
                NullObject() if a is None else NumberObject(a) for a in fit_args
            ]
            # This needs to be updated later!
            dest_deferred = DictionaryObject(
                {
                    "target_page_index": NumberObject(target_page_index),
                    "fit": NameObject(fit),
                    "fit_args": ArrayObject(fit_arg_ready),
                }
            )
            link_obj[NameObject("/Dest")] = dest_deferred
        return link_obj
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# Copyright (c) 2006, Mathieu Fenniak
# All rights reserved.
#
# Redistribution and use in source and binary forms, with or without
# modification, are permitted provided that the following conditions are
# met:
#
# * Redistributions of source code must retain the above copyright notice,
# this list of conditions and the following disclaimer.
# * Redistributions in binary form must reproduce the above copyright notice,
# this list of conditions and the following disclaimer in the documentation
# and/or other materials provided with the distribution.
# * The name of the author may not be used to endorse or promote products
# derived from this software without specific prior written permission.
#
# THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS"
# AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
# IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
# ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR CONTRIBUTORS BE
# LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR
# CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF
# SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS
# INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN
# CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
# ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE
# POSSIBILITY OF SUCH DAMAGE.

import codecs
import decimal
import hashlib
import re
from typing import Any, Callable, Optional, Union

from .._codecs import _pdfdoc_encoding_rev
from .._utils import (
    StreamType,
    b_,
    deprecate_with_replacement,
    hex_str,
    hexencode,
    logger_warning,
    read_non_whitespace,
    read_until_regex,
    str_,
)
from ..errors import STREAM_TRUNCATED_PREMATURELY, PdfReadError, PdfStreamError

__author__ = "Mathieu Fenniak"
__author_email__ = "biziqe@mathieu.fenniak.net"


class PdfObject:
    # function for calculating a hash value
    hash_func: Callable[..., "hashlib._Hash"] = hashlib.sha1

    def hash_value_data(self) -> bytes:
        return ("%s" % self).encode()

    def hash_value(self) -> bytes:
        return (
            "%s:%s"
            % (
                self.__class__.__name__,
                self.hash_func(self.hash_value_data()).hexdigest(),
            )
        ).encode()

    def get_object(self) -> Optional["PdfObject"]:
        """Resolve indirect references."""
        return self

    def getObject(self) -> Optional["PdfObject"]:  # pragma: no cover
        deprecate_with_replacement("getObject", "get_object")
        return self.get_object()

    def write_to_stream(
        self, stream: StreamType, encryption_key: Union[None, str, bytes]
    ) -> None:
        raise NotImplementedError


class NullObject(PdfObject):
    def write_to_stream(
        self, stream: StreamType, encryption_key: Union[None, str, bytes]
    ) -> None:
        stream.write(b"null")

    @staticmethod
    def read_from_stream(stream: StreamType) -> "NullObject":
        nulltxt = stream.read(4)
        if nulltxt != b"null":
            raise PdfReadError("Could not read Null object")
        return NullObject()

    def writeToStream(
        self, stream: StreamType, encryption_key: Union[None, str, bytes]
    ) -> None:  # pragma: no cover
        deprecate_with_replacement("writeToStream", "write_to_stream")
        self.write_to_stream(stream, encryption_key)

    def __repr__(self) -> str:
        return "NullObject"

    @staticmethod
    def readFromStream(stream: StreamType) -> "NullObject":  # pragma: no cover
        deprecate_with_replacement("readFromStream", "read_from_stream")
        return NullObject.read_from_stream(stream)


class BooleanObject(PdfObject):
    def __init__(self, value: Any) -> None:
        self.value = value

    def __eq__(self, __o: object) -> bool:
        if isinstance(__o, BooleanObject):
            return self.value == __o.value
        elif isinstance(__o, bool):
            return self.value == __o
        else:
            return False

    def __repr__(self) -> str:
        return "True" if self.value else "False"

    def write_to_stream(
        self, stream: StreamType, encryption_key: Union[None, str, bytes]
    ) -> None:
        if self.value:
            stream.write(b"true")
        else:
            stream.write(b"false")

    def writeToStream(
        self, stream: StreamType, encryption_key: Union[None, str, bytes]
    ) -> None:  # pragma: no cover
        deprecate_with_replacement("writeToStream", "write_to_stream")
        self.write_to_stream(stream, encryption_key)

    @staticmethod
    def read_from_stream(stream: StreamType) -> "BooleanObject":
        word = stream.read(4)
        if word == b"true":
            return BooleanObject(True)
        elif word == b"fals":
            stream.read(1)
            return BooleanObject(False)
        else:
            raise PdfReadError("Could not read Boolean object")

    @staticmethod
    def readFromStream(stream: StreamType) -> "BooleanObject":  # pragma: no cover
        deprecate_with_replacement("readFromStream", "read_from_stream")
        return BooleanObject.read_from_stream(stream)


class IndirectObject(PdfObject):
    def __init__(self, idnum: int, generation: int, pdf: Any) -> None:  # PdfReader
        self.idnum = idnum
        self.generation = generation
        self.pdf = pdf

    def get_object(self) -> Optional[PdfObject]:
        obj = self.pdf.get_object(self)
        if obj is None:
            return None
        return obj.get_object()

    def __repr__(self) -> str:
        return f"IndirectObject({self.idnum!r}, {self.generation!r}, {id(self.pdf)})"

    def __eq__(self, other: Any) -> bool:
        return (
            other is not None
            and isinstance(other, IndirectObject)
            and self.idnum == other.idnum
            and self.generation == other.generation
            and self.pdf is other.pdf
        )

    def __ne__(self, other: Any) -> bool:
        return not self.__eq__(other)

    def write_to_stream(
        self, stream: StreamType, encryption_key: Union[None, str, bytes]
    ) -> None:
        stream.write(b_(f"{self.idnum} {self.generation} R"))

    def writeToStream(
        self, stream: StreamType, encryption_key: Union[None, str, bytes]
    ) -> None:  # pragma: no cover
        deprecate_with_replacement("writeToStream", "write_to_stream")
        self.write_to_stream(stream, encryption_key)

    @staticmethod
    def read_from_stream(stream: StreamType, pdf: Any) -> "IndirectObject":  # PdfReader
        idnum = b""
        while True:
            tok = stream.read(1)
            if not tok:
                raise PdfStreamError(STREAM_TRUNCATED_PREMATURELY)
            if tok.isspace():
                break
            idnum += tok
        generation = b""
        while True:
            tok = stream.read(1)
            if not tok:
                raise PdfStreamError(STREAM_TRUNCATED_PREMATURELY)
            if tok.isspace():
                if not generation:
                    continue
                break
            generation += tok
        r = read_non_whitespace(stream)
        if r != b"R":
            raise PdfReadError(
                f"Error reading indirect object reference at byte {hex_str(stream.tell())}"
            )
        return IndirectObject(int(idnum), int(generation), pdf)

    @staticmethod
    def readFromStream(
        stream: StreamType, pdf: Any  # PdfReader
    ) -> "IndirectObject":  # pragma: no cover
        deprecate_with_replacement("readFromStream", "read_from_stream")
        return IndirectObject.read_from_stream(stream, pdf)


class FloatObject(decimal.Decimal, PdfObject):
    def __new__(
        cls, value: Union[str, Any] = "0", context: Optional[Any] = None
    ) -> "FloatObject":
        try:
            return decimal.Decimal.__new__(cls, str_(value), context)
        except Exception:
            # If this isn't a valid decimal (happens in malformed PDFs)
            # fallback to 0
            logger_warning(f"FloatObject ({value}) invalid; use 0.0 instead", __name__)
            return decimal.Decimal.__new__(cls, "0.0")

    def __repr__(self) -> str:
        if self == self.to_integral():
            return str(self.quantize(decimal.Decimal(1)))
        else:
            # Standard formatting adds useless extraneous zeros.
            o = f"{self:.5f}"
            # Remove the zeros.
            while o and o[-1] == "0":
                o = o[:-1]
            return o

    def as_numeric(self) -> float:
        return float(repr(self).encode("utf8"))

    def write_to_stream(
        self, stream: StreamType, encryption_key: Union[None, str, bytes]
    ) -> None:
        stream.write(repr(self).encode("utf8"))

    def writeToStream(
        self, stream: StreamType, encryption_key: Union[None, str, bytes]
    ) -> None:  # pragma: no cover
        deprecate_with_replacement("writeToStream", "write_to_stream")
        self.write_to_stream(stream, encryption_key)


class NumberObject(int, PdfObject):
    NumberPattern = re.compile(b"[^+-.0-9]")

    def __new__(cls, value: Any) -> "NumberObject":
        try:
            return int.__new__(cls, int(value))
        except ValueError:
            logger_warning(f"NumberObject({value}) invalid; use 0 instead", __name__)
            return int.__new__(cls, 0)

    def as_numeric(self) -> int:
        return int(repr(self).encode("utf8"))

    def write_to_stream(
        self, stream: StreamType, encryption_key: Union[None, str, bytes]
    ) -> None:
        stream.write(repr(self).encode("utf8"))

    def writeToStream(
        self, stream: StreamType, encryption_key: Union[None, str, bytes]
    ) -> None:  # pragma: no cover
        deprecate_with_replacement("writeToStream", "write_to_stream")
        self.write_to_stream(stream, encryption_key)

    @staticmethod
    def read_from_stream(stream: StreamType) -> Union["NumberObject", FloatObject]:
        num = read_until_regex(stream, NumberObject.NumberPattern)
        if num.find(b".") != -1:
            return FloatObject(num)
        return NumberObject(num)

    @staticmethod
    def readFromStream(
        stream: StreamType,
    ) -> Union["NumberObject", FloatObject]:  # pragma: no cover
        deprecate_with_replacement("readFromStream", "read_from_stream")
        return NumberObject.read_from_stream(stream)


class ByteStringObject(bytes, PdfObject):
    """
    Represents a string object where the text encoding could not be determined.
    This occurs quite often, as the PDF spec doesn't provide an alternate way to
    represent strings -- for example, the encryption data stored in files (like
    /O) is clearly not text, but is still stored in a "String" object.
    """

    @property
    def original_bytes(self) -> bytes:
        """For compatibility with TextStringObject.original_bytes."""
        return self

    def write_to_stream(
        self, stream: StreamType, encryption_key: Union[None, str, bytes]
    ) -> None:
        bytearr = self
        if encryption_key:
            from .._security import RC4_encrypt

            bytearr = RC4_encrypt(encryption_key, bytearr)  # type: ignore
        stream.write(b"<")
        stream.write(hexencode(bytearr))
        stream.write(b">")

    def writeToStream(
        self, stream: StreamType, encryption_key: Union[None, str, bytes]
    ) -> None:  # pragma: no cover
        deprecate_with_replacement("writeToStream", "write_to_stream")
        self.write_to_stream(stream, encryption_key)


class TextStringObject(str, PdfObject):
    """
    Represents a string object that has been decoded into a real unicode string.
    If read from a PDF document, this string appeared to match the
    PDFDocEncoding, or contained a UTF-16BE BOM mark to cause UTF-16 decoding to
    occur.
    """

    autodetect_pdfdocencoding = False
    autodetect_utf16 = False

    @property
    def original_bytes(self) -> bytes:
        """
        It is occasionally possible that a text string object gets created where
        a byte string object was expected due to the autodetection mechanism --
        if that occurs, this "original_bytes" property can be used to
        back-calculate what the original encoded bytes were.
        """
        return self.get_original_bytes()

    def get_original_bytes(self) -> bytes:
        # We're a text string object, but the library is trying to get our raw
        # bytes.  This can happen if we auto-detected this string as text, but
        # we were wrong.  It's pretty common.  Return the original bytes that
        # would have been used to create this object, based upon the autodetect
        # method.
        if self.autodetect_utf16:
            return codecs.BOM_UTF16_BE + self.encode("utf-16be")
        elif self.autodetect_pdfdocencoding:
            return encode_pdfdocencoding(self)
        else:
            raise Exception("no information about original bytes")

    def write_to_stream(
        self, stream: StreamType, encryption_key: Union[None, str, bytes]
    ) -> None:
        # Try to write the string out as a PDFDocEncoding encoded string.  It's
        # nicer to look at in the PDF file.  Sadly, we take a performance hit
        # here for trying...
        try:
            bytearr = encode_pdfdocencoding(self)
        except UnicodeEncodeError:
            bytearr = codecs.BOM_UTF16_BE + self.encode("utf-16be")
        if encryption_key:
            from .._security import RC4_encrypt

            bytearr = RC4_encrypt(encryption_key, bytearr)
            obj = ByteStringObject(bytearr)
            obj.write_to_stream(stream, None)
        else:
            stream.write(b"(")
            for c in bytearr:
                if not chr(c).isalnum() and c != b" ":
                    # This:
                    #   stream.write(b_(rf"\{c:0>3o}"))
                    # gives
                    #   https://github.com/davidhalter/parso/issues/207
                    stream.write(b_("\\%03o" % c))
                else:
                    stream.write(b_(chr(c)))
            stream.write(b")")

    def writeToStream(
        self, stream: StreamType, encryption_key: Union[None, str, bytes]
    ) -> None:  # pragma: no cover
        deprecate_with_replacement("writeToStream", "write_to_stream")
        self.write_to_stream(stream, encryption_key)


class NameObject(str, PdfObject):
    delimiter_pattern = re.compile(rb"\s+|[\(\)<>\[\]{}/%]")
    surfix = b"/"

    def write_to_stream(
        self, stream: StreamType, encryption_key: Union[None, str, bytes]
    ) -> None:
        stream.write(b_(self))

    def writeToStream(
        self, stream: StreamType, encryption_key: Union[None, str, bytes]
    ) -> None:  # pragma: no cover
        deprecate_with_replacement("writeToStream", "write_to_stream")
        self.write_to_stream(stream, encryption_key)

    @staticmethod
    def unnumber(sin: str) -> str:
        i = sin.find("#")
        while i >= 0:
            sin = sin[:i] + chr(int(sin[i + 1 : i + 3], 16)) + sin[i + 3 :]
            i = sin.find("#")
        return sin

    @staticmethod
    def read_from_stream(stream: StreamType, pdf: Any) -> "NameObject":  # PdfReader
        name = stream.read(1)
        if name != NameObject.surfix:
            raise PdfReadError("name read error")
        name += read_until_regex(stream, NameObject.delimiter_pattern, ignore_eof=True)
        try:
            try:
                ret = name.decode("utf-8")
            except (UnicodeEncodeError, UnicodeDecodeError):
                ret = name.decode("gbk")
            # Name objects should represent irregular characters
            # with a '#' followed by the symbol's hex number
            ret = NameObject.unnumber(ret)
            return NameObject(ret)
        except (UnicodeEncodeError, UnicodeDecodeError) as e:
            if not pdf.strict:
                logger_warning("Illegal character in Name Object", __name__)
                return NameObject(name)
            else:
                raise PdfReadError("Illegal character in Name Object") from e

    @staticmethod
    def readFromStream(
        stream: StreamType, pdf: Any  # PdfReader
    ) -> "NameObject":  # pragma: no cover
        deprecate_with_replacement("readFromStream", "read_from_stream")
        return NameObject.read_from_stream(stream, pdf)


def encode_pdfdocencoding(unicode_string: str) -> bytes:
    retval = b""
    for c in unicode_string:
        try:
            retval += b_(chr(_pdfdoc_encoding_rev[c]))
        except KeyError:
            raise UnicodeEncodeError(
                "pdfdocencoding", c, -1, -1, "does not exist in translation table"
            )
    return retval
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# Copyright (c) 2006, Mathieu Fenniak
# All rights reserved.
#
# Redistribution and use in source and binary forms, with or without
# modification, are permitted provided that the following conditions are
# met:
#
# * Redistributions of source code must retain the above copyright notice,
# this list of conditions and the following disclaimer.
# * Redistributions in binary form must reproduce the above copyright notice,
# this list of conditions and the following disclaimer in the documentation
# and/or other materials provided with the distribution.
# * The name of the author may not be used to endorse or promote products
# derived from this software without specific prior written permission.
#
# THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS"
# AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
# IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
# ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR CONTRIBUTORS BE
# LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR
# CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF
# SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS
# INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN
# CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
# ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE
# POSSIBILITY OF SUCH DAMAGE.


__author__ = "Mathieu Fenniak"
__author_email__ = "biziqe@mathieu.fenniak.net"

import logging
import re
from io import BytesIO
from typing import Any, Dict, Iterable, List, Optional, Tuple, Union, cast

from .._utils import (
    WHITESPACES,
    StreamType,
    b_,
    deprecate_with_replacement,
    hex_str,
    logger_warning,
    read_non_whitespace,
    read_until_regex,
    skip_over_comment,
)
from ..constants import (
    CheckboxRadioButtonAttributes,
    FieldDictionaryAttributes,
)
from ..constants import FilterTypes as FT
from ..constants import OutlineFontFlag
from ..constants import StreamAttributes as SA
from ..constants import TypArguments as TA
from ..constants import TypFitArguments as TF
from ..errors import STREAM_TRUNCATED_PREMATURELY, PdfReadError, PdfStreamError
from ._base import (
    BooleanObject,
    FloatObject,
    IndirectObject,
    NameObject,
    NullObject,
    NumberObject,
    PdfObject,
)
from ._utils import read_hex_string_from_stream, read_string_from_stream

logger = logging.getLogger(__name__)
NumberSigns = b"+-"
IndirectPattern = re.compile(rb"[+-]?(\d+)\s+(\d+)\s+R[^a-zA-Z]")


class ArrayObject(list, PdfObject):
    def items(self) -> Iterable[Any]:
        """
        Emulate DictionaryObject.items for a list
        (index, object)
        """
        return enumerate(self)

    def write_to_stream(
        self, stream: StreamType, encryption_key: Union[None, str, bytes]
    ) -> None:
        stream.write(b"[")
        for data in self:
            stream.write(b" ")
            data.write_to_stream(stream, encryption_key)
        stream.write(b" ]")

    def writeToStream(
        self, stream: StreamType, encryption_key: Union[None, str, bytes]
    ) -> None:  # pragma: no cover
        deprecate_with_replacement("writeToStream", "write_to_stream")
        self.write_to_stream(stream, encryption_key)

    @staticmethod
    def read_from_stream(
        stream: StreamType,
        pdf: Any,
        forced_encoding: Union[None, str, List[str], Dict[int, str]] = None,
    ) -> "ArrayObject":  # PdfReader
        arr = ArrayObject()
        tmp = stream.read(1)
        if tmp != b"[":
            raise PdfReadError("Could not read array")
        while True:
            # skip leading whitespace
            tok = stream.read(1)
            while tok.isspace():
                tok = stream.read(1)
            stream.seek(-1, 1)
            # check for array ending
            peekahead = stream.read(1)
            if peekahead == b"]":
                break
            stream.seek(-1, 1)
            # read and append obj
            arr.append(read_object(stream, pdf, forced_encoding))
        return arr

    @staticmethod
    def readFromStream(
        stream: StreamType, pdf: Any  # PdfReader
    ) -> "ArrayObject":  # pragma: no cover
        deprecate_with_replacement("readFromStream", "read_from_stream")
        return ArrayObject.read_from_stream(stream, pdf)


class DictionaryObject(dict, PdfObject):
    def raw_get(self, key: Any) -> Any:
        return dict.__getitem__(self, key)

    def __setitem__(self, key: Any, value: Any) -> Any:
        if not isinstance(key, PdfObject):
            raise ValueError("key must be PdfObject")
        if not isinstance(value, PdfObject):
            raise ValueError("value must be PdfObject")
        return dict.__setitem__(self, key, value)

    def setdefault(self, key: Any, value: Optional[Any] = None) -> Any:
        if not isinstance(key, PdfObject):
            raise ValueError("key must be PdfObject")
        if not isinstance(value, PdfObject):
            raise ValueError("value must be PdfObject")
        return dict.setdefault(self, key, value)  # type: ignore

    def __getitem__(self, key: Any) -> PdfObject:
        return dict.__getitem__(self, key).get_object()

    @property
    def xmp_metadata(self) -> Optional[PdfObject]:
        """
        Retrieve XMP (Extensible Metadata Platform) data relevant to the
        this object, if available.

        Stability: Added in v1.12, will exist for all future v1.x releases.
        @return Returns a {@link #xmp.XmpInformation XmlInformation} instance
        that can be used to access XMP metadata from the document.  Can also
        return None if no metadata was found on the document root.
        """
        from ..xmp import XmpInformation

        metadata = self.get("/Metadata", None)
        if metadata is None:
            return None
        metadata = metadata.get_object()

        if not isinstance(metadata, XmpInformation):
            metadata = XmpInformation(metadata)
            self[NameObject("/Metadata")] = metadata
        return metadata

    def getXmpMetadata(
        self,
    ) -> Optional[PdfObject]:  # pragma: no cover
        """
        .. deprecated:: 1.28.3

            Use :meth:`xmp_metadata` instead.
        """
        deprecate_with_replacement("getXmpMetadata", "xmp_metadata")
        return self.xmp_metadata

    @property
    def xmpMetadata(self) -> Optional[PdfObject]:  # pragma: no cover
        """
        .. deprecated:: 1.28.3

            Use :meth:`xmp_metadata` instead.
        """
        deprecate_with_replacement("xmpMetadata", "xmp_metadata")
        return self.xmp_metadata

    def write_to_stream(
        self, stream: StreamType, encryption_key: Union[None, str, bytes]
    ) -> None:
        stream.write(b"<<\n")
        for key, value in list(self.items()):
            key.write_to_stream(stream, encryption_key)
            stream.write(b" ")
            value.write_to_stream(stream, encryption_key)
            stream.write(b"\n")
        stream.write(b">>")

    def writeToStream(
        self, stream: StreamType, encryption_key: Union[None, str, bytes]
    ) -> None:  # pragma: no cover
        deprecate_with_replacement("writeToStream", "write_to_stream")
        self.write_to_stream(stream, encryption_key)

    @staticmethod
    def read_from_stream(
        stream: StreamType,
        pdf: Any,  # PdfReader
        forced_encoding: Union[None, str, List[str], Dict[int, str]] = None,
    ) -> "DictionaryObject":
        def get_next_obj_pos(
            p: int, p1: int, rem_gens: List[int], pdf: Any
        ) -> int:  # PdfReader
            l = pdf.xref[rem_gens[0]]
            for o in l:
                if p1 > l[o] and p < l[o]:
                    p1 = l[o]
            if len(rem_gens) == 1:
                return p1
            else:
                return get_next_obj_pos(p, p1, rem_gens[1:], pdf)

        def read_unsized_from_steam(stream: StreamType, pdf: Any) -> bytes:  # PdfReader
            # we are just pointing at beginning of the stream
            eon = get_next_obj_pos(stream.tell(), 2**32, list(pdf.xref), pdf) - 1
            curr = stream.tell()
            rw = stream.read(eon - stream.tell())
            p = rw.find(b"endstream")
            if p < 0:
                raise PdfReadError(
                    f"Unable to find 'endstream' marker for obj starting at {curr}."
                )
            stream.seek(curr + p + 9)
            return rw[: p - 1]

        tmp = stream.read(2)
        if tmp != b"<<":
            raise PdfReadError(
                f"Dictionary read error at byte {hex_str(stream.tell())}: "
                "stream must begin with '<<'"
            )
        data: Dict[Any, Any] = {}
        while True:
            tok = read_non_whitespace(stream)
            if tok == b"\x00":
                continue
            elif tok == b"%":
                stream.seek(-1, 1)
                skip_over_comment(stream)
                continue
            if not tok:
                raise PdfStreamError(STREAM_TRUNCATED_PREMATURELY)

            if tok == b">":
                stream.read(1)
                break
            stream.seek(-1, 1)
            try:
                key = read_object(stream, pdf)
                tok = read_non_whitespace(stream)
                stream.seek(-1, 1)
                value = read_object(stream, pdf, forced_encoding)
            except Exception as exc:
                if pdf is not None and pdf.strict:
                    raise PdfReadError(exc.__repr__())
                logger_warning(exc.__repr__(), __name__)
                retval = DictionaryObject()
                retval.update(data)
                return retval  # return partial data

            if not data.get(key):
                data[key] = value
            else:
                # multiple definitions of key not permitted
                msg = (
                    f"Multiple definitions in dictionary at byte "
                    f"{hex_str(stream.tell())} for key {key}"
                )
                if pdf is not None and pdf.strict:
                    raise PdfReadError(msg)
                logger_warning(msg, __name__)

        pos = stream.tell()
        s = read_non_whitespace(stream)
        if s == b"s" and stream.read(5) == b"tream":
            eol = stream.read(1)
            # odd PDF file output has spaces after 'stream' keyword but before EOL.
            # patch provided by Danial Sandler
            while eol == b" ":
                eol = stream.read(1)
            if eol not in (b"\n", b"\r"):
                raise PdfStreamError("Stream data must be followed by a newline")
            if eol == b"\r":
                # read \n after
                if stream.read(1) != b"\n":
                    stream.seek(-1, 1)
            # this is a stream object, not a dictionary
            if SA.LENGTH not in data:
                raise PdfStreamError("Stream length not defined")
            length = data[SA.LENGTH]
            if isinstance(length, IndirectObject):
                t = stream.tell()
                length = pdf.get_object(length)
                stream.seek(t, 0)
            pstart = stream.tell()
            data["__streamdata__"] = stream.read(length)
            e = read_non_whitespace(stream)
            ndstream = stream.read(8)
            if (e + ndstream) != b"endstream":
                # (sigh) - the odd PDF file has a length that is too long, so
                # we need to read backwards to find the "endstream" ending.
                # ReportLab (unknown version) generates files with this bug,
                # and Python users into PDF files tend to be our audience.
                # we need to do this to correct the streamdata and chop off
                # an extra character.
                pos = stream.tell()
                stream.seek(-10, 1)
                end = stream.read(9)
                if end == b"endstream":
                    # we found it by looking back one character further.
                    data["__streamdata__"] = data["__streamdata__"][:-1]
                elif not pdf.strict:
                    stream.seek(pstart, 0)
                    data["__streamdata__"] = read_unsized_from_steam(stream, pdf)
                    pos = stream.tell()
                else:
                    stream.seek(pos, 0)
                    raise PdfReadError(
                        "Unable to find 'endstream' marker after stream at byte "
                        f"{hex_str(stream.tell())} (nd='{ndstream!r}', end='{end!r}')."
                    )
        else:
            stream.seek(pos, 0)
        if "__streamdata__" in data:
            return StreamObject.initialize_from_dictionary(data)
        else:
            retval = DictionaryObject()
            retval.update(data)
            return retval

    @staticmethod
    def readFromStream(
        stream: StreamType, pdf: Any  # PdfReader
    ) -> "DictionaryObject":  # pragma: no cover
        deprecate_with_replacement("readFromStream", "read_from_stream")
        return DictionaryObject.read_from_stream(stream, pdf)


class TreeObject(DictionaryObject):
    def __init__(self) -> None:
        DictionaryObject.__init__(self)

    def hasChildren(self) -> bool:  # pragma: no cover
        deprecate_with_replacement("hasChildren", "has_children", "4.0.0")
        return self.has_children()

    def has_children(self) -> bool:
        return "/First" in self

    def __iter__(self) -> Any:
        return self.children()

    def children(self) -> Iterable[Any]:
        if not self.has_children():
            return

        child_ref = self[NameObject("/First")]
        child = child_ref.get_object()
        while True:
            yield child
            if child == self[NameObject("/Last")]:
                return
            child_ref = child.get(NameObject("/Next"))  # type: ignore
            if child_ref is None:
                return
            child = child_ref.get_object()

    def addChild(self, child: Any, pdf: Any) -> None:  # pragma: no cover
        deprecate_with_replacement("addChild", "add_child")
        self.add_child(child, pdf)

    def add_child(self, child: Any, pdf: Any) -> None:  # PdfWriter
        child_obj = child.get_object()
        child = pdf.get_reference(child_obj)
        assert isinstance(child, IndirectObject)

        prev: Optional[DictionaryObject]
        if "/First" not in self:
            self[NameObject("/First")] = child
            self[NameObject("/Count")] = NumberObject(0)
            prev = None
        else:
            prev = cast(
                DictionaryObject, self["/Last"]
            )  # TABLE 8.3 Entries in the outline dictionary

        self[NameObject("/Last")] = child
        self[NameObject("/Count")] = NumberObject(self[NameObject("/Count")] + 1)  # type: ignore

        if prev:
            prev_ref = pdf.get_reference(prev)
            assert isinstance(prev_ref, IndirectObject)
            child_obj[NameObject("/Prev")] = prev_ref
            prev[NameObject("/Next")] = child

        parent_ref = pdf.get_reference(self)
        assert isinstance(parent_ref, IndirectObject)
        child_obj[NameObject("/Parent")] = parent_ref

    def removeChild(self, child: Any) -> None:  # pragma: no cover
        deprecate_with_replacement("removeChild", "remove_child")
        self.remove_child(child)

    def _remove_node_from_tree(
        self, prev: Any, prev_ref: Any, cur: Any, last: Any
    ) -> None:
        """Adjust the pointers of the linked list and tree node count."""
        next_ref = cur.get(NameObject("/Next"), None)
        if prev is None:
            if next_ref:
                # Removing first tree node
                next_obj = next_ref.get_object()
                del next_obj[NameObject("/Prev")]
                self[NameObject("/First")] = next_ref
                self[NameObject("/Count")] = NumberObject(
                    self[NameObject("/Count")] - 1  # type: ignore
                )

            else:
                # Removing only tree node
                assert self[NameObject("/Count")] == 1
                del self[NameObject("/Count")]
                del self[NameObject("/First")]
                if NameObject("/Last") in self:
                    del self[NameObject("/Last")]
        else:
            if next_ref:
                # Removing middle tree node
                next_obj = next_ref.get_object()
                next_obj[NameObject("/Prev")] = prev_ref
                prev[NameObject("/Next")] = next_ref
            else:
                # Removing last tree node
                assert cur == last
                del prev[NameObject("/Next")]
                self[NameObject("/Last")] = prev_ref
            self[NameObject("/Count")] = NumberObject(self[NameObject("/Count")] - 1)  # type: ignore

    def remove_child(self, child: Any) -> None:
        child_obj = child.get_object()

        if NameObject("/Parent") not in child_obj:
            raise ValueError("Removed child does not appear to be a tree item")
        elif child_obj[NameObject("/Parent")] != self:
            raise ValueError("Removed child is not a member of this tree")

        found = False
        prev_ref = None
        prev = None
        cur_ref: Optional[Any] = self[NameObject("/First")]
        cur: Optional[Dict[str, Any]] = cur_ref.get_object()  # type: ignore
        last_ref = self[NameObject("/Last")]
        last = last_ref.get_object()
        while cur is not None:
            if cur == child_obj:
                self._remove_node_from_tree(prev, prev_ref, cur, last)
                found = True
                break

            # Go to the next node
            prev_ref = cur_ref
            prev = cur
            if NameObject("/Next") in cur:
                cur_ref = cur[NameObject("/Next")]
                cur = cur_ref.get_object()
            else:
                cur_ref = None
                cur = None

        if not found:
            raise ValueError("Removal couldn't find item in tree")

        _reset_node_tree_relationship(child_obj)

    def emptyTree(self) -> None:  # pragma: no cover
        deprecate_with_replacement("emptyTree", "empty_tree", "4.0.0")
        self.empty_tree()

    def empty_tree(self) -> None:
        for child in self:
            child_obj = child.get_object()
            _reset_node_tree_relationship(child_obj)

        if NameObject("/Count") in self:
            del self[NameObject("/Count")]
        if NameObject("/First") in self:
            del self[NameObject("/First")]
        if NameObject("/Last") in self:
            del self[NameObject("/Last")]


def _reset_node_tree_relationship(child_obj: Any) -> None:
    """
    Call this after a node has been removed from a tree.

    This resets the nodes attributes in respect to that tree.
    """
    del child_obj[NameObject("/Parent")]
    if NameObject("/Next") in child_obj:
        del child_obj[NameObject("/Next")]
    if NameObject("/Prev") in child_obj:
        del child_obj[NameObject("/Prev")]


class StreamObject(DictionaryObject):
    def __init__(self) -> None:
        self.__data: Optional[str] = None
        self.decoded_self: Optional[DecodedStreamObject] = None

    def hash_value_data(self) -> bytes:
        data = super().hash_value_data()
        data += b_(self._data)
        return data

    @property
    def decodedSelf(self) -> Optional["DecodedStreamObject"]:  # pragma: no cover
        deprecate_with_replacement("decodedSelf", "decoded_self")
        return self.decoded_self

    @decodedSelf.setter
    def decodedSelf(self, value: "DecodedStreamObject") -> None:  # pragma: no cover
        deprecate_with_replacement("decodedSelf", "decoded_self")
        self.decoded_self = value

    @property
    def _data(self) -> Any:
        return self.__data

    @_data.setter
    def _data(self, value: Any) -> None:
        self.__data = value

    def write_to_stream(
        self, stream: StreamType, encryption_key: Union[None, str, bytes]
    ) -> None:
        self[NameObject(SA.LENGTH)] = NumberObject(len(self._data))
        DictionaryObject.write_to_stream(self, stream, encryption_key)
        del self[SA.LENGTH]
        stream.write(b"\nstream\n")
        data = self._data
        if encryption_key:
            from .._security import RC4_encrypt

            data = RC4_encrypt(encryption_key, data)
        stream.write(data)
        stream.write(b"\nendstream")

    @staticmethod
    def initializeFromDictionary(
        data: Dict[str, Any]
    ) -> Union["EncodedStreamObject", "DecodedStreamObject"]:  # pragma: no cover
        return StreamObject.initialize_from_dictionary(data)

    @staticmethod
    def initialize_from_dictionary(
        data: Dict[str, Any]
    ) -> Union["EncodedStreamObject", "DecodedStreamObject"]:
        retval: Union["EncodedStreamObject", "DecodedStreamObject"]
        if SA.FILTER in data:
            retval = EncodedStreamObject()
        else:
            retval = DecodedStreamObject()
        retval._data = data["__streamdata__"]
        del data["__streamdata__"]
        del data[SA.LENGTH]
        retval.update(data)
        return retval

    def flateEncode(self) -> "EncodedStreamObject":  # pragma: no cover
        deprecate_with_replacement("flateEncode", "flate_encode")
        return self.flate_encode()

    def flate_encode(self) -> "EncodedStreamObject":
        from ..filters import FlateDecode

        if SA.FILTER in self:
            f = self[SA.FILTER]
            if isinstance(f, ArrayObject):
                f.insert(0, NameObject(FT.FLATE_DECODE))
            else:
                newf = ArrayObject()
                newf.append(NameObject("/FlateDecode"))
                newf.append(f)
                f = newf
        else:
            f = NameObject("/FlateDecode")
        retval = EncodedStreamObject()
        retval[NameObject(SA.FILTER)] = f
        retval._data = FlateDecode.encode(self._data)
        return retval


class DecodedStreamObject(StreamObject):
    def get_data(self) -> Any:
        return self._data

    def set_data(self, data: Any) -> Any:
        self._data = data

    def getData(self) -> Any:  # pragma: no cover
        deprecate_with_replacement("getData", "get_data")
        return self._data

    def setData(self, data: Any) -> None:  # pragma: no cover
        deprecate_with_replacement("setData", "set_data")
        self.set_data(data)


class EncodedStreamObject(StreamObject):
    def __init__(self) -> None:
        self.decoded_self: Optional[DecodedStreamObject] = None

    @property
    def decodedSelf(self) -> Optional["DecodedStreamObject"]:  # pragma: no cover
        deprecate_with_replacement("decodedSelf", "decoded_self")
        return self.decoded_self

    @decodedSelf.setter
    def decodedSelf(self, value: DecodedStreamObject) -> None:  # pragma: no cover
        deprecate_with_replacement("decodedSelf", "decoded_self")
        self.decoded_self = value

    def get_data(self) -> Union[None, str, bytes]:
        from ..filters import decode_stream_data

        if self.decoded_self is not None:
            # cached version of decoded object
            return self.decoded_self.get_data()
        else:
            # create decoded object
            decoded = DecodedStreamObject()

            decoded._data = decode_stream_data(self)
            for key, value in list(self.items()):
                if key not in (SA.LENGTH, SA.FILTER, SA.DECODE_PARMS):
                    decoded[key] = value
            self.decoded_self = decoded
            return decoded._data

    def getData(self) -> Union[None, str, bytes]:  # pragma: no cover
        deprecate_with_replacement("getData", "get_data")
        return self.get_data()

    def set_data(self, data: Any) -> None:  # pragma: no cover
        raise PdfReadError("Creating EncodedStreamObject is not currently supported")

    def setData(self, data: Any) -> None:  # pragma: no cover
        deprecate_with_replacement("setData", "set_data")
        return self.set_data(data)


class ContentStream(DecodedStreamObject):
    def __init__(
        self,
        stream: Any,
        pdf: Any,
        forced_encoding: Union[None, str, List[str], Dict[int, str]] = None,
    ) -> None:
        self.pdf = pdf

        # The inner list has two elements:
        #  [0] : List
        #  [1] : str
        self.operations: List[Tuple[Any, Any]] = []

        # stream may be a StreamObject or an ArrayObject containing
        # multiple StreamObjects to be cat'd together.
        stream = stream.get_object()
        if isinstance(stream, ArrayObject):
            data = b""
            for s in stream:
                data += b_(s.get_object().get_data())
                if data[-1] != b"\n":
                    data += b"\n"
            stream_bytes = BytesIO(data)
        else:
            stream_data = stream.get_data()
            assert stream_data is not None
            stream_data_bytes = b_(stream_data)
            stream_bytes = BytesIO(stream_data_bytes)
        self.forced_encoding = forced_encoding
        self.__parse_content_stream(stream_bytes)

    def __parse_content_stream(self, stream: StreamType) -> None:
        stream.seek(0, 0)
        operands: List[Union[int, str, PdfObject]] = []
        while True:
            peek = read_non_whitespace(stream)
            if peek == b"" or peek == 0:
                break
            stream.seek(-1, 1)
            if peek.isalpha() or peek in (b"'", b'"'):
                operator = read_until_regex(stream, NameObject.delimiter_pattern, True)
                if operator == b"BI":
                    # begin inline image - a completely different parsing
                    # mechanism is required, of course... thanks buddy...
                    assert operands == []
                    ii = self._read_inline_image(stream)
                    self.operations.append((ii, b"INLINE IMAGE"))
                else:
                    self.operations.append((operands, operator))
                    operands = []
            elif peek == b"%":
                # If we encounter a comment in the content stream, we have to
                # handle it here.  Typically, read_object will handle
                # encountering a comment -- but read_object assumes that
                # following the comment must be the object we're trying to
                # read.  In this case, it could be an operator instead.
                while peek not in (b"\r", b"\n"):
                    peek = stream.read(1)
            else:
                operands.append(read_object(stream, None, self.forced_encoding))

    def _read_inline_image(self, stream: StreamType) -> Dict[str, Any]:
        # begin reading just after the "BI" - begin image
        # first read the dictionary of settings.
        settings = DictionaryObject()
        while True:
            tok = read_non_whitespace(stream)
            stream.seek(-1, 1)
            if tok == b"I":
                # "ID" - begin of image data
                break
            key = read_object(stream, self.pdf)
            tok = read_non_whitespace(stream)
            stream.seek(-1, 1)
            value = read_object(stream, self.pdf)
            settings[key] = value
        # left at beginning of ID
        tmp = stream.read(3)
        assert tmp[:2] == b"ID"
        data = BytesIO()
        # Read the inline image, while checking for EI (End Image) operator.
        while True:
            # Read 8 kB at a time and check if the chunk contains the E operator.
            buf = stream.read(8192)
            # We have reached the end of the stream, but haven't found the EI operator.
            if not buf:
                raise PdfReadError("Unexpected end of stream")
            loc = buf.find(b"E")

            if loc == -1:
                data.write(buf)
            else:
                # Write out everything before the E.
                data.write(buf[0:loc])

                # Seek back in the stream to read the E next.
                stream.seek(loc - len(buf), 1)
                tok = stream.read(1)
                # Check for End Image
                tok2 = stream.read(1)
                if tok2 == b"I" and buf[loc - 1 : loc] in WHITESPACES:
                    # Data can contain [\s]EI,  so check for the separator \s; 4 chars suffisent Q operator not required.
                    tok3 = stream.read(1)
                    info = tok + tok2
                    # We need to find at least one whitespace after.
                    has_q_whitespace = False
                    while tok3 in WHITESPACES:
                        has_q_whitespace = True
                        info += tok3
                        tok3 = stream.read(1)
                    if has_q_whitespace:
                        stream.seek(-1, 1)
                        break
                    else:
                        stream.seek(-1, 1)
                        data.write(info)
                else:
                    stream.seek(-1, 1)
                    data.write(tok)
        return {"settings": settings, "data": data.getvalue()}

    @property
    def _data(self) -> bytes:
        newdata = BytesIO()
        for operands, operator in self.operations:
            if operator == b"INLINE IMAGE":
                newdata.write(b"BI")
                dicttext = BytesIO()
                operands["settings"].write_to_stream(dicttext, None)
                newdata.write(dicttext.getvalue()[2:-2])
                newdata.write(b"ID ")
                newdata.write(operands["data"])
                newdata.write(b"EI")
            else:
                for op in operands:
                    op.write_to_stream(newdata, None)
                    newdata.write(b" ")
                newdata.write(b_(operator))
            newdata.write(b"\n")
        return newdata.getvalue()

    @_data.setter
    def _data(self, value: Union[str, bytes]) -> None:
        self.__parse_content_stream(BytesIO(b_(value)))


def read_object(
    stream: StreamType,
    pdf: Any,  # PdfReader
    forced_encoding: Union[None, str, List[str], Dict[int, str]] = None,
) -> Union[PdfObject, int, str, ContentStream]:
    tok = stream.read(1)
    stream.seek(-1, 1)  # reset to start
    if tok == b"/":
        return NameObject.read_from_stream(stream, pdf)
    elif tok == b"<":
        # hexadecimal string OR dictionary
        peek = stream.read(2)
        stream.seek(-2, 1)  # reset to start

        if peek == b"<<":
            return DictionaryObject.read_from_stream(stream, pdf, forced_encoding)
        else:
            return read_hex_string_from_stream(stream, forced_encoding)
    elif tok == b"[":
        return ArrayObject.read_from_stream(stream, pdf, forced_encoding)
    elif tok == b"t" or tok == b"f":
        return BooleanObject.read_from_stream(stream)
    elif tok == b"(":
        return read_string_from_stream(stream, forced_encoding)
    elif tok == b"n":
        return NullObject.read_from_stream(stream)
    elif tok == b"%":
        # comment
        while tok not in (b"\r", b"\n"):
            tok = stream.read(1)
            # Prevents an infinite loop by raising an error if the stream is at
            # the EOF
            if len(tok) <= 0:
                raise PdfStreamError("File ended unexpectedly.")
        tok = read_non_whitespace(stream)
        stream.seek(-1, 1)
        return read_object(stream, pdf, forced_encoding)
    elif tok in b"0123456789+-.":
        # number object OR indirect reference
        peek = stream.read(20)
        stream.seek(-len(peek), 1)  # reset to start
        if IndirectPattern.match(peek) is not None:
            return IndirectObject.read_from_stream(stream, pdf)
        else:
            return NumberObject.read_from_stream(stream)
    else:
        raise PdfReadError(
            f"Invalid Elementary Object starting with {tok} @{stream.tell()}"  # type: ignore
        )


class Field(TreeObject):
    """
    A class representing a field dictionary.

    This class is accessed through
    :meth:`get_fields()<PyPDF2.PdfReader.get_fields>`
    """

    def __init__(self, data: Dict[str, Any]) -> None:
        DictionaryObject.__init__(self)
        field_attributes = (
            FieldDictionaryAttributes.attributes()
            + CheckboxRadioButtonAttributes.attributes()
        )
        for attr in field_attributes:
            try:
                self[NameObject(attr)] = data[attr]
            except KeyError:
                pass

    # TABLE 8.69 Entries common to all field dictionaries
    @property
    def field_type(self) -> Optional[NameObject]:
        """Read-only property accessing the type of this field."""
        return self.get(FieldDictionaryAttributes.FT)

    @property
    def fieldType(self) -> Optional[NameObject]:  # pragma: no cover
        """
        .. deprecated:: 1.28.3

            Use :py:attr:`field_type` instead.
        """
        deprecate_with_replacement("fieldType", "field_type")
        return self.field_type

    @property
    def parent(self) -> Optional[DictionaryObject]:
        """Read-only property accessing the parent of this field."""
        return self.get(FieldDictionaryAttributes.Parent)

    @property
    def kids(self) -> Optional[ArrayObject]:
        """Read-only property accessing the kids of this field."""
        return self.get(FieldDictionaryAttributes.Kids)

    @property
    def name(self) -> Optional[str]:
        """Read-only property accessing the name of this field."""
        return self.get(FieldDictionaryAttributes.T)

    @property
    def alternate_name(self) -> Optional[str]:
        """Read-only property accessing the alternate name of this field."""
        return self.get(FieldDictionaryAttributes.TU)

    @property
    def altName(self) -> Optional[str]:  # pragma: no cover
        """
        .. deprecated:: 1.28.3

            Use :py:attr:`alternate_name` instead.
        """
        deprecate_with_replacement("altName", "alternate_name")
        return self.alternate_name

    @property
    def mapping_name(self) -> Optional[str]:
        """
        Read-only property accessing the mapping name of this field. This
        name is used by PyPDF2 as a key in the dictionary returned by
        :meth:`get_fields()<PyPDF2.PdfReader.get_fields>`
        """
        return self.get(FieldDictionaryAttributes.TM)

    @property
    def mappingName(self) -> Optional[str]:  # pragma: no cover
        """
        .. deprecated:: 1.28.3

            Use :py:attr:`mapping_name` instead.
        """
        deprecate_with_replacement("mappingName", "mapping_name")
        return self.mapping_name

    @property
    def flags(self) -> Optional[int]:
        """
        Read-only property accessing the field flags, specifying various
        characteristics of the field (see Table 8.70 of the PDF 1.7 reference).
        """
        return self.get(FieldDictionaryAttributes.Ff)

    @property
    def value(self) -> Optional[Any]:
        """
        Read-only property accessing the value of this field. Format
        varies based on field type.
        """
        return self.get(FieldDictionaryAttributes.V)

    @property
    def default_value(self) -> Optional[Any]:
        """Read-only property accessing the default value of this field."""
        return self.get(FieldDictionaryAttributes.DV)

    @property
    def defaultValue(self) -> Optional[Any]:  # pragma: no cover
        """
        .. deprecated:: 1.28.3

            Use :py:attr:`default_value` instead.
        """
        deprecate_with_replacement("defaultValue", "default_value")
        return self.default_value

    @property
    def additional_actions(self) -> Optional[DictionaryObject]:
        """
        Read-only property accessing the additional actions dictionary.
        This dictionary defines the field's behavior in response to trigger events.
        See Section 8.5.2 of the PDF 1.7 reference.
        """
        return self.get(FieldDictionaryAttributes.AA)

    @property
    def additionalActions(self) -> Optional[DictionaryObject]:  # pragma: no cover
        """
        .. deprecated:: 1.28.3

            Use :py:attr:`additional_actions` instead.
        """
        deprecate_with_replacement("additionalActions", "additional_actions")
        return self.additional_actions


class Destination(TreeObject):
    """
    A class representing a destination within a PDF file.
    See section 8.2.1 of the PDF 1.6 reference.

    :param str title: Title of this destination.
    :param IndirectObject page: Reference to the page of this destination. Should
        be an instance of :class:`IndirectObject<PyPDF2.generic.IndirectObject>`.
    :param str typ: How the destination is displayed.
    :param args: Additional arguments may be necessary depending on the type.
    :raises PdfReadError: If destination type is invalid.

    .. list-table:: Valid ``typ`` arguments (see PDF spec for details)
       :widths: 50 50

       * - /Fit
         - No additional arguments
       * - /XYZ
         - [left] [top] [zoomFactor]
       * - /FitH
         - [top]
       * - /FitV
         - [left]
       * - /FitR
         - [left] [bottom] [right] [top]
       * - /FitB
         - No additional arguments
       * - /FitBH
         - [top]
       * - /FitBV
         - [left]
    """

    def __init__(
        self,
        title: str,
        page: Union[NumberObject, IndirectObject, NullObject, DictionaryObject],
        typ: Union[str, NumberObject],
        *args: Any,  # ZoomArgType
    ) -> None:
        DictionaryObject.__init__(self)
        self[NameObject("/Title")] = title
        self[NameObject("/Page")] = page
        self[NameObject("/Type")] = typ

        # from table 8.2 of the PDF 1.7 reference.
        if typ == "/XYZ":
            (
                self[NameObject(TA.LEFT)],
                self[NameObject(TA.TOP)],
                self[NameObject("/Zoom")],
            ) = args
        elif typ == TF.FIT_R:
            (
                self[NameObject(TA.LEFT)],
                self[NameObject(TA.BOTTOM)],
                self[NameObject(TA.RIGHT)],
                self[NameObject(TA.TOP)],
            ) = args
        elif typ in [TF.FIT_H, TF.FIT_BH]:
            try:  # Prefered to be more robust not only to null parameters
                (self[NameObject(TA.TOP)],) = args
            except Exception:
                (self[NameObject(TA.TOP)],) = (NullObject(),)
        elif typ in [TF.FIT_V, TF.FIT_BV]:
            try:  # Prefered to be more robust not only to null parameters
                (self[NameObject(TA.LEFT)],) = args
            except Exception:
                (self[NameObject(TA.LEFT)],) = (NullObject(),)
        elif typ in [TF.FIT, TF.FIT_B]:
            pass
        else:
            raise PdfReadError(f"Unknown Destination Type: {typ!r}")

    @property
    def dest_array(self) -> ArrayObject:
        return ArrayObject(
            [self.raw_get("/Page"), self["/Type"]]
            + [
                self[x]
                for x in ["/Left", "/Bottom", "/Right", "/Top", "/Zoom"]
                if x in self
            ]
        )

    def getDestArray(self) -> ArrayObject:  # pragma: no cover
        """
        .. deprecated:: 1.28.3

            Use :py:attr:`dest_array` instead.
        """
        deprecate_with_replacement("getDestArray", "dest_array")
        return self.dest_array

    def write_to_stream(
        self, stream: StreamType, encryption_key: Union[None, str, bytes]
    ) -> None:
        stream.write(b"<<\n")
        key = NameObject("/D")
        key.write_to_stream(stream, encryption_key)
        stream.write(b" ")
        value = self.dest_array
        value.write_to_stream(stream, encryption_key)

        key = NameObject("/S")
        key.write_to_stream(stream, encryption_key)
        stream.write(b" ")
        value_s = NameObject("/GoTo")
        value_s.write_to_stream(stream, encryption_key)

        stream.write(b"\n")
        stream.write(b">>")

    @property
    def title(self) -> Optional[str]:
        """Read-only property accessing the destination title."""
        return self.get("/Title")

    @property
    def page(self) -> Optional[int]:
        """Read-only property accessing the destination page number."""
        return self.get("/Page")

    @property
    def typ(self) -> Optional[str]:
        """Read-only property accessing the destination type."""
        return self.get("/Type")

    @property
    def zoom(self) -> Optional[int]:
        """Read-only property accessing the zoom factor."""
        return self.get("/Zoom", None)

    @property
    def left(self) -> Optional[FloatObject]:
        """Read-only property accessing the left horizontal coordinate."""
        return self.get("/Left", None)

    @property
    def right(self) -> Optional[FloatObject]:
        """Read-only property accessing the right horizontal coordinate."""
        return self.get("/Right", None)

    @property
    def top(self) -> Optional[FloatObject]:
        """Read-only property accessing the top vertical coordinate."""
        return self.get("/Top", None)

    @property
    def bottom(self) -> Optional[FloatObject]:
        """Read-only property accessing the bottom vertical coordinate."""
        return self.get("/Bottom", None)

    @property
    def color(self) -> Optional[ArrayObject]:
        """Read-only property accessing the color in (R, G, B) with values 0.0-1.0"""
        return self.get(
            "/C", ArrayObject([FloatObject(0), FloatObject(0), FloatObject(0)])
        )

    @property
    def font_format(self) -> Optional[OutlineFontFlag]:
        """Read-only property accessing the font type. 1=italic, 2=bold, 3=both"""
        return self.get("/F", 0)

    @property
    def outline_count(self) -> Optional[int]:
        """
        Read-only property accessing the outline count.
        positive = expanded
        negative = collapsed
        absolute value = number of visible descendents at all levels
        """
        return self.get("/Count", None)
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from typing import Any, Union

from .._utils import StreamType, deprecate_with_replacement
from ._base import NameObject
from ._data_structures import Destination


class OutlineItem(Destination):
    def write_to_stream(
        self, stream: StreamType, encryption_key: Union[None, str, bytes]
    ) -> None:
        stream.write(b"<<\n")
        for key in [
            NameObject(x)
            for x in ["/Title", "/Parent", "/First", "/Last", "/Next", "/Prev"]
            if x in self
        ]:
            key.write_to_stream(stream, encryption_key)
            stream.write(b" ")
            value = self.raw_get(key)
            value.write_to_stream(stream, encryption_key)
            stream.write(b"\n")
        key = NameObject("/Dest")
        key.write_to_stream(stream, encryption_key)
        stream.write(b" ")
        value = self.dest_array
        value.write_to_stream(stream, encryption_key)
        stream.write(b"\n")
        stream.write(b">>")


class Bookmark(OutlineItem):  # pragma: no cover
    def __init__(self, *args: Any, **kwargs: Any) -> None:
        deprecate_with_replacement("Bookmark", "OutlineItem")
        super().__init__(*args, **kwargs)
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import decimal
from typing import Any, List, Tuple, Union

from .._utils import deprecate_no_replacement, deprecate_with_replacement
from ._base import FloatObject, NumberObject
from ._data_structures import ArrayObject


class RectangleObject(ArrayObject):
    """
    This class is used to represent *page boxes* in PyPDF2. These boxes include:
        * :attr:`artbox <PyPDF2._page.PageObject.artbox>`
        * :attr:`bleedbox <PyPDF2._page.PageObject.bleedbox>`
        * :attr:`cropbox <PyPDF2._page.PageObject.cropbox>`
        * :attr:`mediabox <PyPDF2._page.PageObject.mediabox>`
        * :attr:`trimbox <PyPDF2._page.PageObject.trimbox>`
    """

    def __init__(
        self, arr: Union["RectangleObject", Tuple[float, float, float, float]]
    ) -> None:
        # must have four points
        assert len(arr) == 4
        # automatically convert arr[x] into NumberObject(arr[x]) if necessary
        ArrayObject.__init__(self, [self._ensure_is_number(x) for x in arr])  # type: ignore

    def _ensure_is_number(self, value: Any) -> Union[FloatObject, NumberObject]:
        if not isinstance(value, (NumberObject, FloatObject)):
            value = FloatObject(value)
        return value

    def scale(self, sx: float, sy: float) -> "RectangleObject":
        return RectangleObject(
            (
                float(self.left) * sx,
                float(self.bottom) * sy,
                float(self.right) * sx,
                float(self.top) * sy,
            )
        )

    def ensureIsNumber(
        self, value: Any
    ) -> Union[FloatObject, NumberObject]:  # pragma: no cover
        deprecate_no_replacement("ensureIsNumber")
        return self._ensure_is_number(value)

    def __repr__(self) -> str:
        return f"RectangleObject({repr(list(self))})"

    @property
    def left(self) -> FloatObject:
        return self[0]

    @property
    def bottom(self) -> FloatObject:
        return self[1]

    @property
    def right(self) -> FloatObject:
        return self[2]

    @property
    def top(self) -> FloatObject:
        return self[3]

    def getLowerLeft_x(self) -> FloatObject:  # pragma: no cover
        deprecate_with_replacement("getLowerLeft_x", "left")
        return self.left

    def getLowerLeft_y(self) -> FloatObject:  # pragma: no cover
        deprecate_with_replacement("getLowerLeft_y", "bottom")
        return self.bottom

    def getUpperRight_x(self) -> FloatObject:  # pragma: no cover
        deprecate_with_replacement("getUpperRight_x", "right")
        return self.right

    def getUpperRight_y(self) -> FloatObject:  # pragma: no cover
        deprecate_with_replacement("getUpperRight_y", "top")
        return self.top

    def getUpperLeft_x(self) -> FloatObject:  # pragma: no cover
        deprecate_with_replacement("getUpperLeft_x", "left")
        return self.left

    def getUpperLeft_y(self) -> FloatObject:  # pragma: no cover
        deprecate_with_replacement("getUpperLeft_y", "top")
        return self.top

    def getLowerRight_x(self) -> FloatObject:  # pragma: no cover
        deprecate_with_replacement("getLowerRight_x", "right")
        return self.right

    def getLowerRight_y(self) -> FloatObject:  # pragma: no cover
        deprecate_with_replacement("getLowerRight_y", "bottom")
        return self.bottom

    @property
    def lower_left(self) -> Tuple[decimal.Decimal, decimal.Decimal]:
        """
        Property to read and modify the lower left coordinate of this box
        in (x,y) form.
        """
        return self.left, self.bottom

    @lower_left.setter
    def lower_left(self, value: List[Any]) -> None:
        self[0], self[1] = (self._ensure_is_number(x) for x in value)

    @property
    def lower_right(self) -> Tuple[decimal.Decimal, decimal.Decimal]:
        """
        Property to read and modify the lower right coordinate of this box
        in (x,y) form.
        """
        return self.right, self.bottom

    @lower_right.setter
    def lower_right(self, value: List[Any]) -> None:
        self[2], self[1] = (self._ensure_is_number(x) for x in value)

    @property
    def upper_left(self) -> Tuple[decimal.Decimal, decimal.Decimal]:
        """
        Property to read and modify the upper left coordinate of this box
        in (x,y) form.
        """
        return self.left, self.top

    @upper_left.setter
    def upper_left(self, value: List[Any]) -> None:
        self[0], self[3] = (self._ensure_is_number(x) for x in value)

    @property
    def upper_right(self) -> Tuple[decimal.Decimal, decimal.Decimal]:
        """
        Property to read and modify the upper right coordinate of this box
        in (x,y) form.
        """
        return self.right, self.top

    @upper_right.setter
    def upper_right(self, value: List[Any]) -> None:
        self[2], self[3] = (self._ensure_is_number(x) for x in value)

    def getLowerLeft(
        self,
    ) -> Tuple[decimal.Decimal, decimal.Decimal]:  # pragma: no cover
        deprecate_with_replacement("getLowerLeft", "lower_left")
        return self.lower_left

    def getLowerRight(
        self,
    ) -> Tuple[decimal.Decimal, decimal.Decimal]:  # pragma: no cover
        deprecate_with_replacement("getLowerRight", "lower_right")
        return self.lower_right

    def getUpperLeft(
        self,
    ) -> Tuple[decimal.Decimal, decimal.Decimal]:  # pragma: no cover
        deprecate_with_replacement("getUpperLeft", "upper_left")
        return self.upper_left

    def getUpperRight(
        self,
    ) -> Tuple[decimal.Decimal, decimal.Decimal]:  # pragma: no cover
        deprecate_with_replacement("getUpperRight", "upper_right")
        return self.upper_right

    def setLowerLeft(self, value: Tuple[float, float]) -> None:  # pragma: no cover
        deprecate_with_replacement("setLowerLeft", "lower_left")
        self.lower_left = value  # type: ignore

    def setLowerRight(self, value: Tuple[float, float]) -> None:  # pragma: no cover
        deprecate_with_replacement("setLowerRight", "lower_right")
        self[2], self[1] = (self._ensure_is_number(x) for x in value)

    def setUpperLeft(self, value: Tuple[float, float]) -> None:  # pragma: no cover
        deprecate_with_replacement("setUpperLeft", "upper_left")
        self[0], self[3] = (self._ensure_is_number(x) for x in value)

    def setUpperRight(self, value: Tuple[float, float]) -> None:  # pragma: no cover
        deprecate_with_replacement("setUpperRight", "upper_right")
        self[2], self[3] = (self._ensure_is_number(x) for x in value)

    @property
    def width(self) -> decimal.Decimal:
        return self.right - self.left

    def getWidth(self) -> decimal.Decimal:  # pragma: no cover
        deprecate_with_replacement("getWidth", "width")
        return self.width

    @property
    def height(self) -> decimal.Decimal:
        return self.top - self.bottom

    def getHeight(self) -> decimal.Decimal:  # pragma: no cover
        deprecate_with_replacement("getHeight", "height")
        return self.height

    @property
    def lowerLeft(self) -> Tuple[decimal.Decimal, decimal.Decimal]:  # pragma: no cover
        deprecate_with_replacement("lowerLeft", "lower_left")
        return self.lower_left

    @lowerLeft.setter
    def lowerLeft(
        self, value: Tuple[decimal.Decimal, decimal.Decimal]
    ) -> None:  # pragma: no cover
        deprecate_with_replacement("lowerLeft", "lower_left")
        self.lower_left = value

    @property
    def lowerRight(self) -> Tuple[decimal.Decimal, decimal.Decimal]:  # pragma: no cover
        deprecate_with_replacement("lowerRight", "lower_right")
        return self.lower_right

    @lowerRight.setter
    def lowerRight(
        self, value: Tuple[decimal.Decimal, decimal.Decimal]
    ) -> None:  # pragma: no cover
        deprecate_with_replacement("lowerRight", "lower_right")
        self.lower_right = value

    @property
    def upperLeft(self) -> Tuple[decimal.Decimal, decimal.Decimal]:  # pragma: no cover
        deprecate_with_replacement("upperLeft", "upper_left")
        return self.upper_left

    @upperLeft.setter
    def upperLeft(
        self, value: Tuple[decimal.Decimal, decimal.Decimal]
    ) -> None:  # pragma: no cover
        deprecate_with_replacement("upperLeft", "upper_left")
        self.upper_left = value

    @property
    def upperRight(self) -> Tuple[decimal.Decimal, decimal.Decimal]:  # pragma: no cover
        deprecate_with_replacement("upperRight", "upper_right")
        return self.upper_right

    @upperRight.setter
    def upperRight(
        self, value: Tuple[decimal.Decimal, decimal.Decimal]
    ) -> None:  # pragma: no cover
        deprecate_with_replacement("upperRight", "upper_right")
        self.upper_right = value
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import codecs
from typing import Dict, List, Tuple, Union

from .._codecs import _pdfdoc_encoding
from .._utils import StreamType, b_, logger_warning, read_non_whitespace
from ..errors import STREAM_TRUNCATED_PREMATURELY, PdfStreamError
from ._base import ByteStringObject, TextStringObject


def hex_to_rgb(value: str) -> Tuple[float, float, float]:
    return tuple(int(value.lstrip("#")[i : i + 2], 16) / 255.0 for i in (0, 2, 4))  # type: ignore


def read_hex_string_from_stream(
    stream: StreamType,
    forced_encoding: Union[None, str, List[str], Dict[int, str]] = None,
) -> Union["TextStringObject", "ByteStringObject"]:
    stream.read(1)
    txt = ""
    x = b""
    while True:
        tok = read_non_whitespace(stream)
        if not tok:
            raise PdfStreamError(STREAM_TRUNCATED_PREMATURELY)
        if tok == b">":
            break
        x += tok
        if len(x) == 2:
            txt += chr(int(x, base=16))
            x = b""
    if len(x) == 1:
        x += b"0"
    if len(x) == 2:
        txt += chr(int(x, base=16))
    return create_string_object(b_(txt), forced_encoding)


def read_string_from_stream(
    stream: StreamType,
    forced_encoding: Union[None, str, List[str], Dict[int, str]] = None,
) -> Union["TextStringObject", "ByteStringObject"]:
    tok = stream.read(1)
    parens = 1
    txt = b""
    while True:
        tok = stream.read(1)
        if not tok:
            raise PdfStreamError(STREAM_TRUNCATED_PREMATURELY)
        if tok == b"(":
            parens += 1
        elif tok == b")":
            parens -= 1
            if parens == 0:
                break
        elif tok == b"\\":
            tok = stream.read(1)
            escape_dict = {
                b"n": b"\n",
                b"r": b"\r",
                b"t": b"\t",
                b"b": b"\b",
                b"f": b"\f",
                b"c": rb"\c",
                b"(": b"(",
                b")": b")",
                b"/": b"/",
                b"\\": b"\\",
                b" ": b" ",
                b"%": b"%",
                b"<": b"<",
                b">": b">",
                b"[": b"[",
                b"]": b"]",
                b"#": b"#",
                b"_": b"_",
                b"&": b"&",
                b"$": b"$",
            }
            try:
                tok = escape_dict[tok]
            except KeyError:
                if b"0" <= tok and tok <= b"7":
                    # "The number ddd may consist of one, two, or three
                    # octal digits; high-order overflow shall be ignored.
                    # Three octal digits shall be used, with leading zeros
                    # as needed, if the next character of the string is also
                    # a digit." (PDF reference 7.3.4.2, p 16)
                    for _ in range(2):
                        ntok = stream.read(1)
                        if b"0" <= ntok and ntok <= b"7":
                            tok += ntok
                        else:
                            stream.seek(-1, 1)  # ntok has to be analysed
                            break
                    tok = b_(chr(int(tok, base=8)))
                elif tok in b"\n\r":
                    # This case is  hit when a backslash followed by a line
                    # break occurs.  If it's a multi-char EOL, consume the
                    # second character:
                    tok = stream.read(1)
                    if tok not in b"\n\r":
                        stream.seek(-1, 1)
                    # Then don't add anything to the actual string, since this
                    # line break was escaped:
                    tok = b""
                else:
                    msg = rf"Unexpected escaped string: {tok.decode('utf8')}"
                    logger_warning(msg, __name__)
        txt += tok
    return create_string_object(txt, forced_encoding)


def create_string_object(
    string: Union[str, bytes],
    forced_encoding: Union[None, str, List[str], Dict[int, str]] = None,
) -> Union[TextStringObject, ByteStringObject]:
    """
    Create a ByteStringObject or a TextStringObject from a string to represent the string.

    :param Union[str, bytes] string: A string

    :raises TypeError: If string is not of type str or bytes.
    """
    if isinstance(string, str):
        return TextStringObject(string)
    elif isinstance(string, bytes):
        if isinstance(forced_encoding, (list, dict)):
            out = ""
            for x in string:
                try:
                    out += forced_encoding[x]
                except Exception:
                    out += bytes((x,)).decode("charmap")
            return TextStringObject(out)
        elif isinstance(forced_encoding, str):
            if forced_encoding == "bytes":
                return ByteStringObject(string)
            return TextStringObject(string.decode(forced_encoding))
        else:
            try:
                if string.startswith(codecs.BOM_UTF16_BE):
                    retval = TextStringObject(string.decode("utf-16"))
                    retval.autodetect_utf16 = True
                    return retval
                else:
                    # This is probably a big performance hit here, but we need to
                    # convert string objects into the text/unicode-aware version if
                    # possible... and the only way to check if that's possible is
                    # to try.  Some strings are strings, some are just byte arrays.
                    retval = TextStringObject(decode_pdfdocencoding(string))
                    retval.autodetect_pdfdocencoding = True
                    return retval
            except UnicodeDecodeError:
                return ByteStringObject(string)
    else:
        raise TypeError("create_string_object should have str or unicode arg")


def decode_pdfdocencoding(byte_array: bytes) -> str:
    retval = ""
    for b in byte_array:
        c = _pdfdoc_encoding[b]
        if c == "\u0000":
            raise UnicodeDecodeError(
                "pdfdocencoding",
                bytearray(b),
                -1,
                -1,
                "does not exist in translation table",
            )
        retval += c
    return retval
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"""
Representation and utils for ranges of PDF file pages.

Copyright (c) 2014, Steve Witham <switham_github@mac-guyver.com>.
All rights reserved. This software is available under a BSD license;
see https://github.com/py-pdf/PyPDF2/blob/main/LICENSE
"""

import re
from typing import Any, List, Tuple, Union

from .errors import ParseError

_INT_RE = r"(0|-?[1-9]\d*)"  # A decimal int, don't allow "-0".
PAGE_RANGE_RE = "^({int}|({int}?(:{int}?(:{int}?)?)))$".format(int=_INT_RE)
# groups:         12     34     5 6     7 8


class PageRange:
    """
    A slice-like representation of a range of page indices.

    For example, page numbers, only starting at zero.

    The syntax is like what you would put between brackets [ ].
    The slice is one of the few Python types that can't be subclassed,
    but this class converts to and from slices, and allows similar use.

      -  PageRange(str) parses a string representing a page range.
      -  PageRange(slice) directly "imports" a slice.
      -  to_slice() gives the equivalent slice.
      -  str() and repr() allow printing.
      -  indices(n) is like slice.indices(n).

    """

    def __init__(self, arg: Union[slice, "PageRange", str]) -> None:
        """
        Initialize with either a slice -- giving the equivalent page range,
        or a PageRange object -- making a copy,
        or a string like
            "int", "[int]:[int]" or "[int]:[int]:[int]",
            where the brackets indicate optional ints.
        Remember, page indices start with zero.
        Page range expression examples:
            :     all pages.                   -1    last page.
            22    just the 23rd page.          :-1   all but the last page.
            0:3   the first three pages.       -2    second-to-last page.
            :3    the first three pages.       -2:   last two pages.
            5:    from the sixth page onward.  -3:-1 third & second to last.
        The third, "stride" or "step" number is also recognized.
            ::2       0 2 4 ... to the end.    3:0:-1    3 2 1 but not 0.
            1:10:2    1 3 5 7 9                2::-1     2 1 0.
            ::-1      all pages in reverse order.
        Note the difference between this notation and arguments to slice():
            slice(3) means the first three pages;
            PageRange("3") means the range of only the fourth page.
            However PageRange(slice(3)) means the first three pages.
        """
        if isinstance(arg, slice):
            self._slice = arg
            return

        if isinstance(arg, PageRange):
            self._slice = arg.to_slice()
            return

        m = isinstance(arg, str) and re.match(PAGE_RANGE_RE, arg)
        if not m:
            raise ParseError(arg)
        elif m.group(2):
            # Special case: just an int means a range of one page.
            start = int(m.group(2))
            stop = start + 1 if start != -1 else None
            self._slice = slice(start, stop)
        else:
            self._slice = slice(*[int(g) if g else None for g in m.group(4, 6, 8)])

    @staticmethod
    def valid(input: Any) -> bool:
        """True if input is a valid initializer for a PageRange."""
        return isinstance(input, (slice, PageRange)) or (
            isinstance(input, str) and bool(re.match(PAGE_RANGE_RE, input))
        )

    def to_slice(self) -> slice:
        """Return the slice equivalent of this page range."""
        return self._slice

    def __str__(self) -> str:
        """A string like "1:2:3"."""
        s = self._slice
        indices: Union[Tuple[int, int], Tuple[int, int, int]]
        if s.step is None:
            if s.start is not None and s.stop == s.start + 1:
                return str(s.start)

            indices = s.start, s.stop
        else:
            indices = s.start, s.stop, s.step
        return ":".join("" if i is None else str(i) for i in indices)

    def __repr__(self) -> str:
        """A string like "PageRange('1:2:3')"."""
        return "PageRange(" + repr(str(self)) + ")"

    def indices(self, n: int) -> Tuple[int, int, int]:
        """
        n is the length of the list of pages to choose from.

        Returns arguments for range().  See help(slice.indices).
        """
        return self._slice.indices(n)

    def __eq__(self, other: Any) -> bool:
        if not isinstance(other, PageRange):
            return False
        return self._slice == other._slice

    def __add__(self, other: "PageRange") -> "PageRange":
        if not isinstance(other, PageRange):
            raise TypeError(f"Can't add PageRange and {type(other)}")
        if self._slice.step is not None or other._slice.step is not None:
            raise ValueError("Can't add PageRange with stride")
        a = self._slice.start, self._slice.stop
        b = other._slice.start, other._slice.stop

        if a[0] > b[0]:
            a, b = b, a

        # Now a[0] is the smallest
        if b[0] > a[1]:
            # There is a gap between a and b.
            raise ValueError("Can't add PageRanges with gap")
        return PageRange(slice(a[0], max(a[1], b[1])))


PAGE_RANGE_ALL = PageRange(":")  # The range of all pages.


def parse_filename_page_ranges(
    args: List[Union[str, PageRange, None]]
) -> List[Tuple[str, PageRange]]:
    """
    Given a list of filenames and page ranges, return a list of (filename, page_range) pairs.

    First arg must be a filename; other ags are filenames, page-range
    expressions, slice objects, or PageRange objects.
    A filename not followed by a page range indicates all pages of the file.
    """
    pairs: List[Tuple[str, PageRange]] = []
    pdf_filename = None
    did_page_range = False
    for arg in args + [None]:
        if PageRange.valid(arg):
            if not pdf_filename:
                raise ValueError(
                    "The first argument must be a filename, not a page range."
                )

            pairs.append((pdf_filename, PageRange(arg)))
            did_page_range = True
        else:
            # New filename or end of list--do all of the previous file?
            if pdf_filename and not did_page_range:
                pairs.append((pdf_filename, PAGE_RANGE_ALL))

            pdf_filename = arg
            did_page_range = False
    return pairs


PageRangeSpec = Union[str, PageRange, Tuple[int, int], Tuple[int, int, int]]
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"""Helper to get paper sizes."""

from collections import namedtuple

Dimensions = namedtuple("Dimensions", ["width", "height"])


class PaperSize:
    """(width, height) of the paper in portrait mode in pixels at 72 ppi."""

    # Notes how to calculate it:
    # 1. Get the size of the paper in mm
    # 2. Convert it to inches (25.4 millimeters are equal to 1 inches)
    # 3. Convert it to pixels ad 72dpi (1 inch is equal to 72 pixels)

    # All Din-A paper sizes follow this pattern:
    # 2xA(n-1) = A(n)
    # So the height of the next bigger one is the width of the smaller one
    # The ratio is always approximately the ratio 1:2**0.5
    # Additionally, A0 is defined to have an area of 1 m**2
    # Be aware of rounding issues!
    A0 = Dimensions(2384, 3370)  # 841mm x 1189mm
    A1 = Dimensions(1684, 2384)
    A2 = Dimensions(1191, 1684)
    A3 = Dimensions(842, 1191)
    A4 = Dimensions(
        595, 842
    )  # Printer paper, documents - this is by far the most common
    A5 = Dimensions(420, 595)  # Paperback books
    A6 = Dimensions(298, 420)  # Post cards
    A7 = Dimensions(210, 298)
    A8 = Dimensions(147, 210)

    # Envelopes
    C4 = Dimensions(649, 918)


_din_a = (
    PaperSize.A0,
    PaperSize.A1,
    PaperSize.A2,
    PaperSize.A3,
    PaperSize.A4,
    PaperSize.A5,
    PaperSize.A6,
    PaperSize.A7,
    PaperSize.A8,
)







py-pdf-PyPDF2-95cd474/PyPDF2/py.typed





py-pdf-PyPDF2-95cd474/PyPDF2/types.py

"""Helpers for working with PDF types."""

from typing import Any, Dict, List, Optional, Union

try:
    # Python 3.8+: https://peps.python.org/pep-0586
    from typing import Literal, Protocol  # type: ignore[attr-defined]
except ImportError:
    from typing_extensions import Literal, Protocol  # type: ignore[misc]

try:
    # Python 3.10+: https://www.python.org/dev/peps/pep-0484/
    from typing import TypeAlias  # type: ignore[attr-defined]
except ImportError:
    from typing_extensions import TypeAlias

from .generic._base import NameObject, NullObject, NumberObject
from .generic._data_structures import ArrayObject, Destination
from .generic._outline import OutlineItem

BorderArrayType: TypeAlias = List[Union[NameObject, NumberObject, ArrayObject]]
OutlineItemType: TypeAlias = Union[OutlineItem, Destination]
# BookmarkTypes is deprecated. Use OutlineItemType instead
BookmarkTypes: TypeAlias = OutlineItemType  # Remove with PyPDF2==3.0.0
FitType: TypeAlias = Literal[
    "/Fit", "/XYZ", "/FitH", "/FitV", "/FitR", "/FitB", "/FitBH", "/FitBV"
]
# Those go with the FitType: They specify values for the fit
ZoomArgType: TypeAlias = Union[NumberObject, NullObject, float]
ZoomArgsType: TypeAlias = List[ZoomArgType]

# Recursive types are not yet supported by mypy:
#    OutlinesType = List[Union[Destination, "OutlinesType"]]
# See https://github.com/python/mypy/issues/731
# Hence use this for the moment:
OutlineType = List[Union[Destination, List[Union[Destination, List[Destination]]]]]
# OutlinesType is deprecated. Use OutlineType instead
OutlinesType: TypeAlias = OutlineType  # Remove with PyPDF2==3.0.0

LayoutType: TypeAlias = Literal[
    "/NoLayout",
    "/SinglePage",
    "/OneColumn",
    "/TwoColumnLeft",
    "/TwoColumnRight",
    "/TwoPageLeft",
    "/TwoPageRight",
]
PagemodeType: TypeAlias = Literal[
    "/UseNone",
    "/UseOutlines",
    "/UseThumbs",
    "/FullScreen",
    "/UseOC",
    "/UseAttachments",
]


class PdfReaderProtocol(Protocol):  # pragma: no cover
    @property
    def pdf_header(self) -> str:
        ...

    @property
    def strict(self) -> bool:
        ...

    @property
    def xref(self) -> Dict[int, Dict[int, Any]]:
        ...

    @property
    def pages(self) -> List[Any]:
        ...

    def get_object(self, indirect_reference: Any) -> Optional[Any]:
        ...
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"""
Anything related to XMP metadata.

See https://en.wikipedia.org/wiki/Extensible_Metadata_Platform
"""

import datetime
import decimal
import re
from typing import (
    Any,
    Callable,
    Dict,
    Iterator,
    List,
    Optional,
    TypeVar,
    Union,
    cast,
)
from xml.dom.minidom import Document
from xml.dom.minidom import Element as XmlElement
from xml.dom.minidom import parseString
from xml.parsers.expat import ExpatError

from PyPDF2.errors import PdfReadError

from ._utils import StreamType, deprecate_with_replacement
from .generic import ContentStream, PdfObject

RDF_NAMESPACE = "http://www.w3.org/1999/02/22-rdf-syntax-ns#"
DC_NAMESPACE = "http://purl.org/dc/elements/1.1/"
XMP_NAMESPACE = "http://ns.adobe.com/xap/1.0/"
PDF_NAMESPACE = "http://ns.adobe.com/pdf/1.3/"
XMPMM_NAMESPACE = "http://ns.adobe.com/xap/1.0/mm/"

# What is the PDFX namespace, you might ask?  I might ask that too.  It's
# a completely undocumented namespace used to place "custom metadata"
# properties, which are arbitrary metadata properties with no semantic or
# documented meaning.  Elements in the namespace are key/value-style storage,
# where the element name is the key and the content is the value.  The keys
# are transformed into valid XML identifiers by substituting an invalid
# identifier character with \u2182 followed by the unicode hex ID of the
# original character.  A key like "my car" is therefore "my\u21820020car".
#
# \u2182, in case you're wondering, is the unicode character
# \u{ROMAN NUMERAL TEN THOUSAND}, a straightforward and obvious choice for
# escaping characters.
#
# Intentional users of the pdfx namespace should be shot on sight.  A
# custom data schema and sensical XML elements could be used instead, as is
# suggested by Adobe's own documentation on XMP (under "Extensibility of
# Schemas").
#
# Information presented here on the /pdfx/ schema is a result of limited
# reverse engineering, and does not constitute a full specification.
PDFX_NAMESPACE = "http://ns.adobe.com/pdfx/1.3/"

iso8601 = re.compile(
    """
        (?P<year>[0-9]{4})
        (-
            (?P<month>[0-9]{2})
            (-
                (?P<day>[0-9]+)
                (T
                    (?P<hour>[0-9]{2}):
                    (?P<minute>[0-9]{2})
                    (:(?P<second>[0-9]{2}(.[0-9]+)?))?
                    (?P<tzd>Z|[-+][0-9]{2}:[0-9]{2})
                )?
            )?
        )?
        """,
    re.VERBOSE,
)


K = TypeVar("K")


def _identity(value: K) -> K:
    return value


def _converter_date(value: str) -> datetime.datetime:
    matches = iso8601.match(value)
    if matches is None:
        raise ValueError(f"Invalid date format: {value}")
    year = int(matches.group("year"))
    month = int(matches.group("month") or "1")
    day = int(matches.group("day") or "1")
    hour = int(matches.group("hour") or "0")
    minute = int(matches.group("minute") or "0")
    second = decimal.Decimal(matches.group("second") or "0")
    seconds_dec = second.to_integral(decimal.ROUND_FLOOR)
    milliseconds_dec = (second - seconds_dec) * 1000000

    seconds = int(seconds_dec)
    milliseconds = int(milliseconds_dec)

    tzd = matches.group("tzd") or "Z"
    dt = datetime.datetime(year, month, day, hour, minute, seconds, milliseconds)
    if tzd != "Z":
        tzd_hours, tzd_minutes = (int(x) for x in tzd.split(":"))
        tzd_hours *= -1
        if tzd_hours < 0:
            tzd_minutes *= -1
        dt = dt + datetime.timedelta(hours=tzd_hours, minutes=tzd_minutes)
    return dt


def _getter_bag(
    namespace: str, name: str
) -> Callable[["XmpInformation"], Optional[List[str]]]:
    def get(self: "XmpInformation") -> Optional[List[str]]:
        cached = self.cache.get(namespace, {}).get(name)
        if cached:
            return cached
        retval = []
        for element in self.get_element("", namespace, name):
            bags = element.getElementsByTagNameNS(RDF_NAMESPACE, "Bag")
            if len(bags):
                for bag in bags:
                    for item in bag.getElementsByTagNameNS(RDF_NAMESPACE, "li"):
                        value = self._get_text(item)
                        retval.append(value)
        ns_cache = self.cache.setdefault(namespace, {})
        ns_cache[name] = retval
        return retval

    return get


def _getter_seq(
    namespace: str, name: str, converter: Callable[[Any], Any] = _identity
) -> Callable[["XmpInformation"], Optional[List[Any]]]:
    def get(self: "XmpInformation") -> Optional[List[Any]]:
        cached = self.cache.get(namespace, {}).get(name)
        if cached:
            return cached
        retval = []
        for element in self.get_element("", namespace, name):
            seqs = element.getElementsByTagNameNS(RDF_NAMESPACE, "Seq")
            if len(seqs):
                for seq in seqs:
                    for item in seq.getElementsByTagNameNS(RDF_NAMESPACE, "li"):
                        value = self._get_text(item)
                        value = converter(value)
                        retval.append(value)
            else:
                value = converter(self._get_text(element))
                retval.append(value)
        ns_cache = self.cache.setdefault(namespace, {})
        ns_cache[name] = retval
        return retval

    return get


def _getter_langalt(
    namespace: str, name: str
) -> Callable[["XmpInformation"], Optional[Dict[Any, Any]]]:
    def get(self: "XmpInformation") -> Optional[Dict[Any, Any]]:
        cached = self.cache.get(namespace, {}).get(name)
        if cached:
            return cached
        retval = {}
        for element in self.get_element("", namespace, name):
            alts = element.getElementsByTagNameNS(RDF_NAMESPACE, "Alt")
            if len(alts):
                for alt in alts:
                    for item in alt.getElementsByTagNameNS(RDF_NAMESPACE, "li"):
                        value = self._get_text(item)
                        retval[item.getAttribute("xml:lang")] = value
            else:
                retval["x-default"] = self._get_text(element)
        ns_cache = self.cache.setdefault(namespace, {})
        ns_cache[name] = retval
        return retval

    return get


def _getter_single(
    namespace: str, name: str, converter: Callable[[str], Any] = _identity
) -> Callable[["XmpInformation"], Optional[Any]]:
    def get(self: "XmpInformation") -> Optional[Any]:
        cached = self.cache.get(namespace, {}).get(name)
        if cached:
            return cached
        value = None
        for element in self.get_element("", namespace, name):
            if element.nodeType == element.ATTRIBUTE_NODE:
                value = element.nodeValue
            else:
                value = self._get_text(element)
            break
        if value is not None:
            value = converter(value)
        ns_cache = self.cache.setdefault(namespace, {})
        ns_cache[name] = value
        return value

    return get


class XmpInformation(PdfObject):
    """
    An object that represents Adobe XMP metadata.
    Usually accessed by :py:attr:`xmp_metadata()<PyPDF2.PdfReader.xmp_metadata>`

    :raises PdfReadError: if XML is invalid
    """

    def __init__(self, stream: ContentStream) -> None:
        self.stream = stream
        try:
            data = self.stream.get_data()
            doc_root: Document = parseString(data)
        except ExpatError as e:
            raise PdfReadError(f"XML in XmpInformation was invalid: {e}")
        self.rdf_root: XmlElement = doc_root.getElementsByTagNameNS(
            RDF_NAMESPACE, "RDF"
        )[0]
        self.cache: Dict[Any, Any] = {}

    @property
    def rdfRoot(self) -> XmlElement:  # pragma: no cover
        deprecate_with_replacement("rdfRoot", "rdf_root", "4.0.0")
        return self.rdf_root

    def write_to_stream(
        self, stream: StreamType, encryption_key: Union[None, str, bytes]
    ) -> None:
        self.stream.write_to_stream(stream, encryption_key)

    def writeToStream(
        self, stream: StreamType, encryption_key: Union[None, str, bytes]
    ) -> None:  # pragma: no cover
        """
        .. deprecated:: 1.28.0

            Use :meth:`write_to_stream` instead.
        """
        deprecate_with_replacement("writeToStream", "write_to_stream")
        self.write_to_stream(stream, encryption_key)

    def get_element(self, about_uri: str, namespace: str, name: str) -> Iterator[Any]:
        for desc in self.rdf_root.getElementsByTagNameNS(RDF_NAMESPACE, "Description"):
            if desc.getAttributeNS(RDF_NAMESPACE, "about") == about_uri:
                attr = desc.getAttributeNodeNS(namespace, name)
                if attr is not None:
                    yield attr
                yield from desc.getElementsByTagNameNS(namespace, name)

    def getElement(
        self, aboutUri: str, namespace: str, name: str
    ) -> Iterator[Any]:  # pragma: no cover
        """
        .. deprecated:: 1.28.0

            Use :meth:`get_element` instead.
        """
        deprecate_with_replacement("getElement", "get_element")
        return self.get_element(aboutUri, namespace, name)

    def get_nodes_in_namespace(self, about_uri: str, namespace: str) -> Iterator[Any]:
        for desc in self.rdf_root.getElementsByTagNameNS(RDF_NAMESPACE, "Description"):
            if desc.getAttributeNS(RDF_NAMESPACE, "about") == about_uri:
                for i in range(desc.attributes.length):
                    attr = desc.attributes.item(i)
                    if attr.namespaceURI == namespace:
                        yield attr
                for child in desc.childNodes:
                    if child.namespaceURI == namespace:
                        yield child

    def getNodesInNamespace(
        self, aboutUri: str, namespace: str
    ) -> Iterator[Any]:  # pragma: no cover
        """
        .. deprecated:: 1.28.0

            Use :meth:`get_nodes_in_namespace` instead.
        """
        deprecate_with_replacement("getNodesInNamespace", "get_nodes_in_namespace")
        return self.get_nodes_in_namespace(aboutUri, namespace)

    def _get_text(self, element: XmlElement) -> str:
        text = ""
        for child in element.childNodes:
            if child.nodeType == child.TEXT_NODE:
                text += child.data
        return text

    dc_contributor = property(_getter_bag(DC_NAMESPACE, "contributor"))
    """
    Contributors to the resource (other than the authors). An unsorted
    array of names.
    """

    dc_coverage = property(_getter_single(DC_NAMESPACE, "coverage"))
    """
    Text describing the extent or scope of the resource.
    """

    dc_creator = property(_getter_seq(DC_NAMESPACE, "creator"))
    """
    A sorted array of names of the authors of the resource, listed in order
    of precedence.
    """

    dc_date = property(_getter_seq(DC_NAMESPACE, "date", _converter_date))
    """
    A sorted array of dates (datetime.datetime instances) of significance to
    the resource.  The dates and times are in UTC.
    """

    dc_description = property(_getter_langalt(DC_NAMESPACE, "description"))
    """
    A language-keyed dictionary of textual descriptions of the content of the
    resource.
    """

    dc_format = property(_getter_single(DC_NAMESPACE, "format"))
    """
    The mime-type of the resource.
    """

    dc_identifier = property(_getter_single(DC_NAMESPACE, "identifier"))
    """
    Unique identifier of the resource.
    """

    dc_language = property(_getter_bag(DC_NAMESPACE, "language"))
    """
    An unordered array specifying the languages used in the resource.
    """

    dc_publisher = property(_getter_bag(DC_NAMESPACE, "publisher"))
    """
    An unordered array of publisher names.
    """

    dc_relation = property(_getter_bag(DC_NAMESPACE, "relation"))
    """
    An unordered array of text descriptions of relationships to other
    documents.
    """

    dc_rights = property(_getter_langalt(DC_NAMESPACE, "rights"))
    """
    A language-keyed dictionary of textual descriptions of the rights the
    user has to this resource.
    """

    dc_source = property(_getter_single(DC_NAMESPACE, "source"))
    """
    Unique identifier of the work from which this resource was derived.
    """

    dc_subject = property(_getter_bag(DC_NAMESPACE, "subject"))
    """
    An unordered array of descriptive phrases or keywrods that specify the
    topic of the content of the resource.
    """

    dc_title = property(_getter_langalt(DC_NAMESPACE, "title"))
    """
    A language-keyed dictionary of the title of the resource.
    """

    dc_type = property(_getter_bag(DC_NAMESPACE, "type"))
    """
    An unordered array of textual descriptions of the document type.
    """

    pdf_keywords = property(_getter_single(PDF_NAMESPACE, "Keywords"))
    """
    An unformatted text string representing document keywords.
    """

    pdf_pdfversion = property(_getter_single(PDF_NAMESPACE, "PDFVersion"))
    """
    The PDF file version, for example 1.0, 1.3.
    """

    pdf_producer = property(_getter_single(PDF_NAMESPACE, "Producer"))
    """
    The name of the tool that created the PDF document.
    """

    xmp_create_date = property(
        _getter_single(XMP_NAMESPACE, "CreateDate", _converter_date)
    )
    """
    The date and time the resource was originally created.  The date and
    time are returned as a UTC datetime.datetime object.
    """

    @property
    def xmp_createDate(self) -> datetime.datetime:  # pragma: no cover
        deprecate_with_replacement("xmp_createDate", "xmp_create_date", "4.0.0")
        return self.xmp_create_date

    @xmp_createDate.setter
    def xmp_createDate(self, value: datetime.datetime) -> None:  # pragma: no cover
        deprecate_with_replacement("xmp_createDate", "xmp_create_date", "4.0.0")
        self.xmp_create_date = value

    xmp_modify_date = property(
        _getter_single(XMP_NAMESPACE, "ModifyDate", _converter_date)
    )
    """
    The date and time the resource was last modified.  The date and time
    are returned as a UTC datetime.datetime object.
    """

    @property
    def xmp_modifyDate(self) -> datetime.datetime:  # pragma: no cover
        deprecate_with_replacement("xmp_modifyDate", "xmp_modify_date", "4.0.0")
        return self.xmp_modify_date

    @xmp_modifyDate.setter
    def xmp_modifyDate(self, value: datetime.datetime) -> None:  # pragma: no cover
        deprecate_with_replacement("xmp_modifyDate", "xmp_modify_date", "4.0.0")
        self.xmp_modify_date = value

    xmp_metadata_date = property(
        _getter_single(XMP_NAMESPACE, "MetadataDate", _converter_date)
    )
    """
    The date and time that any metadata for this resource was last changed.

    The date and time are returned as a UTC datetime.datetime object.
    """

    @property
    def xmp_metadataDate(self) -> datetime.datetime:  # pragma: no cover
        deprecate_with_replacement("xmp_metadataDate", "xmp_metadata_date", "4.0.0")
        return self.xmp_metadata_date

    @xmp_metadataDate.setter
    def xmp_metadataDate(self, value: datetime.datetime) -> None:  # pragma: no cover
        deprecate_with_replacement("xmp_metadataDate", "xmp_metadata_date", "4.0.0")
        self.xmp_metadata_date = value

    xmp_creator_tool = property(_getter_single(XMP_NAMESPACE, "CreatorTool"))
    """The name of the first known tool used to create the resource."""

    @property
    def xmp_creatorTool(self) -> str:  # pragma: no cover
        deprecate_with_replacement("xmp_creatorTool", "xmp_creator_tool")
        return self.xmp_creator_tool

    @xmp_creatorTool.setter
    def xmp_creatorTool(self, value: str) -> None:  # pragma: no cover
        deprecate_with_replacement("xmp_creatorTool", "xmp_creator_tool")
        self.xmp_creator_tool = value

    xmpmm_document_id = property(_getter_single(XMPMM_NAMESPACE, "DocumentID"))
    """
    The common identifier for all versions and renditions of this resource.
    """

    @property
    def xmpmm_documentId(self) -> str:  # pragma: no cover
        deprecate_with_replacement("xmpmm_documentId", "xmpmm_document_id")
        return self.xmpmm_document_id

    @xmpmm_documentId.setter
    def xmpmm_documentId(self, value: str) -> None:  # pragma: no cover
        deprecate_with_replacement("xmpmm_documentId", "xmpmm_document_id")
        self.xmpmm_document_id = value

    xmpmm_instance_id = property(_getter_single(XMPMM_NAMESPACE, "InstanceID"))
    """
    An identifier for a specific incarnation of a document, updated each
    time a file is saved.
    """

    @property
    def xmpmm_instanceId(self) -> str:  # pragma: no cover
        deprecate_with_replacement("xmpmm_instanceId", "xmpmm_instance_id")
        return cast(str, self.xmpmm_instance_id)

    @xmpmm_instanceId.setter
    def xmpmm_instanceId(self, value: str) -> None:  # pragma: no cover
        deprecate_with_replacement("xmpmm_instanceId", "xmpmm_instance_id")
        self.xmpmm_instance_id = value

    @property
    def custom_properties(self) -> Dict[Any, Any]:
        """
        Retrieve custom metadata properties defined in the undocumented pdfx
        metadata schema.

        :return: a dictionary of key/value items for custom metadata properties.
        """
        if not hasattr(self, "_custom_properties"):
            self._custom_properties = {}
            for node in self.get_nodes_in_namespace("", PDFX_NAMESPACE):
                key = node.localName
                while True:
                    # see documentation about PDFX_NAMESPACE earlier in file
                    idx = key.find("\u2182")
                    if idx == -1:
                        break
                    key = (
                        key[:idx]
                        + chr(int(key[idx + 1 : idx + 5], base=16))
                        + key[idx + 5 :]
                    )
                if node.nodeType == node.ATTRIBUTE_NODE:
                    value = node.nodeValue
                else:
                    value = self._get_text(node)
                self._custom_properties[key] = value
        return self._custom_properties
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# PyPDF2

PyPDF2 is a free and open-source pure-python PDF library capable of splitting,
[merging](https://pypdf2.readthedocs.io/en/latest/user/merging-pdfs.html),
[cropping, and transforming](https://pypdf2.readthedocs.io/en/latest/user/cropping-and-transforming.html)
the pages of PDF files. It can also add
custom data, viewing options, and
[passwords](https://pypdf2.readthedocs.io/en/latest/user/encryption-decryption.html)
to PDF files. PyPDF2 can
[retrieve text](https://pypdf2.readthedocs.io/en/latest/user/extract-text.html)
and
[metadata](https://pypdf2.readthedocs.io/en/latest/user/metadata.html)
from PDFs as well.


## Installation

You can install PyPDF2 via pip:

```
pip install PyPDF2
```

If you plan to use PyPDF2 for encrypting or decrypting PDFs that use AES, you
will need to install some extra dependencies. Encryption using RC4 is supported
using the regular installation.

```
pip install PyPDF2[crypto]
```

## Usage

```python
from PyPDF2 import PdfReader

reader = PdfReader("example.pdf")
number_of_pages = len(reader.pages)
page = reader.pages[0]
text = page.extract_text()
```

PyPDF2 can do a lot more, e.g. splitting, merging, reading and creating
annotations, decrypting and encrypting, and more.

Please see [the documentation](https://pypdf2.readthedocs.io/en/latest/)
for more usage examples!

A lot of questions are asked and answered
[on StackOverflow](https://stackoverflow.com/questions/tagged/pypdf2).

## Contributions

Maintaining PyPDF2 is a collaborative effort. You can support PyPDF2 by writing
documentation, helping to narrow down issues, and adding code.

### Q&A

The experience PyPDF2 users have covers the whole range from beginners who
want to make their live easier to experts who developed software before PDF
existed. You can contribute to the PyPDF2 community by answering questions
on [StackOverflow](https://stackoverflow.com/questions/tagged/pypdf2),
helping in [discussions](https://github.com/py-pdf/PyPDF2/discussions),
and asking users who report issues for [MCVE](https://stackoverflow.com/help/minimal-reproducible-example)'s (Code + example PDF!).


### Issues

A good bug ticket includes a MCVE - a minimal complete verifiable example.
For PyPDF2, this means that you must upload a PDF that causes the bug to occur
as well as the code you're executing with all of the output. Use
`print(PyPDF2.__version__)` to tell us which version you're using.

### Code

All code contributions are welcome, but smaller ones have a better chance to
get included in a timely manner. Adding unit tests for new features or test
cases for bugs you've fixed help us to ensure that the Pull Request (PR) is fine.

PyPDF2 includes a test suite which can be executed with `pytest`:

```bash
$ pytest
===================== test session starts =====================
platform linux -- Python 3.6.15, pytest-7.0.1, pluggy-1.0.0
rootdir: /home/moose/Github/Martin/PyPDF2
plugins: cov-3.0.0
collected 233 items

tests/test_basic_features.py ..                         [  0%]
tests/test_constants.py .                               [  1%]
tests/test_filters.py .................x.....           [ 11%]
tests/test_generic.py ................................. [ 25%]
.............                                           [ 30%]
tests/test_javascript.py ..                             [ 31%]
tests/test_merger.py .                                  [ 32%]
tests/test_page.py .........................            [ 42%]
tests/test_pagerange.py ................                [ 49%]
tests/test_papersizes.py ..................             [ 57%]
tests/test_reader.py .................................. [ 72%]
...............                                         [ 78%]
tests/test_utils.py ....................                [ 87%]
tests/test_workflows.py ..........                      [ 91%]
tests/test_writer.py .................                  [ 98%]
tests/test_xmp.py ...                                   [100%]

========== 232 passed, 1 xfailed, 1 warning in 4.52s ==========
```
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# Minimal makefile for Sphinx documentation
#

# You can set these variables from the command line, and also
# from the environment for the first two.
SPHINXOPTS    ?=
SPHINXBUILD   ?= sphinx-build
SOURCEDIR     = .
BUILDDIR      = _build

# Put it first so that "make" without argument is like "make help".
help:
	@$(SPHINXBUILD) -M help "$(SOURCEDIR)" "$(BUILDDIR)" $(SPHINXOPTS) $(O)

.PHONY: help Makefile

# Catch-all target: route all unknown targets to Sphinx using the new
# "make mode" option.  $(O) is meant as a shortcut for $(SPHINXOPTS).
%: Makefile
	@$(SPHINXBUILD) -M $@ "$(SOURCEDIR)" "$(BUILDDIR)" $(SPHINXOPTS) $(O)
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# Configuration file for the Sphinx documentation builder.
#
# This file only contains a selection of the most common options. For a full
# list see the documentation:
# https://www.sphinx-doc.org/en/master/usage/configuration.html

# -- Path setup --------------------------------------------------------------

# If extensions (or modules to document with autodoc) are in another directory,
# add these directories to sys.path here. If the directory is relative to the
# documentation root, use os.path.abspath to make it absolute, like shown here.
import os
import shutil
import sys

sys.path.insert(0, os.path.abspath("."))
sys.path.insert(0, os.path.abspath("../"))

shutil.copyfile("../CHANGELOG.md", "meta/CHANGELOG.md")
shutil.copyfile("../CONTRIBUTORS.md", "meta/CONTRIBUTORS.md")

# -- Project information -----------------------------------------------------

project = "PyPDF2"
copyright = "2006 - 2008, Mathieu Fenniak"
author = "Mathieu Fenniak"


# -- General configuration ---------------------------------------------------

# Add any Sphinx extension module names here, as strings. They can be
# extensions coming with Sphinx (named 'sphinx.ext.*') or your custom
# ones.
extensions = [
    "sphinx.ext.autodoc",
    "sphinx.ext.autosummary",
    "sphinx.ext.coverage",
    "sphinx.ext.mathjax",
    "sphinx.ext.viewcode",
    "sphinx.ext.napoleon",
    "myst_parser",
]

# Add any paths that contain templates here, relative to this directory.
templates_path = ["_templates"]

# List of patterns, relative to source directory, that match files and
# directories to ignore when looking for source files.
# This pattern also affects html_static_path and html_extra_path.
exclude_patterns = ["_build", "Thumbs.db", ".DS_Store"]


# -- Options for HTML output -------------------------------------------------

# The theme to use for HTML and HTML Help pages.  See the documentation for
# a list of builtin themes.
#
html_theme = "sphinx_rtd_theme"

# Theme options are theme-specific and customize the look and feel of a theme
# further.  For a list of options available for each theme, see the
# documentation.
html_theme_options = {
    "canonical_url": "",
    "analytics_id": "",
    "logo_only": True,
    "display_version": True,
    "prev_next_buttons_location": "bottom",
    "style_external_links": False,
    # Toc options
    "collapse_navigation": True,
    "sticky_navigation": True,
    "navigation_depth": 4,
    "includehidden": True,
    "titles_only": False,
}
html_logo = "_static/logo.png"


# Add any paths that contain custom static files (such as style sheets) here,
# relative to this directory. They are copied after the builtin static files,
# so a file named "default.css" will overwrite the builtin "default.css".
html_static_path = ["_static"]
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# CMaps

Looking at the cmap of "crazyones":

```bash
pdftk crazyones.pdf output crazyones-uncomp.pdf uncompress
```

You can see this:

```text
begincmap
/CMapName /T1Encoding-UTF16 def
/CMapType 2 def
/CIDSystemInfo <<
  /Registry (Adobe)
  /Ordering (UCS)
  /Supplement 0
>> def
1 begincodespacerange
<00> <FF>
endcodespacerange
1 beginbfchar
<1B> <FB00>
endbfchar
endcmap
CMapName currentdict /CMap defineresource pop
```

## codespacerange

A codespacerange maps a complete sequence of bytes to a range of unicode glyphs.
It defines a starting point:

```text
1 beginbfchar
<1B> <FB00>
```

That means that `1B` (Hex for 27) maps to the unicode character [`FB00`](https://unicode-table.com/en/FB00/) - the ligature ﬀ (two lowercase f's).

The two numbers in `begincodespacerange` mean that it starts with an offset of
0 (hence from `1B ➜ FB00`) upt to an offset of FF (dec: 255), hence 1B+FF = 282
➜ [FBFF](https://www.compart.com/de/unicode/U+FBFF).

Within the text stream, there is

```text
(The)-342(mis\034ts.)
```

`\034 ` is octal for 28 decimal.
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# The Deprecation Process

PyPDF2 strives to be an excellent library for its current users and for new
ones. We are careful with introducing potentially breaking changes, but we
will do them if they provide value for the community on the long run.

We hope and think that deprecations will not happen soon again. If they do,
users can rely on the following procedure.

## Semantic Versioning

PyPDF2 uses [semantic versioning](https://semver.org/). If you want to avoid
breaking changes, please use dependency pinning (also known as version pinning).
In Python, this is done by specifying the exact version you want to use in a
`requirements.txt` file. A tool that can support you is `pip-compile` from
[`pip-tools`](https://pypi.org/project/pip-tools/).

If you are using [Poetry](https://pypi.org/project/poetry/) it is done with the
`poetry.lock` file.

## How PyPDF2 deprecates features

Assume the current version of PyPDF2 is `x.y.z`. After a discussion (e.g. via
Github issues) we decided to remove a class / function / method. This is how
we do it:

1. `x.y.(z+1)`: Add a PendingDeprecationWarning. If there is a replacement,
   the replacement is also introduced and the warning informs about the change
   and when it will happen.
   The docs let users know about the deprecation and when it will happen and the new function.
   The CHANGELOG informs about it.
2. `(x+1).0.0`: The PendingDeprecationWarning is changed to a DeprecationWarning.
   The CHANGELOG informs about it.
3. `(x+2).0.0`: The code and the DeprecationWarnings are removed.
   The CHANGELOG informs about it.

This means the users have 3 warnings in the CHANGELOG, a PendingDeprecationWarning
until the next major release and a DeprecationWarning until the major release
after that.

Please note that adding warnings can be a breaking change for some users; most
likely just in the CI.
This means it needs to be properly documented.







py-pdf-PyPDF2-95cd474/docs/dev/intro.md

# Developer Intro

PyPDF2 is a library and hence its users are developers. This document is not for
the users, but for people who want to work on PyPDF2 itself.

## Installing Requirements

```
pip install -r requirements/dev.txt
```

## Running Tests

```
pytest .
```

We have the following pytest markers defined:

* `external`: Tests which use files from [the `sample-files` git submodule](https://github.com/py-pdf/sample-files)

You can locally choose not to run those via `pytest -m "not external"`.

## The sample-files git submodule
The reason for having the submodule `sample-files` is that we want to keep
the size of the PyPDF2 repository small while we also want to have an extensive
test suite. Those two goals contradict each other.

The `resources` folder should contain a select set of core examples that cover
most cases we typically want to test for. The `sample-files` might cover a lot
more edge cases, the behavior we get when file sizes get bigger, different
PDF producers.

In order to get the sample-files folder, you need to execute:

```
git submodule update --init
```

## Tools: git and pre-commit

Git is a command line application for version control. If you don't know it,
you can [play ohmygit](https://ohmygit.org/) to learn it.

Github is the service where the PyPDF2 project is hosted. While git is free and
open source, Github is a paid service by Microsoft - but for free in lot of
cases.

[pre-commit](https://pypi.org/project/pre-commit/) is a command line application
that uses git hooks to automatically execute code. This allows you to avoid
style issues and other code quality issues. After you entered `pre-commit install`
once in your local copy of PyPDF2, it will automatically be executed when
you `git commit`.

## Commit Messages

Having a clean commit message helps people to quickly understand what the commit
was about, without actually looking at the changes. The first line of the
commit message is used to [auto-generate the CHANGELOG](https://github.com/py-pdf/PyPDF2/blob/main/make_changelog.py). For this reason, the format should be:

```
PREFIX: DESCRIPTION

BODY
```

The `PREFIX` can be:

* `BUG`: A bug was fixed. Likely there is one or multiple issues. Then write in
   the `BODY`: `Closes #123` where 123 is the issue number on Github.
   It would be absolutely amazing if you could write a regression test in those
   cases. That is a test that would fail without the fix.
* `ENH`: A new feature! Describe in the body what it can be used for.
* `DEP`: A deprecation - either marking something as "this is going to be removed"
   or actually removing it.
* `PI`: A performance improvement. This could also be a reduction in the
        file size of PDF files generated by PyPDF2.
* `ROB`: A robustness change. Dealing better with broken PDF files.
* `DOC`: A documentation change.
* `TST`: Adding / adjusting tests.
* `DEV`: Developer experience improvements - e.g. pre-commit or setting up CI
* `MAINT`: Quite a lot of different stuff. Performance improvements are for sure
           the most interesting changes in here. Refactorings as well.
* `STY`: A style change. Something that makes PyPDF2 code more consistent.
         Typically a small change.

## Benchmarks

We need to keep an eye on performance and thus we have a few benchmarks.

See [py-pdf.github.io/PyPDF2/dev/bench](https://py-pdf.github.io/PyPDF2/dev/bench/)
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# Testing

PyPDF2 uses [`pytest`](https://docs.pytest.org/en/7.1.x/) for testing.

## Creating a Coverage Report

If you want to get a coverage report that considers the Python version specific
code, you can run [`tox`](https://tox.wiki/en/latest/).

As a prerequisite, we recommend using [`pyenv`](https://github.com/pyenv/pyenv)
so that you can install the different Python versions:

```
pyenv install pypy3.8-7.3.7
pyenv install 3.6.15
pyenv install 3.7.12
pyenv install 3.8.12
pyenv install 3.9.10
pyenv install 3.10.2
```

Then you can execute `tox` which will create a coverage report in HTML form
in the end. The execution takes about 30 minutes.







py-pdf-PyPDF2-95cd474/docs/index.rst

.. PyPDF2 documentation main file, created by
   sphinx-quickstart on Thu Apr  7 20:13:19 2022.
   You can adapt this file completely to your liking, but it should at least
   contain the root `toctree` directive.

Welcome to PyPDF2
=================

PyPDF2 is a `free <https://en.wikipedia.org/wiki/Free_software>`_ and open
source pure-python PDF library capable of splitting,
merging, cropping, and transforming the pages of PDF files. It can also add
custom data, viewing options, and passwords to PDF files.
PyPDF2 can retrieve text and metadata from PDFs as well.

You can contribute to `PyPDF2 on Github <https://github.com/py-pdf/PyPDF2>`_.
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.. toctree::
   :caption: About PyPDF2
   :maxdepth: 1

   meta/CHANGELOG
   meta/project-governance
   meta/history
   meta/CONTRIBUTORS
   meta/comparisons
   meta/faq

Indices and tables
==================

* :ref:`genindex`
* :ref:`modindex`
* :ref:`search`







py-pdf-PyPDF2-95cd474/docs/make.bat

@ECHO OFF

pushd %~dp0

REM Command file for Sphinx documentation

if "%SPHINXBUILD%" == "" (
	set SPHINXBUILD=sphinx-build
)
set SOURCEDIR=.
set BUILDDIR=_build

%SPHINXBUILD% >NUL 2>NUL
if errorlevel 9009 (
	echo.
	echo.The 'sphinx-build' command was not found. Make sure you have Sphinx
	echo.installed, then set the SPHINXBUILD environment variable to point
	echo.to the full path of the 'sphinx-build' executable. Alternatively you
	echo.may add the Sphinx directory to PATH.
	echo.
	echo.If you don't have Sphinx installed, grab it from
	echo.https://www.sphinx-doc.org/
	exit /b 1
)

if "%1" == "" goto help

%SPHINXBUILD% -M %1 %SOURCEDIR% %BUILDDIR% %SPHINXOPTS% %O%
goto end

:help
%SPHINXBUILD% -M help %SOURCEDIR% %BUILDDIR% %SPHINXOPTS% %O%

:end
popd
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# PyPDF2 vs X

PyPDF2 is a [free] and open source pure-python PDF library capable of
splitting, merging, cropping, and transforming the pages of PDF files.
It can also add custom data, viewing options, and passwords to PDF
files. PyPDF2 can retrieve text and metadata from PDFs as well.

## PyMuPDF and PikePDF

[PyMuPDF] is a Python binding to [MuPDF] and [PikePDF] is the Python
binding to [QPDF].

While both are excellent libraries for various use-cases, using them is
not always possible even when they support the use-case. Both of them
are powered by C libraries which makes installation harder and might
cause security concerns. For MuPDF you might also need to buy a
commercial license.

A core feature of PyPDF2 is that it's pure Python. That means there is
no C dependency. It has been used for over 10 years and for this reason
a lot of support via StackOverflow and examples on the internet.

## pyPDF

PyPDF2 was forked from pyPDF. pyPDF has been unmaintained for a long
time.

## PyPDF3 and PyPDF4

Developing and maintaining open source software is extremely
time-intensive and in the case of PyPDF2 not paid at all. Having a
continuous support is hard.

PyPDF2 was initially released in 2012 on PyPI and received releases
until 2016. From 2016 to 2022 there was no update - but people were
still using it.

As PyPDF2 is free software, there were attempts to fork it and continue
the development. PyPDF3 was first released in 2018 and still receives
updates. PyPDF4 has only one release from 2018.

I, Martin Thoma, the current maintainer of PyPDF2, hope that we can
bring the community back to one path of development. Let's see.

  [free]: https://en.wikipedia.org/wiki/Free_software
  [PyMuPDF]: https://pypi.org/project/PyMuPDF/
  [MuPDF]: https://mupdf.com/
  [PikePDF]: https://pypi.org/project/pikepdf/
  [QPDF]: https://github.com/qpdf/qpdf


## pdfrw and pdfminer

I don't have experience with either of those libraries. Please add a
comparison if you know PyPDF2 and [`pdfrw`](https://pypi.org/project/pdfrw/) or
[`pdfminer.six`](https://pypi.org/project/pdfminer.six/)!

Please be aware that there is also
[`pdfminer`](https://pypi.org/project/pdfminer/) which is not maintained.
Then there is [`pdfrw2`](https://pypi.org/project/pdfrw2/) which doesn't have
a large community behind it.

And there are more:


* [`pdfplumber`](https://pypi.org/project/pdfplumber/)

## Document Generation

There are (Python) [tools to generate PDF documents](https://github.com/py-pdf/awesome-pdf#generators).
PyPDF2 is not one of them.
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# Frequently-Asked Questions

## How is PyPDF2 related to pyPdf?

PyPDF2 is a fork from the no-longer-maintained pyPdf approved by the
latter's founder.

## Which Python versions are supported?

PyPDF2 2.0+ supports Python 3.6 and later.
PyPDF2 1.27.10 supported Python 2.7 to 3.10.

  [Matthew]: https://github.com/mstamy2
  [source]: https://github.com/py-pdf/PyPDF2/commit/24b270d876518d15773224b5d0d6c2206db29f64#commitcomment-5038317
  [this sort of thing]: https://github.com/py-pdf/PyPDF2/issues/24
  [GitHub issue]: https://github.com/py-pdf/PyPDF2/issues

## Who uses PyPDF2?

pyPdf is vendored [into](https://github.com/Buyanbat/XacCRM/tree/ee78e8df967182f661b6494a86444501e7d89c8f/report/pyPdf) [several](https://github.com/MyBook/calibre/tree/ca1efe3c21f6553e096dab745b3cdeb36244a5a9/src/pyPdf) [projects](https://github.com/Giacomo-De-Florio-Dev/Make_Your_PDF_Safe/tree/ec439f92243d12d54ae024668792470c6b40ee96/MakeYourPDFsafe_V1.3/PyPDF2). That
means the code of pyPdf was copied into that project.

Projects that depend on PyPDF2:

* [Camelot](https://github.com/camelot-dev/camelot): A Python library to extract tabular data from PDFs
* [edi](https://github.com/OCA/edi): Electronic Data Interchange modules
* [amazon-textract-textractor](https://github.com/aws-samples/amazon-textract-textractor/blob/42444b08c672607eadbdcd64f3c5adb2d85383de/helper/setup.py): Analyze documents with Amazon Textract and generate output in multiple formats.
* [maigret](https://github.com/soxoj/maigret): Collect a dossier on a person by username from thousands of sites
* [deda](https://github.com/dfd-tud/deda): tracking Dots Extraction, Decoding and Anonymisation toolkit
* [opencanary](https://github.com/thinkst/opencanary)
* Document Conversions
  * [rst2pdf](https://github.com/rst2pdf/rst2pdf)
  * [xhtml2pdf](https://github.com/xhtml2pdf/xhtml2pdf)
  * [doc2text](https://github.com/jlsutherland/doc2text)
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# History of PyPDF2

## The Origins: pyPdf (2005-2010)

In 2005, [Mathieu Fenniak] launched pyPdf "as a PDF toolkit..."
focused on

-   document manipulation: by-page splitting, concatenation, and
    merging;
-   document introspection;
-   page cropping; and
-   document encryption and decryption.

The last release of PyPI was [pyPdf 1.13](https://pypi.org/project/pyPdf/#history)
in 2010.

## PyPDF2 is born (2011-2016)

At the end of 2011, after consultation with Mathieu and others, Phaseit
sponsored PyPDF2 as a fork of pyPdf on GitHub. The initial impetus was
to handle a wider range of input PDF instances; Phaseit\'s commercial
work often encounters PDF instances \"in the wild\" that it needs to
manage (mostly concatenate and paginate), but that deviate so much from
PDF standards that pyPdf can\'t read them. PyPDF2 reads a considerably
wider range of real-world PDF instances.

Neither pyPdf nor PyPDF2 aims to be universal, that is, to provide all
possible PDF-related functionality. Note that the similar-appearing
[pyfpdf] of Mariano Reingart is most comparable to [ReportLab], in that
both ReportLab and pyfpdf emphasize document generation. Interestingly
enough, pyfpdf builds in a basic HTML→PDF converter while PyPDF2 has no
knowledge of HTML.

So what is PyPDF2 truly about? Think about popular [pdftk] for a moment.
PyPDF2 does what pdftk does, and it does so within your current Python
process, and it handles a wider range of variant PDF formats
\[explain\]. PyPDF2 has its own FAQ to answer other questions that have
arisen.

The Reddit [/r/python crowd chatted] obliquely and briefly about PyPDF2
in March 2012.

## PyPDF3 and PyPDF4 (2018 - 2022)

Two approaches were made to get PyPDF2 active again: PyPDF3 and PyPDF4.

PyPDF3 had it's first release in 2018 and its last one in February 2022.
It never got the user base from PyPDF2.

PyPDF4 only had one release in 2018.

## PyPDF2: Reborn (2022-Today)

Martin Thoma took over maintenance of PyPDF2 in April 2022.


  [Mathieu Fenniak]: https://mathieu.fenniak.net/
  [pyfpdf]: https://github.com/reingart/pyfpdf
  [ReportLab]: https://www.reportlab.com/software/opensource/rl-toolkit/
  [pdftk]: https://www.pdflabs.com/tools/pdftk-the-pdf-toolkit/https://www.pdflabs.com/tools/pdftk-the-pdf-toolkit/
  [/r/python crowd chatted]: https://www.reddit.com/r/Python/comments/qsvfm/pypdf2_updates_pypdf_pypdf2_is_an_opensource/







py-pdf-PyPDF2-95cd474/docs/meta/project-governance.md

# Project Governance

This document describes how the PyPDF2 project is managed. It describes the
different actors, their roles, and the responsibilities they have.

## Terminology

* The **project** is PyPDF2 - a free and open-source pure-python PDF library
capable of splitting, merging, cropping, and transforming the pages of PDF files.
  It includes the [code, issues, and discussions on GitHub](https://github.com/py-pdf/PyPDF2),
  and [the documentation on ReadTheDocs](https://pypdf2.readthedocs.io/en/latest/),
  [the package on PyPI](https://pypi.org/project/PyPDF2/), and
  [the website on GitHub](https://py-pdf.github.io/PyPDF2/dev/bench/).
* A **maintainer** is a person who has technical permissions to change one or
  more part of the projects. It is a person who is driven to keep the project running
  and improving.
* A **contributor** is a person who contributes to the project. That could be
  through writing code - in the best case through forking and creating a pull
  request, but that is up to the maintainer. Other contributors describe issues,
  help to ask questions on existing issues to make them easier to answer,
  participate in discussions, and help to improve the documentation. Contributors
  are similar to maintainers, but without technial permissions.
* A **user** is a person who imports PyPDF2 into their code. All PyPDF2 users
  are developers, but not developers who know the internals of PyPDF2. They only
  use the public interface of PyPDF2. They will likely have less knowledge about
  PDF than contributors.
* The **community** is all of that - the users, the contributors, and the maintainers.


## Governance, Leadership, and Steering PyPDF2 forward

PyPDF2 is a free and open source project with over 100 contributors and likely
(way) more than 1000 users.

As PyPDF2 does not have any formal relationship with any company and no funding,
all the work done by the community are voluntary contributions. People don't
get paid, but choose to spend their free time to create software of which
many more are profiting. This has to be honored and respected.

Despite such a big community, the project was dormant from 2016 to 2022.
There were still questions asked, issues reported, and pull requests created.
But the maintainer didn't have the time to move PyPDF2 forward. During that
time, nobody else stepped up to become the new maintainer.

For this reason, PyPDF2 has the **Benevolent Dictator**
governance model. The benevolent dictator is a maintainer with all technical permissions -
most importantly the permission to push new PyPDF2 versions on PyPI.

Being benevolent, the benevolent dictator listens for decisions to the community and tries
their best to make decisions from which the overall community profits - the
current one and the potential future one. Being a dictator, the benevolent dictator always has
the power and the right to make decisions on their own - also against some
members of the community.

As PyPDF2 is free software, parts of the community can split off (fork the code)
and create a new community. This should limit the harm a bad benevolent dictator can do.


## Project Language

The project language is (american) English. All documentation and issues must
be written in English to ensure that the community can understand it.

We appreciate the fact that large parts of the community don't have English
as their mother tongue. We try our best to understand others -
[automatic translators](https://translate.google.com/) might help.


## Expectations

The community can expect the following:

* The **benevolent dictator** tries their best to make decisions from which the overall
  community profits. The benevolent dictator is aware that his/her decisions can shape the
  overall community. Once the benevolent dictator notices that she/he doesn't have the time
  to advance PyPDF2, he/she looks for a new benevolent dictator. As it is expected
  that the benevolent dictator will step down at some point of their choice
  (hopefully before their death), it is NOT a benevolent dictator for life
  (BDFL).
* Every **maintainer** (including the benevolent dictator) is aware of their permissions and
  the harm they could do. They value security and ensure that the project is
  not harmed. They give their technical permissions back if they don't need them
  any longer. Any long-time contributor can become a maintainer. Maintainers
  can - and should! - step down from their role when they realize that they
  can no longer commit that time. Their contribution will be honored in the
  {doc}`history`.
* Every **contributor** is aware that the time of maintainers and the benevolent dictator is
  limited. Short pull requests that briefly describe the solved issue and have
  a unit test have a higher chance to get merged soon - simply because it's
  easier for maintainers to see that the contribution will not harm the overall
  project. Their contributions are documented in the git history and in the
  public issues. [Let us know](https://github.com/py-pdf/PyPDF2/discussions/798)
  if you would appriciate something else!
* Every **community member** uses a respectful language. We are all human, we
  get upset about things we care and other things than what's visible on the
  internet go on in our live. PyPDF2 does not pay its contributors - keep all
  of that in mind when you interact with others. We are here because we want to
  help others.


### Issues and Discussions

An issue is any technical description that aims at bringing PyPDF2 forward:

* Bugs tickets: Something went wrong because PyPDF2 developers made a mistake.
* Feature requests: PyPDF2 does not support all features of the PDF specifications.
  There are certainly also convenience methods that would help users a lot.
* Robustness requests: There are many broken PDFs around. In some cases, we can
  deal with that. It's kind of a mixture between a bug ticket and a feature
  request.
* Performance tickets: PyPDF2 could be faster - let us know about your specific
  scenario.

Any comment that is in those technial descriptions which is not helping the
discussion can be deleted. This is especially true for "me too" comments on bugs
or "bump" comments for desired features. People can express this with 👍 / 👎
reactions.

[Discussions](https://github.com/py-pdf/PyPDF2/discussions) are open. No comments
will be deleted there - except if they are clearly unrelated spam or only
try to insult people (luckily, the community was very respectful so far 🤞)


### Releases

The maintainers follow [semantic versioning](https://semver.org/). Most
importantly, that means that breaking changes will have a major version bump.

Be aware that unintentional breaking changes might still happen. The PyPDF2
maintainers do their best to fix that in a timely manner - please
[report such issues](https://github.com/py-pdf/PyPDF2/issues)!


## People

* Martin Thoma is benevolent dictator since April 2022.
* Maintainers:
    * Matthew Stamy (mstamy2) was the benevolent dictator for a long time.
      He still is around on Github once in a while and has permissions on PyPI and Github.
    * Matthew Peveler (MasterOdin) is a maintainer on Github.
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The AnnotationBuilder Class
---------------------------

.. autoclass:: PyPDF2.generic.AnnotationBuilder
    :members:
    :no-undoc-members:
    :show-inheritance:
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The Destination Class
---------------------

.. autoclass:: PyPDF2.generic.Destination
    :members:
    :undoc-members:
    :show-inheritance:
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The DocumentInformation Class
-----------------------------

.. autoclass:: PyPDF2.DocumentInformation
    :members:
    :undoc-members:
    :show-inheritance:
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The Field Class
---------------

.. autoclass:: PyPDF2.generic.Field
    :members:
    :undoc-members:
    :show-inheritance:
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The PageObject Class
--------------------

.. autoclass:: PyPDF2._page.PageObject
    :members:
    :undoc-members:
    :show-inheritance:
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The PageRange Class
-------------------

.. autoclass:: PyPDF2.PageRange
    :members:
    :undoc-members:
    :show-inheritance:
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The PdfMerger Class
-------------------

.. autoclass:: PyPDF2.PdfMerger
    :members:
    :undoc-members:
    :show-inheritance:
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The PdfReader Class
-------------------

.. autoclass:: PyPDF2.PdfReader
    :members:
    :undoc-members:
    :show-inheritance:







py-pdf-PyPDF2-95cd474/docs/modules/PdfWriter.rst

The PdfWriter Class
-------------------

.. autoclass:: PyPDF2.PdfWriter
    :members:
    :undoc-members:
    :show-inheritance:
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The RectangleObject Class
-------------------------

.. autoclass:: PyPDF2.generic.RectangleObject
    :members:
    :undoc-members:
    :show-inheritance:
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The Transformation Class
------------------------

.. autoclass:: PyPDF2.Transformation
    :members:
    :undoc-members:
    :show-inheritance:
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The XmpInformation Class
-------------------------

.. autoclass:: PyPDF2.xmp.XmpInformation
    :members:
    :undoc-members:
    :show-inheritance:
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# Adding a Stamp/Watermark to a PDF

Adding stamps or watermarks are two common ways to manipulate PDF files.
A stamp is adding something on top of the document, a watermark is in the
background of the document.

In both cases you might want to ensure that the mediabox/cropbox of the original
content stays the same.

## Stamp (Overlay)

```python
from pathlib import Path
from typing import Union, Literal, List

from PyPDF2 import PdfWriter, PdfReader


def stamp(
    content_pdf: Path,
    stamp_pdf: Path,
    pdf_result: Path,
    page_indices: Union[Literal["ALL"], List[int]] = "ALL",
):
    reader = PdfReader(stamp_pdf)
    image_page = reader.pages[0]

    writer = PdfWriter()

    reader = PdfReader(content_pdf)
    if page_indices == "ALL":
        page_indices = list(range(0, len(reader.pages)))
    for index in page_indices:
        content_page = reader.pages[index]
        mediabox = content_page.mediabox
        content_page.merge_page(image_page)
        content_page.mediabox = mediabox
        writer.add_page(content_page)

    with open(pdf_result, "wb") as fp:
        writer.write(fp)
```

![stamp.png](stamp.png)

## Watermark (Underlay)

```python
from pathlib import Path
from typing import Union, Literal, List

from PyPDF2 import PdfWriter, PdfReader


def watermark(
    content_pdf: Path,
    stamp_pdf: Path,
    pdf_result: Path,
    page_indices: Union[Literal["ALL"], List[int]] = "ALL",
):
    reader = PdfReader(content_pdf)
    if page_indices == "ALL":
        page_indices = list(range(0, len(reader.pages)))

    reader_stamp = PdfReader(stamp_pdf)
    image_page = reader_stamp.pages[0]

    writer = PdfWriter()
    for index in page_indices:
        content_page = reader.pages[index]
        mediabox = content_page.mediabox

        # You need to load it again, as the last time it was overwritten
        reader_stamp = PdfReader(stamp_pdf)
        image_page = reader_stamp.pages[0]

        image_page.merge_page(content_page)
        image_page.mediabox = mediabox
        writer.add_page(image_page)

    with open(pdf_result, "wb") as fp:
        writer.write(fp)
```

![watermark.png](watermark.png)
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# Adding PDF Annotations

## Attachments

```python
from PyPDF2 import PdfWriter

writer = PdfWriter()
writer.add_blank_page(width=200, height=200)

data = b"any bytes - typically read from a file"
writer.add_attachment("smile.png", data)

with open("output.pdf", "wb") as output_stream:
    writer.write(output_stream)
```


## Free Text

If you want to add text in a box like this

![](free-text-annotation.png)

you can use the {py:class}`AnnotationBuilder <PyPDF2.generic.AnnotationBuilder>`:

```python
from PyPDF2 import PdfReader, PdfWriter
from PyPDF2.generic import AnnotationBuilder

# Fill the writer with the pages you want
pdf_path = os.path.join(RESOURCE_ROOT, "crazyones.pdf")
reader = PdfReader(pdf_path)
page = reader.pages[0]
writer = PdfWriter()
writer.add_page(page)

# Create the annotation and add it
annotation = AnnotationBuilder.free_text(
    "Hello World\nThis is the second line!",
    rect=(50, 550, 200, 650),
    font="Arial",
    bold=True,
    italic=True,
    font_size="20pt",
    font_color="00ff00",
    border_color="0000ff",
    background_color="cdcdcd",
)
writer.add_annotation(page_number=0, annotation=annotation)

# Write the annotated file to disk
with open("annotated-pdf.pdf", "wb") as fp:
    writer.write(fp)
```

## Text

A text annotation looks like this:

![](text-annotation.png)

## Line

If you want to add a line like this:

![](annotation-line.png)

you can use the {py:class}`AnnotationBuilder <PyPDF2.generic.AnnotationBuilder>`:

```python
pdf_path = os.path.join(RESOURCE_ROOT, "crazyones.pdf")
reader = PdfReader(pdf_path)
page = reader.pages[0]
writer = PdfWriter()
writer.add_page(page)

# Add the line
annotation = AnnotationBuilder.line(
    text="Hello World\nLine2",
    rect=(50, 550, 200, 650),
    p1=(50, 550),
    p2=(200, 650),
)
writer.add_annotation(page_number=0, annotation=annotation)

# Write the annotated file to disk
with open("annotated-pdf.pdf", "wb") as fp:
    writer.write(fp)
```

## Link

If you want to add a link, you can use
the {py:class}`AnnotationBuilder <PyPDF2.generic.AnnotationBuilder>`:

```python
pdf_path = os.path.join(RESOURCE_ROOT, "crazyones.pdf")
reader = PdfReader(pdf_path)
page = reader.pages[0]
writer = PdfWriter()
writer.add_page(page)

# Add the line
annotation = AnnotationBuilder.link(
    rect=(50, 550, 200, 650),
    url="https://martin-thoma.com/",
)
writer.add_annotation(page_number=0, annotation=annotation)

# Write the annotated file to disk
with open("annotated-pdf.pdf", "wb") as fp:
    writer.write(fp)
```

You can also add internal links:

```python
pdf_path = os.path.join(RESOURCE_ROOT, "crazyones.pdf")
reader = PdfReader(pdf_path)
page = reader.pages[0]
writer = PdfWriter()
writer.add_page(page)

# Add the line
annotation = AnnotationBuilder.link(
    rect=(50, 550, 200, 650), target_page_index=3, fit="/FitH", fit_args=(123,)
)
writer.add_annotation(page_number=0, annotation=annotation)

# Write the annotated file to disk
with open("annotated-pdf.pdf", "wb") as fp:
    writer.write(fp)
```
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# Cropping and Transforming PDFs

```python
from PyPDF2 import PdfWriter, PdfReader

reader = PdfReader("example.pdf")
writer = PdfWriter()

# add page 1 from reader to output document, unchanged:
writer.add_page(reader.pages[0])

# add page 2 from reader, but rotated clockwise 90 degrees:
writer.add_page(reader.pages[1].rotate(90))

# add page 3 from reader, but crop it to half size:
page3 = reader.pages[2]
page3.mediabox.upper_right = (
    page3.mediabox.right / 2,
    page3.mediabox.top / 2,
)
writer.add_page(page3)

# add some Javascript to launch the print window on opening this PDF.
# the password dialog may prevent the print dialog from being shown,
# comment the the encription lines, if that's the case, to try this out:
writer.add_js("this.print({bUI:true,bSilent:false,bShrinkToFit:true});")

# write to document-output.pdf
with open("PyPDF2-output.pdf", "wb") as fp:
    writer.write(fp)
```

## Page rotation

The most typical rotation is a clockwise rotation of the page by multiples of
90 degrees. That is done when the orientation of the page is wrong. You can
do that with the [`rotate` method](https://pypdf2.readthedocs.io/en/latest/modules/PageObject.html#PyPDF2._page.PageObject.rotate)
of the `PageObject` class:

```python
from PyPDF2 import PdfWriter, PdfReader

reader = PdfReader("input.pdf")
writer = PdfWriter()


writer.add_page(reader.pages[0])
writer.pages[0].rotate(90)

with open("output.pdf", "wb") as fp:
    writer.write(fp)
```

The rotate method is typically preferred over the `page.add_transformation(Transformation().rotate())`
method, because `rotate` will ensure that the page is still in the mediabox /
cropbox. The transformation object operates on the coordinates of the pages
contents and does not change the mediabox or cropbox.



## Plain Merge

![](plain-merge.png)

is the result of

```python
from PyPDF2 import PdfReader, PdfWriter, Transformation

# Get the data
reader_base = PdfReader("labeled-edges-center-image.pdf")
page_base = reader_base.pages[0]

reader = PdfReader("box.pdf")
page_box = reader.pages[0]

page_base.merge_page(page_box)

# Write the result back
writer = PdfWriter()
writer.add_page(page_base)
with open("merged-foo.pdf", "wb") as fp:
    writer.write(fp)
```

## Merge with Rotation

![](merge-45-deg-rot.png)

```python
from PyPDF2 import PdfReader, PdfWriter, Transformation

# Get the data
reader_base = PdfReader("labeled-edges-center-image.pdf")
page_base = reader_base.pages[0]

reader = PdfReader("box.pdf")
page_box = reader.pages[0]

# Apply the transformation
transformation = Transformation().rotate(45)
page_box.add_transformation(transformation)
page_base.merge_page(page_box)

# Write the result back
writer = PdfWriter()
writer.add_page(page_base)
with open("merged-foo.pdf", "wb") as fp:
    writer.write(fp)
```

If you add the expand parameter:

```python
transformation = Transformation().rotate(45)
page_box.add_transformation(transformation)
page_base.merge_page(page_box)
```

you get:

![](merge-rotate-expand.png)

Alternatively, you can move the merged image a bit to the right by using

```python
op = Transformation().rotate(45).translate(tx=50)
```

![](merge-translated.png)


## Scaling

PyPDF2 offers two ways to scale: The page itself and the contents on a page.
Typically, you want to combine both.

![](scaling.png)

### Scaling a Page (the Canvas)

```python
from PyPDF2 import PdfReader, PdfWriter

# Read the input
reader = PdfReader("resources/side-by-side-subfig.pdf")
page = reader.pages[0]

# Scale
page.scale_by(0.5)

# Write the result to a file
writer = PdfWriter()
writer.add_page(page)
writer.write("out.pdf")
```

If you wish to have more control, you can adjust the various page boxes
directly:

```python
from PyPDF2.generic import RectangleObject

mb = page.mediabox

page.mediabox = RectangleObject((mb.left, mb.bottom, mb.right, mb.top))
page.cropbox = RectangleObject((mb.left, mb.bottom, mb.right, mb.top))
page.trimbox = RectangleObject((mb.left, mb.bottom, mb.right, mb.top))
page.bleedbox = RectangleObject((mb.left, mb.bottom, mb.right, mb.top))
page.artbox = RectangleObject((mb.left, mb.bottom, mb.right, mb.top))
```

### Scaling the content

The content is scaled towords the origin of the coordinate system. Typically,
that is the lower-left corner.

```python
from PyPDF2 import PdfReader, PdfWriter, Transformation

# Read the input
reader = PdfReader("resources/side-by-side-subfig.pdf")
page = reader.pages[0]

# Scale
op = Transformation().scale(sx=0.7, sy=0.7)
page.add_transformation(op)

# Write the result to a file
writer = PdfWriter()
writer.add_page(page)
writer.write("out-pg-transform.pdf")
```
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# Encryption and Decryption of PDFs

Please see the note in the
[Installation doc](https://pypdf2.readthedocs.io/en/latest/user/installation.html)
for installing the extra dependencies if interacting with PDFs that use AES.

## Encrypt

Add a password to a PDF (encrypt it):

```python
from PyPDF2 import PdfReader, PdfWriter

reader = PdfReader("example.pdf")
writer = PdfWriter()

# Add all pages to the writer
for page in reader.pages:
    writer.add_page(page)

# Add a password to the new PDF
writer.encrypt("my-secret-password")

# Save the new PDF to a file
with open("encrypted-pdf.pdf", "wb") as f:
    writer.write(f)
```

## Decrypt

Remove the password from a PDF (decrypt it):

```python
from PyPDF2 import PdfReader, PdfWriter

reader = PdfReader("encrypted-pdf.pdf")
writer = PdfWriter()

if reader.is_encrypted:
    reader.decrypt("my-secret-password")

# Add all pages to the writer
for page in reader.pages:
    writer.add_page(page)

# Save the new PDF to a file
with open("decrypted-pdf.pdf", "wb") as f:
    writer.write(f)
```
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# Extract Text from a PDF

You can extract text from a PDF like this:

```python
from PyPDF2 import PdfReader

reader = PdfReader("example.pdf")
page = reader.pages[0]
print(page.extract_text())
```

you can also choose to limit the text orientation you want to extract, e.g:

```python
# extract only text oriented up
print(page.extract_text(0))

# extract text oriented up and turned left
print(page.extract_text((0, 90)))
```

Refer to [extract\_text](../modules/PageObject.html#PyPDF2._page.PageObject.extract_text) for more details.

## Why Text Extraction is hard

Extracting text from a PDF can be pretty tricky. In several cases there is no
clear answer what the expected result should look like:

1. **Paragraphs**: Should the text of a paragraph have line breaks at the same places
   where the original PDF had them or should it rather be one block of text?
2. **Page numbers**: Should they be included in the extract?
3. **Headers and Footers**: Similar to page numbers - should they be extracted?
4. **Outlines**: Should outlines be extracted at all?
5. **Formatting**: If text is **bold** or *italic*, should it be included in the
   output?
6. **Tables**: Should the text extraction skip tables? Should it extract just the
   text? Should the borders be shown in some Markdown-like way or should the
   structure be present e.g. as an HTML table? How would you deal with merged
   cells?
7. **Captions**: Should image and table captions be included?
8. **Ligatures**: The Unicode symbol [U+FB00](https://www.compart.com/de/unicode/U+FB00)
   is a single symbol ﬀ for two lowercase letters 'f'. Should that be parsed as
   the Unicode symbol 'ﬀ' or as two ASCII symbols 'ff'?
9. **SVG images**: Should the text parts be extracted?
10. **Mathematical Formulas**: Should they be extracted? Formulas have indices,
    and nested fractions.
11. **Whitespace characters**: How many new lines should be extracted for 3cm of
    vertical whitespace? How many spaces should be extracted if there is 3cm of
    horizontal whitespace? When would you extract tabs and when spaces?
12. **Footnotes**: When the text of multiple pages is extracted, where should footnotes be shown?
13. **Hyperlinks and Metadata**: Should it be extracted at all? Where should it
    be placed in which format?
14. **Linearization**: Assume you have a floating figure in between a paragraph.
    Do you first finish the paragraph or do you put the figure text in between?

Then there are issues where most people would agree on the correct output, but
the way PDF stores information just makes it hard to achieve that:

1. **Tables**: Typically, tables are just absolutely positioned text. In the worst
   case, ever single letter could be absolutely positioned. That makes it hard
   to tell where columns / rows are.
2. **Images**: Sometimes PDFs do not contain the text as it's displayed, but
    instead an image. You notice that when you cannot copy the text. Then there
    are PDF files that contain an image and a text layer in the background.
    That typically happens when a document was scanned. Although the scanning
    software (OCR) is pretty good today, it still fails once in a while. PyPDF2
    is no OCR software; it will not be able to detect those failures. PyPDF2
    will also never be able to extract text from images.

And finally there are issues that PyPDF2 will deal with. If you find such a
text extraction bug, please share the PDF with us so we can work on it!

## OCR vs Text Extraction

Optical Character Recognition (OCR) is the process of extracting text from
images. Software which does this is called *OCR software*. The
[tesseract OCR engine](https://github.com/tesseract-ocr/tesseract) is the
most commonly known Open Source OCR software.

PyPDF2 is **not** OCR software.

### Digitally-born vs Scanned PDF files

PDF documents can contain images and text. PDF files don't store text in a
semantically meaningful way, but in a way that makes it easy to show the
text on screen or print it. For this reason text extraction from PDFs is hard.

If you scan a document, the resulting PDF typically shows the image of the scan.
Scanners then also run OCR software and put the recognized text in the background
of the image. This result of the scanners OCR software can be extracted by
PyPDF2. However, in such cases it's recommended to directly use OCR software as
errors can accumulate: The OCR software is not perfect in recognizing the text.
Then it stores the text in a format that is not meant for text extraction and
PyPDF2 might make mistakes parsing that.

Hence I would distinguish three types of PDF documents:

* **Digitally-born PDF files**: The file was created digitally on the computer.
  It can contain images, texts, links, outline items (a.k.a., bookmarks), JavaScript, ...
  If you Zoom in a lot, the text still looks sharp.
* **Scanned PDF files**: Any number of pages was scanned. The images were then
  stored in a PDF file. Hence the file is just a container for those images.
  You cannot copy the text, you don't have links, outline items, JavaScript.
* **OCRed PDF files**: The scanner ran OCR software and put the recognized text
  in the background of the image. Hence you can copy the text, but it still looks
  like a scan. If you zoom in enough, you can recognize pixels.


### Can we just always use OCR?

You might now wonder if it makes sense to just always use OCR software. If the
PDF file is digitally-born, you can just render it to an image.

I would recommend not to do that.

Text extraction software like PyPDF2 can use more information from the
PDF than just the image. It can know about fonts, encodings, typical character
distances and similar topics.

That means PyPDF2 has a clear advantage when it
comes to characters which are easy to confuse such as `oO0ö`.
**PyPDF2 will never confuse characters**. It just reads what is in the file.

PyPDF2 also has an edge when it comes to characters which are rare, e.g.
🤰. OCR software will not be able to recognize smileys correctly.



## Attempts to prevent text extraction

If people who share PDF documents want to prevent text extraction, there are
multiple ways to do so:

1. Store the contents of the PDF as an image
2. [Use a scrambled font](https://stackoverflow.com/a/43466923/562769)

However, text extraction cannot be completely prevented if people should still
be able to read the document. In the worst case people can make a screenshot,
print it, scan it, and run OCR over it.
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# Reduce PDF Size

There are multiple ways to reduce the size of a given PDF file. The easiest
one is to remove content (e.g. images) or pages.

## Removing duplication

Some PDF documents contain the same object multiple times. For example, if an
image appears three times in a PDF it could be embedded three times. Or it can
be embedded once and referenced twice.

This can be done by reading and writing the file:

```python
from PyPDF2 import PdfReader, PdfWriter

reader = PdfReader("big-old-file.pdf")
writer = PdfWriter()

for page in reader.pages:
    writer.add_page(page)

writer.add_metadata(reader.metadata)

with open("smaller-new-file.pdf", "wb") as fp:
    writer.write(fp)
```

It depends on the PDF how well this works, but we have seen an 86% file
reduction (from 5.7 MB to 0.8 MB) within a real PDF.


## Remove images


```python
from PyPDF2 import PdfReader, PdfWriter

reader = PdfReader("example.pdf")
writer = PdfWriter()

for page in reader.pages:
    writer.add_page(page)

writer.remove_images()

with open("out.pdf", "wb") as f:
    writer.write(f)
```

## Lossless Compression

PyPDF2 supports the FlateDecode filter which uses the zlib/deflate compression
method. It is a lossless compression, meaning the resulting PDF looks exactly
the same.

Deflate compression can be applied to a page via [`page.compress_content_streams`](https://pypdf2.readthedocs.io/en/latest/modules/PageObject.html#PyPDF2._page.PageObject.compress_content_streams):

```python
from PyPDF2 import PdfReader, PdfWriter

reader = PdfReader("example.pdf")
writer = PdfWriter()

for page in reader.pages:
    page.compress_content_streams()  # This is CPU intensive!
    writer.add_page(page)

with open("out.pdf", "wb") as f:
    writer.write(f)
```

Using this method, we have seen a reduction by 70% (from 11.8 MB to 3.5 MB)
with a real PDF.
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# Interactions with PDF Forms

## Reading form fields

```python
from PyPDF2 import PdfReader

reader = PdfReader("form.pdf")
fields = reader.get_form_text_fields()
fields == {"key": "value", "key2": "value2"}
```

## Filling out forms

```python
from PyPDF2 import PdfReader, PdfWriter

reader = PdfReader("form.pdf")
writer = PdfWriter()

page = reader.pages[0]
fields = reader.get_fields()

writer.add_page(page)

writer.update_page_form_field_values(
    writer.pages[0], {"fieldname": "some filled in text"}
)

# write "output" to PyPDF2-output.pdf
with open("filled-out.pdf", "wb") as output_stream:
    writer.write(output_stream)
```
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# Installation

There are several ways to install PyPDF2. The most common option is to use pip.

## pip

PyPDF2 requires Python 3.6+ to run.

Typically Python comes with `pip`, a package installer. Using it you can
install PyPDF2:

```bash
pip install PyPDF2
```

If you are not a super-user (a system administrator / root), you can also just
install PyPDF2 for your current user:

```bash
pip install --user PyPDF2
```

If you plan to use PyPDF2 for encrypting or decrypting PDFs that use AES, you
will need to install some extra dependencies. Encryption using RC4 is supported
using the regular installation.

```
pip install PyPDF2[crypto]
```


## Python Version Support

| Python                 | 3.10 | 3.9 | 3.8 | 3.7 | 3.6 | 2.7 |
| ---------------------- | ---- | --- | --- | --- | --- | --- |
| PyPDF2>=2.0            | YES  | YES | YES | YES | YES |     |
| PyPDF2 1.20.0 - 1.28.4 | YES  | YES | YES | YES | YES | YES |
| PyPDF2 1.15.0 - 1.20.0 |      |     |     |     |     | YES |


## Anaconda

Anaconda users can [install PyPDF2 via conda-forge](https://anaconda.org/conda-forge/pypdf2).


## Development Version

In case you want to use the current version under development:

```bash
pip install git+https://github.com/py-pdf/PyPDF2.git
```
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# Merging PDF files

## Basic Example

```python
from PyPDF2 import PdfMerger

merger = PdfMerger()

for pdf in ["file1.pdf", "file2.pdf", "file3.pdf"]:
    merger.append(pdf)

merger.write("merged-pdf.pdf")
merger.close()
```

For more details, see an excellent answer on
[StackOverflow](https://stackoverflow.com/questions/3444645/merge-pdf-files)
by Paul Rooney.

## Showing more merging options

```python
from PyPDF2 import PdfMerger

merger = PdfMerger()

input1 = open("document1.pdf", "rb")
input2 = open("document2.pdf", "rb")
input3 = open("document3.pdf", "rb")

# add the first 3 pages of input1 document to output
merger.append(fileobj=input1, pages=(0, 3))

# insert the first page of input2 into the output beginning after the second page
merger.merge(position=2, fileobj=input2, pages=(0, 1))

# append entire input3 document to the end of the output document
merger.append(input3)

# Write to an output PDF document
output = open("document-output.pdf", "wb")
merger.write(output)

# Close File Descriptors
merger.close()
output.close()
```
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# Metadata

## Reading metadata

```python
from PyPDF2 import PdfReader

reader = PdfReader("example.pdf")

meta = reader.metadata

print(len(reader.pages))

# All of the following could be None!
print(meta.author)
print(meta.creator)
print(meta.producer)
print(meta.subject)
print(meta.title)
```

## Writing metadata

```python
from PyPDF2 import PdfReader, PdfWriter

reader = PdfReader("example.pdf")
writer = PdfWriter()

# Add all pages to the writer
for page in reader.pages:
    writer.add_page(page)

# Add the metadata
writer.add_metadata(
    {
        "/Author": "Martin",
        "/Producer": "Libre Writer",
    }
)

# Save the new PDF to a file
with open("meta-pdf.pdf", "wb") as f:
    writer.write(f)
```
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# Migration Guide: 1.x to 2.x

`PyPDF2<2.0.0` ([docs](https://pypdf2.readthedocs.io/en/1.27.12/meta/history.html))
is very different from `PyPDF2>=2.0.0` ([docs](https://pypdf2.readthedocs.io/en/latest/meta/history.html)).

Luckily, most changes are simple naming adjustments. This guide helps you to
make the step from `PyPDF2 1.x` (or even the original PyPpdf) to `PyPDF2>=2.0.0`.

You can execute your code with the updated version and show deprecation warnings
by running `python -W all your_code.py`.

# Imports and Modules

* `PyPDF2.utils` no longer exists
* `PyPDF2.pdf` no longer exists. You can import from `PyPDF2` directly or from
  `PyPDF2.generic`

# Naming Adjustments

## Classes

The base classes were renamed as they also allow to operate with ByteIO streams
instead of files. Also, the `strict` paramter changed the default value from
`strict=True` to `strict=False`.

* `PdfFileReader` ➔ `PdfReader`
* `PdfFileWriter` ➔ `PdfWriter`
* `PdfFileMerger` ➔ `PdfMerger`

PdfFileReader and PdfFileMerger no longer have the `overwriteWarnings`
parameter. The new behavior is `overwriteWarnings=False`.

## Function, Method, and Property Names

In `PyPDF2.xmp.XmpInformation`:

* `rdfRoot` ➔ `rdf_root`
* `xmp_createDate` ➔ `xmp_create_date`
* `xmp_creatorTool` ➔ `xmp_creator_tool`
* `xmp_metadataDate` ➔ `xmp_metadata_date`
* `xmp_modifyDate` ➔ `xmp_modify_date`
* `xmpMetadata` ➔ `xmp_metadata`
* `xmpmm_documentId` ➔ `xmpmm_document_id`
* `xmpmm_instanceId` ➔ `xmpmm_instance_id`

In `PyPDF2.generic`:

* `readObject` ➔ `read_object`
* `convertToInt` ➔ `convert_to_int`
* `DocumentInformation.getText` ➔ `DocumentInformation._get_text` : This method should typically not be used; please let me know if you need it.
* `readHexStringFromStream` ➔ `read_hex_string_from_stream`
* `initializeFromDictionary` ➔ `initialize_from_dictionary`
* `createStringObject` ➔ `create_string_object`
* `TreeObject.hasChildren` ➔ `TreeObject.has_children`
* `TreeObject.emptyTree` ➔ `TreeObject.empty_tree`

In many places:
  - `getObject` ➔ `get_object`
  - `writeToStream` ➔ `write_to_stream`
  - `readFromStream` ➔ `read_from_stream`


PdfReader class:
  - `reader.getPage(pageNumber)` ➔ `reader.pages[page_number]`
  - `reader.getNumPages()` / `reader.numPages` ➔ `len(reader.pages)`
  - `getDocumentInfo` ➔ `metadata`
  - `flattenedPages` attribute ➔ `flattened_pages`
  - `resolvedObjects` attribute ➔ `resolved_objects`
  - `xrefIndex` attribute ➔ `xref_index`
  - `getNamedDestinations` / `namedDestinations` attribute ➔ `named_destinations`
  - `getPageLayout` / `pageLayout` ➔ `page_layout` attribute
  - `getPageMode` / `pageMode` ➔ `page_mode` attribute
  - `getIsEncrypted` / `isEncrypted` ➔ `is_encrypted` attribute
  - `getOutlines` ➔ `get_outlines`
  - `readObjectHeader` ➔ `read_object_header`
  - `cacheGetIndirectObject` ➔ `cache_get_indirect_object`
  - `cacheIndirectObject` ➔ `cache_indirect_object`
  - `getDestinationPageNumber` ➔ `get_destination_page_number`
  - `readNextEndLine` ➔ `read_next_end_line`
  - `_zeroXref` ➔ `_zero_xref`
  - `_authenticateUserPassword` ➔ `_authenticate_user_password`
  - `_pageId2Num` attribute ➔ `_page_id2num`
  - `_buildDestination` ➔ `_build_destination`
  - `_buildOutline` ➔ `_build_outline`
  - `_getPageNumberByIndirect(indirectRef)` ➔ `_get_page_number_by_indirect(indirect_ref)`
  - `_getObjectFromStream` ➔ `_get_object_from_stream`
  - `_decryptObject` ➔ `_decrypt_object`
  - `_flatten(..., indirectRef)` ➔ `_flatten(..., indirect_ref)`
  - `_buildField` ➔ `_build_field`
  - `_checkKids` ➔ `_check_kids`
  - `_writeField` ➔ `_write_field`
  - `_write_field(..., fieldAttributes)` ➔ `_write_field(..., field_attributes)`
  - `_read_xref_subsections(..., getEntry, ...)` ➔ `_read_xref_subsections(..., get_entry, ...)`

PdfWriter class:
  - `writer.getPage(pageNumber)` ➔ `writer.pages[page_number]`
  - `writer.getNumPages()` ➔ `len(writer.pages)`
  - `addMetadata` ➔ `add_metadata`
  - `addPage` ➔ `add_page`
  - `addBlankPage` ➔ `add_blank_page`
  - `addAttachment(fname, fdata)` ➔ `add_attachment(filename, data)`
  - `insertPage` ➔ `insert_page`
  - `insertBlankPage` ➔ `insert_blank_page`
  - `appendPagesFromReader` ➔ `append_pages_from_reader`
  - `updatePageFormFieldValues` ➔ `update_page_form_field_values`
  - `cloneReaderDocumentRoot` ➔ `clone_reader_document_root`
  - `cloneDocumentFromReader` ➔ `clone_document_from_reader`
  - `getReference` ➔ `get_reference`
  - `getOutlineRoot` ➔ `get_outline_root`
  - `getNamedDestRoot` ➔ `get_named_dest_root`
  - `addBookmarkDestination` ➔ `add_bookmark_destination`
  - `addBookmarkDict` ➔ `add_bookmark_dict`
  - `addBookmark` ➔ `add_bookmark`
  - `addNamedDestinationObject` ➔ `add_named_destination_object`
  - `addNamedDestination` ➔ `add_named_destination`
  - `removeLinks` ➔ `remove_links`
  - `removeImages(ignoreByteStringObject)` ➔ `remove_images(ignore_byte_string_object)`
  - `removeText(ignoreByteStringObject)` ➔ `remove_text(ignore_byte_string_object)`
  - `addURI` ➔ `add_uri`
  - `addLink` ➔ `add_link`
  - `getPage(pageNumber)` ➔ `get_page(page_number)`
  - `getPageLayout / setPageLayout / pageLayout` ➔ `page_layout attribute`
  - `getPageMode / setPageMode / pageMode` ➔ `page_mode attribute`
  - `_addObject` ➔ `_add_object`
  - `_addPage` ➔ `_add_page`
  - `_sweepIndirectReferences` ➔ `_sweep_indirect_references`

PdfMerger class
  - `__init__` parameter: `strict=True` ➔ `strict=False` (the `PdfFileMerger` still has the old default)
  - `addMetadata` ➔ `add_metadata`
  - `addNamedDestination` ➔ `add_named_destination`
  - `setPageLayout` ➔ `set_page_layout`
  - `setPageMode` ➔ `set_page_mode`

Page class:
  - `artBox` / `bleedBox` / `cropBox` / `mediaBox` / `trimBox` ➔ `artbox` / `bleedbox` / `cropbox` / `mediabox` / `trimbox`
    - `getWidth`, `getHeight ` ➔ `width` / `height`
    - `getLowerLeft_x` / `getUpperLeft_x` ➔ `left`
    - `getUpperRight_x` / `getLowerRight_x` ➔ `right`
    - `getLowerLeft_y` / `getLowerRight_y` ➔ `bottom`
    - `getUpperRight_y` / `getUpperLeft_y` ➔ `top`
    - `getLowerLeft` / `setLowerLeft` ➔ `lower_left` property
    - `upperRight` ➔ `upper_right`
  - `mergePage` ➔ `merge_page`
  - `rotateClockwise` / `rotateCounterClockwise` ➔ `rotate_clockwise`
  - `_mergeResources` ➔ `_merge_resources`
  - `_contentStreamRename` ➔ `_content_stream_rename`
  - `_pushPopGS` ➔ `_push_pop_gs`
  - `_addTransformationMatrix` ➔ `_add_transformation_matrix`
  - `_mergePage` ➔ `_merge_page`

XmpInformation class:
  - `getElement(..., aboutUri, ...)` ➔ `get_element(..., about_uri, ...)`
  - `getNodesInNamespace(..., aboutUri, ...)` ➔ `get_nodes_in_namespace(..., aboutUri, ...)`
  - `_getText` ➔ `_get_text`

utils.py:
  - `matrixMultiply` ➔ `matrix_multiply
  - `RC4_encrypt` is moved to the security module

## Parameter Names

* `PdfWriter.get_page`: `pageNumber` ➔ `page_number`
* `PyPDF2.filters` (all classes): `decodeParms` ➔ `decode_parms`
* `PyPDF2.filters` (all classes): `decodeStreamData` ➔ `decode_stream_data`

## Deprecations

A few classes / functions were deprecated without replacement:

* `PyPDF2.utils.ConvertFunctionsToVirtualList`
* `PyPDF2.utils.formatWarning`
* `PyPDF2.isInt(obj)`: Use `instance(obj, int)` instead
* `PyPDF2.u_(s)`: Use `s` directly
* `PyPDF2.chr_(c)`: Use `chr(c)` instead
* `PyPDF2.barray(b)`: Use `bytearray(b)` instead
* `PyPDF2.isBytes(b)`: Use `instance(b, type(bytes()))` instead
* `PyPDF2.xrange_fn`: Use `range` instead
* `PyPDF2.string_type`: Use `str` instead
* `PyPDF2.isString(s)`: Use `instance(s, str)` instead
* `PyPDF2._basestring`: Use `str` instead
* `b_(...)` was removed. You should typically be able use the bytes object directly, otherwise you can [copy this](https://github.com/py-pdf/PyPDF2/pull/986#issuecomment-1230698069)
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# PDF Version Support

PDF comes in the following versions:

* 1993: 1.0
* 1994: 1.1
* 1996: 1.2
* 1999: 1.3
* 2001: 1.4
* 2003: 1.5
* 2004: 1.6
* 2006 - 2012: 1.7, ISO 32000-1:2008
* 2017: 2.0

The general format didn't change, but new features got added. It can be that
PyPDF2 can do the operations you want on PDF 2.0 files without fully supporting
all features of PDF 2.0.

## PDF Feature Support by PyPDF2

| Feature                                 | PDF-Version | PyPDF2 Support |
| --------------------------------------- | ----------- | -------------- |
| Transparent Graphics                    | 1.4         | ?              |
| CMaps                                   | 1.4         | ✅             |
| Object Streams                          | 1.5         | ?              |
| Cross-reference Streams                 | 1.5         | ?              |
| Optional Content Groups (OCGs) - Layers | 1.5         | ?              |
| Content Stream Compression              | 1.5         | ?              |
| AES Encryption                          | 1.6         | ✅             |

See [History of PDF](https://en.wikipedia.org/wiki/History_of_PDF) for more
features.

Some PDF features are not supported by PyPDF2, but other libraries can be used
for them:

* [pyHanko](https://pyhanko.readthedocs.io/en/latest/index.html): Cryptographically sign a PDF ([#302](https://github.com/py-pdf/PyPDF2/issues/302))
* [camelot-py](https://pypi.org/project/camelot-py/): Table Extraction ([#231](https://github.com/py-pdf/PyPDF2/issues/231))
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# Reading PDF Annotations

PDF 1.7 defines 25 different annotation types:

* Text
* Link
* FreeText
* Line, Square, Circle, Polygon, PolyLine, Highlight, Underline, Squiggly, StrikeOut
* Stamp, Caret, Ink
* Popup
* FileAttachment
* Sound, Movie
* Widget, Screen
* PrinterMark
* TrapNet
* Watermark
* 3D

In general, annotations can be read like this:

```python
from PyPDF2 import PdfReader

reader = PdfReader("commented.pdf")

for page in reader.pages:
    if "/Annots" in page:
        for annot in page["/Annots"]:
            obj = annot.get_object()
            annotation = {"subtype": obj["/Subtype"], "location": obj["/Rect"]}
            print(annotation)
```

Reading the most common ones is described here.

## Text

```python
from PyPDF2 import PdfReader

reader = PdfReader("example.pdf")

for page in reader.pages:
    if "/Annots" in page:
        for annot in page["/Annots"]:
            subtype = annot.get_object()["/Subtype"]
            if subtype == "/Text":
                print(annot.get_object()["/Contents"])
```

## Highlights

```python
from PyPDF2 import PdfReader

reader = PdfReader("commented.pdf")

for page in reader.pages:
    if "/Annots" in page:
        for annot in page["/Annots"]:
            subtype = annot.get_object()["/Subtype"]
            if subtype == "/Highlight":
                coords = annot.get_object()["/QuadPoints"]
                x1, y1, x2, y2, x3, y3, x4, y4 = coords
```

## Attachments

```python
from PyPDF2 import PdfReader

reader = PdfReader("example.pdf")

attachments = {}
for page in reader.pages:
    if "/Annots" in page:
        for annotation in page["/Annots"]:
            subtype = annot.get_object()["/Subtype"]
            if subtype == "/FileAttachment":
                fileobj = annotobj["/FS"]
                attachments[fileobj["/F"]] = fileobj["/EF"]["/F"].get_data()
```
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# Robustness and strict=False

PDF is [specified in various versions](https://www.pdfa.org/resource/pdf-specification-index/).
The specification of PDF 1.7 has 978 pages. This length makes it hard to get
everything right. As a consequence, a lot of PDF files are not strictly following the
specification.

If a PDF file does not follow the specification, it is not always possible to
be certain what the intended effect would be. Think of the following broken
Python code as an example:

```python
# Broken
function (foo, bar):

# Potentially intended:
def function(foo, bar):
    ...

# Also possible:
function = (foo, bar)
```

Writing a parser you can go two paths: Either you try to be forgiving and try
to figure out what the user intended, or you are strict and just tell the user
that they should fix their stuff.

PyPDF2 gives you the option to be strict or not.

PyPDF2 has three core objects and all of them have a `strict` parameter:

* [`PdfReader`](https://pypdf2.readthedocs.io/en/latest/modules/PdfReader.html)
* [`PdfWriter`](https://pypdf2.readthedocs.io/en/latest/modules/PdfWriter.html)
* [`PdfMerger`](https://pypdf2.readthedocs.io/en/latest/modules/PdfMerger.html)

Choosing `strict=True` means that PyPDF2 will raise an exception if a PDF does
not follow the specification.

Choosing `strict=False` means that PyPDF2 will try to be forgiving and do
something reasonable, but it will log a warning message. It is a best-effort
approach.
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# Streaming Data with PyPDF2

In some cases you might want to avoid saving things explicitly as a file
to disk, e.g. when you want to store the PDF in a database or AWS S3.

PyPDF2 supports streaming data to a file-like object and here is how.

```python
from io import BytesIO

# Prepare example
with open("example.pdf", "rb") as fh:
    bytes_stream = BytesIO(fh.read())

# Read from bytes_stream
reader = PdfReader(bytes_stream)

# Write to bytes_stream
writer = PdfWriter()
with BytesIO() as bytes_stream:
    writer.write(bytes_stream)
```

## Writing a PDF directly to AWS S3

Suppose you want to manipulate a PDF and write it directly to AWS S3 without having
to write the document to a file first. We have the original PDF in `raw_bytes_data` as `bytes`
and want to set `my-secret-password`:

```python
from io import BytesIO

import boto3
from PyPDF2 import PdfReader, PdfWriter


reader = PdfReader(BytesIO(raw_bytes_data))
writer = PdfWriter()

# Add all pages to the writer
for page in reader.pages:
    writer.add_page(page)

# Add a password to the new PDF
writer.encrypt("my-secret-password")

# Save the new PDF to a file
with BytesIO() as bytes_stream:
    writer.write(bytes_stream)
    bytes_stream.seek(0)
    s3 = boto3.client("s3")
    s3.write_get_object_response(
        Body=bytes_stream, RequestRoute=request_route, RequestToken=request_token
    )
```
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# Exceptions, Warnings, and Log messages

PyPDF2 makes use of 3 mechanisms to show that something went wrong:

* **Log messages** are informative messages that can be used for post-mortem
  analysis. Most of the time, users can ignore them. They come in different
  *levels*, such as info / warning / error indicating the severity.
  Examples are non-standard compliant PDF files which PyPDF2 can deal with.
* **Warnings** are avoidable issues, such as using deprecated classes /
  functions / parameters. Another example is missing capabilities of PyPDF2.
  In those cases, PyPDF2 users should adjust their code. Warnings
  are issued by the `warnings` module - those are different from the log-level
  "warning".
* **Exceptions** are error-cases that PyPDF2 users should explicitly handle.
  In the `strict=True` mode, most log messages with the warning level will
  become exceptions. This can be useful in applications where you can force to
  user to fix the broken PDF.


## Exceptions

Exeptions need to be catched if you want to handle them. For example, you could
want to read the text from a PDF as a part of a search function.

Most PDF files don't follow the specifications. In this case PyPDF2 needs to
guess which kinds of mistakes were potentially done when the PDF file was created.
See [the robustness page](robustness.md) for the related issues.

As a users, you likely don't care about it. If it's readable in any way, you
want the text. You might use pdfminer.six as a fallback and do this:

```python
from PyPDF2 import PdfReader
from pdfminer.high_level import extract_text as fallback_text_extraction

text = ""
try:
    reader = PdfReader("example.pdf")
    for page in reader.pages:
        text += page.extract_text()
except Exception as exc:
    text = fallback_text_extraction("example.pdf")
```

You could also capture [`PyPDF2.errors.PyPdfError`](https://github.com/py-pdf/PyPDF2/blob/main/PyPDF2/errors.py)
if you prefer something more specific.

## Warnings

The [`warnings` module](https://docs.python.org/3/library/warnings.html) allows
you to ignore warnings:

```python
import warnings

warnings.filterwarnings("ignore")
```

In many cases, you actually want to start Python with the `-W` flag so that you
see all warnings. This is especially true for Continuous Integration (CI).

## Log messages

Log messages can be noisy in some cases. PyPDF2 hopefully is having a reasonable
level of log messages, but you can reduce which types of messages you want to
see:

```python
import logging

logger = logging.getLogger("PyPDF2")
logger.setLevel(logging.ERROR)
```

The [`logging` module](https://docs.python.org/3/library/logging.html#logging-levels)
defines six log levels:

* CRITICAL
* ERROR
* WARNING
* INFO
* DEBUG
* NOTSET
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"""Internal tool to update the changelog."""

import subprocess
from dataclasses import dataclass
from datetime import datetime
from typing import List


@dataclass(frozen=True)
class Change:
    commit_hash: str
    prefix: str
    message: str


def main(changelog_path: str):
    changelog = get_changelog(changelog_path)
    git_tag = get_most_recent_git_tag()
    changes = get_formatted_changes(git_tag)
    print("-" * 80)
    print(changes)

    new_version = version_bump(git_tag)
    today = datetime.now()
    header = f"Version {new_version}, {today:%Y-%m-%d}\n"
    header = header + "-" * (len(header) - 1) + "\n"
    trailer = f"\nFull Changelog: https://github.com/py-pdf/PyPDF2/compare/{git_tag}...{new_version}\n\n"
    new_entry = header + changes + trailer
    print(new_entry)

    # TODO: Make idempotent - multiple calls to this script
    # should not change the changelog
    new_changelog = new_entry + changelog
    write_changelog(new_changelog, changelog_path)


def version_bump(git_tag: str) -> str:
    # just assume a patch version change
    major, minor, patch = git_tag.split(".")
    return f"{major}.{minor}.{int(patch) + 1}"


def get_changelog(changelog_path: str) -> str:
    with open(changelog_path) as fh:
        changelog = fh.read()
    return changelog


def write_changelog(new_changelog: str, changelog_path: str) -> None:
    with open(changelog_path, "w") as fh:
        fh.write(new_changelog)


def get_formatted_changes(git_tag: str) -> str:
    commits = get_git_commits_since_tag(git_tag)

    # Group by prefix
    grouped = {}
    for commit in commits:
        if commit.prefix not in grouped:
            grouped[commit.prefix] = []
        grouped[commit.prefix].append({"msg": commit.message})

    # Order prefixes
    order = ["DEP", "ENH", "PI", "BUG", "ROB", "DOC", "DEV", "MAINT", "TST", "STY"]
    abbrev2long = {
        "DEP": "Deprecations",
        "ENH": "New Features",
        "BUG": "Bug Fixes",
        "ROB": "Robustness",
        "DOC": "Documentation",
        "DEV": "Developer Experience",
        "MAINT": "Maintenance",
        "TST": "Testing",
        "STY": "Code Style",
        "PI": "Performance Improvements",
    }

    # Create output
    output = ""
    for prefix in order:
        if prefix not in grouped:
            continue
        output += f"\n{abbrev2long[prefix]} ({prefix}):\n"  # header
        for commit in grouped[prefix]:
            output += f"- {commit['msg']}\n"
        del grouped[prefix]

    if grouped:
        print("@" * 80)
        output += "\nYou forgot something!:\n"
        for prefix in grouped:
            output += f"- {prefix}: {grouped[prefix]}\n"
        print("@" * 80)

    return output


def get_most_recent_git_tag():
    git_tag = str(
        subprocess.check_output(
            ["git", "describe", "--abbrev=0"], stderr=subprocess.STDOUT
        )
    ).strip("'b\\n")
    return git_tag


def get_git_commits_since_tag(git_tag) -> List[Change]:
    commits = str(
        subprocess.check_output(
            [
                "git",
                "--no-pager",
                "log",
                f"{git_tag}..HEAD",
                '--pretty=format:"%h%x09%s"',
            ],
            stderr=subprocess.STDOUT,
        )
    ).strip("'b\\n")
    return [parse_commit_line(line) for line in commits.split("\\n")]


def parse_commit_line(line) -> Change:
    if "\\t" not in line:
        raise ValueError(f"Invalid commit line: {line}")
    commit_hash, rest = line.split("\\t", 1)
    if ":" in rest:
        prefix, message = rest.split(":", 1)
    else:
        prefix = ""
        message = rest

    # Standardize
    message.strip()

    if message.endswith('"'):
        message = message[:-1]

    prefix = prefix.strip()
    if prefix == "DOCS":
        prefix = "DOC"

    return Change(commit_hash=commit_hash, prefix=prefix, message=message)


if __name__ == "__main__":
    main("CHANGELOG.md")
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#!/bin/bash -e
pytest -x
mypy PyPDF2 --show-error-codes --disallow-untyped-defs --disallow-incomplete-defs --ignore-missing-imports
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def pre_mutation(context):
    if "_codecs" in context.filename:
        context.skip = True

    line = context.current_source_line.strip()
    if "pragma: no cover" in line:
        context.skip = True
    if "deprecate" in line:
        context.skip = True
    if line.strip().startswith("logger"):
        context.skip = True
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[pytest]
filterwarnings =
    error

markers =
    external: Tests which use files from https://github.com/py-pdf/sample-files

testpaths = tests
norecursedirs = tests/pdf_cache
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coverage
flake8
flake8_implicit_str_concat
flake8-bugbear
flake8-print
mypy
pillow
pytest
pytest-benchmark
pycryptodome
typeguard
types-Pillow
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#
# This file is autogenerated by pip-compile with python 3.6
# To update, run:
#
#    pip-compile requirements/ci.in
#
attrs==20.3.0
    # via
    #   flake8-bugbear
    #   flake8-implicit-str-concat
    #   pytest
coverage==6.2
    # via -r requirements/ci.in
flake8==5.0.4
    # via
    #   -r requirements/ci.in
    #   flake8-bugbear
    #   flake8-print
flake8-bugbear==22.7.1
    # via -r requirements/ci.in
flake8-implicit-str-concat==0.2.0
    # via -r requirements/ci.in
flake8-print==4.0.1
    # via -r requirements/ci.in
importlib-metadata==4.2.0
    # via
    #   flake8
    #   pluggy
    #   pytest
iniconfig==1.1.1
    # via pytest
mccabe==0.7.0
    # via flake8
more-itertools==8.13.0
    # via flake8-implicit-str-concat
mypy==0.971
    # via -r requirements/ci.in
mypy-extensions==0.4.3
    # via mypy
packaging==21.3
    # via pytest
pillow==8.4.0
    # via -r requirements/ci.in
pluggy==1.0.0
    # via pytest
py==1.11.0
    # via pytest
py-cpuinfo==8.0.0
    # via pytest-benchmark
pycodestyle==2.9.1
    # via
    #   flake8
    #   flake8-print
pycryptodome==3.15.0
    # via -r requirements/ci.in
pyflakes==2.5.0
    # via flake8
pyparsing==3.0.9
    # via packaging
pytest==7.0.1
    # via
    #   -r requirements/ci.in
    #   pytest-benchmark
pytest-benchmark==3.4.1
    # via -r requirements/ci.in
six==1.16.0
    # via flake8-print
tomli==1.2.3
    # via
    #   mypy
    #   pytest
typed-ast==1.5.4
    # via mypy
typeguard==2.13.3
    # via -r requirements/ci.in
types-pillow==9.2.1
    # via -r requirements/ci.in
typing-extensions==4.1.1
    # via
    #   importlib-metadata
    #   mypy
zipp==3.6.0
    # via importlib-metadata
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black
pip-tools
pre-commit<2.18.0
pytest-cov
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wheel
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#
# This file is autogenerated by pip-compile with python 3.6
# To update, run:
#
#    pip-compile requirements/dev.in
#
attrs==21.4.0
    # via pytest
black==22.6.0
    # via -r requirements/dev.in
bleach==4.1.0
    # via readme-renderer
certifi==2022.6.15
    # via requests
cffi==1.15.1
    # via cryptography
cfgv==3.3.1
    # via pre-commit
charset-normalizer==2.0.12
    # via requests
click==8.0.4
    # via
    #   black
    #   pip-tools
colorama==0.4.5
    # via twine
coverage[toml]==6.2
    # via pytest-cov
cryptography==37.0.4
    # via secretstorage
dataclasses==0.8
    # via black
distlib==0.3.5
    # via virtualenv
docutils==0.18.1
    # via readme-renderer
filelock==3.4.1
    # via virtualenv
identify==2.4.4
    # via pre-commit
idna==3.3
    # via requests
importlib-metadata==4.8.3
    # via
    #   click
    #   keyring
    #   pep517
    #   pluggy
    #   pre-commit
    #   pytest
    #   twine
    #   virtualenv
importlib-resources==5.2.3
    # via
    #   pre-commit
    #   tqdm
    #   virtualenv
iniconfig==1.1.1
    # via pytest
jeepney==0.7.1
    # via
    #   keyring
    #   secretstorage
keyring==23.4.1
    # via twine
mypy-extensions==0.4.3
    # via black
nodeenv==1.6.0
    # via pre-commit
packaging==21.3
    # via
    #   bleach
    #   pytest
pathspec==0.9.0
    # via black
pep517==0.12.0
    # via pip-tools
pip-tools==6.4.0
    # via -r requirements/dev.in
pkginfo==1.8.3
    # via twine
platformdirs==2.4.0
    # via
    #   black
    #   virtualenv
pluggy==1.0.0
    # via pytest
pre-commit==2.17.0
    # via -r requirements/dev.in
py==1.11.0
    # via pytest
pycparser==2.21
    # via cffi
pygments==2.12.0
    # via readme-renderer
pyparsing==3.0.9
    # via packaging
pytest==7.0.1
    # via pytest-cov
pytest-cov==3.0.0
    # via -r requirements/dev.in
pyyaml==6.0
    # via pre-commit
readme-renderer==34.0
    # via twine
requests==2.27.1
    # via
    #   requests-toolbelt
    #   twine
requests-toolbelt==0.9.1
    # via twine
rfc3986==1.5.0
    # via twine
secretstorage==3.3.2
    # via keyring
six==1.16.0
    # via
    #   bleach
    #   virtualenv
toml==0.10.2
    # via pre-commit
tomli==1.2.3
    # via
    #   black
    #   coverage
    #   pep517
    #   pytest
tqdm==4.64.0
    # via twine
twine==3.8.0
    # via -r requirements/dev.in
typed-ast==1.5.4
    # via black
typing-extensions==4.1.1
    # via
    #   black
    #   importlib-metadata
urllib3==1.26.10
    # via
    #   requests
    #   twine
virtualenv==20.15.1
    # via pre-commit
webencodings==0.5.1
    # via bleach
wheel==0.37.1
    # via
    #   -r requirements/dev.in
    #   pip-tools
zipp==3.6.0
    # via
    #   importlib-metadata
    #   importlib-resources
    #   pep517

# The following packages are considered to be unsafe in a requirements file:
# pip
# setuptools
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sphinx
sphinx_rtd_theme
myst_parser
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#
# This file is autogenerated by pip-compile with python 3.6
# To update, run:
#
#    pip-compile requirements/docs.in
#
alabaster==0.7.12
    # via sphinx
attrs==21.4.0
    # via markdown-it-py
babel==2.10.3
    # via sphinx
certifi==2022.6.15
    # via requests
charset-normalizer==2.0.12
    # via requests
docutils==0.17.1
    # via
    #   myst-parser
    #   sphinx
    #   sphinx-rtd-theme
idna==3.3
    # via requests
imagesize==1.4.1
    # via sphinx
importlib-metadata==4.8.3
    # via sphinx
jinja2==3.0.3
    # via
    #   myst-parser
    #   sphinx
markdown-it-py==2.0.1
    # via
    #   mdit-py-plugins
    #   myst-parser
markupsafe==2.0.1
    # via jinja2
mdit-py-plugins==0.3.0
    # via myst-parser
mdurl==0.1.0
    # via markdown-it-py
myst-parser==0.16.1
    # via -r requirements/docs.in
packaging==21.3
    # via sphinx
pygments==2.12.0
    # via sphinx
pyparsing==3.0.9
    # via packaging
pytz==2022.1
    # via babel
pyyaml==6.0
    # via myst-parser
requests==2.27.1
    # via sphinx
snowballstemmer==2.2.0
    # via sphinx
sphinx==4.5.0
    # via
    #   -r requirements/docs.in
    #   myst-parser
    #   sphinx-rtd-theme
sphinx-rtd-theme==1.0.0
    # via -r requirements/docs.in
sphinxcontrib-applehelp==1.0.2
    # via sphinx
sphinxcontrib-devhelp==1.0.2
    # via sphinx
sphinxcontrib-htmlhelp==2.0.0
    # via sphinx
sphinxcontrib-jsmath==1.0.1
    # via sphinx
sphinxcontrib-qthelp==1.0.3
    # via sphinx
sphinxcontrib-serializinghtml==1.1.5
    # via sphinx
typing-extensions==4.1.1
    # via
    #   importlib-metadata
    #   markdown-it-py
urllib3==1.26.10
    # via requests
zipp==3.6.0
    # via importlib-metadata
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27 mm



1. Strip the cable



2. Tape the screens before inserting the cable



3. If cable outside diameter is too big, remove the inner ring of the gland gasket. Insert



the cable until the outer mantle is aligned with the inner edge of the gland. Remove



the tape.



4. Tighten the gland nut so the gasket is tight, see note.



    Fold the cable screens back distributed evenly over the gland inner surface,



    and fasten the screen clamp.



Screen



Inner ring



Outer ringAlign



REMARKS:



Gland sizes / torque



Thread (M) Range (mm) Torque (NM)



M20x1.5             8.0 - 15.0 8



M25x1.5             12.5 - 20.5 11



M32x1.5             17.0 - 25.5 15



M40x1.5 24.0 - 33.0 20



M50x1.5 33.0 - 42.0 30



M63x1.5 40.0 - 52.0 44



The above torques for the compression nuts are maximum values in the case of the



largest cable in a normal environment. In order to ensure correct mounting under



conditions differing from this, mounting should be terminated if the sealing insert



forms a bead projecting slightly above the cap nut, even if the torque shown in the



table has not yet been reached.
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REVISION HISTORY 



Date Version Description 



September 2002 Draft 01 First draft for discussion with Nova Scotia 



January 2003 Draft Second draft after discussion with Nova Scotia and major review of the 
hydro network model through:  



 Proposal of options 



March 2003 Alpha Draft version after discussion and decisions made concerning NHNC1 
scope and content with Nova Scotia and British Columbia  



July 2003 Draft 02 Draft version after discussion and decisions made concerning the 
detailed NHNC1 model and content with Nova Scotia, British 
Columbia, and the Yukon. Meeting in Victoria, May 2003. 



December 2003 Draft Integration of UML model for both LRS and Segmented views of the 
NHNC1. 



February 2004 Draft English review; 



Remove the UML model for the Segmented view. 



May 2004 Draft Update from the March Workshop comments. 



August 2004 2004.1 The object metadata attribute « date » is renamed « validity_date » in 
section 3.1.6.2 and at all other parts referring to object metadata. 



A new Feature type value is added for inland water (see section 3.1.5) 



FUTURE WORK 



Key word Description 
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ABBREVIATIONS 



LRM Linear Reference Method 



LRS Linear Reference System 



NHNC1 National Hydro Network, Canada, Level 1 



NID National Identifier 



NRCan Natural Resources Canada 
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Mandatory Optional 



Quantity of phenomenon 
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Optional 



1 Overview 



The data model can (and must) extend beyond the smallest common denominator obtained with the 
partners.  The model must therefore contain two levels of information: mandatory data (black boxes) and 
optional data (grey boxes).  Data homogeneity will thereby be ensured by a minimum set of data. Beyond 
the minimum level, the model serves as a target for all partners.  Over the years, we will therefore work 
towards raising the minimum and redefining new targets.  Minimum content will be defined for attributive 
and geometric data (see Figure 1 – Specifications expansion). 



 



 



 



 



 



 



 



 



 



 



 



 



 
Figure 1 – Specifications expansion 



2 LRS 



 
The Linear Reference System (LRS) is considered the most viable approach for managing and 
distributing geospatial information when several distinct organizations are involved (distributed approach).  
 
This method makes it possible to divide a standard spatial object into two parts: the geometric and 
attribute parts.  The geometric part (Network Linear Component in the NHNC1) describes the position of 
the feature without describing its nature. The attribute part (or event) describes specific information 
observed along its linear geometric representation. Event information does not alter the geometric 
representation in any way. The event's position is given relatively from the beginning of the linear 
geometric representation.  A Point Event is determined by a specific location, while a Linear Event is 
defined by a starting and ending measurement.  Several Linear Methods (LRMs) can be used.  (They are 
not discussed in this document). By using this approach we can share a common geometry while each 
application can add their set of attributes (events) in relationship with the Water Network geometry.  
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2.1 LRS model 



 
Four packages constitute the NHNC1 : Hydro Network, Hydrographic, Hydro Events and Metadata. The 
Hydro Network package contains the set of classes that form the linear network. The Hydrographic 
package contains the set of classes that form the graphical representation of features related to the linear 
network. The Hydro Event package contains attributive information that are referenced to Hydro Network 
geometry.The Metadata package contains information that describes the data themselves (date, 
accuracy, and so on). The portion of toponymy associated to Hydro feature data is part of the National 
Toponymy Model. This model associates geometries with official names and the classes used from the 
Toponymy Model are described in an external package called Toponymy for better understanding (issues 
involving text placement on paper or computer screen are excluded from consideration at this point). 
 
 



 



 
Hydro  



Network 



 



Hydro  



Events 



 



Metadata 



 



Hydrography 



 



Toponymy 
(external 



model) 



 



Figure 2 – Packages in the NHNC1 LRS model 
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3 Model 



The model presented below include descriptions of five packages, including the description of 
relationships between classes belonging to different packages and the toponymy external package. 
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3.1 LRS model  



3.1.1 Logical view  
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3.1.2 Hydro network  



cd Hydro Network



Hydro Network



«spatialDescriptiveEvol»



NetworkLinearFlow



- Isolated:  boolean



- LevelPriority:  CL_ LevelPriority



- NetworkFlowType:  CL_Network Flow Type



- FlowDirection:  CL_DirectionFlag



«spatialDescriptiveEvol»



WaterBoundaryEntity



«spatialDescriptiveEvol»



Shoreline



- ShorelineWaterLevel:  CL_Shoreline Water Level



«spatialDescriptiveEvol»



Bank



- Isolated:  boolean



- IslandNID:  DT_UUID



- Permanency:  CL_Permanency



- WaterDefinition:  CL_Water Definition



- WaterbodyNID:  DT_UUID



«spatialDescriptiveEvol»



Littoral



- IslandNID:  DT_UUID



LR_Element



«type»



Network Abstract Model::



NetworkLinearElement



+ geometry:  GB_Curve [0..1]



«type»



Network Abstract Model::



NetworkPointElement



+ geometry:  GB_Point



Name: Hydro Network



Author: NRN/NHN Team



Version: 1.0



Created: 2003-03-07 08:42:38



Updated: 2004-06-02 17:00:40



«spatialDescriptiveEvol»



HydroJunction



- JunctionType:  CL_JunctionType



«type»



Network Abstract Model::



NetworkComponent



+ nid:  DT_UUID



«spatialDescriptiveEvol»



Delimiter



- DelimiterType:  CL_DelimiterType



- Waterbody1NID:  DT_UUID



- Waterbody2NID:  DT_UUID



- IslandNID:  DT_UUID



Code List



«CodeList»



CodeList::CL_DelimiterType



+ Unknown = -1:  



+ None = 0:  



+ Contiguous Water Region = 1:  



+ Tidal = 2:  



+ Coastline = 3:  



+ Water Region Limit at ProvTerr Limit = 4:  



+ Working Unit Region Limit = 5:  



«CodeList»



CodeList::CL_JunctionType



+ None = 0:  



+ Network Linear Flow = 1:  



+ Network Linear Flow and Shoreline Element = 2:  



+ Water Boundary Element = 3:  



+ Start and End of Network Linear Flow = 4:  



+ NavProvTer = 5:  



+ Network Linear Flow and Delimiter = 6:  



+ Start of Network connected to Bank = 7:  



«CodeList»



CodeList::CL_Water 



Definition



+ None = 0:  



+ Canal = 1:  



+ Conduit = 2:  



+ Ditch = 3:  



+ Lake = 4:  



+ Reservoir = 5:  



+ Watercourse = 6:  



+ Tidal River = 7:  



+ Liquid Waste = 8:  



+ Pond = 9:  



«CodeList»



CodeList::CL_ 



Lev elPriority



+ Primary = 1:  



+ Secondary = 2:  



«CodeList»



CodeList::



CL_Permanency



+ Unknown = -1:  



+ None = 0:  



+ Permanent = 1:  



+ Intermittent = 2:  



«CodeList»



Code List::



CL_DirectionFlag



+ same direction = 1:  



+ opposite direction = 2:  



+ N/A = 3:  



«CodeList»



CodeList::



CL_Network Flow 



Type



+ Unknown = -1:  



+ None = 0:  



+ Observed = 1:  



+ Inferred = 2:  



+ Constructed = 3:  



0..*



starts



1



0..*



ends



1
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3.1.3 Hydro events  



cd Hydro Ev ents



Hydro EventsName: Hydro Events



Author: NRN/NHN Team



Version: 1.0



Created: 2003-03-07 08:42:58



Updated: 2004-06-02 17:00:52



«descriptiveEvolution»



PointEvents::HydroPointEvent



«type»



LRS Abstract Model::LinearEvent



+ startPosition:  LR_PositionExpression



+ endPosition:  LR_PositionExpression



«type»



LRS Abstract Model::PointEvent



+ atPosition:  LR_PositionExpression



«descriptiveEvolution»



LineEv ents::HydroLineEv ent



«type»



LRS Abstract 



Model::Event



+ nid:  DT_UUID



LR_Element



NetworkComponent



«type»



Network Abstract Model::



NetworkLinearElement



+ geometry:  GB_Curve [0..1]



0..1



references



0..*
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3.1.3.1 Point Events 



cd PointEv ents



Point Events



LR_Element



NetworkComponent



«type»



Network Abstract Model::NetworkLinearElement



+ geometry:  GB_Curve [0..1]



«type»



LRS Abstract 



Model::Event



+ nid:  DT_UUID



«descriptiveEvolution»



ManMadePointEv ent



- HydrographicEntityClassName:  char



- ManMadeHydrographicEntityNID:  UUID



- ManMadeStatus:  CL_Manmade Status



- ManMadeType:  CL_Manmade Type



«descriptiveEvolution»



ExternalGeometryEv ent



- ExternalAgency:  char



- ExternalID:  DT_UUID



«descriptiveEvolution»



ExternalPointEv ent



- ExternalAgency:  char



- ExternaID:  DT_UUID



- EventName:  char



Name: PointEvents



Author: NRN/NHN Team



Version: 1.0



Created: 2004-03-30 09:48:28



Updated: 2004-06-02 17:01:04



«descriptiveEvolution»



HydroPointEvent



«type»



LRS Abstract Model::PointEvent



+ atPosition:  LR_PositionExpression



«descriptiveEvolution»



ObstaclePointEv ent



- HydrographicEntityClassName:  char



- HydrographicObstacleEntityNID:  UUID



- ObstacleType:  CL_Obstacle Type



Code List



«CodeList»



CodeList::



CL_Manmade Type



+ Unknown = -1:  



+ None = 0:  



+ Dam = 1:  



+ Dock = 2:  



+ Wharf = 3:  



+ Breakwater = 4:  



+ Dike/Levee = 5:  



+ Lock Gate = 6:  



+ Boat Ramp = 7:  



+ Fish Ladder =8:  



+ Slip = 9:  



«CodeList»



CodeList::



CL_Manmade Status



+ Unknown = -1:  



+ None = 0:  



+ Operational = 1:  



+ Abandoned = 2:  



«CodeList»



CodeList::CL_Obstacle Type



+ Unknown = -1:  



+ Falls = 1:  



+ Rapids = 2:  



+ Reef = 3:  



+ Rocks = 4:  



+ Disappearing stream = 5:  



+ Exposed shipwreck = 6:  



+ Ford = 7:  



+ Other = 8:  



0..1



references



0..*
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3.1.3.2 Line Events 



cd LineEv ents



Line Events



«descriptiveEvolution»



ObstacleLineEv ent



- HydrographicEntityClassName:  char



- HydrographicObstacleEntityNID:  UUID



- ObstacleType:  CL_Obstacle Type



«descriptiveEvolution»



ManMadeLineEv ent



- HydrographicEntityClassName:  char



- ManMadeHydrographicEntityNID:  UUID



- ManMadeStatus:  CL_Manmade Status



- ManMadeType:  CL_Manmade Type



«descriptiveEvolution»



HydroLineEv ent



«descriptiveEvolution»



FlowPropertyEv ent



- WaterDefinition:  CL_Water Definition



«descriptiveEvolution»



ExternalLineEv ent



- ExternalAgency:  char



- ExternalID:  DT_UUID



- EventName:  char



LR_Element



NetworkComponent



«type»



Network Abstract Model::



NetworkLinearElement



+ geometry:  GB_Curve [0..1]



«type»



LRS Abstract 



Model::Event



+ nid:  DT_UUID



«type»



LRS Abstract Model::LinearEvent



+ startPosition:  LR_PositionExpression



+ endPosition:  LR_PositionExpression



Code List



«CodeList»



CodeList::CL_Water 



Definition



+ None = 0:  



+ Canal = 1:  



+ Conduit = 2:  



+ Ditch = 3:  



+ Lake = 4:  



+ Reservoir = 5:  



+ Watercourse = 6:  



+ Tidal River = 7:  



+ Liquid Waste = 8:  



+ Pond = 9:  



«CodeList»



CodeList::



CL_Manmade Status



+ Unknown = -1:  



+ None = 0:  



+ Operational = 1:  



+ Abandoned = 2:  



«CodeList»



CodeList::



CL_Manmade Type



+ Unknown = -1:  



+ None = 0:  



+ Dam = 1:  



+ Dock = 2:  



+ Wharf = 3:  



+ Breakwater = 4:  



+ Dike/Levee = 5:  



+ Lock Gate = 6:  



+ Boat Ramp = 7:  



+ Fish Ladder =8:  



+ Slip = 9:  



«CodeList»



CodeList::CL_Obstacle Type



+ Unknown = -1:  



+ Falls = 1:  



+ Rapids = 2:  



+ Reef = 3:  



+ Rocks = 4:  



+ Disappearing stream = 5:  



+ Exposed shipwreck = 6:  



+ Ford = 7:  



+ Other = 8:  



0..1



references



0..*



Name:



Package:



Version:



Author:



LineEvents



LineEvents



1.0



NRN/NHN Team
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3.1.4 Hydrographic 



There are implied associations with all hydrographic features and the Hydro Network could be defined 
explicitly through spatial analysis. 



cd Hydrographic



Hydrographic



«spatialDescriptiveEvol»



HydrographicEntity



- NID:  DT_UUID



«spatialDescriptiveEvol»



ManMadeHydrographicEntity



- ManMadeType:  CL_Manmade Type



- ManMadeStatus:  CL_Manmade Status



«spatialDescriptiveEvol»



HydrographicObstacleEntity



- ObstacleType:  CL_Obstacle Type «DescriptiveEvol»



SingleLineWatercourse



- WaterDefinition:  CL_Water Definition



- Permanency:  CL_Permanency



- Isolated:  boolean



- geometry:  GB_Curve



«spatialDescriptiveEvol»



Island



- CoastalIsland:  boolean



- SandIsland:  CL_SandIsland



- geometry:  GB_Surface



+ Island() : GM_Ring



«spatialDescriptiveEvol»



WaterBody



- Isolated:  boolean



- Permanency:  CL_Permanency



- WaterDefinition:  CL_Water Definition



- geometry:  GB_Surface



+ WaterRegion() : GM_SurfaceBoundary
WaterRegion polygons are 



formed according to 



WaterBoundaryFeatures from 



the Network package.



Island polygons are formed 



according to 



WaterBoundaryFeatures from the



Network package.



«DescriptiveEvol»



Coastline



- ShorelineWaterLevel:  CL_Shoreline Water Level



Name: Hydrographic



Author: NRN/NHN Team



Version: 1.0



Created: 2003-03-07 08:43:42



Updated: 2004-06-02 17:01:27



«type»



Object MD::ObjectMetadata



+ nid:  DT_UUID



+ validity_date:  DT_Date



+ acquisitionTechnique:  CL_AcquisitionTechnique [0..1]



+ datasetName:  Char(50)



+ planimetricAccuracy:  Int



+ provider:  CL_Provider



+ completelyCover:  Boolean



«descriptiveEvolution»



Object MD::



CreationMetadata



«descriptiveEvolution»



Object MD::



Rev isionMetadata



Shoreline



«spatialDescriptiveEvol»



Hydro Network::Littoral



- IslandNID:  DT_UUID



Code List«CodeList»



CodeList::



CL_Manmade Type



+ Unknown = -1:  



+ None = 0:  



+ Dam = 1:  



+ Dock = 2:  



+ Wharf = 3:  



+ Breakwater = 4:  



+ Dike/Levee = 5:  



+ Lock Gate = 6:  



+ Boat Ramp = 7:  



+ Fish Ladder =8:  



+ Slip = 9:  



«CodeList»



CodeList::



CL_Manmade 



Status



+ Unknown = -1:  



+ None = 0:  



+ Operational = 1:  



+ Abandoned = 2:  



«CodeList»



CodeList::CL_Obstacle Type



+ Unknown = -1:  



+ Falls = 1:  



+ Rapids = 2:  



+ Reef = 3:  



+ Rocks = 4:  



+ Disappearing stream = 5:  



+ Exposed shipwreck = 6:  



+ Ford = 7:  



+ Other = 8:  



«CodeList»



CodeList::CL_Water 



Definition



+ None = 0:  



+ Canal = 1:  



+ Conduit = 2:  



+ Ditch = 3:  



+ Lake = 4:  



+ Reservoir = 5:  



+ Watercourse = 6:  



+ Tidal River = 7:  



+ Liquid Waste = 8:  



+ Pond = 9:  



«CodeList»



CodeList::



CL_Permanency



+ Unknown = -1:  



+ None = 0:  



+ Permanent = 1:  



+ Intermittent = 2:  



«CodeList»



CodeList::



CL_SandIsland



- Unknown = -1:  



- None = 0:  



- No = 1:  



- Yes = 2:  



«inner bound»



1..2



+is described by



0..*+describes
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3.1.4.1 Hydrographic Water Areas 



 cd Hydrographic Water Areas 



Hydrographic Water Areas 



«spatialDescriptiveEvol» 
WaterBody 



-  Isolated:  boolean 
-  Permanency:  CL_Permanency 
-  WaterDefinition:  CL_Water Definition 
-  geometry:  GB_Surface 



+  WaterBody() : GM_SurfaceBoundary 



«spatialDescriptiveEvol» 
Island 



-  CoastalIsland:  boolean 
-  SandIsland:  CL_SandIsland 
-  geometry:  GB_Surface 



+  Island() : GM_Ring 



«spatialDescriptiveEvol» 
Hydro Network:: 



WaterBoundaryEntity 



Name: Hydrographic Water Areas 
Author: NRN/NHN Team 
Version: 1.0 
Created: 2004-04-21 12:57:35 
Updated: 2004-05-05 13:29:57 



LR_Element 
NetworkComponent 
«type» 



Network Abstract Model:: 
NetworkLinearElement 



+  geometry:  GB_Curve [0..1] 



«spatialDescriptiveEvol» 
HydrographicEntity 



-  NID:  DT_UUID 



Code List 



«CodeList» 
CodeList:: 



CL_Permanency 
+  Unknown = -1:   
+  None = 0:   
+  Permanent = 1:   
+  Intermittent = 2:   



«CodeList» 
CodeList::CL_Water  



Definition 
+  None = 0:   
+  Canal = 1:   
+  Conduit = 2:   
+  Ditch = 3:   
+  Lake = 4:   
+  Reservoir = 5:   
+  Watercourse = 6:   
+  Tidal River = 7:   
+  Liquid Waste = 8:   
+  Pond = 9:   



«bound» 



«inner bound» 



«outer 
bound» 
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3.1.4.2 Hydrographic Obstacle 



cd HydrographicObstacleEntity



Hydrographic Obstacle Entity



«spatialDescriptiveEvol»



HydrographicObstaclePolygonEntity



+ geometry:  GB_Surface



«spatialDescriptiveEvol»



HydrographicObstacleLineEntity



+ geometry:  GB_Curve



«spatialDescriptiveEvol»



HydrographicObstaclePointEntity



+ geometry:  GB_Point



Code List



Name: HydrographicObstacleEntity



Author: NRN/NHN Team



Version: 1.0



Created: 2004-04-06 10:49:50



Updated: 2004-06-02 17:01:44 «spatialDescriptiveEvol»



HydrographicEntity



- NID:  DT_UUID



«spatialDescriptiveEvol»



HydrographicObstacleEntity



- ObstacleType:  CL_Obstacle Type



«CodeList»



CodeList::CL_Obstacle Type



+ Unknown = -1:  



+ Falls = 1:  



+ Rapids = 2:  



+ Reef = 3:  



+ Rocks = 4:  



+ Disappearing stream = 5:  



+ Exposed shipwreck = 6:  



+ Ford = 7:  



+ Other = 8:  
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3.1.4.3 Manmade Hydrographic 



cd ManmadeHydrographicEntity



ManmadeHydrographicName: ManmadeHydrographicEntity



Author: NRN/NHN Team



Version: 1.0



Created: 2004-04-06 10:38:27



Updated: 2004-06-02 17:01:53
«spatialDescriptiveEvol»



HydrographicEntity



- NID:  DT_UUID



«spatialDescriptiveEvol»



ManMadeHydrographicEntity



- ManMadeType:  CL_Manmade Type



- ManMadeStatus:  CL_Manmade Status



«spatialDescriptiveEvol»



ManMadeHydrographicPointEntity



+ geometry:  GB_Point



«spatialDescriptiveEvol»



ManMadeHydrographicLineEntity



- geometry:  GB_Curve



«spatialDescriptiveEvol»



ManMadeHydrographicPolygonEntity



+ geometry:  GB_Surface



Code List



«CodeList»



CodeList::



CL_Manmade Type



+ Unknown = -1:  



+ None = 0:  



+ Dam = 1:  



+ Dock = 2:  



+ Wharf = 3:  



+ Breakwater = 4:  



+ Dike/Levee = 5:  



+ Lock Gate = 6:  



+ Boat Ramp = 7:  



+ Fish Ladder =8:  



+ Slip = 9:  



«CodeList»



CodeList::



CL_Manmade Status



+ Unknown = -1:  



+ None = 0:  



+ Operational = 1:  



+ Abandoned = 2:  
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3.1.5 Toponymy (external package)  



 



cd Toponymy Model



Toponymy ModelName: Toponymy Model



Author: Michelle Poirier



Version: 1.0



Created: 2004-04-13 14:49:26



Updated: 2004-08-30 12:04:08
«descriptiveEvolution»



ToponymyCollection



- NID:  DT_UUID



- Feature_ID:  DT_UUID



- DB Name:  Int



- AssociationDate:  DT_Date



- NominalScale:  Int



- MinScale:  Int



- MaxScale:  Int



Traversal



«descriptiveEvolution»



HydroTrav ersal



- NID:  UUID



- geometry:  GB_CompositeCurve



LR_Element



NetworkComponent



«type»



Network Abstract Model::



NetworkLinearElement



+ geometry:  GB_Curve [0..1]



«spatialDescriptiveEvol»



Hydro Network::NetworkLinearFlow



- Isolated:  boolean



- LevelPriority:  CL_ LevelPriority



- NetworkFlowType:  CL_Network Flow Type



- FlowDirection:  CL_DirectionFlag



«spatialDescriptiveEvol»



NamedFeature



- NID:  DT_UUID



- FeatureType:  CL_Feature Type



- RelatedNID:  DT_UUID



«type»



Object MD::ObjectMetadata



+ nid:  DT_UUID



+ validity_date:  DT_Date



+ acquisitionTechnique:  CL_AcquisitionTechnique [0..1]



+ datasetName:  Char(50)



+ planimetricAccuracy:  Int



+ provider:  CL_Provider



+ completelyCover:  Boolean



«descriptiveEvolution»



Object MD::



CreationMetadata



«descriptiveEvolution»



Object MD::



Rev isionMetadata



«spatialDescriptiveEvol»



Hydrographic::



HydrographicEntity



- NID:  DT_UUID



«spatialDescriptiveEvol»



NamedPointFeature



+ geometry:  GB_Point



«spatialDescriptiveEvol»



NamedLineFeature



+ geometry:  GB_Curve



«spatialDescriptiveEvol»



NamedPolygonFeature



- geometry:  GB_Surface



Code List



«CodeList»



CodeList::CL_Feature Type



+ MarineWaterbody = 1:  Int



+ FaultLine = 2:  Int



+ Landscape = 3:  Int



+ MassIce = 4:  Int



+ Mountains = 5:  Int



+ ProjectionOfLand = 6:  Int



+ UnderseaFeature = 7:  Int



- InlandWater = 8:  Int



1..2+is described by



0..*



+describes



1..*+defines



1..*+is defined by



1..*+defines



1..*+is defined by



1..*+defines



1..*+is defined by



uses geometry of



1..2



+is described by



0..*



+describes
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3.1.6 Metadata 



3.1.6.1 Polygon Metadata 



cd Polygon MD



Polygon Metadata



«type»



Polygon MD::PolygonMetadata



+ nid:  UUID



+ geometry:  GB_Surface



+ validityDateOfGeometry:  DateInterval



+ resultantPlanimetricAccuracy:  AccuracyInterval



+ resultantAltimetricAccuracy:  AccuracyInterval [0..1]



+ provinceName:  ProvinceName



+ StandardVersion:  Char(6)



+ comments:  Char (256) [0..1]



«type»



Polygon MD::ConcernedFeatures



+ FeatureName:  Char(256)0..*1



 



 



3.1.6.2 Object Metadata  



cd NHN LRS Profile Global Model



«type»



Object MD::ObjectMetadata



+ nid:  DT_UUID



+ validity_date:  DT_Date



+ acquisitionTechnique:  CL_AcquisitionTechnique [0..1]



+ datasetName:  Char(50)



+ planimetricAccuracy:  Int



+ provider:  CL_Provider



+ completelyCover:  Boolean
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however, did not last long; it became too conspicuous and dan- 
gerous for use. 



A report creeps into camp that 
Johnston is coming with fifty 
thousand men to raise the siege, 
but I do not believe it. We have 
often heard that Eichmond had 
fallen, but it continues within 
the confederate lines. If the 
army of the Potomac does not 
soon take it, Grant will march j 
us there and seize the prize from 
them. 



The Yankee Lookout. 
JUNE 10TH.—The heat of the sun increases, and we must im- 



prove our quarters. Accordingly a part of the day has been spent 
in cutting cane and building bunks with it on the side of the hill. 
Such improvements protect us better from the sun. 



Last night I sat on the top of a hill awhile, watching the mor- 
tar shells flying into the city from the river. High into the air 
they leaped, and, like falling stars, dropped, exploding among the 
houses and shaking even the very hills. The lighted fuse of each 
shell could be seen as it went up and came down, and occasionally 
I have seen as many as three of them in the air at once. The 
fuse is so gauged as to explode the shell within a few feet of 
the ground. The destruction being thus wrought in the city 
must be very great. We learn from prisoners that the inhabi- 
tants are now living in caves dug out of the sides of the hills. 
Alas ! for the women, children and aged in the city, for they must 
suffer, indeed, and, should the siege continue several months, 
many deaths from sickness as well as from our shells, must 
occur. I am sure Grant has given Pemberton a chance to remove 
from Vicksburg all who could not be expected to take part in the 
fearful struggle. 



We have been looking for rain to cool the air and lay the dust, 
and this afternoon we were gratified by a heavy shower. 



JUNE 11TH.—Stayed in camp to-day with the exception of about 
an hour. The rebs have succeeded in planting a mortar, which 
has sent a few big shells into our quarters. This sort of practice 
did not last long, for a hundred guns around our line soon roared 
the mortar to silence. But one shell dropped near my tent, 



—4 











The Crazy Ones
October 14, 1998



Heres to the crazy ones. The misfits. The rebels. The troublemakers.
The round pegs in the square holes.



The ones who see things differently. Theyre not fond of rules. And
they have no respect for the status quo. You can quote them,
disagree with them, glorify or vilify them.



About the only thing you cant do is ignore them. Because they change
things. They invent. They imagine. They heal. They explore. They
create. They inspire. They push the human race forward.



Maybe they have to be crazy.



How else can you stare at an empty canvas and see a work of art? Or
sit in silence and hear a song thats never been written? Or gaze at
a red planet and see a laboratory on wheels?



We make tools for these kinds of people.



While some see them as the crazy ones, we see genius. Because the
people who are crazy enough to think they can change the world,
are the ones who do.
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buried itself in tie earth, and exploded, scattering dirt for yards 
around and leaving a hole big enough to bury a horse. Another 
fell on top of the hill and rolled down, crashing through a tent. 
The occupants not being at home it failed to find a welcome. 



These shells are vis- 
itors we do not care to 
see in camp, for their 
movements are so clumsy 
they are apt to break 
things as they go. How- 
ever, they are rather rare, 
while the bullets are so 
frequent that we have al- 
most ceased to notice 
them. Their flights re- 
mind us of the dropping 
of leaves and twigs from 
the trees around us. The 
balls of lead as they fall 
are found bent and flat- 
tened in every conceiva- 



SibieyTent. ble   shape.      A   friend 
from the 96th Ohio, on a visit to me, as he walked over, met a 
rebel bullet which took a piece out of his arm. 



JUNE 12TH.—We expect to be paid off soon, as the pay-rolls are 
now being made out. Money cannot do us much good here 
among the hills, but we can send it home. Many a family is 
dependent upon the thirteen dollars a month drawn here by the 
head of it. 



When the war is over, how many soldiers will be unable to earn 
even their own living, to say nothing of that of their families, all on 
account of wounds or disability incurred in the service. I have 
heard many a one say he would rather be shot dead in a fight 
than lose a limb, and thus be compelled to totter through life dis- 
abled. But I know our country will be too magnanimous to neg- 
lect its brave defenders who have fought its battles till they have 
become incapacitated for further service. I know we are not 
fighting for a country that will let its soldiers beg for a living. 



We have now but a year left of the term of our enlistment, and 
the boys are already talking about what they will do. Some say 
they will stay till peace comes, no matter how long may be the 
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I have a great curiosity to 
It stands on a hill, and seems 



mw- 
Cannister shot is a tin cylinder with 



iron heads, filled with balls packed 
with saw-dust. The heads are mova- 
ble, and the edge? of the tin are 
turned down over them to hold them 
in place. The balls are made of 
such a size that seven of them can 
lie in a bed, one in the middle and 
six around. These bills are made of 
cast iron, and are 2* in number. 



Grape Shot. 



Solid Shot strapped on a Sabot. 



see the court house at Vicksburg. 
to be the target for many cannon. 
There is a Confederate flag wav- 
ing from it defiantly.   A proud 
day it will be when we haul it 
down and raise in its stead the 
stars and stripes, never to be dis- 
placed again.    The  buildings in 
the -city must, by this time, be 
pretty well riddled with shot and 
shell.    The women, it seems, did 
not all leave the city before the 
bombardment began, and I sup- 
pose   they   have   determined  to 
brave it out.   Their sacrifices and 
privations aie worthy of a better 
cause, and were they but on our 
side how we would worship them. 



It is rumored in camp that Grant 
is getting reinforcements from the 
eastern army.   I   have   a  great 
desire to see them, for while we 
have always thought them to be 
no less brave, they are said to be 
better clothed and equipped than 
the western boys.   In fact, from 
the eastern army, during tbe last 
year, the standing report among 
Western boys has been merely such 
catch   phrases   as  " Bull Run, " 
"Burnside Crossing the Rappahan- 
nock," "All Quiet on the Poto- 
mac."   Perhaps  such reports or 
their  substance will continue to 
fill the headlines of news  from 
those departments until Lincoln 
commissions Grant commander of 
the whole army.   Should that oc- 
cur, one grand move forward will 
be made and the Southern confed- 
eracy will be crushed forever. 
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We are doing all we can to expedite the glorious victory 
awaiting us here, yet there are grumblers in the North who are 
complaining of our slow progress, and treasonable articles are 
published in some papers that come to us from the North, in- 
tended to discourage the soldiers. Why don't Grant move? If 
we had all those grumblers in Vicksburg, I fancy they would soon 
find something from Grant was moving quite briskly. But Grant 
does not idle away his time himself, nor let his men be idle. If 
the people of the North will but back us up with their aid and 
confidence, we shall feel well repaid for all the sufferings we en- 
dure here, staring death in the face, and standing like a solid wall 
between their homes and danger. 



Let not a murmur meet the ear. 
Nor discontent have sway; 



Let not a sullen brow appear 
Through all the camp to-day. 



JUNE 14TH.—Sunday. No bells to ring us to church. I wish 
we had one day in seven for rest and freedom from care; but 
there is no such thing now for the soldier. It is shoot, shoot, 
dodge, dodge, from morning to night, without cessation, except 
when we are asleep. When the time comes, we can lie down and 
sleep soundly all night, right under our cannon, firing over us all 
the time, without disturbing us in the least. But let the long roll 
be sounded—every man is up at the first tap—for that sound we 
know means business for us. 



Occasionally the rebs plant a mortar in some out of the way 
spot and drop a shell or two into our midst; but a few well 
directed shots from our big guns at the rear soon settle them. 
These rebels obey very well. 



We have several large siege guns, lately planted in the rear of 
our division, which it took ten yoke of oxen to haul, one at a 
time, to their places. I had been told that the balls from these 
guns could be seen on their journey, and could not believe it 
until I put myself in range of the monsters, just behind them, 
when I found I could see the balls distinctly, as they flew across 
the hills towards Vicksburg. These guns are nine-inch calibre 
and they are. about twelve feet long. They are monsters, and 
their voices are very loud. 



Sunday is general inspection day, and the officers passed 
through our quarters at 10 A. M., finding our guns and accoutre- 
ments bright and clean.    If any young lady at the North needs 
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a good housekeeper, she can easily be accommodated by making 
a requisition on the 20th Ohio. In fact we can all do patchwork, 
sew on buttons, make beds and sweep; but I do not think many 
of us will follow the business after the war is done, for the " re- 
lief " always so anxiously looked for by the soldiers must then 
come. 



I heard one of our boys—a high private in the rear rank—la- 
ment that he was 



" Only a private, and who will care 
When I shall pass away?" 



Poor lad, he was in a sad way! But it was mere homesickness 
that ailed him. If dissatisfied with his position as a private, let 
him wait, for if he survives the war, he will, no doubt, have a 
chance to be captain of an infant-ry company. 



JUNE 15TH.—Our regiment went into the rifle-pits again before * 
daylight, at which time the din of musketry and cannonading from 
both sides had begun, and will cease only when darkness covers 
the earth. 



We are now so close to Fort Hill that a hard tack was tossed 
into it by one of our boys, and then held up on a bayonet there, 
to satisfy us of its safe arrival. Some of the boys have become 
reckless about the rifle-pits, and are frequently hit by rebel bul- 
lets.   Familiarity breeds a contempt of danger. 



Some of the boys wounded at Raymond have got back to us, 
and are now ready again to do their part. They are, however, 
more timid than we who have been at the front so long. It is fun 
to see these new-comers dodge the balls as they zip along. But 
they, too, will soon become accustomed to flying lead. 



Several of the boys have been hit, but not hurt badly, as the 
balls were pretty nearly spent before reaching them. Those re- 
turning from Raymond say they have marked the graves there, 
but I fear it will not be long before the last vestige of the resting 
places of our late comrades will be lost. 



JUNE 16TH.—We were relieved before daylight, and returned to 
camp pretty tired. I did not feel well last night, and having had 
no chance to sleep, I am a little the worse for wear this morning. 



There was not much firing done during the night, but we had 
to keep a good lookout, as there are apprehensions of an out- 
break.     I do not often go star-gazing, but last night I sat and 
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watched the beauty above. Daytime is glorious, but when night 
unfurls her banner over care-worn thousands among these hills, 
and the stars come out from their hiding places, our thoughts 
seek loftier levels. It was just as though one day had died, and 
another was born to take its place. Not a breeze stirred the foli- 
age, except as fanned by the whirling shells. My thoughts were 
of home, and of the dear sister there, bedridden, with but little 
hope of health again. Her dearest wish, I know, is to see her 
only brother once more before she passes away to that heavenly 
peace for which she is destined. Through these terrible two 
years past, thoughts of home and a safe return to an unbroken 
family circle, have been my constant guiding star. 



*3CHENKLE-S TBOJECTILE. JUNE 17TH.—I was detailed 
to the charge of a squad of 
men to guard rebel prisoners 
in the corral at Logan's head- 
quarters. They were not hard 
to guard, for they think them- 
selves in pretty good hands, 
and surely they seem to get 
better grub here than in their 
own lines. Some of them are 
deserters, and upon such Hook 
with contempt. I am ready 
to share my rations with an 
honest prisoner, but have no 



No. 1. No. •>. use for a man who enlists in 
a cause, and then deserts his comrades when they get into a tight 
place. 



If what they say is true, the garrison over there is already 
familiar with mule meat and scanty meal rations. If they have 
had to eat mules such as we have killed in the trenches, I pity 
them, for they are on a tough job. Several cows which I suppose 
had served families there with milk, we had to kill for browsing 
too close to our lines. 



"This projectile, as shown in No. 1, is composed of a cast-iron body. The ex- 
panding portion is a papier-mache wad, which being forced on to the cone, is ex- 
panded into the rifling of the bore. On issuing from the bore, the wad is blown to 
pieces, leaving the projectile entirely unincumbered in its flight through the air 
(No. 2.) 
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however, did not last long; it became too conspicuous and dan- 
gerous for use. 



A report creeps into camp that 
Johnston is coming with fifty 
thousand men to raise the siege, 
but I do not believe it. We have 
often heard that Eichmond had 
fallen, but it continues within 
the confederate lines. If the 
army of the Potomac does not 
soon take it, Grant will march j 
us there and seize the prize from 
them. 



The Yankee Lookout. 
JUNE 10TH.—The heat of the sun increases, and we must im- 



prove our quarters. Accordingly a part of the day has been spent 
in cutting cane and building bunks with it on the side of the hill. 
Such improvements protect us better from the sun. 



Last night I sat on the top of a hill awhile, watching the mor- 
tar shells flying into the city from the river. High into the air 
they leaped, and, like falling stars, dropped, exploding among the 
houses and shaking even the very hills. The lighted fuse of each 
shell could be seen as it went up and came down, and occasionally 
I have seen as many as three of them in the air at once. The 
fuse is so gauged as to explode the shell within a few feet of 
the ground. The destruction being thus wrought in the city 
must be very great. We learn from prisoners that the inhabi- 
tants are now living in caves dug out of the sides of the hills. 
Alas ! for the women, children and aged in the city, for they must 
suffer, indeed, and, should the siege continue several months, 
many deaths from sickness as well as from our shells, must 
occur. I am sure Grant has given Pemberton a chance to remove 
from Vicksburg all who could not be expected to take part in the 
fearful struggle. 



We have been looking for rain to cool the air and lay the dust, 
and this afternoon we were gratified by a heavy shower. 



JUNE 11TH.—Stayed in camp to-day with the exception of about 
an hour. The rebs have succeeded in planting a mortar, which 
has sent a few big shells into our quarters. This sort of practice 
did not last long, for a hundred guns around our line soon roared 
the mortar to silence. But one shell dropped near my tent, 



—4 











50 THE   SIEGE   OF  VICKSBUEG. 



buried itself in tie earth, and exploded, scattering dirt for yards 
around and leaving a hole big enough to bury a horse. Another 
fell on top of the hill and rolled down, crashing through a tent. 
The occupants not being at home it failed to find a welcome. 



These shells are vis- 
itors we do not care to 
see in camp, for their 
movements are so clumsy 
they are apt to break 
things as they go. How- 
ever, they are rather rare, 
while the bullets are so 
frequent that we have al- 
most ceased to notice 
them. Their flights re- 
mind us of the dropping 
of leaves and twigs from 
the trees around us. The 
balls of lead as they fall 
are found bent and flat- 
tened in every conceiva- 



SibieyTent. ble   shape.      A   friend 
from the 96th Ohio, on a visit to me, as he walked over, met a 
rebel bullet which took a piece out of his arm. 



JUNE 12TH.—We expect to be paid off soon, as the pay-rolls are 
now being made out. Money cannot do us much good here 
among the hills, but we can send it home. Many a family is 
dependent upon the thirteen dollars a month drawn here by the 
head of it. 



When the war is over, how many soldiers will be unable to earn 
even their own living, to say nothing of that of their families, all on 
account of wounds or disability incurred in the service. I have 
heard many a one say he would rather be shot dead in a fight 
than lose a limb, and thus be compelled to totter through life dis- 
abled. But I know our country will be too magnanimous to neg- 
lect its brave defenders who have fought its battles till they have 
become incapacitated for further service. I know we are not 
fighting for a country that will let its soldiers beg for a living. 



We have now but a year left of the term of our enlistment, and 
the boys are already talking about what they will do. Some say 
they will stay till peace comes, no matter how long may be the 
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I have a great curiosity to 
It stands on a hill, and seems 



mw- 
Cannister shot is a tin cylinder with 



iron heads, filled with balls packed 
with saw-dust. The heads are mova- 
ble, and the edge? of the tin are 
turned down over them to hold them 
in place. The balls are made of 
such a size that seven of them can 
lie in a bed, one in the middle and 
six around. These bills are made of 
cast iron, and are 2* in number. 



Grape Shot. 



Solid Shot strapped on a Sabot. 



see the court house at Vicksburg. 
to be the target for many cannon. 
There is a Confederate flag wav- 
ing from it defiantly.   A proud 
day it will be when we haul it 
down and raise in its stead the 
stars and stripes, never to be dis- 
placed again.    The  buildings in 
the -city must, by this time, be 
pretty well riddled with shot and 
shell.    The women, it seems, did 
not all leave the city before the 
bombardment began, and I sup- 
pose   they   have   determined  to 
brave it out.   Their sacrifices and 
privations aie worthy of a better 
cause, and were they but on our 
side how we would worship them. 



It is rumored in camp that Grant 
is getting reinforcements from the 
eastern army.   I   have   a  great 
desire to see them, for while we 
have always thought them to be 
no less brave, they are said to be 
better clothed and equipped than 
the western boys.   In fact, from 
the eastern army, during tbe last 
year, the standing report among 
Western boys has been merely such 
catch   phrases   as  " Bull Run, " 
"Burnside Crossing the Rappahan- 
nock," "All Quiet on the Poto- 
mac."   Perhaps  such reports or 
their  substance will continue to 
fill the headlines of news  from 
those departments until Lincoln 
commissions Grant commander of 
the whole army.   Should that oc- 
cur, one grand move forward will 
be made and the Southern confed- 
eracy will be crushed forever. 
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We are doing all we can to expedite the glorious victory 
awaiting us here, yet there are grumblers in the North who are 
complaining of our slow progress, and treasonable articles are 
published in some papers that come to us from the North, in- 
tended to discourage the soldiers. Why don't Grant move? If 
we had all those grumblers in Vicksburg, I fancy they would soon 
find something from Grant was moving quite briskly. But Grant 
does not idle away his time himself, nor let his men be idle. If 
the people of the North will but back us up with their aid and 
confidence, we shall feel well repaid for all the sufferings we en- 
dure here, staring death in the face, and standing like a solid wall 
between their homes and danger. 



Let not a murmur meet the ear. 
Nor discontent have sway; 



Let not a sullen brow appear 
Through all the camp to-day. 



JUNE 14TH.—Sunday. No bells to ring us to church. I wish 
we had one day in seven for rest and freedom from care; but 
there is no such thing now for the soldier. It is shoot, shoot, 
dodge, dodge, from morning to night, without cessation, except 
when we are asleep. When the time comes, we can lie down and 
sleep soundly all night, right under our cannon, firing over us all 
the time, without disturbing us in the least. But let the long roll 
be sounded—every man is up at the first tap—for that sound we 
know means business for us. 



Occasionally the rebs plant a mortar in some out of the way 
spot and drop a shell or two into our midst; but a few well 
directed shots from our big guns at the rear soon settle them. 
These rebels obey very well. 



We have several large siege guns, lately planted in the rear of 
our division, which it took ten yoke of oxen to haul, one at a 
time, to their places. I had been told that the balls from these 
guns could be seen on their journey, and could not believe it 
until I put myself in range of the monsters, just behind them, 
when I found I could see the balls distinctly, as they flew across 
the hills towards Vicksburg. These guns are nine-inch calibre 
and they are. about twelve feet long. They are monsters, and 
their voices are very loud. 



Sunday is general inspection day, and the officers passed 
through our quarters at 10 A. M., finding our guns and accoutre- 
ments bright and clean.    If any young lady at the North needs 
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a good housekeeper, she can easily be accommodated by making 
a requisition on the 20th Ohio. In fact we can all do patchwork, 
sew on buttons, make beds and sweep; but I do not think many 
of us will follow the business after the war is done, for the " re- 
lief " always so anxiously looked for by the soldiers must then 
come. 



I heard one of our boys—a high private in the rear rank—la- 
ment that he was 



" Only a private, and who will care 
When I shall pass away?" 



Poor lad, he was in a sad way! But it was mere homesickness 
that ailed him. If dissatisfied with his position as a private, let 
him wait, for if he survives the war, he will, no doubt, have a 
chance to be captain of an infant-ry company. 



JUNE 15TH.—Our regiment went into the rifle-pits again before * 
daylight, at which time the din of musketry and cannonading from 
both sides had begun, and will cease only when darkness covers 
the earth. 



We are now so close to Fort Hill that a hard tack was tossed 
into it by one of our boys, and then held up on a bayonet there, 
to satisfy us of its safe arrival. Some of the boys have become 
reckless about the rifle-pits, and are frequently hit by rebel bul- 
lets.   Familiarity breeds a contempt of danger. 



Some of the boys wounded at Raymond have got back to us, 
and are now ready again to do their part. They are, however, 
more timid than we who have been at the front so long. It is fun 
to see these new-comers dodge the balls as they zip along. But 
they, too, will soon become accustomed to flying lead. 



Several of the boys have been hit, but not hurt badly, as the 
balls were pretty nearly spent before reaching them. Those re- 
turning from Raymond say they have marked the graves there, 
but I fear it will not be long before the last vestige of the resting 
places of our late comrades will be lost. 



JUNE 16TH.—We were relieved before daylight, and returned to 
camp pretty tired. I did not feel well last night, and having had 
no chance to sleep, I am a little the worse for wear this morning. 



There was not much firing done during the night, but we had 
to keep a good lookout, as there are apprehensions of an out- 
break.     I do not often go star-gazing, but last night I sat and 
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watched the beauty above. Daytime is glorious, but when night 
unfurls her banner over care-worn thousands among these hills, 
and the stars come out from their hiding places, our thoughts 
seek loftier levels. It was just as though one day had died, and 
another was born to take its place. Not a breeze stirred the foli- 
age, except as fanned by the whirling shells. My thoughts were 
of home, and of the dear sister there, bedridden, with but little 
hope of health again. Her dearest wish, I know, is to see her 
only brother once more before she passes away to that heavenly 
peace for which she is destined. Through these terrible two 
years past, thoughts of home and a safe return to an unbroken 
family circle, have been my constant guiding star. 



*3CHENKLE-S TBOJECTILE. JUNE 17TH.—I was detailed 
to the charge of a squad of 
men to guard rebel prisoners 
in the corral at Logan's head- 
quarters. They were not hard 
to guard, for they think them- 
selves in pretty good hands, 
and surely they seem to get 
better grub here than in their 
own lines. Some of them are 
deserters, and upon such Hook 
with contempt. I am ready 
to share my rations with an 
honest prisoner, but have no 



No. 1. No. •>. use for a man who enlists in 
a cause, and then deserts his comrades when they get into a tight 
place. 



If what they say is true, the garrison over there is already 
familiar with mule meat and scanty meal rations. If they have 
had to eat mules such as we have killed in the trenches, I pity 
them, for they are on a tough job. Several cows which I suppose 
had served families there with milk, we had to kill for browsing 
too close to our lines. 



"This projectile, as shown in No. 1, is composed of a cast-iron body. The ex- 
panding portion is a papier-mache wad, which being forced on to the cone, is ex- 
panded into the rifling of the bore. On issuing from the bore, the wad is blown to 
pieces, leaving the projectile entirely unincumbered in its flight through the air 
(No. 2.) 












py-pdf-PyPDF2-95cd474/resources/attachment.pdf




The Crazy Ones
October 14, 1998



Heres to the crazy ones. The misfits. The rebels. The troublemakers.
The round pegs in the square holes.



The ones who see things differently. Theyre not fond of rules. And
they have no respect for the status quo. You can quote them,
disagree with them, glorify or vilify them.



About the only thing you cant do is ignore them. Because they change
things. They invent. They imagine. They heal. They explore. They
create. They inspire. They push the human race forward.



Maybe they have to be crazy.



How else can you stare at an empty canvas and see a work of art? Or
sit in silence and hear a song thats never been written? Or gaze at
a red planet and see a laboratory on wheels?



We make tools for these kinds of people.



While some see them as the crazy ones, we see genius. Because the
people who are crazy enough to think they can change the world,
are the ones who do.
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UPDATES



Updates in Version 1.2020 of the NCCN Guidelines for Thyroid Carcinoma from Version 2.2019 include:
General
• Bethesda classification was added throughout the Guidelines.
• "Surveillance/Active surveillance" has been clarified throughout 



the Guidelines as "Nodule surveillance," "Monitoring of residual 
disease," " Active surveillance" or "Disease monitoring."



• "rhTSH" was replaced with "thyrotropin alfa" throughout the 
Guidelines.



• The Principles of Radiation Therapy and Radioactive Iodine Therapy 
(THYR‑C) is new.
�RAI recommendations and dosing have been moved to the new 



Principles page from the algorithm and footnotes.



Thyroid Carcinoma 
THYR‑1
• Workup for Thyroid nodule(s) with normal or elevated TSH updated: 



"...sonographic features as described by the ATA and/or TI-RADS or 
Nodule surveillance." Also for THYR‑4.



• Sonographic features table was replaced with a reference to the ATA 
and TI‑RADS.



• Footnote b is new: "TI‑RADS (https://www.jacr.org/article/
S1546‑1440(17)30186‑2/pdf) or ATA (https://www.ncbi.nlm.nih.gov/



pmc/articles/PMC4739132/pdf/thy.2015.0020.pdf)" Also for THYR‑2, 
THYR‑3, and THYR‑4.



THYR‑2
• Benign (Bethesda II) Treatment updated: "Nodule surveillance as 



recommended by the ATA or TI-RADS If nodule growth,t repeat FNA 
or consider surgery."



• Footnotes were removed:
�Repeat ultrasound after 6–12 months, if stable for 1–2 years, then 



subsequent ultrasound can be considered at 3‑ to 5‑year intervals.
�Growth defined as >50% increase in nodule volume or 20% 



increase in size of 2–3 dimensions. Size changes should be >2 
mm and should be assessed by direct comparison of images. 
Generally, more than two biopsies on a growing benign nodule are 
not indicated.



THYR‑3
• Follicular or Hürthle cell neoplasm Treatment
�2nd bullet: "for follicular neoplasm" was removed.
�3rd bullet was updated: "Consider nodule surveillance if low risk 



or patient preference as recommended by the ATA or TI-RADS"
Continued



Updates in Version 2.2020 of the NCCN Guidelines for Thyroid Carcinoma from Version 1.2020 include:
Papillary Carcinoma
PAP‑10 (All changes also made on FOLL‑8 and HÜRT‑8)
• 2nd column, 2nd bullet: "and tumor mutational burden (TMB)" was 



added.
• "Pembrolizumab for patients with tumor mutational burden‑high 



(TMB-H) (≥10 mutations/megabase [mut/Mb]) tumors" was added as 
a systemic therapy option. Also for PAP‑11, FOLL‑9, and HÜRT‑9.



Medullary Carcinoma
MEDU‑6 (All changes also made on MEDU‑7)
• "Pembrolizumab for patients with TMB-H (≥10 mut/Mb) tumors" 



was added as a systemic therapy option (Useful in Certain 
Circumstances).



• "Genomic testing including tumor mutational burden (TMB) or..." 
was added to footnote s. 



Anaplastic Carcinoma
ANAP‑1
• Footnote b was updated: "...BRAF, NTRK, ALK, and RET, and tumor 



mutational burden." Also for ANAP‑2.
ANAP‑2
• Reference for pembrolizumab for TMB‑H was added to footnote g: 



"Marabelle A, et al. Presented at the Annual Meeting of ESMO in 
Barcelona, Spain; September 30, 2019"



ANAP‑A (2 of 3)
• "Pembrolizumab for patients with TMB-H (≥10 mut/Mb) tumors" 



was added as a systemic therapy option (Useful in Certain 
Circumstances)
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Updates in Version 1.2020 of the NCCN Guidelines for Thyroid Carcinoma from Version 2.2019 include:
THYR‑3 (continued)
• AUS/FLUS without radiographic suspicion of malignancy Treatment 



was updated
�2nd bullet: "(if Bethesda III on 2 or more occasions)" was added.
�Last bullet was updated: "Consider nodule surveillance as 



recommended by the ATA or TI-RADS"
• Footnote g was updated: "Estimated risk of malignancy is 6%–18% 



without NIFTP and 10%–30% with NIFTP." Also for THYR‑4.
• A footnote was deleted: "Molecular diagnostics may not perform 



well for Hürthle cell neoplasms." Also for THYR‑4.



Papillary Carcinoma
PAP‑1
• "≥1 cm and <1 cm" bifurcation is new.
�<1 cm pathway is new.



• ≥1 cm Diagnostic Procedures were updated:
�2nd bullet: "CT/MRI with contrast for locally advanced disease or 



vocal cord paresis fixed, bulky, or substernal lesions.
�Last bullet: "Strongly" was added.



• Preoperative or Intraoperative Decision‑Making Criteria
�Indications for total thyroidectomy (any present) 4th bullet was 



updated: "Cervical lymph node metastases or gross central neck 
lymph node metastases"
�Indications for total thyroidectomy or lobectomy, if all criteria 



present last bullet was changed from "Tumor ≤4 cm..." to "Tumor 
1–4 cm..."
�Footnote b was updated: "Use of iodinated contrast is required for 



optimal cervical imaging using CT; potential delay in RAI treatment 
will not cause harm. , although iodinated contrast will delay 
treatment with RAI." Also for FOLL‑1 and HURT‑1.
�Footnote e is new: "Routine prophylactic central neck dissection is 



not indicated in most papillary thyroid cancers."
PAP‑2
• Lobectomy + isthmusectomy, Any of the following: 
�"Gross" added to second bullet. Also for PAP‑3.
�5th bullet is new: Confirmed contralateral disease"
�6th bullet updated: "Macroscopic Confirmed nodal metastasis"
�Last bullet is new: "Poorly differentiated"



• 



PAP‑2 (continued)
• Lobectomy + isthmusectomy, All of the following:
�First bullet clarified: "Negative resection margins"
�3rd and 4th bullets were added to be consistent with PAP‑3.



• Footnote g was updated: "Completion thyroidectomy is not required 
for incidental small volume pathologic N1a metastases (fewer than 
3‑ <5 involved nodes..."



PAP‑3
• All of the following: "or NIFTP" was added to be consistent with 



PAP‑2.
PAP‑4
• This page was extensively revised. Also FOLL‑2 and HÜRT‑2.
PAP‑5
• "Positive postoperative ultrasound, if done" was removed from RAI 



selectively recommended (if any present). (Also FOLL‑3 and HÜRT‑3)
• Considerations for Initial Postoperative Use of RAI After Total 



Thyroidectomy was updated: "RAI ablation is not required in 
patients with classic PTC who have T1b/T2 (1–4 cm) cN0 cN0a 
and/or cN0b disease or small‑volume N1a disease (fewer than 
3–5 metastatic lymph nodes with <5 <2 mm of focus of cancer in 
node)..."



PAP‑6
• This page was extensively revised. Also FOLL‑4 and HÜRT‑4.
PAP‑7 (All changes also made on FOLL‑5 and HÜRT‑5)
• 4th column: 
�"6 weeks following cross‑sectional imaging: Consider 24‑hour 



urine iodine." was added.
�2nd bullet: "(thyroid hormone withdrawal or rhTSH)" was removed.



• 5th column
�"Confirmed radioiodine-avid tumor or Thyroid remnant uptake 



only" was updated.
�"Cervical No uptake only" was updated.



UPDATES
Continued
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Updates in Version 1.2020 of the NCCN Guidelines for Thyroid Carcinoma from Version 2.2019 include:
PAP‑8 (All changes also made on FOLL‑6 and HÜRT‑6)
• "Chest x‑ray and PET/CT" was removed from Long‑term disease 



monitoring for NED. 
• Abnormal findings, Management, the following bullet was removed: 



"In iodine‑responsive tumors, if detectable Tg or distant metastases 
or soft tissue invasion on initial staging, radioiodine imaging every 
12–24 mo until no clinically significant response is seen to RAI 
treatment (either withdrawal of thyroid hormone or rhTSH)"



• The following footnote was removed: "If there is a high likelihood of 
therapy, thyroid hormone withdrawal is suggested; if not, suggest 
using rhTSH."



PAP‑9 (All changes also made on FOLL‑7 and HÜRT‑7)
• "and negative imaging" was added to the first bullet.
• 4th bullet was updated: "Stimulated Tg >10 ng/mL and rising 



Progressively rising Tg (basal or stimulated)"
• Locoregional recurrence
�"Consider preoperative iodine total body scan" was added.
�SBRT was added to EBRT option
�"For select patients with limited burden nodal disease, consider..." 



was added to the last option.
• Metastatic disease
�"RAI therapy for iodine‑avid disease" was added.
�"See PAP‑10 if not amenable to RAI" was added.
�Footnote ff was added to this page: "Ethanol ablation, 



cryoablation, RFA, etc."
PAP‑10 (All changes also made on FOLL‑8 and HÜRT‑8)
• 2nd column
�2nd bullet: "(including NTRK and RET gene fusions)" was added.
�The last bullet is new: "Consider clinical trial"



• Last column (also for PAP‑11, FOLL‑9, and HÜRT‑9)
�2nd sub bullet: Larotrectinib and entrectinib were moved to the 



algorithm from a footnote.
�3rd sub bullet is new: "Selpercatinib for patients with RET‑fusion 



positive tumors."
�The last bullet is new: "Best supportive care (See NCCN Guidelines 



for Palliative Care)".
PAP‑11 (All changes also made on FOLL‑9 and HÜRT‑9)
• Footnote mm is new: "RAI therapy is an option in some patients with 



bone metastases and RAI‑sensitive disease."
• Footnote oo is new: "TKI therapy should be used with caution in 



otherwise untreated CNS metastases due to bleeding risk."



Follicular Carcinoma
FOLL‑1
• FNA Results: Follicular lesion of undetermined significance (FLUS) 



was removed.
• Diagnostic Procedures, 2nd bullet was updated: "CT/MRI with 



contrast for locally advanced disease or vocal cord paresis fixed, 
bulky, or substernal lesions." Also for HÜRT‑1.



FOLL‑1 (continued)
• Pathways following Lobectomy/isthmusectomy were extensively 



revised. Also for HÜRT‑1.
• Footnote d was updated: "Minimally invasive FTC cancer is 



characterized as an encapsulated tumor well-defined tumor 
with microscopic capsular and/or a few foci of  without vascular 
invasion. (1–4) and often requires examination of at least 10 
histologic sections to demonstrate."



Hürthle Cell Carcinoma
HÜRT‑1
• "Molecular diagnostics may not perform well for Hürthle cell 



neoplasms." was removed from footnote a.
• Footnote d was updated: "Minimally invasive HCC cancer is 



characterized as an encapsulated tumor  well-defined tumor 
with microscopic capsular and/or a few foci of  without vascular 
invasion. (1–4) and often requires examination of at least 10 
histologic sections to demonstrate."



HÜRT‑3
• Footnote j is new: "A majority of HCC are non–iodine‑avid, 



particularly for high‑risk disease that is negative on iodine‑123/
iodine‑131 imaging. A negative post‑therapy scan, especially done 
without SPECT, will likely miss distant structural disease. If Tg is 
high and/or pathology is high‑risk, FDG‑PET is indicated."



Medullary Carcinoma
MEDU‑1
• Diagnostic Procedures, 9th bullet is new:
�First sub bullet was updated: "Consider contrast‑enhanced CT of 



neck/chest and liver MRI..."
UPDATES
Continued
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Updates in Version 1.2020 of the NCCN Guidelines for Thyroid Carcinoma from Version 2.2019 include:
• Footnote f was updated: "Imaging may be indicated based on high 



burden of disease, Liver imaging is seldom needed if calcitonin < 
>400 pg/mL, or elevated CEA levels."



MEDU‑2
• Genetic counseling was moved to the 3rd bullet and updated: 



"Consider with genetic counseling"
• Footnote g was updated: "...additional surgical intervention (eg, 



completion thyroidectomy ± central neck dissection) may not be 
necessary is generally unnecessary unless..."



• Footnote h is new: "Prior to germline testing, all patients should 
be offered genetic counseling either by their physician or a genetic 
counselor."



MEDU‑3
• "Neck CT with contrast" was added to Additional Workup for MEN2B 



and MEN2A/FMTC.
MEDU‑5
• Detectable basal calcitonin or Elevated CEA
�"FDG PET/CT or Ga‑68 DOTATATE or MRI with contrast of the 



neck, chest, abdomen with liver protocol" was moved from the 3rd 
column to "Disease monitoring" column.
�Last bullet



 ◊ "Consider" was added.
 ◊ Imaging recommendations were moved from a footnote into this 
bullet.



MEDU‑6 (changes also made on MEDU‑7)
• Selpercatinib (RET mutation‑positive) was added as a preferred 



treatment option.
�Footnote s is new: RET somatic genotyping in patients who are 



germline wild‑type or germline unknown.
• Footnote q was updated: "...are not an indication for treatment with 



systemic therapy vandetanib or cabozantinib."



MEDU‑7
• Footnote w: "vandetanib or cabozantinib" was replaced with 



"preferred systemic therapy options".



Anaplastic Carcinoma
ANAP‑1
• "Molecular testing for actionable mutations" was added to 



Diagnostic Procedures
�Footnote b is new: "Molecular testing should include BRAF, NTRK, 



ALK, and RET."
• Establish Goals of Therapy, first bullet: "Expedient" was added
• "Resectable" and "Unresectable" bifurcation is new. The following 



pathways were extensively revised.
ANAP‑2
• Aggressive therapy Treatment, 3rd bullet: "if not previously done" 



was added.
• "Consider selpercatinib if RET‑fusion positive" with reference was 



added to footnote g.
ANAP‑A (2 of 3)
• Entrectinib was moved from Other Recommended Regimens to 



Preferred Regimens.
• Selpercatinib (RET‑fusion positive) was added as a preferred 



regimen with dosing and reference.
• Reference number 4 was updated to the published manuscript.



UPDATES
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THYR‑1



CLINICAL PRESENTATION WORKUP



For thyroid nodule known 
or suspected on exam or 
incidental imaging finding:
• Measure 



thyroid‑stimulating 
hormone (TSH)



• Ultrasound of thyroid 
and neck including 
lateral neck lymph node 
compartments



Thyroid 
nodule(s) 
with low 
TSH



Thyroid 
nodule(s) 
with normal 
or elevated 
TSHa



a Evaluate and treat for hypothyroidism as clinically indicated.
b TI‑RADS (https://www.jacr.org/article/S1546‑1440(17)30186‑2/pdf) or ATA (https://www.ncbi.



nlm.nih.gov/pmc/articles/PMC4739132/pdf/thy.2015.0020.pdf).
c For well‑defined, autonomous nodules FNA is rarely indicated and repeat ultrasound may not be 



necessary. For other nodules not meeting criteria for FNA, or nodules that appear to be benign 
by ultrasound or FNA, surveillance should include repeat ultrasound after 6–12 months; if stable 
for 1–2 years, then subsequent ultrasound can be considered at 3‑ to 5‑year intervals. If growth 
and/or change in ultrasonographic features, consider FNA and follow THYR‑2, THYR‑3, and 
THYR‑4 for subsequent management.



Radioiodine
imaging 
iodine‑123 
thyroid 
uptake and 
scan



Autonomously 
functioning (hot)



Hypofunctional



Evaluate and treat 
for thyrotoxicosis 
as indicated 
(malignancy is rare)c



Consider 
ultrasound‑guided 
FNA based on 
clinical and 
sonographic features 
as described by the 
ATA and/or TI‑RADSb
or 
Nodule surveillancec



Atypia of undetermined 
significance/Follicular 
lesion of undetermined 
significance
(AUS/FLUS) (Bethesda III) 
or
Follicular or Hürthle cell 
neoplasm (Bethesda IV)



Carcinoma or suspicious 
for carcinoma  
(Bethesda V and VI)



Thyroid lymphoma
or
Insufficient biopsy, 
nondiagnostic 
(Bethesda I)
or
Benign (Bethesda II)



See 
THYR‑3



See 
THYR‑3
and 
THYR‑4



See 
THYR‑2



FNA RESULTS



Diagnostic categories for FNA results reflect NCI state 
of the science conference, the Bethesda Classification. 
Cibas ES and Ali SZ. Thyroid 2017;27(11):1341‑1346. 
https://www.ncbi.nlm.nih.gov/pubmed/29091573. 
Cytology reports should be interpreted in light of 
terminology used by local cytopathologists.
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FNA RESULTS TREATMENT



Thyroid
lymphoma



Insufficient biopsy, 
nondiagnostic 
(Bethesda I)



Benignd 
(Bethesda II)



Cystic



Solid
Repeat FNA with ultrasound guidance and immediate 
cytologic review for adequacy of specimen (preferred)
or 
Consider surgery if repeat non‑diagnostic FNAs



Correlate with ultrasound, re‑aspirate suspicious areas



See NCCN Guidelines for B‑Cell Lymphomas



Nodule surveillance as recommended by the ATA or TI‑RADSb



b TI‑RADS (https://www.jacr.org/article/S1546‑1440(17)30186‑2/pdf) or ATA (https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4739132/pdf/thy.2015.0020.pdf).
d Includes nodular goiter, colloid nodule, hyperplastic/adenomatoid nodule, and Hashimoto’s thyroiditis. Estimated risk of malignancy is approximately 5% or less; 



consider nodule surveillance.



THYR‑2



Diagnostic categories for FNA results reflect NCI state of the science conference, 
the Bethesda Classification. Cibas ES and Ali SZ. Thyroid 2017;27(11):1341-1346. 
https://www.ncbi.nlm.nih.gov/pubmed/29091573. Cytology reports should be 
interpreted in light of terminology used by local cytopathologists.
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THYR‑3



Follicular or 
Hürthle cell 
neoplasme,f 
(Bethesda IV)



Atypia of 
undetermined 
significance/
Follicular 
lesion of 
undetermined 
significancef,g 
(AUS/FLUS) 
(Bethesda III)



High clinical 
and/or 
radiographic 
suspicion of 
malignancyh No



See Primary Treatment (ANAP‑1)



See Primary Treatment (MEDU‑1)



See Primary Treatment (PAP‑1)
FNA RESULTS TREATMENTi



Diagnostic categories for FNA results reflect
NCI state of the science conference, the 
Bethesda Classification. Cibas ES and Ali SZ. 
Thyroid 2017;27(11):1341‑1346. https://www.
ncbi.nlm.nih.gov/pubmed/29091573.
Cytology reports should be interpreted in light 
of terminology used by local cytopathologists.



b TI‑RADS (https://www.jacr.org/article/S1546‑1440(17)30186‑2/pdf) or ATA (https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4739132/pdf/thy.2015.0020.pdf).
e Alternative term: Suspicious for follicular or Hürthle cell neoplasm. Estimated risk of malignancy is 15%–40%. Numbers may vary by institution or cytopathologist.
f The diagnosis of follicular carcinoma or Hürthle cell carcinoma requires evidence of either vascular or capsular invasion, which cannot be determined by FNA. 



Molecular diagnostics may be useful to allow reclassification of follicular lesions (ie, follicular neoplasm, atypia of undetermined significance [AUS], follicular lesions of 
undetermined significance [FLUS]) as either more or less likely to be benign or malignant based on the genetic profile. If molecular testing suggests papillary thyroid 
carcinoma, especially in the case of BRAF V600E, see PAP‑1. If molecular testing, in conjunction with clinical and ultrasound features, predicts a risk of malignancy 
comparable to the risk of malignancy seen with a benign FNA cytology (approximately 5% or less), consider nodule surveillance. Molecular markers should be 
interpreted with caution and in the context of clinical, radiographic, and cytologic features of each individual patient.



g Estimated risk of malignancy is 6%–18% without NIFTP and 10%–30% with NIFTP.
h Based on rapid growth of nodule, imaging, physical exam, age, clinical history of radiation, and family history.
i The order of the treatment options does not indicate preference.
j Total thyroidectomy may be considered for Hürthle cell neoplasm (Bethesda IV), history of radiation exposure, or contralateral lobe lesions.
k Consider second opinion pathology.



No



Yes



• Repeat FNAk
• Consider diagnostic lobectomy  



(if Bethesda III on 2 or more occasions)
• Consider molecular diagnosticsf (See THYR‑4)
• Consider nodule surveillance as recommended by the ATA or TI‑RADSb



Consider lobectomy or total thyroidectomyj 
for definitive diagnosis/treatment



Carcinoma or 
suspicious 
for carcinoma 
(Bethesda V 
and VI)



Papillary or suspicious 
for papillary



Medullary or suspicious 
for medullary
Anaplastic or suspicious 
for anaplastic



Yes Consider lobectomy or total thyroidectomyj 
for definitive diagnosis/treatment



• Consider diagnostic lobectomy
• Consider molecular diagnostics f (See THYR‑4)
• Consider nodule surveillance if low risk or patient 



preference as recommended by the ATA or TI‑RADSb



See PAP‑1 
See FOLL‑1
See HÜRT‑1



See PAP‑1 
See FOLL‑1
See HÜRT‑1



High clinical 
and/or 
radiographic 
suspicion of 
malignancyh
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THYR‑4



Nodule surveillance as recommended 
by the ATA or TI‑RADSb



Consider lobectomy
or
Total thyroidectomy for definitive 
diagnosis/treatmentConsider molecular 



diagnosticsf



Nodule surveillanceb
or 
Consider lobectomy for definitive 
diagnosis/treatmentl



Molecular diagnostics
• Not done
• Not informative



TREATMENT



b TI‑RADS (https://www.jacr.org/article/S1546‑1440(17)30186‑2/pdf) or ATA (https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4739132/pdf/thy.2015.0020.pdf).
e Alternative term: Suspicious for follicular neoplasm. Estimated risk of malignancy is 15%–40%. Numbers may vary by institution or cytopathologist.
f The diagnosis of follicular carcinoma or Hürthle cell carcinoma requires evidence of either vascular or capsular invasion, which cannot be determined by FNA. 



Molecular diagnostics may be useful to allow reclassification of follicular lesions (ie, follicular neoplasm,AUS, FLUS) as either more or less likely to be benign or 
malignant based on the genetic profile. If molecular testing suggests papillary thyroid carcinoma, especially in the case of BRAF V600E, see PAP‑1. If molecular 
testing, in conjunction with clinical and ultrasound features, predicts a risk of malignancy comparable to the risk of malignancy seen with a benign FNA cytology 
(approximately 5% or less), consider nodule surveillance. Molecular markers should be interpreted with caution and in the context of clinical, radiographic, and 
cytologic features of each individual patient.



g Estimated risk of malignancy is 6%–18% without NIFTP and 10%–30% with NIFTP.
l Clinical risk factors, sonographic patterns, and patient preference can help determine whether nodule surveillance or lobectomy is appropriate.



Follicular
neoplasme,f
(Bethesda IV)



Diagnostic categories for FNA results reflect NCI state of the science conference, 
the Bethesda Classification. Cibas ES and Ali SZ. Thyroid 2017;27(11):1341-1346. 
https://www.ncbi.nlm.nih.gov/pubmed/29091573. Cytology reports should be 
interpreted in light of terminology used by local cytopathologists.



AUS/FLUSf,g
(Bethesda III)



Repeat FNA cytology
and/or
Consider molecular 
diagnosticsf



Molecular diagnostics 
suggestive of malignancy



Molecular diagnostics 
indicate benign lesionf



Molecular diagnostics 
indicate benign lesionf Nodule surveillanceb



MOLECULAR DIAGNOSTIC RESULTS



Molecular diagnostics
• Not done
• Not informative
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FNA 
RESULTS



DIAGNOSTIC 
PROCEDURES



PREOPERATIVE OR 
INTRAOPERATIVE 
DECISION‑MAKING CRITERIA



PRIMARY TREATMENT



Papillary 
carcinoma 
or 
suspicious 
for papillary 
carcinomaa



• Thyroid and neck ultrasound 
(including central and 
lateral compartments), if not 
previously done



• CT/MRI with contrast for 
locally advanced disease or 
vocal cord paresisb



• Consider evaluation of vocal 
cord mobility (ultrasound, 
mirror indirect laryngoscopy, 
or fiberoptic laryngoscopy)c



• Strongly consider FNA for 
suspicious lateral neck 
nodesd



Indications for total 
thyroidectomy (any present):
• Known distant metastases
• Extrathyroidal extension 
• Tumor >4 cm in diameter 
• Cervical lymph node 



metastases or gross central 
neck lymph node metastases



• Poorly differentiated
• Consider for prior radiation 



exposure (category 2B)
• Consider for bilateral nodularity



Indications for total thyroidectomy 
or lobectomy, if all criteria present:
• No prior radiation exposure
• No distant metastases
• No cervical lymph node metastases
• No extrathyroidal extension 
• Tumor 1–4 cm in diameter 



Total thyroidectomy 
• Perform therapeutic 



neck dissection of 
involved compartments 
for clinically apparent/
biopsy‑proven diseasee



See 
Postsurgical 
Evaluation 
(PAP‑4)



a There is a potential role for lobectomy with or without frozen section if FNA is 
suspicious but not diagnostic for papillary carcinoma.



b Use of iodinated contrast is required for optimal cervical imaging using CT; 
potential delay in RAI treatment will not cause harm.



c Vocal cord mobility may be examined in patients with abnormal voice, surgical 
history involving the recurrent laryngeal or vagus nerves, invasive disease, or 
bulky disease of the central neck.



d Tg washout is useful in diagnosis of lymph node metastases and recommended if 
cytology is negative.



e Routine prophylactic central neck dissection is not indicated in most papillary 
thyroid cancers.



f Posterior location, abutting the trachea or apparaent invasion, etc.



PAP‑1



See PAP‑2



Active surveillance with ultrasound
or
Lobectomy if high riskf



≥1 cm



<1 cm
Thyroid and neck ultrasound 
(including central and 
lateral compartments), if not 
previously done



No concerning lymph node(s)



Concerning lymph node(s)
See PAP‑2



Manage as ≥1 cm (see pathway above)



Printed by Alexander Newman on 1/27/2021 2:08:24 PM. For personal use only. Not approved for distribution. Copyright © 2021 National Comprehensive Cancer Network, Inc., All Rights Reserved.





https://www.nccn.org/professionals/physician_gls/default.aspx








Version 2.2020, 07/15/20 © 2020 National Comprehensive Cancer Network® (NCCN®), All rights reserved. NCCN Guidelines® and this illustration may not be reproduced in any form without the express written permission of NCCN.



Note: All recommendations are category 2A unless otherwise indicated.
Clinical Trials: NCCN believes that the best management of any patient with cancer is in a clinical trial. Participation in clinical trials is especially encouraged.



NCCN Guidelines Version 2.2020
Thyroid Carcinoma – Papillary Carcinoma



NCCN Guidelines Index
Table of Contents



Discussion



PRIMARY TREATMENT



PAP‑2



Any of the following:
• Tumor >4 cm
• Gross positive resection margins
• Gross extrathyroidal extension 
• Macroscopic multifocal disease (> 1 cm)
• Confirmed contralateral disease
• Confirmed nodal metastasisg
• Vascular invasion 
• Poorly differentiated



All of the following:
• Negative resection margins 
• No contralateral lesion
• Tumor <1 cm in diameter
• No suspicious lymph node
or
• NIFTPh



See Postsurgical 
Evaluation (PAP‑4)



Completion of 
thyroidectomy



• Consider thyroglobulin 
measurement and anti‑Tg 
antibodies 6–12 wks 
post‑opi



• Consider levothyroxine 
therapy to keep TSH low or 
normalj



See Disease 
Monitoring and 
Maintenance (PAP‑8)



g Completion thyroidectomy is not required for incidental small volume pathologic N1A metastases (<5 involved nodes with no metastasis >5 mm in largest dimension). 
See PAP‑5.



h Formerly called encapsulated follicular variant of PTC, noninvasive follicular thyroid neoplasm with papillary‑like nuclear features (NIFTP) has been reclassified and 
only lobectomy is needed. Ongoing surveillance is recommended.



i May be useful for obtaining a postoperative baseline. 
j See Principles of TSH Suppression (THYR‑A).



Total thyroidectomy 
(category 2B)



or



Lobectomy 
+ isthmusectomy  
(category 2B)



Total 
thyroidectomy 
or lobectomy 
indicated  
(See PAP‑1)



See Postsurgical 
Evaluation (PAP‑4)
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PAP‑3



CLINICAL PRESENTATION PRIMARY TREATMENT



Papillary 
carcinoma 
found post‑
lobectomy 



• Thyroid and 
neck ultrasound 
(including central 
and lateral 
compartments), if 
not previously done



• Biopsy suspicious 
lymph nodes or 
contralateral lesions



Any of the following:
• Tumor >4 cm
• Gross positive 



resection margins
• Gross extra‑thyroidal 



extension 
• Macroscopic multifocal 



disease (>1 cm)
• Confirmed nodal 



metastasisg 
• Confirmed contralateral 



disease
• Vascular invasion 
• Poorly differentiated



Tumor 1–4 cm in diameter 
or
Lymphatic invasion



All of the following:
• Negative resection 



margins 
• No contralateral lesion
• Tumor <1 cm in diameter
• No suspicious lymph 



node
or
• NIFTPh



Completion of thyroidectomy 
• Perform therapeutic neck dissection 



of involved compartments for 
clinically apparent/biopsy‑proven 
disease



Completion of 
thyroidectomy 



or



Disease 
monitoringk 
(category 2B)



Disease 
monitoringk



Consider 
levothyroxine 
therapy to keep 
TSH low or 
normalj



Consider 
levothyroxine 
therapy to keep 
TSH low or normalj



See 
Postsurgical 
Evaluation 
(PAP‑4)



See Disease 
Monitoring 
and 
Maintenance 
(PAP‑8)



g Completion of thyroidectomy is not required for incidental small volume pathologic N1A metastases (<5 involved nodes with no metastasis >5 mm in largest 
dimension). See PAP‑5.



h Formerly called encapsulated follicular variant of PTC, noninvasive follicular thyroid neoplasm with papillary‑like nuclear features (NIFTP) has been reclassified and 
only lobectomy is needed. Ongoing surveillance is recommended.



j See Principles of TSH Suppression (THYR‑A).
k Measurement of thyroglobulin and antithyroglobulin antibodies may be useful for obtaining a postoperative baseline. 
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PAP‑4



POSTSURGICAL EVALUATION
No gross residual 
disease in neck



Gross 
residual 
disease 
in neck



Resectable



Unresectablel



Resect, if
possible



No gross 
residual disease



Gross residual 
 disease



• TSH + Tg measurement  
+ antithyroglobulin 
antibodies (6–12 wks 
postoperatively)



• Iodine‑123 or iodine‑
131m total body 
radioiodine imaging 
with TSH stimulation 
(thyroid hormone 
withdrawaln) (category 
2B)



Suspected 
or proven 
inadequate 
RAI uptake



Monitoring of residual disease
or
Consider
External beam RT/intensity‑
modulated RT (EBRT/IMRT) 
if disease is threatening vital 
structureso



Adequate 
RAI uptake
or
No RAI 
imaging 
performed



• Radioiodine treatment (preferred)
• Post‑treatment iodine‑131 whole 



body imaging
• TSH‑stimulated Tg
• Consider EBRT/IMRTo



• Suppress 
TSH with 
levothyroxinej



• See Disease 
Monitoring and 
Maintenance 
(PAP‑8)



j See Principles of TSH Suppression (THYR‑A).
l For bulky, locoregional, viscerally invasive disease or rapid progression, refer to high‑volume multidisciplinary institution, including radiation oncology referral.
m If considering dosimetry iodine‑131 is the preferred agent.
n For contraindications to withdrawal, thyrotropin alfa may be used.
o See Principles of Radiation and RAI Therapy (THYR‑C).



See Consideration for Initial Postoperative RAI Therapy After 
Total Thyroidectomy (PAP‑5)



Cross‑
sectional 
CT or MRI 
of neck with 
contrast



For viscerally 
invasive disease or 
rapid progression, 
upfront EBRT/
IMRT may be most 
appropriateo



• TSH + Tg measurement  
+ antithyroglobulin antibodies 
(6–12 wks postoperatively)



• Iodine‑123 or iodine‑131m 
total body radioiodine 
imaging with TSH 
stimulation (thyroid hormone 
withdrawaln) (category 2B)



Suspected 
or proven 
inadequate 
RAI uptake



Adequate 
RAI uptake
or
No RAI 
imaging 
performed



Monitoring of 
residual disease
or
Consider systemic 
therapy (PAP‑10)



• Radioiodine 
treatment 
(preferred)o



• Post‑treatment 
iodine‑131 whole 
body imaging



• TSH‑stimulated Tg
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PAP‑5



CLINICOPATHOLOGIC FACTORS CONSIDERATION FOR INITIAL POSTOPERATIVE USE OF RAI   
AFTER TOTAL THYROIDECTOMY



RAI not typically recommended (if all present):
• Classic papillary thyroid carcinoma (PTC)
• Largest primary tumor <2 cm
• Intrathyroidal
• Unifocal or multifocal (all foci ≤1 cm)
• No detectable anti‑Tg antibodies
• Postoperative unstimulated Tg <1 ng/mLp
• Negative postoperative ultrasound, if doneq



RAI selectively recommended (if any present):
• Largest primary tumor 2–4 cm
• High‑risk histologyr
• Lymphatic invasion 
• Cervical lymph node metastases
• Macroscopic multifocality (one focus >1 cm)
• Postoperative unstimulated Tg <5–10 ng/mLp
• Microscopic positive margins



RAI typically recommended (if any present): 
• Gross extrathyroidal extension
• Primary tumor >4 cm
• Postoperative unstimulated Tg >5–10 ng/mLp,s
• Bulky or >5 positive lymph nodes



RAI ablation is not required in patients with classic 
PTC who have T1b/T2 (1–4 cm) N0a and/or N0b 
disease or small‑volume N1a disease (fewer than 
5 metastatic lymph nodes with <2 mm of focus of 
cancer in node), particularly if the postoperative 
Tg is <1 ng/mL in the absence of interfering anti-Tg 
antibodies. 



RAI ablation is recommended when the 
combination of individual clinical factors (such as 
the size of the primary tumor, histology, degree 
of lymphatic invasion, lymph node metastases, 
postoperative thyroglobulin, and age at diagnosis) 
predicts a significant risk of recurrence, distant 
metastases, or disease-specific mortality.



RAI not typically 
indicated, 
See PAP‑8



RAI being 
considered, 
See PAP‑6



Known or suspected distant metastases at presentation



Gross residual disease not amenable to RAI therapy See PAP‑10



p Tg values obtained 6–12 weeks after total thyroidectomy.
q If preoperative imaging incomplete, consider postoperative ultrasound including central and lateral neck components.
r ie, poorly differentiated, tall cell, columnar cell, and hobnail variants.
s Additional cross‑sectional imaging (CT or MRI of the neck with contrast and chest CT with contrast) should be 



considered to rule out the presence of significant normal thyroid remnant or gross residual disease and to detect 
clinically significant distant metastases.



For general principles related to 
radioactive iodine (RAI) therapy, 
see the Principles of Radiation and 
Radioactive Iodine Therapy (THYR‑C).



Amenable to RAI
See PAP‑7
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PAP‑6



Clinicopathologic 
findings prompting 
consideration for 
RAI, without gross 
residual disease 
or known distant 
metastasis 
(See PAP‑5)



Consider 
pretreatment 
iodine‑123 whole 
body diagnostic 
imagingt,u with 
TSH stimulationo
(category 2B)v,w



• See Disease 
Monitoring and 
Maintenance 
(PAP‑8)



• Levothyroxine 
to appropriate 
TSH target (See 
THYR‑A)



o See Principles of Radiation and RAI Therapy (THYR‑C).
t Even in the absence of thyroid bed uptake RAI treatment may be considered. If higher than expected uptake (residual thyroid uptake or distant metastasis) change 



dose accordingly.
u A false‑negative pretreatment scan is possible and should not prevent the use of RAI if otherwise indicated.
v Alternatively, low‑dose iodine‑131 (1–3 mCi) may be used. 
w  While pre‑ablation diagnostic scans in this setting are commonly done at NCCN Member Institutions, the panel recommends (category 2B) selective use of 



pre‑ablation diagnostic scans based on pathology, postoperative Tg, intraoperative findings, and available imaging studies. Furthermore, dosimetry studies are 
considered in patients at high risk of having RAI‑avid distant metastasis. Empiric RAI doses may exceed maximum tolerable activity levels in patients with decreased 
glomerular filtration rate (GFR). Dialysis patients require special handling.



RAI BEING CONSIDERED BASED ON CLINICOPATHOLOGIC FEATURES



6–12 weeks 
post‑
thyroidectomy



Resect clinically 
significant 
structural 
disease if 
possible 



RAI therapy 
indicated 
based on 
pathology



RAI therapy not 
indicated based 
on pathology



• RAI therapy 
for remnant 
ablation or 
adjuvant 
therapyo



• Post‑treatment 
iodine‑131 
imaging 
(whole body 
RAI scan)o
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PAP‑7



Known or 
suspected 
distant 
metastases at 
presentation
(See PAP‑5)



6–12 weeks 
post‑
thyroidectomy



• Appropriate 
cross‑sectional 
imaging (CT 
or MRI with 
contrast) 
of known 
metastatic focix



• Resect clinically 
significant 
structural 
disease if 
possible



6 weeks following 
cross‑sectional 
imaging:
• Consider 24‑hour 



urine iodine
• Pretreatment 



radioiodine 
diagnostic imaging 
(iodine‑123 or 
iodine‑131) 
with TSH 
stimulationo,w,y



Confirmed 
radioiodine‑
avid tumor
or
Thyroid 
remnant 
uptake only



• RAI therapy 
• Post‑treatment  



imaging (whole 
body RAI scan)



No uptake



• Consider RAI 
adjuvant therapy



• Post‑treatment 
imaging (whole 
body RAI scan)



• See Disease 
Monitoring and 
Maintenance 
(PAP‑8)



• Levothyroxine 
to appropriate 
TSH target (See 
THYR‑A)



KNOWN OR SUSPECTED DISTANT METASTATIC DISEASE



o See Principles of Radiation and RAI Therapy (THYR‑C).
w  While pre‑ablation diagnostic scans in this setting are commonly done at NCCN Member Institutions, the panel recommends (category 2B) selective use of 



pre‑ablation diagnostic scans based on pathology, postoperative Tg, intraoperative finds, and available imaging studies. Furthermore, dosimetry studies are 
considered in patients at high risk of having RAI‑avid distant metastasis. Empiric RAI doses may exceed maximum tolerable activity levels in patients with decreased 
GFR. Dialysis patients require special handling.



x  To evaluate macroscopic metastatic foci for potential alterative therapies (eg, surgical resection, external beam irradiation) to prevent invasion/compression of vital 
structures or pathologic fracture either as a result of disease progression or TSH stimulation.



y Thyrotropin alfa may be used for elderly patients for when prolonged hypothyroidism may be risky.
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PAP‑8



DISEASE MONITORING AND 
MAINTENANCE



z A subgroup of low‑risk patients may only require an ultrasound if there is a reasonable suspicion for recurrence. 
aa  In selected patients who may be at higher risk for residual/recurrent disease (eg, N1 patients), obtain a stimulated Tg and consider concomitant diagnostic RAI 



imaging. 
bb See NCCN Guidelines for Survivorship.



• Physical examination, TSH and Tg 
measurement + antithyroglobulin antibodies at 
6 and 12 mo, then annually if disease‑free



• Periodic neck ultrasoundz
• Consider TSH‑stimulated or TSH‑unstimulated 



Tg measurements using an ultrasensitive 
assay in patients previously treated with RAI 
and with negative TSH‑suppressed Tg and 
anti‑thyroglobulin antibodiesaa



• Consider TSH‑stimulated radioiodine whole 
body imaging in high‑risk patients, patients 
with previous RAI‑avid metastases, or 
patients with abnormal Tg levels (either 
TSH‑suppressed or TSH‑stimulated), stable or 
rising antithyroglobulin antibodies, or abnormal 
ultrasound during surveillance



MANAGEMENT



No 
evidence 
of disease 
(NED)



Long‑term disease monitoringbb
Patients treated with iodine‑131 ablation, with 
a negative ultrasound, stimulated Tg <2 ng/mL 
(with negative antithyroglobulin antibodies), and 
negative RAI imaging (if performed) may be followed 
by unstimulated thyroglobulin annually and by 
periodic neck ultrasound. TSH‑stimulated testing, 
or other imaging (eg, CT or MRI with contrast) as 
clinically appropriate, may be considered if clinical 
suggestion of recurrent disease.



Abnormal
findings



Additional workup
If iodine‑131 imaging negative and stimulated Tg 
>2–5 ng/mL, consider additional nonradioiodine 
imaging (eg, central and lateral neck compartments 
ultrasound, neck CT with contrast, chest CT with 
contrast, PET/CT)



Recurrent 
disease  
(See PAP‑9)



Recurrent 
disease  
(See PAP‑9) 
or
Metastatic 
disease 
(See PAP‑10)



FINDINGS
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PAP‑9



• Stimulated Tg 1–10 ng/mL 
and negative imaging



• Non‑resectable tumors
• Non‑radioiodine responsivecc



Suppress TSH with levothyroxinej



Locoregional 
recurrence



Surgery (preferred) if resectableee
and/or 
Radioiodine treatment,dd if radioiodine imaging positive 
or
Disease monitoring for non‑progressive disease that is stable and distant from critical structures
or
For select patients with unresectable, non–radioiodine‑avid, and progressive disease, consider: 
�EBRT (IMRT/SBRT)o 



and/or
�Systemic therapies (See Treatment of Metastatic Disease PAP‑10)



or
For select patients with limited burden nodal disease, consider local therapies when available 
(ethanol ablation, radiofrequency ablation [RFA])



Metastatic disease



RAI therapy for iodine‑avid diseaseo
and/or
Local therapies when availableff
and/or
See PAP‑10 if not amenable to RAI



RECURRENT DISEASE



j See Principles of TSH Suppression (THYR‑A).
o See Principles of Radiation and RAI Therapy (THYR‑C).



cc  Generally, a tumor is considered iodine‑responsive if follow‑up iodine‑123 or 
low‑dose iodine‑131 (1–3 mCi) whole body diagnostic imaging done 6–12 mo 
after iodine‑131 treatment is negative or shows decreasing uptake compared 
to pre‑treatment scans. It is recommended to use the same preparation and 
imaging method employed for the pre‑treatment scan and therapy. Favorable 
response to iodine‑131 treatment is additionally assessed through change in 
volume of known iodine‑concentrated lesions by CT/MRI, and by decreasing 
unstimulated or stimulated thyroglobulin levels.



dd  The administered activity of RAI therapy should be adjusted for pediatric 
patients. See Principles of Radiation and RAI Therapy (THYR‑C).



ee Preoperative vocal cord assessment, if central neck recurrence. 
ff Ethanol ablation, cryoablation, RFA, etc. 



Continue surveillance with unstimulated Tg, 
ultrasound, and other imaging as clinically indicated (See PAP‑8)



• Progressively rising Tg 
(basal or stimulated)



• Scans (including PET) 
negative 



Consider radioiodine therapy with ≥100 mCidd
and 
Post‑treatment iodine‑131 imaging (category 3); additional RAI 
treatments should be limited to patients who responded to previous 
RAI therapy (minimum of 6–12 months between RAI treatments)



Consider 
preoperative 
iodine total 
body scan
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CNS metastases



TREATMENT OF LOCALLY RECURRENT, ADVANCED, AND/OR METASTATIC DISEASE NOT AMENABLE TO RAI THERAPY
• Consider systemic therapy
�For progressive and/or symptomatic disease, consider 



lenvatinib (preferred)gg or sorafenibhh,ii
�Larotrectinib or entrectinib for patients with NTRK gene 



fusion‑positive advanced solid tumors.
�Selpercatinib for patients with RET‑fusion positive tumors
�Pembrolizumab for patients with tumor mutational burden‑



high (TMB-H) (≥10 mutations/megabase [mut/Mb]) tumors
�Other therapies are available and can be considered for 



progressive and/or symptomatic disease if clinical trials or 
other systemic therapies are not available or appropriate.jj,kk



• Consider resection of distant metastases and/or EBRT (SBRT/
IMRT)o/other local therapiesff when available to metastatic 
lesions if progressive and/or symptomatic. (For locoregional 
disease, see PAP‑9)



• Disease monitoring is often appropriate in asymptomatic 
patients with indolent disease assuming no brain metastasis.ii 
(See PAP‑8)



• Best supportive care (See NCCN Guidelines for Palliative Care)



j See Principles of TSH Suppression (THYR‑A).
o See Principles of Radiation and RAI Therapy (THYR‑C).
ff Ethanol ablation, cryoablation, RFA, etc. 
gg  In a subset of patients (older than 65 years of age), lenvatinib showed an 



overall survival benefit compared to placebo. Brose MS, et al. J Clin Oncol 
2017;35:2692‑2699.



hh  The decision of whether to use lenvatinib (preferred) or sorafenib should 
be individualized for each patient based on likelihood of response and 
comorbidities.



ii  Kinase inhibitor therapy may not be appropriate for patients with stable or 
slowly progressive indolent disease. See Principles of Kinase Inhibitor Therapy 
(THYR‑B).



jj  Commercially available small‑molecule kinase inhibitors (such as axitinib, 
everolimus, pazopanib, sunitinib, vandetanib, vemurafenib [BRAF positive], 
dabrafenib [BRAF positive], or cabozantinib [all are category 2A]) can be 
considered if clinical trials are not available or appropriate. 



kk  Cytotoxic chemotherapy has been shown to have minimal efficacy, although 
most studies were small and underpowered. 



Structurally 
persistent/recurrent 
locoregional or 
distant metastatic 
disease not 
amenable to RAI 
therapy



Bone metastases



Unresectable 
locoregional 
recurrent/
persistent disease



or



Soft tissue 
metastases 
(eg, lung, liver, 
muscle) excluding 
CNS metastases 
(see below)



See PAP‑11



See PAP‑11



• Continue to 
suppress TSH with 
levothyroxinej



• For advanced, 
progressive, or 
threatening disease, 
genomic testing to 
identify actionable 
mutations (including 
NTRK and RET gene 
fusions) and tumor 
mutational burden 
(TMB)



• Consider clinical trial
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PAP‑11



• For solitary CNS lesions, either neurosurgical resection or stereotactic radiosurgery is preferred 
or



• For multiple CNS lesions, consider radiotherapy, including image‑guided radiotherapy, and/or resection in 
select cases 
and/or



• Consider systemic therapy
�For progressive and/or symptomatic disease, consider lenvatinib (preferred) or sorafenibhh,nn,oo 



and/or
�Larotrectinib or entrectinib for patients with NTRK gene fusion‑positive advanced solid tumors
�Selpercatinib for patients with RET‑fusion positive tumors
�Pembrolizumab for patients with TMB-H (≥10 mut/Mb) tumors 



and/or
�Other therapies are available and can be considered for progressive and/or symptomatic disease if clinical 



trials or other systemic therapies are not available or appropriate.ii,jj,kk,nn
• Best supportive care (See NCCN Guidelines for Palliative Care)



TREATMENT OF METASTATIC DISEASE NOT AMENABLE TO RAI THERAPYmm



CNS metastases



ff Ethanol ablation, cryoablation, RFA, etc. 
hh  The decision of whether to use lenvatinib (preferred) or sorafenib should be individualized for 



each patient based on likelihood of response and comorbidities.
ii Kinase inhibitor therapy may not be appropriate for patients with stable or slowly progressive 



indolent disease. See Principles of Kinase Inhibitor Therapy (THYR‑B).
jj  Commercially available small‑molecule kinase inhibitors (such as axitinib, everolimus, 



pazopanib, sunitinib, vandetanib, vemurafenib [BRAF positive], dabrafenib [BRAF positive], 
or cabozantinib [all are category 2A]) can be considered if clinical trials are not available or 
appropriate.



kk  Cytotoxic chemotherapy has been shown to have minimal efficacy, although most studies were 
small and underpowered. 



ll  Denosumab and intravenous bisphosphonates can be associated with severe hypocalcemia; 
patients with hypoparathyroidism and vitamin D deficiency are at increased risk of hypocalcemia.



mm  RAI therapy is an option in some patients with bone metastases and RAI‑sensitive disease.
nn  After consultation with neurosurgery and radiation oncology, data on the efficacy of lenvatinib or 



sorafenib for patients with brain metastases have not been established.
oo  TKI therapy should be used with caution in otherwise untreated CNS metastases due to 



bleeding risk.



• Consider surgical palliation and/or EBRT/SBRT/other local therapiesff when available if symptomatic, or 
asymptomatic in weight‑bearing sites. Embolization prior to surgical resection of bone metastases should be 
considered to reduce the risk of hemorrhage.



• Consider embolization or other interventional procedures as alternatives to surgical resection/EBRT/IMRT in 
select cases.



• Consider intravenous bisphosphonate or denosumab.ll
• Disease monitoring may be appropriate in asymptomatic patients with indolent disease.ii (See PAP‑8)
• Consider systemic therapy
�For progressive and/or symptomatic disease, consider lenvatinib (preferred) or sorafenib.hh 
�Larotrectinib or entrectinib for patients with NTRK gene fusion‑positive advanced solid tumors.
�Selpercatinib for patients with RET‑fusion positive tumors
�Pembrolizumab for patients with TMB-H (≥10 mut/Mb) tumors
�Other therapies are available and can be considered for progressive and/or symptomatic disease if clinical 



trials or other systemic therapies are not available or appropriate.ii,jj,kk
• Best supportive care (See NCCN Guidelines for Palliative Care)



Bone metastases
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a The diagnosis of follicular carcinoma requires evidence of either vascular or 
capsular invasion, which cannot be determined by FNA. Molecular diagnostics 
may be useful to allow reclassification of follicular lesions (follicular neoplasm or 
FLUS) as either more or less likely to be benign or malignant based on the genetic 
profile. If molecular testing in conjunction with clinical and ultrasound features 
suggests papillary thyroid carcinoma, especially in the case of BRAF V600E, see 
PAP‑1. Molecular markers should be interpreted with caution and in the context of 
clinical, radiographic, and cytologic features of each individual patient.



b Use of iodinated contrast is required for optimal cervical imaging using CT; 
potential delay in RAI treatment will not cause harm.



c Vocal cord mobility may be examined in patients with abnormal voice, surgical 
history involving the recurrent laryngeal or vagus nerves, invasive disease, or 
bulky disease of the central neck.



d Minimally invasive follicular thyroid carcinoma (FTC) is characterized as an 
encapsulated tumor with microscopic capsular invasion and without vascular 
invasion.



e Formerly called encapsulated follicular variant of PTC, noninvasive follicular 
thyroid neoplasm with NIFTP has been reclassified and only lobectomy is 
needed. Ongoing surveillance is recommended.



f See Principles of TSH Suppression (THYR‑A).



FOLL‑1



FNA RESULTS DIAGNOSTIC 
PROCEDURES



PRIMARY TREATMENT



Follicular
neoplasma 
(Bethesda IV)
(See THYR‑3)



• Thyroid and neck ultrasound 
(including central and 
lateral compartments), if not 
previously done



• CT/MRI with contrast for 
locally advanced disease or 
vocal cord paresisb 



• Consider evaluation of vocal 
cord mobility (ultrasound, 
mirror indirect laryngoscopy, 
or fiberoptic laryngoscopy)c



Total thyroidectomy if 
invasive cancer, metastatic 
cancer, or patient preference
Perform therapeutic neck 
dissection of involved 
compartments for clinically 
apparent/biopsy‑proven 
disease



Benign 
or
NIFTPe



Levothyroxine 
therapy to 
keep TSH 
normalf



Papillary carcinoma



Follicular
carcinoma



See PAP‑4



or



Invasive cancer 
(widely invasive 
or encapsulated 
angioinvasive 
with ≥4 vessels) 



Completion of 
thyroidectomy



See 
Postsurgical 
Evaluation 
(FOLL‑2)



Encapsulated 
angioinvasive 
with <4 vessels) 
or
Minimally 
invasive FTCd



Completion of
thyroidectomy 



or



Disease 
monitoring



• Consider 
levothyroxine 
therapy to 
keep TSH low 
or normalf



• See Disease 
Monitoring 
and 
Maintenance 
(FOLL‑6)



Benign
or
NIFTPe



Disease 
monitoring



Papillary 
carcinoma See PAP‑3



Lobectomy/isthmusectomy
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FOLL‑2



POSTSURGICAL EVALUATION 
No gross residual disease in neck See Consideration for Initial Postoperative RAI Therapy After Total 



Thyroidectomy (FOLL‑3)



f See Principles of TSH Suppression (THYR‑A).
g For bulky, locoregional, viscerally invasive disease or rapid progression, refer to 



high‑volume multidisciplinary institution, including radiation oncology referral.



h See Principles of Radiation and RAI Therapy (THYR‑C).
i If considering dosimetry iodine‑131 is the preferred agent.
j For contraindications to withdrawal, thyrotropin alfa may be used.



Gross 
residual 
disease 
in neck



Resectable



Unresectableg



Resect, if
possible



No gross 
residual disease



Gross residual 
disease



• TSH + Tg measurement  
+ antithyroglobulin 
antibodies (6–12 wks 
postoperatively)



• Iodine‑123 or iodine‑131i 
total body radioiodine 
imaging with TSH 
stimulation (thyroid 
hormone withdrawalj) 
(category 2B)



Suspected 
or proven 
inadequate 
RAI uptake



Monitoring of residual disease
or
Consider EBRT/IMRT if 
disease is threatening vital 
structuresh



Adequate 
RAI uptake
or
No RAI 
imaging 
performed



• Radioiodine treatment (preferred)
• Post‑treatment iodine‑131 whole 



body imaging
• TSH‑stimulated Tg
• Consider EBRT/IMRTh



Cross‑
sectional 
CT or MRI 
of neck with 
contrast



For viscerally 
invasive disease or 
rapid progression, 
upfront EBRT/
IMRT may be most 
appropriateh



• TSH + Tg measurement  
+ antithyroglobulin antibodies 
(6–12 wks postoperatively)



• Iodine‑123 or iodine‑131i total 
body radioiodine imaging 
with TSH stimulation (thyroid 
hormone withdrawalj) 
(category 2B)



Suspected 
or proven 
inadequate 
RAI uptake



Adequate 
RAI uptake
or
No RAI 
imaging 
performed



Monitoring of 
residual disease 
or
Consider 
systemic therapy 
(FOLL‑8)



• Radioiodine 
treatment 
(preferred)h



• Post‑treatment 
iodine‑131 whole 
body imaging



• TSH‑stimulated Tg



• Suppress 
TSH with 
levothyroxinef



• See Disease 
Monitoring and 
Maintenance 
(FOLL‑6)
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FOLL‑3



CLINICOPATHOLOGIC FACTORS



RAI not typically recommended (if all present):
• Largest primary tumor <2 cm
• Intrathyroidal
• No vascular invasion
• Clinical N0 
• No detectable anti‑Tg antibodies
• Postoperative unstimulated Tg <1 ng/mLk
• Negative postoperative ultrasound, if donel



RAI not typically indicated 
(See Surveillance FOLL‑6)



RAI selectively recommended (if any present):
• Largest primary tumor 2–4 cm
• Minor vascular invasiond
• Cervical lymph node metastases
• Postoperative unstimulated Tg <5–10 ng/mLk
• Microscopic positive margins



RAI recommended (if any present):
• Gross extrathyroidal extension
• Primary tumor >4 cm
• Extensive vascular invasiond
• Postoperative unstimulated Tg >5–10 ng/Lk,m
• Bulky or >5 positive lymph nodes
Known or suspected distant metastases at presentation Amenable to RAI



(See FOLL‑5)



RAI being considered, 
see FOLL‑4



CONSIDERATION FOR INITIAL POSTOPERATIVE USE OF RAI 
AFTER TOTAL THYROIDECTOMY



Gross residual disease not amenable to RAI therapy See FOLL‑8



RAI ablation is recommended when the 
combination of individual clinical factors (such as 
the size of the primary tumor, histology, degree 
of lymphatic invasion, lymph node metastases, 
postoperative thyroglobulin, and age at diagnosis) 
predicts a significant risk of recurrence, distant 
metastases, or disease-specific mortality.



d Minimally invasive follicular thyroid carcinoma (FTC) is characterized as an encapsulated tumor  with microscopic 
capsular invasion and without vascular invasion.



k Tg values obtained 6–12 weeks after total thyroidectomy.
l If preoperative imaging incomplete, consider postoperative ultrasound including central and lateral neck components.
m  Additional cross‑sectional imaging (CT or MRI of the neck with contrast and chest CT with contrast) should be 



considered to rule out the presence of significant normal thyroid remnant or gross residual disease and to detect 
clinically significant distant metastases.



For general principles related to RAI 
therapy, see the Principles of Radiation 
and Radioactive Iodine Therapy 
(THYR‑C)
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FOLL‑4



6–12 weeks 
post‑ 
thyroidectomy



Clinicopathologic 
findings prompting 
consideration for 
RAI, without gross 
residual disease 
or known distant 
metastasis 
(See FOLL‑3)



• See Disease 
Monitoring and 
Maintenance 
(FOLL‑6)



• Levothyroxine 
to appropriate 
TSH target  
(See THYR‑A)



RAI BEING CONSIDERED BASED ON CLINICOPATHOLOGIC FEATURES



h See Principles of Radiation and RAI Therapy (THYR‑C).
j For contraindications to withdrawal, thyrotropin alfa may be used.
n Even in the absence of thyroid bed uptake RAI treatment may be considered. If higher than expected uptake (residual thyroid uptake or distant metastasis) change 



dose accordingly.
o A false‑negative pretreatment scan is possible and should not prevent the use of RAI if otherwise indicated.
p Alternatively, low‑dose iodine‑131 (1–3 mCi) may be used. 
q While pre‑ablation diagnostic scans in this setting are commonly done at NCCN Member Institutions the panel recommends (category 2B) selective use of pre‑ablation 



diagnostic scans based on pathology, postoperative Tg, intraoperative findings, and available imaging studies. Furthermore, dosimetry studies are considered in 
patients at high risk of having RAI‑avid distant metastasis. Empiric RAI doses may exceed maximum tolerable activity levels in patients with decreased GFR. Dialysis 
patients require special handling.



Consider 
pretreatment 
whole body 
diagnostic 
imagingn,o with 
TSH stimulation 
(thyroid hormone 
withdrawalj,p,q)
(category 2B)



Resect clinically 
significant 
structural 
disease if 
possible 



RAI therapy 
indicated 
based on 
pathology



RAI therapy not 
indicated based 
on pathology



• RAI therapy 
for remnant 
ablation or 
adjuvant 
therapyh



• Post‑treatment 
iodine‑131 
imaging 
(whole body 
RAI scan)h
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FOLL‑5



KNOWN OR SUSPECTED DISTANT METASTATIC DISEASE



6–12 weeks 
post‑
thyroidectomy



Known or 
suspected 
distant 
metastases at 
presentation  
(See FOLL‑3)



• Appropriate 
 cross‑sectional 
imaging (CT or MRI 
with contrast) of 
known metastatic 
focir



• Resect clinically 
significant 
structural disease if 
possible



Confirmed 
radioiodine‑
avid tumor
or
Thyroid 
remnant 
uptake only • See Disease 



Monitoring and 
Maintenance 
(FOLL‑6)



• Levothyroxine 
to appropriate 
TSH target (See 
THYR‑A)• Consider 



RAI adjuvant 
therapy



• Post‑treatment 
imaging (whole 
body RAI scan)



h See Principles of Radiation and RAI Therapy (THYR‑C).
q While pre‑ablation diagnostic scans in this setting are commonly done at NCCN Member Institutions the panel recommends (category 2B) selective use of pre‑ablation 



diagnostic scans based on pathology, postoperative Tg, intraoperative findings, and available imaging studies. Furthermore, dosimetry studies are considered in 
patients at high risk of having RAI‑avid distant metastasis. Empiric RAI doses may exceed maximum tolerable activity levels in patients with decreased GFR. Dialysis 
patients require special handling.



r To evaluate macroscopic metastatic foci for potential alterative therapies (such as surgical resection and/or external beam radiation) to prevent invasion/compression 
of vital structures or pathologic fracture either as a result of disease progression or TSH stimulation.



s Thyrotropin alfa may be used for elderly patients for whom prolonged hypothyroidism may be risky. 



• RAI therapy
• Post‑treatment 



imaging (whole 
body RAI scan)



6 weeks following 
cross‑sectional 
imaging:
• Consider 24‑hour 



urine iodine
• Pretreatment 



radioiodine 
diagnostic imaging 
(iodine‑123 or 
iodine‑131) with TSH 
stimulationh,q,s No uptake
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FOLL‑6



t A subgroup of low‑risk patients may only require an ultrasound if there is a reasonable suspicion for recurrence. 
u In selected patients who may be at higher risk for residual/recurrent disease (eg, N1 patients), obtain a stimulated Tg and consider concomitant diagnostic RAI imaging.
v See NCCN Guidelines for Survivorship.



• Physical examination, TSH and Tg measurement 
+ antithyroglobulin antibodies at 6 and 12 mo, 
then annually if disease‑free



• Periodic neck ultrasoundt
• Consider TSH‑stimulated or TSH‑unstimulated 



Tg measurements using an ultrasensitive 
assay in patients previously treated with RAI 
and with negative TSH‑suppressed Tg and 
anti‑thyroglobulin antibodiesu



• Consider TSH‑stimulated radioiodine whole 
body imaging in high‑risk patients, patients with 
previous RAI‑avid metastases, or patients with 
abnormal Tg levels (either TSH‑suppressed or 
TSH‑stimulated), stable or rising antithyroglobulin 
antibodies, or abnormal ultrasound during 
surveillance



MANAGEMENT



NED



Long‑term disease monitoringv
• Patients treated with iodine‑131 ablation, with 



a negative ultrasound, stimulated Tg <2 ng/mL 
(with negative antithyroglobulin antibodies), 
and negative RAI imaging (if performed) may be 
followed by unstimulated thyroglobulin annually 
and by periodic neck ultrasound. TSH‑stimulated 
testing, or other imaging (eg, CT or MRI with 
contrast) as clinically appropriate, may be 
considered if clinical suggestion of recurrent 
disease.



Abnormal
findings



Additional workup
If iodine‑131 imaging negative and stimulated Tg 
>2–5 ng/mL, consider additional nonradioiodine 
imaging (eg, central and lateral neck compartments 
ultrasound, neck CT with contrast, chest CT with 
contrast, PET/CT)



Recurrent
disease
(See FOLL‑7)



Recurrent
disease
(See FOLL‑7)
or
Metastatic
disease
(See FOLL‑8)



FINDINGSDISEASE MONITORING AND 
MAINTENANCE
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FOLL‑7



• Stimulated Tg 1–10 ng/mL 
and negative imaging



• Non‑resectable tumors
• Non‑radioiodine responsivew



Suppress TSH with levothyroxinef



Locoregional 
recurrence



Surgery (preferred) if resectabley
and/or 
Radioiodine treatment,z if radioiodine imaging positive 
or
Disease monitoring for non‑progressive disease that is stable and distant from critical structures
or
For select patients with unresectable, non–radioiodine‑avid, and progressive disease, consider: 
�EBRT (IMRT/SBRT)h 



and/or
�Systemic therapies (See Treatment of Metastatic Disease FOLL‑8)



or
For select patients with limited burden nodal disease, consider local therapies when available  
(eg, ethanol ablation, RFA)



Metastatic disease



RAI therapy for iodine‑avid diseaseh
and/or
Local therapies when availableaa
and/or
See FOLL‑8 if not amenable to RAI



RECURRENT DISEASE



f See Principles of TSH Suppression (THYR‑A).
h See Principles of Radiation and RAI Therapy (THYR‑C).



w  Generally, a tumor is considered iodine‑responsive if follow‑up iodine‑123 or 
low‑dose iodine‑131 (1–3 mCi) whole body diagnostic imaging done 6–12 mo 
after iodine‑131 treatment is negative or shows decreasing uptake compared 
to pre‑treatment scans. It is recommended to use the same preparation and 
imaging method employed for the pre‑treatment scan and therapy. Favorable 
response to iodine‑131 treatment is additionally assessed through change in 
volume of known iodine‑concentrated lesions by CT/MRI, and by decreasing 
unstimulated or stimulated thyroglobulin levels. 



y Preoperative vocal cord assessment, if central neck recurrence.
z  The administered activity of RAI therapy should be adjusted for pediatric patients. 



See Principles of Radiation and RAI Therapy (THYR‑C).
aa Ethanol ablation, cryoablation, RFA, etc.



Continue surveillance with unstimulated Tg,
ultrasound, and other imaging as clinically indicated (See FOLL‑6)



• Progressively rising Tg 
(basal or stimulated)



• Scans (including PET) 
negative 



Consider radioiodine therapy with ≥100 mCi
and 
Post‑treatment iodine‑131 imaging (category 3); additional RAI 
treatments should be limited to patients who responded to previous 
RAI therapy (minimum of 6–12 months between RAI treatments)



Consider 
preoperative 
iodine total 
body scan
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Unresectable 
locoregional 
recurrent/
persistent disease



or



Soft tissue 
metastases 
(eg, lung, liver, 
muscle) excluding 
CNS metastases 
(see below)



CNS metastases



TREATMENT OF LOCALLY RECURRENT, ADVANCED, AND/OR METASTATIC DISEASE NOT AMENABLE TO RAI THERAPY



• Consider systemic therapy
�For progressive and/or symptomatic disease, consider 



lenvatinib (preferred)bb or sorafenib.cc,dd
�Larotrectinib or entrectinib for patients with NTRK gene fusion‑



positive advanced solid tumors.
�Selpercatinib for patients with RET‑fusion positive tumors
�Pembrolizumab for patients with TMB-H (≥10 mut/Mb) tumors
�Other therapies are available and can be considered for 



progressive and/or symptomatic disease if clinical trials or other 
systemic therapies are not available or  
appropriate.ee,ff



• Consider resection of distant metastases and/or EBRT (SBRT/
IMRT)h/other local therapiesaa when available to metastatic 
lesions if progressive and/or symptomatic. (For locoregional 
disease, see FOLL‑7)



• Disease monitoring is often appropriate in asymptomatic patients 
with indolent disease assuming no brain metastasis.dd (See 
FOLL‑6)



• Best supportive care (See NCCN Guidelines for Palliative Care)



f See Principles of TSH Suppression (THYR‑A).
h See Principles of Radiation and RAI Therapy (THYR‑C).
aa Ethanol ablation, cryoablation, RFA, etc.
bb  In a subset of patients (older than 65 years of age), lenvatinib showed an 



overall survival benefit compared to placebo. Brose MS, et al. J Clin Oncol 
2017;35:2692‑2699.



cc  The decision of whether to use lenvatinib (preferred) or sorafenib should 
be individualized for each patient based on likelihood of response and 
comorbidities.



dd  Kinase inhibitor therapy may not be appropriate for patients with stable or 
slowly progressive indolent disease. See Principles of Kinase Inhibitor Therapy 
(THYR‑B).



ee  Commercially available small‑molecule kinase inhibitors (such as axitinib, 
everolimus, pazopanib, sunitinib, vandetanib, vemurafenib [BRAF positive], 
dabrafenib [BRAF positive], or cabozantinib [all are category 2A]) can be 
considered if clinical trials are not available or appropriate. 



ff  Cytotoxic chemotherapy has been shown to have minimal efficacy, although most 
studies were small and underpowered. 



FOLL‑8



Structurally 
persistent/recurrent 
locoregional or 
distant metastatic 
disease not 
amenable to RAI 
therapy



Bone metastases See FOLL‑9



See FOLL‑9



• Continue to 
suppress TSH with 
levothyroxinef



• For advanced, 
progressive, or 
threatening disease, 
genomic testing to 
identify actionable 
mutations 
(including NTRK 
and RET gene 
fusions) and tumor 
mutational burden 
(TMB)



• Consider clinical 
trial
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FOLL‑9



TREATMENT OF METASTATIC DISEASE NOT AMENABLE TO RAI THERAPYgg



CNS metastases



aa Ethanol ablation, cryoablation, RFA, etc.
cc  The decision of whether to use lenvatinib (preferred) or sorafenib should be individualized for 



each patient based on likelihood of response and comorbidities.
dd  Kinase inhibitor therapy may not be appropriate for patients with stable or slowly progressive 



indolent disease. See Principles of Kinase Inhibitor Therapy (THYR‑B).
ee  Commercially available small‑molecule kinase inhibitors (such as axitinib, everolimus, 



pazopanib, sunitinib, vandetanib, vemurafenib [BRAF positive], dabrafenib [BRAF positive], 
or cabozantinib [all are category 2A]) can be considered if clinical trials are not available or 
appropriate. 



ff  Cytotoxic chemotherapy has been shown to have minimal efficacy, although most studies were 
small and underpowered. 



gg  RAI therapy is an option in some patients with bone metastases and RAI‑sensitive disease.
hh  Denosumab and intravenous bisphosphonates can be associated with severe hypocalcemia; 



patients with hypoparathyroidism and vitamin D deficiency are at increased risk of 
hypocalcemia. 



ii  After consultation with neurosurgery and radiation oncology; data on the efficacy of lenvatinib or 
sorafenib for patients with brain metastases have not been established.



jj TKI therapy should be used with caution in otherwise untreated CNS metastases due to bleeding 
risk.



• For solitary CNS lesions, either neurosurgical resection or stereotactic radiosurgery is preferred 
or



• For multiple CNS lesions, consider radiotherapy, including image‑guided radiotherapy, and/or 
resection in select cases 
and/or



• Consider systemic therapy
�For progressive and/or symptomatic disease, consider lenvatinib (preferred) or sorafenibcc,ii,jj 



and/or
�Larotrectinib or entrectinib for patients with NTRK gene fusion‑positive advanced solid tumors 
�Selpercatinib for patients with RET‑fusion positive tumors
�Pembrolizumab for patients with TMB-H (≥10 mut/Mb) tumors 



and/or
�Other therapies are available and can be considered for progressive and/or symptomatic 



disease if clinical trials or other systemic therapies are not available or appropriate.dd,ee,ff,ii
• Best supportive care (See NCCN Guidelines for Palliative Care)



• Consider surgical palliation and/or EBRT/SBRT/other local therapiesaa when available if symptomatic, 
or asymptomatic in weight‑bearing sites. Embolization prior to surgical resection of bone metastases 
should be considered to reduce the risk of hemorrhage.



• Consider embolization or other interventional procedures as alternatives to surgical resection/EBRT/
IMRT in select cases.



• Consider intravenous bisphosphonate or denosumab.hh
• Disease monitoring may be appropriate in asymptomatic patients with indolent disease.dd (See FOLL‑6)
• Consider systemic therapy
�For progressive and/or symptomatic disease, consider lenvatinib (preferred) or sorafenib.cc
�Larotrectinib or entrectinib for patients with NTRK gene fusion‑positive advanced solid tumors.
�Selpercatinib for patients with RET‑fusion positive tumors
�Pembrolizumab for patients with TMB-H (≥10 mut/Mb) tumors
�Other therapies are available and can be considered for progressive and/or symptomatic disease if 



clinical trials or other systemic therapies are not available or appropriate.dd,ee,ff
• Best supportive care (See NCCN Guidelines for Palliative Care)



Bone metastases
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FNA 
RESULTS



DIAGNOSTIC 
PROCEDURES



PRIMARY TREATMENT



Hürthle cell
neoplasma 
(Bethesda IV)
See THYR‑3



• Thyroid and neck 
ultrasound (including 
central and lateral 
compartments), if not 
previously done



• CT/MRI with contrast for 
locally advanced disease 
or vocal cord paresisb



• Consider evaluation 
of vocal cord mobility 
(ultrasound, mirror 
indirect laryngoscopy, or 
fiberoptic laryngoscopy)c



Total thyroidectomy if 
invasive cancer, metastatic 
disease, or patient preference 
Perform therapeutic neck 
dissection of involved 
compartments for clinically 
apparent/biopsy‑proven 
disease



or



Benign



Hürthle cell
carcinomae



Lobectomy/isthmusectomy



Benign



Completion of 
thyroidectomy



Levothyroxine 
therapy to keep 
TSH normalf



See Postsurgical 
Evaluation 
(HÜRT‑2) 



Completion of 
thyroidectomy 
or
Disease 
monitoring



• Consider 
levothyroxine 
therapy to keep 
TSH low or 
normalf



• See Disease 
Monitoring and 
Maintenance 
(HÜRT‑6)



Disease 
monitoring



a The diagnosis of Hürthle cell carcinoma requires evidence of either vascular or capsular invasion, which cannot be determined by FNA.
b Use of iodinated contrast is required for optimal cervical imaging using CT; potential delay in RAI treatment will not cause harm.
c Vocal cord mobility may be examined in patients with abnormal voice, surgical history involving the recurrent laryngeal or vagus nerves, invasive disease, or bulky 



disease of the central neck.
d Minimally invasive HCC is characterized as an encapsulated tumor with microscopic capsular invasion andwithout vascular invasion. 
e Also known as oxyphilic, oncocytic, or follicular carcinoma, oncocytic type.
f See Principles of TSH Suppression (THYR‑A).



HÜRT‑1



Invasive cancer 
(widely invasive 
or encapsulated 
angioinvasive 
with ≥4 vessels) 



Encapsulated 
angioinvasive 
with <4 vessels
or
Minimally invasive 
HCCd
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HÜRT‑2



See Consideration for Initial Postoperative 
RAI Therapy (HÜRT‑3)



f See Principles of TSH Suppression (THYR‑A).
g For bulky, locoregional, viscerally invasive disease or rapid progression, refer to high‑volume multidisciplinary institution, including radiation oncology referral.
h If considering dosimetry iodine‑131 is the preferred agent.
i See Principles of Radiation and RAI Therapy (THYR‑C).



POSTSURGICAL EVALUATION 



Gross 
residual 
disease 
in neck



Resectable



Unresectableg



Resect, if
possible



No gross 
residual disease



Gross residual 
 disease



• TSH + Tg measurement  
+ antithyroglobulin 
antibodies (6–12 wks 
postoperatively)



• Iodine‑123 or iodine‑
131h total body 
radioiodine imagingh 
(category 2B)



Suspected 
or proven 
inadequate 
RAI uptake



Monitoring of residual disease
or
Consider
EBRT/IMRT if disease is 
threatening vital structuresi



Adequate 
RAI uptake
or
No RAI 
imaging 
performed



• Radioiodine treatment (preferred)
• Post‑treatment iodine‑131 whole 



body imaging
• TSH‑stimulated Tg
• Consider EBRT/IMRTi



Cross‑
sectional 
CT or MRI 
of neck with 
contrast



For viscerally 
invasive disease or 
rapid progression, 
upfront EBRT/
IMRT may be most 
appropriatei



• TSH + Tg measurement  
+ antithyroglobulin antibodies 
(6–12 wks postoperatively)



• Iodine‑123 or iodine‑131h total 
body radioiodine imagingh 
(category 2B)



Suspected 
or proven 
inadequate 
RAI uptake



Adequate 
RAI uptake
or
No RAI 
imaging 
performed



Monitoring of 
residual disease 
or
Consider 
systemic therapy 
(HÜRT‑8)
• Radioiodine 



treatment 
(preferred)i



• Post‑treatment 
iodine‑131 whole 
body imaging



• TSH‑stimulated Tg



No gross residual 
disease in neck



• Suppress 
TSH with 
levothyroxinef



• See Disease 
Monitoring and 
Maintenance 
(HÜRT‑6)
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HÜRT‑3



CLINICOPATHOLOGIC FACTORSj



RAI not typically recommended (if all present):
• Largest primary tumor <2 cm
• Intrathyroidal
• No vascular invasion
• Clinical N0
• No detectable anti‑Tg antibodies
• Postoperative unstimulated Tg <1 ng/mLk
• Negative postoperative ultrasound, if donel



RAI not typically 
indicated
(See HÜRT‑6)



RAI being 
considered 
(See HÜRT‑4)



CONSIDERATION FOR INITIAL POSTOPERATIVE USE OF RAI 
AFTER TOTAL THYROIDECTOMY



Known or suspected distant metastases at presentation



RAI selectively recommended (if any present):
• Largest primary tumor 2–4 cm
• Minor vascular invasiond
• Cervical lymph node metastases
• Postoperative unstimulated Tg <5–10 ng/mLk
• Microscopic positive margins



RAI ablation is recommended when the 
combination of individual clinical factors (such as 
the size of the primary tumor, histology, degree 
of lymphatic invasion, lymph node metastases, 
postoperative thyroglobulin, and age at diagnosis) 
predicts a significant risk of recurrence, distant 
metastases, or disease-specific mortality.



RAI recommended (if any present):
• Gross extrathyroidal extension
• Primary tumor >4 cm
• Extensive vascular invasiond
• Postoperative unstimulated Tg >5–10 ng/Lk,m
• Bulky or >5 positive lymph nodes



Amenable to RAI (See HÜRT‑5)



Gross residual disease not amenable to RAI therapy See HÜRT‑8



d Minimally invasive HCC is characterized as an encapsulated tumor with 
microscopic capsular invasion and without vascular invasion.



j A majority of HCC are non–iodine‑avid, particularly for high‑risk disease that 
is negative on iodine‑123/iodine‑131 imaging. A negative post‑therapy scan, 
especially done without SPECT, will likely miss distant structural disease. If Tg is 
high and/or pathology is high risk, FDG‑PET is indicated.



k Tg values obtained 6–12 weeks after total thyroidectomy.
l If preoperative imaging incomplete, consider postoperative ultrasound including 



central and lateral neck components.



m  Additional cross‑sectional imaging (CT or MRI of the neck with contrast and 
chest CT with contrast) should be considered to rule out the presence of 
significant normal thyroid remnant or gross residual disease and to detect 
clinically significant distant metastases.



For general principles related to RAI 
therapy, see the Principles of Radiation 
and Radioactive Iodine Therapy 
(THYR‑C)
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HÜRT‑4



6–12 weeks 
post‑ 
thyroidectomy



Clinicopathologic 
findings prompting 
consideration for 
RAI, without gross 
residual disease 
or known distant 
metastasis 
(See HÜRT‑3)



• See Disease 
Monitoring and 
Maintenance 
(HÜRT‑6)



• Levothyroxine 
to appropriate 
TSH target (See 
THYR‑A)



RAI BEING CONSIDERED BASED ON CLINICOPATHOLOGIC FEATURES



i See Principles of Radiation and RAI Therapy (THYR‑C).
n Even in the absence of thyroid bed uptake RAI treatment may be considered. If higher than expected uptake (residual thyroid uptake or distant metastasis) change 



dose accordingly.
o A false‑negative pretreatment scan is possible and should not prevent the use of RAI if otherwise indicated.
q Alternatively, low‑dose iodine‑131 (1–3 mCi) may be used. 
r  While pre‑ablation diagnostic scans in this setting are commonly done at NCCN Member Institutions, the panel recommends (category 2B) selective use of pre‑ablation 



diagnostic scans based on pathology, postoperative Tg, intraoperative findings, and available imaging studies. Furthermore, dosimetry studies are considered in  
patients at high risk of having RAI‑avid distant metastasis. Empiric RAI doses may exceed maximum tolerable activity levels in patients with decreased GFR. Dialysis 
patients require special handling.



Consider 
pretreatment 
iodine‑123 whole 
body diagnostic 
imagingn,o with 
TSH stimulationi
(category 2B)q,r



Resect clinically 
significant 
structural 
disease if 
possible 



RAI therapy 
indicated 
based on 
pathology



RAI therapy not 
indicated based 
on pathology



• RAI therapy 
for remnant 
ablation or 
adjuvant 
therapyi



• Post‑treatment 
iodine‑131 
imaging 
(whole body 
RAI scan)i
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HÜRT‑5



KNOWN OR SUSPECTED DISTANT METASTATIC DISEASE



6–12 weeks  
post‑ 
thyroidectomy



Known or 
suspected 
distant 
metastases at 
presentation 
(See HÜRT‑3)



• Appropriate 
cross‑sectional 
imaging (CT or MRI 
with contrast) of 
known metastatic 
focis



• Resect clinically 
significant 
structural disease 
if possible



• See Disease 
Monitoring and 
Maintenance 
(HÜRT‑6)



• Levothyroxine 
to appropriate 
target (See 
THYR‑A)• Consider 



RAI adjuvant 
therapy



• Post‑treatment 
imaging (whole 
body RAI scan)



i See Principles of Radiation and RAI Therapy (THYR‑C).
r  While pre‑ablation diagnostic scans in this setting are commonly done at NCCN Member Institutions, the panel recommends (category 2B) selective use of pre‑ablation 



diagnostic scans based on pathology, postoperative Tg, intraoperative findings, and available imaging studies. Furthermore, dosimetry studies are considered in  
patients at high risk of having RAI‑avid distant metastasis. Empiric RAI doses may exceed maximum tolerable activity levels in patients with decreased GFR. Dialysis 
patients require special handling.



s To evaluate macroscopic metastatic foci for potential alterative therapies (such as surgical resection and/or external beam radiation) to prevent invasion/compression. 
t Thyrotropin alfa may be used for elderly patients for whom prolonged hypothyroidism may be risky.



• RAI therapy 
• Post‑treatment  



imaging (whole 
body RAI scan)



6 weeks following 
cross‑sectional 
imaging:
• Consider 24‑hour 



urine iodine
• Pretreatment 



radioiodine 
diagnostic imaging 
(iodine‑123 or 
iodine‑131) with 
TSH stimulationi,r,t



Confirmed 
radioiodine‑
avid tumor
or
Thyroid 
remnant 
uptake only



No uptake
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u A subgroup of low‑risk patients may only require an ultrasound if there is a reasonable suspicion for recurrence. 
v In selected patients who may be at higher risk for residual/recurrent disease (eg, N1 patients), obtain a stimulated Tg and consider concomitant diagnostic RAI imaging.
w See NCCN Guidelines for Survivorship.



• Physical examination, TSH and Tg measurement 
+ antithyroglobulin antibodies at 6 and 12 mo, then 
annually if disease‑free



• Periodic neck ultrasoundu 
• Consider TSH‑stimulated or TSH‑unstimulated 



Tg measurements using an ultrasensitive 
assay in patients previously treated with RAI 
and with negative TSH‑suppressed Tg and 
anti‑thyroglobulin antibodiesv



• Consider TSH‑stimulated radioiodine whole 
body imaging in high‑risk patients, patients with 
previous RAI‑avid metastases, or patients with 
abnormal Tg levels (either TSH‑suppressed or 
TSH‑stimulated), stable or rising antithyroglobulin 
antibodies, or abnormal ultrasound during 
surveillance



MANAGEMENT



NED



Long‑term disease monitoringw
• Patients treated with iodine‑131 ablation, with 



a negative ultrasound, stimulated Tg <2 ng/mL 
(with negative antithyroglobulin antibodies), 
and negative RAI imaging (if performed) may 
be followed by unstimulated thyroglobulin 
annually and by periodic neck ultrasound. 
TSH‑stimulated testing, or other imaging (CT 
or MRI with contrast) as clinically appropriate, 
may be considered if clinical suggestion of 
recurrent disease.



Abnormal
findings



Additional workup
If iodine‑131 imaging negative and stimulated 
Tg >2–5 ng/mL, consider additional 
nonradioiodine imaging (eg, central and lateral 
neck compartments ultrasound, neck CT with 
contrast, chest CT with contrast, PET/CT) 



Recurrent 
disease  
(See HÜRT‑7)



Recurrent 
disease  
(See HÜRT‑7)
or
Metastatic 
disease  
(See HÜRT‑8)



FINDINGS



HÜRT‑6



DISEASE MONITORING AND 
MAINTENANCE
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HÜRT‑7



• Stimulated Tg 1–10 ng/mL 
and negative imaging



• Non‑resectable tumors
• Non‑radioiodine responsivex



Suppress TSH with levothyroxinef



Locoregional 
recurrence



Surgery (preferred) if resectableaa
and/or 
Radioiodine treatment,i if radioiodine imaging positive 
or
Disease monitoring for non‑progressive disease that is stable and distant from critical structures
or
For select patients with unresectable, non–radioiodine‑avid, and progressive disease, consider: 
�EBRT (IMRT/SBRT)i 



and/or
�Systemic therapies (See Treatment of Metastatic Disease HÜRT‑8)



or
For select patients with limited burden nodal disease, consider local therapies when available (eg, ethanol 
ablation, RFA)



Metastatic disease



RAI therapy for iodine‑avid diseasei
and/or
Local therapies when availablebb
and/or
See HÜRT‑8 if not amenable to RAI



RECURRENT DISEASE



f See Principles of TSH Suppression (THYR‑A).
i See Principles of Radiation and RAI Therapy (THYR‑C).



x  Generally, a tumor is considered iodine‑responsive if follow‑up iodine‑123 or 
low‑dose iodine‑131 (1–3 mCi) whole body diagnostic imaging done 6–12 mo 
after iodine‑131 treatment is negative or shows decreasing uptake compared to 
pre‑treatment scans. It is recommended to use the same preparation and imaging 
method employed for the pre‑treatment scan and therapy. Favorable response 
to iodine‑131 treatment is additionally assessed through change in volume of 
known iodine‑concentrated lesions by CT/MRI, and by decreasing unstimulated 
or stimulated thyroglobulin levels. 



z The administered activity of RAI therapy should be adjusted for pediatric patients. 
See Principles of Radiation and RAI Therapy (THYR‑C).



aa Preoperative vocal cord assessment, if central neck recurrence.
bb Ethanol ablation, cryoablation, RFA, etc.



Continue surveillance with unstimulated Tg,
ultrasound, and other imaging as clinically indicated (See HÜRT‑6)



• Progressively rising Tg 
(basal or stimulated)



• Scans (including PET) 
negative 



Consider radioiodine therapy with ≥100 mCiz
and 
Post‑treatment iodine‑131 imaging (category 3); additional RAI treatments should be limited to patients 
who responded to previous RAI therapy (minimum of 6–12 months between RAI treatments)



Consider 
preoperative 
iodine total 
body scan
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HÜRT‑8



Unresectable 
locoregional 
recurrent/
persistent disease



or



Soft tissue 
metastases 
(eg, lung, liver, 
muscle) excluding 
CNS metastases 
(see below)



CNS metastases



TREATMENT OF LOCALLY RECURRENT, ADVANCED, AND/OR METASTATIC DISEASE NOT AMENABLE TO RAI THERAPY
• Consider systemic therapy
�For progressive and/or symptomatic disease, consider 



lenvatinib (preferred)bb or sorafenib.dd,ee
�Larotrectinib or entrectinib for patients with NTRK gene 



fusion‑positive advanced solid tumors.
�Selpercatinib for patients with RET‑fusion positive tumors
�Pembrolizumab for patients with TMB-H (≥10 mut/Mb) tumors
�Other therapies are available and can be considered for 



progressive and/or symptomatic disease if clinical trials or 
other systemic therapies are not available or appropriate.ff,gg



• Consider resection of distant metastases and/or EBRT (SBRT/
IMRT)i/other local therapiesbb when available to metastatic 
lesions if progressive and/or symptomatic. (For locoregional 
disease, see HÜRT‑7)



• Disease monitoring is often appropriate in asymptomatic 
patients with indolent disease assuming no brain metastasis.ee 
(HÜRT‑6)



• Best supportive care (See NCCN Guidelines for Palliative Care)



f See Principles of TSH Suppression (THYR‑A).
i See Principles of Radiation and RAI Therapy (THYR‑C).
bb Ethanol ablation, cryoablation, RFA, etc.
cc  In a subset of patients (older than 65 years of age), lenvatinib showed an 



overall survival benefit compared to placebo. Brose MS, et al. J Clin Oncol 
2017;35:2692‑2699.



dd  The decision of whether to use lenvatinib (preferred) or sorafenib should 
be individualized for each patient based on likelihood of response and 
comorbidities.



ee  Kinase inhibitor therapy may not be approriate for patients with stable or 
slowly progressive indolent disease. See Principles of Kinase Inhibitor Therapy 
(THYR‑B).



ff  Commercially available small‑molecule kinase inhibitors (such as axitinib, 
everolimus, pazopanib, sunitinib, vandetanib, vemurafenib [BRAF positive], 
dabrafenib [BRAF positive], or cabozantinib [all are category 2A]) can be 
considered if clinical trials are not available or appropriate. 



gg  Cytotoxic chemotherapy has been shown to have minimal efficacy, although 
most studies were small and underpowered. 



Structurally 
persistent/recurrent 
locoregional or 
distant metastatic 
disease not 
amenable to RAI 
therapy



Bone metastases See HÜRT‑9



See HÜRT‑9



• Continue to suppress 
TSH with levothyroxinef



• For advanced, 
progressive, or 
threatening disease, 
genomic testing to 
identify actionable 
mutations (including 
NTRK and RET gene 
fusions) and tumor 
mutational burden 
(TMB)



• Consider clinical trial
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HÜRT‑9



TREATMENT OF METASTATIC DISEASE NOT AMENABLE TO RAI THERAPYhh



CNS metastases



bb Ethanol ablation, cryoablation, RFA, etc.
dd  The decision of whether to use lenvatinib (preferred) or sorafenib should be individualized for 



each patient based on likelihood of response and comorbidities.
ee  Kinase inhibitor therapy may not be appropriate for patients with stable or slowly progressive 



indolent disease. See Principles of Kinase Inhibitor Therapy (THYR‑B).
ff  Commercially available small‑molecule kinase inhibitors (such as axitinib, everolimus, 



pazopanib, sunitinib, vandetanib, vemurafenib [BRAF positive], dabrafenib [BRAF positive], 
or cabozantinib [all are category 2A]) can be considered if clinical trials are not available or 
appropriate.



gg  Cytotoxic chemotherapy has been shown to have minimal efficacy, although most studies were 
small and underpowered.



hh  RAI therapy is an option in some patients with bone metastases and RAI‑sensitive disease.
ii  Denosumab and intravenous bisphosphonates can be associated with severe hypocalcemia; 



patients with hypoparathyroidism and vitamin D deficiency are at increased risk of hypocalcemia.
jj  After consultation with neurosurgery and radiation oncology; data on the efficacy of lenvatinib or 



sorafenib for patients with brain metastases have not been established.
kk  TKI therapy should be used with caution in otherwise untreated CNS metastases due to 



bleeding risk.



• For solitary CNS lesions, either neurosurgical resection or stereotactic radiosurgery is preferred 
or



• For multiple CNS lesions, consider radiotherapy, including image‑guided radiotherapy, and/or resection in 
select cases 
and/or



• Consider systemic therapy
�For progressive and/or symptomatic disease, consider lenvatinib (preferred) or sorafenibdd,jj,kk 



and/or
�Larotrectinib or entrectinib for patients with NTRK gene fusion‑positive advanced solid tumors 
�Selpercatinib for patients with RET‑fusion positive tumors
�Pembrolizumab for patients with TMB-H (≥10 mut/Mb) tumors 



and/or
�Other therapies are available and can be considered for progressive and/or symptomatic disease if clinical 



trials or other systemic therapies are not available or appropriate.ee,ff,gg,jj
• Best supportive care (See NCCN Guidelines for Palliative Care)



• Consider surgical palliation and/or EBRT/SBRT/other local therapiesbb when available if symptomatic, or 
asymptomatic in weight‑bearing sites. Embolization prior to surgical resection of bone metastases should be 
considered to reduce the risk of hemorrhage.



• Consider embolization or other interventional procedures as alternatives to surgical resection/EBRT/IMRT in 
select cases.



• Consider intravenous bisphosphonate or denosumab.ii
• Disease monitoring may be appropriate in asymptomatic patients with indolent disease.ee (HÜRT‑6)
• Consider systemic therapy
�For progressive and/or symptomatic disease, consider lenvatinib (preferred) or sorafenib.dd
�Larotrectinib or entrectinib for patients with NTRK gene fusion‑positive advanced solid tumors.
�Selpercatinib for patients with RET‑fusion positive tumors
�Pembrolizumab for patients with TMB-H (≥10 mut/Mb) tumors
�Other therapies are available and can be considered for progressive and/or symptomatic disease if clinical 



trials or other systemic therapies are not available or appropriate.ee,ff,gg
• Best supportive care (See NCCN Guidelines for Palliative Care)



Bone metastases
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MEDU‑1



CLINICAL
PRESENTATION



PRIMARY TREATMENT



Medullary 
thyroid 
carcinoma 
on FNA



Medullary thyroid 
carcinoma diagnosed 
after initial thyroid surgery



Germline mutation of 
RET proto‑oncogenea,b



a In view of the risks of thyroidectomy in very young children, referral to a surgeon 
and team experienced in pediatric thyroid surgery is advised.



b Evidence of pheochromocytoma should be evaluated and addressed 
appropriately before proceeding to the next step on the pathway.



c Germline mutation should prompt specific mutation testing in subsequent family 
members and genetic counseling.



d Vocal cord mobility may be examined in patients with abnormal voice, surgical 
history involving the recurrent laryngeal or vagus nerves, invasive disease, or 
bulky disease of the central neck. 



e Having distant metastases does not mean that surgery is contraindicated.
f Imaging may be indicated based on high burden of disease, calcitonin  



>400 pg/mL, or elevated CEA levels.



• Basal serum calcitonin level
• CEA
• Pheochromocytoma screeningb
• Serum calcium
• Consider genetic counseling 
• Screen for germline RET proto‑oncogene 



mutationsc (exons 10, 11, 13–16)
• Thyroid and neck ultrasound (including 



central and lateral compartments), if not 
previously done



• Consider evaluation of vocal cord mobility 
(ultrasound, mirror indirect laryngoscopy, 
or fiberoptic laryngoscopy)d



• Additional cross‑sectional imaging as 
indicated:f
�Consider contrast‑enhanced CT of neck/



chest and liver MRI or 3‑phase CT of 
livere,f
�Consider Ga‑68 DOTATATE  



PET/CT; if not available consider bone 
scan and/or skeletal MRI



• Total thyroidectomy with bilateral central neck 
dissection (level VI)



• Therapeutic ipsilateral or bilateral modified 
neck dissection for clinically or radiologically 
identifiable disease (levels II–V)



• Consider prophylactic ipsilateral modified neck 
dissection for high‑volume or gross disease in 
the adjacent central neck



• Consider therapeutic EBRT/IMRT for grossly 
incomplete tumor resection when additional 
attempts at surgical resection have been ruled out



• Adjuvant EBRT/IMRT is rarely recommended 
• Postoperative administration of levothyroxine to 



normalize TSH



<1.0 cm in 
diameter 
and 
unilateral 
thyroid 
disease



Total thyroidectomy and consider 
neck dissection (level VI)



See 
Management 
2–3 Months 
Postoperative 
(MEDU‑5)



≥1.0 cm in 
diameter 
or bilateral 
thyroid 
disease



See Additional Workup and 
Management (MEDU‑2)



See Additional Workup and 
Primary Treatment (MEDU‑3)



DIAGNOSTIC PROCEDURES



Printed by Alexander Newman on 1/27/2021 2:08:24 PM. For personal use only. Not approved for distribution. Copyright © 2021 National Comprehensive Cancer Network, Inc., All Rights Reserved.





https://www.nccn.org/professionals/physician_gls/default.aspx








Version 2.2020, 07/15/20 © 2020 National Comprehensive Cancer Network® (NCCN®), All rights reserved. NCCN Guidelines® and this illustration may not be reproduced in any form without the express written permission of NCCN.



Note: All recommendations are category 2A unless otherwise indicated.
Clinical Trials: NCCN believes that the best management of any patient with cancer is in a clinical trial. Participation in clinical trials is especially encouraged.



NCCN Guidelines Version 2.2020
Thyroid Carcinoma – Medullary Carcinoma



NCCN Guidelines Index
Table of Contents



Discussion



MEDU‑2



CLINICAL
PRESENTATION



ADDITIONAL WORKUP MANAGEMENT



Medullary thyroid 
carcinoma 
diagnosed after 
initial thyroid 
surgeryg



• Basal serum calcitonin level
• CEA
• Screen for germline RET proto‑oncogene 



mutationsc,h (exons 10, 11, 13–16) with 
genetic counseling



• Central and lateral neck compartments 
ultrasound, if not previously done



Germline RET 
mutation identified



Germline RET mutation 
not identified



See Additional Workup 
and Primary Treatment 
(MEDU‑3)



See Management 2–3 
Months Postoperative 
(MEDU‑5)



c Germline mutation should prompt specific mutation testing in subsequent family members and genetic counseling.
g If initial thyroid surgery was less than a total thyroidectomy, additional surgical intervention (eg, completion thyroidectomy ± central neck dissection) may not be 



necessary unless there is a positive germline RET mutation or radiographic evidence of disease (ie, biopsy‑proven residual neck disease).
h Prior to germline testing, all patients should be offered genetic counseling either by their physician or a genetic counselor.
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MEDU‑3



CLINICAL PRESENTATION ADDITIONAL WORKUP PRIMARY TREATMENT



Germline 
mutation of 
RET proto‑
oncogenea,c



Multiple endocrine 
neoplasia (MEN2B)
(RET mutations)i



MEN2A/Familial medullary 
thyroid carcinoma (FMTC) 
(RET mutations)i



• Basal serum 
calcitonin levelj



• CEA
• Pheochromocytoma 



screeningb,k
• Central and lateral 



neck compartments 
ultrasound,l if not 
previously done



• Neck CT with contrast



• Basal serum calcitonin levelj
• CEA
• Pheochromocytoma screeningb,k
• Serum calcium + parathyroid hormone (PTH)
• Central and lateral neck compartments 



ultrasound,l if not previously done
• Neck CT with contrast



• Total thyroidectomy during the first year of 
life or at diagnosisa



• Therapeutic neck dissection as indicated; 
consider prophylactic bilateral central neck 
dissection (level VI)



• Consider more extensive node dissection 
(levels II–V) if tumor(s) >0.5 cm in diameter 



• Postoperative administration of 
levothyroxine to normalize TSH



See 
Management 
2–3 Months 
Postoperative 
(MEDU‑5)



See Primary 
Treatment 
(MEDU‑4)



a In view of the risks of thyroidectomy in very young children, referral to a surgeon and team experienced in pediatric thyroid surgery is advised.
b Evidence of pheochromocytoma should be evaluated and treated appropriately before proceeding to the next step on the pathway.
c Germline mutation should prompt specific mutation testing in subsequent family members and genetic counseling.
i The timing of prophylactic thyroidectomy generally depends on the aggressiveness of the inherited RET mutation. Codon M918T mutations are considered highest 



risk and codon 634 and A883F mutations are considered high risk, with MTC usually presenting at a younger age, whereas other RET mutations associated with 
MEN2A or FMTC are generally moderate risk. Prophylactic thyroidectomy may be delayed in patients with less high‑risk RET mutations that have later onset of MTC, 
provided the annual basal calcitonin measurement is normal, the annual ultrasound is unremarkable, there is no history of aggressive MTC in the family, and the family 
is in agreement. (Brandi ML, et al. J Clin Endocrinol Metab 2001;86(12):5658‑5671 and American Thyroid Association Guidelines Task Force. Wells SA, et al. Thyroid 
2015;25(6):567‑610.)



j Normal calcitonin ranges have not been established for very young children.
k Screening for pheochromocytoma (MEN2A and MEN2B) and hyperparathyroidism (MEN2A) should be performed annually. For some RET mutations (codons 768, 



790, 804, or 891), less frequent screening may be appropriate.
l In addition to ultrasound, parathyroid imaging may include sestamibi scan with SPECT or 4D‑CT depending on institutional practice/protocol.
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MEDU‑4



CLINICAL PRESENTATION PRIMARY TREATMENT



MEN2A/FMTC
(RET mutations)a,c,i



Measure 
serum
calcium 
± PTH 



No primary 
hyperparathyroidism



Primary 
hyperparathyroidism



• Total thyroidectomy by age 5a,i or when mutation identifieda  
(if mutation identified at older age)



• Therapeutic ipsilateral or bilateral central neck dissection  
(level VI) if elevated calcitoninm or CEA test or ultrasound 
identified thyroid or nodal abnormality



• Consider prophylactic ipsilateral modified neck dissection if there 
is high‑volume or gross disease in the adjacent central neck



• Consider more extensive lymph node dissection (levels II–V) if 
tumor(s) >1.0 cm or central node(s) positive



• Postoperative administration of levothyroxine to normalize TSH



See 
Management 
2–3 Months 
Postoperative 
(MEDU‑5)



• See Primary Treatment as outlined above
• During primary operative procedure and parathyroid 



exploration:
�If single adenoma, excise
�If multiglandular disease, autotransplant or leave the 



equivalent mass of one normal parathyroid gland
�Consider cryopreservation of parathyroid tissue



See 
Management 
2–3 Months 
Postoperative 
(MEDU‑5)



a In view of the risks of thyroidectomy in very young children, referral to a surgeon and team experienced in pediatric thyroid surgery is advised.
c Germline mutation should prompt specific mutation testing in subsequent family members and genetic counseling.
i The timing of prophylactic thyroidectomy generally depends on the aggressiveness of the inherited RET mutation. Codon M918T mutations are considered highest 



risk and codon 634 and A883F mutations are considered high risk, with MTC usually presenting at a younger age, whereas other RET mutations associated with 
MEN2A or FMTC are generally moderate risk. Prophylactic thyroidectomy may be delayed in patients with less high‑risk RET mutations that have later onset of MTC, 
provided the annual basal calcitonin measurement is normal, the annual ultrasound is unremarkable, there is no history of aggressive MTC in the family, and the family 
is in agreement. (Brandi ML, et al. J Clin Endocrinol Metab 2001;86:5658‑5671 and American Thyroid Association Guidelines Task Force. Wells SA, et al. Thyroid 
2015;25:567‑610.)



m  Prophylactic neck dissection may not be required if serum calcitonin is less than 40 ng/mL, because lymph node metastases are unlikely with minor calcitonin 
elevations in this setting. 
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MEDU‑5



MANAGEMENT 2–3 MONTHS 
POSTOPERATIVE



DISEASE MONITORINGo



• Basal  
calcitonin



• CEA



Detectable 
basal 
calcitonin 
or 
Elevated
CEA



Basal 
calcitonin 
undetectable 
and
CEA within 
reference 
rangen



• Neck ultrasound
• If calcitonin ≥150 



pg/mL, CT with 
contrast of neck, 
liver, and chest



• Consider bone 
scan and MRI of 
axial skeleton in 
patients with very 
elevated calcitonin 
levels



Disease monitoring



Imaging 
positive or 
symptomatic 
disease



Imaging 
negative and 
asymptomatic



• Serum calcitonin, CEA every 
6–12 mo



• Additional studies or more 
frequent testing based on 
calcitonin/CEA doubling time 
�FDG PET/CT or Ga‑68 



DOTATATE or MRI with 
contrast of the neck, chest, 
abdomen with liver protocol



• No additional imaging required 
if calcitonin and CEA stable



• Annual serum calcitonin, CEA
• Consider central and lateral  



neck compartments ultrasound
• Additional studies or more 



frequent testing if significantly 
rising calcitonin or CEA



• No additional imaging required 
if calcitonin and CEA stable



• For MEN2B or MEN2A, annual 
biochemical screenings for 
pheochromocytoma and 
hyperparathyroidism (MEN2A)p



Positive
result



Negative
result



Positive
result



Negative
result



See Recurrent or 
Persistent Disease 
(MEDU‑6 and 
MEDU‑7)



Continue disease 
monitoring 
or
Consider cervical 
reoperation, if 
primary surgery 
incomplete 



See Recurrent or 
Persistent Disease 
(MEDU‑6 and 
MEDU‑7)



Continue 
disease 
monitoring



n The likelihood of significant residual disease with an undetectable basal calcitonin is very low.
o See NCCN Guidelines for Survivorship.
p See page PHEO‑1 from the NCCN Guidelines for Neuroendocrine and Adrenal Tumors.
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MEDU‑6



RECURRENT OR PERSISTENT DISEASE
LOCOREGIONAL DISEASE



Locoregional
Recurrent or 
Persistent Disease;
Distant Metastases
(See MEDU‑7)



q Increasing tumor markers, in the absence of structural disease progression, are not an indication for treatment with systemic therapy. 
r Only health care professionals and pharmacies certified through the vandetanib Risk Evaluation and Mitigation Strategy (REMS) program, a restricted distribution 



program, will be able to prescribe and dispense the drug.
s Genomic testing including tumor mutational burden (TMB) or RET somatic genotyping in patients who are germline wild‑type or germline unknown.
t Kinase inhibitor therapy may not be appropriate for patients with stable or slowly progressive indolent disease. See Principles of Kinase Inhibitor Therapy in Advanced 



Thyroid Carcinoma (THYR‑B).
u Treatment with systemic therapy is not recommended for increasing calcitonin/CEA alone.



TREATMENT



• Surgical resection is the preferred treatment modality 
• EBRT/IMRT can be considered for unresectable disease 



or, less commonly, after surgical resection
• Consider systemic therapyq for unresectable disease 



that is symptomatic or progressing by RECIST criteriat,u
�Preferred Regimens



 ◊ Vandetanibr (category 1)
 ◊ Cabozantinib (category 1)
 ◊ Selpercatinib (RET mutation‑positive)s 



�Useful in Certain Circumstances
 ◊ Pembrolizumab (TMB-H [≥10 mut/Mb])s



• Disease monitoring
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MEDU‑7



RECURRENT OR PERSISTENT DISEASE
DISTANT METASTASES



Asymptomatic
disease



Symptomatic disease
or
progressiont



• Systemic therapy or clinical trial
�Preferred Regimens



 ◊ Vandetanib (category 1)v
 ◊ Cabozantinib (category 1)v
 ◊ Selpercatinib (RET mutation‑positive)s



�Other Recommended Regimens
 ◊ Consider other small‑molecule kinase inhibitorsw
 ◊ Dacarbazine (DTIC)‑based chemotherapyx



�Useful in Certain Circumstances
 ◊ Pembrolizumab (TMB-H [≥10 mut/Mb])s



• EBRT/IMRT for local symptoms
• Consider intravenous bisphosphonate or denosumaby therapy for bone metastases 
• Consider palliative resection, ablation (eg, RFA, embolization, 



other regional therapy), or other regional treatment
• Best supportive care



Progressive disease,
see pathway below



q Increasing tumor markers, in the absence of structural disease progression, are not an 
indication for treatment with systemic therapy. 



r Only health care professionals and pharmacies certified through the vandetanib REMS 
program, a restricted distribution program, will be able to prescribe and dispense the drug.



s Genomic testing including tumor mutational burden (TMB) or RET somatic genotyping in 
patients who are germline wild‑type or germline unknown.



t Kinase inhibitor therapy may not be appropriate for patients with stable or slowly 
progressive indolent disease. See Principles of Kinase Inhibitor Therapy in Advanced 
Thyroid Carcinoma (THYR‑B).



u Treatment with systemic therapy is not recommended for increasing calcitonin/CEA alone.



v Clinical benefit can be seen in both sporadic and familial MTC.
w  While not FDA approved for treatment of medullary thyroid cancer, other commercially 



available small‑molecule kinase inhibitors (such as sorafenib, sunitinib, lenvatinib, or 
pazopanib) can be considered if clinical trials or preferred systemic therapy options are not 
available or appropriate, or if the patient progresses on  preferred systemic therapy options



x Doxorubicin/streptozocin alternating with fluorouracil/dacarbazine or fluorouracil/
dacarbazine alternating with fluorouracil/streptozocin.



y Denosumab and intravenous bisphosphonates can be associated with severe 
hypocalcemia; patients with hypoparathyroidism and vitamin D deficiency are at increased 
risk.



• Disease monitoring
• Consider resection (if possible), ablation (eg, RFA, embolization, other 



regional therapy)
• Systemic therapyq if not resectable and progressing by RECIST criteriat,u
�Preferred Regimens



 ◊ Vandetanibr (category 1) 
 ◊ Cabozantinib (category 1)
 ◊ Selpercatinib (RET mutation‑positive)s



�Useful in Certain Circumstances
 ◊ Pembrolizumab (TMB-H [≥10 mut/Mb])s
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FNA OR CORE
BIOPSY 
FINDINGa



DIAGNOSTIC 
PROCEDURES



Anaplastic
thyroid
carcinoma
(ATC)



• CBC with differential
• Comprehensive 



chemistry
• TSH
• Neck ultrasound
• CT with contrast of 



head, neck, chest, 
abdomen, pelvis 



• Laryngoscopy, 
including evaluation 
of vocal cord mobility



• FDG PET/CT (skull 
base to mid‑thigh)



• In case of 
airway invasion, 
bronchoscopy



• Molecular testing for 
actionable mutationsb



ESTABLISH 
GOALS OF 
THERAPYc



• Expedient 
consultation with 
multidisciplinary 
management team



• Discuss prognosis
• Discuss risks/



benefits of 
treatment options



• Discuss palliative 
care options



a Consider core or open biopsy if FNA is “suspicious” for ATC or is not definitive. Morphologic diagnosis combined with immunohistochemistry is necessary in order to 
exclude other entities such as poorly differentiated thyroid cancer, medullary thyroid cancer, squamous cell carcinoma, and lymphoma.



b Molecular testing should include BRAF, NTRK, ALK, RET, and tumor mutational burden.
c Preoperative evaluations need to be completed as quickly as possible and involve integrated decision‑making in a multidisciplinary team and with the patient. Consider 



referral to multidisciplinary high‑volume center with expertise in treating ATC.
d See Staging (ST‑1).
e Resectability for locoregional disease depends on extent of involved structures, potential morbidity, and mortality associated with resection. In most cases, there is no 



indication for a debulking surgery. See Staging (ST‑1) for definitions of R0/R1/R2.
f See Adjuvant/Radiosensitizing Chemotherapy Regimens for Anaplastic Thyroid Carcinoma (ANAP‑A [1 of 2]).



STAGEd R0/R1 
resectione
achieved 
(usually as 
incidentally 
discovered, 
very small 
ATC)



Incomplete  
(R2 resection)



Adjuvant EBRT/
IMRT 
with 
radiosensitizing 
chemotherapyf 
when clinically 
appropriate



EBRT/
IMRT with 
chemotherapyf 
when clinically 
appropriate



Surgery 
can be 
reconsidered 
after 
neoadjuvant 
therapy 
depending 
on response



Stage IVC
(metastatic 
disease)c



See ANAP‑2



ANAP‑1



Stage IVA  
or IVBa,c
(locoregional 
disease)



Total 
thyroidectomy 
with therapeutic 
lymph node 
dissection



Resectable



Unresectablee



See Disease 
Monitoring and 
Management on 
ANAP‑2
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METASTATIC 
DISEASE



Stage 
IVCd



Aggressive therapy



Palliative care



• Total thyroidectomy with 
therapeutic lymph node 
dissection if resectable 
(R0/R1)



• Locoregional radiation 
therapy



• Systemic therapy  
(See ANAP-A [2 of 3])
�Molecular testing for 



actionable mutationsg  
if not previously doneb



• Consider clinical trial



• Palliative locoregional 
radiation therapy



• Local lesion control with 
surgery or radiation 
(eg, bone,h brain 
metastases)



• See NCCN Guidelines 
for Central Nervous 
System Cancers



• Best supportive care



b Molecular testing should include BRAF, NTRK, ALK, RET, and tumor mutational burden.
d See Staging (ST‑1).
g Consider dabrafenib/trametinib if BRAF V600E mutation positive [Subbiah V, et al. J Clin Oncol 2018;36(1):7‑13]; larotrectinib or entrectinib if NTRK gene fusion 



positive [Drilon A, et al. N Engl J Med 2018;378(8):731‑739; Doebele RC, et al. Lancet Oncol 2020;21:271‑282]; selpercatinib if RET fusion positive (Wirth L, et 
al. Presented at the Annual Meeting of the European Society for Medical Oncology in Barcelona, Spain; September 27‑October 1, 2019. Oral presentation.) or 
pembrolizumab for TMB‑H (Marabelle A, et al. Presented at the Annual Meeting of ESMO in Barcelona, Spain; September 30, 2019).



h Consider use of intravenous bisphosphonates or denosumab. Denosumab and intravenous bisphosphonates can be associated with severe hypocalcemia; patients 
with hypoparathyroidism and vitamin D deficiency are at increased risk. 



i See Systemic Therapy Regimens for Metastatic Disease (ANAP‑A [2 of 2]).



DISEASE MONITORING AND MANAGEMENT



• Cross‑sectional imaging 
(CT or MRI with contrast) 
of brain, neck, chest, 
abdomen, and pelvis 
at frequent intervals as 
clinically indicated



• Consider FDG PET/CT 3–6 
months after initial therapy



• Continued disease 
monitoring if NED



• Palliative locoregional 
radiation therapy



• Local lesion control (eg, 
bone,h brain metastases)



• Second‑line systemic 
therapyi or clinical trial



• See NCCN Guidelines for 
Palliative Care



• Best supportive care



TREATMENT
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1 Adapted with permission from Mary Ann Liebert, Inc., Smallridge RC, et al. American Thyroid Association guidelines for management of patients with anaplastic thyroid 
cancer. Thyroid 2012;22:1124. 



Adjuvant/Radiosensitizing Chemotherapy Regimens1



Other Recommended Regimens



Paclitaxel/carboplatin Paclitaxel 50 mg/m2, carboplatin AUC 2 IV Weekly



Docetaxel/doxorubicin
Docetaxel 60 mg/m2 IV, doxorubicin 60 mg/m2 IV (with pegfilgrastim) 
or
Docetaxel 20 mg/m2 IV, doxorubicin 20 mg/m2 IV



Every 3–4 weeks 



Weekly



Paclitaxel 30–60 mg/m2 IV Weekly



Cisplatin 30–40 mg/m2 IV Weekly



Doxorubicin
60 mg/m2 IV
or
20 mg/m2 IV



Every 3 weeks



Weekly
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For Systemic Therapies for Metastatic Disease see ANAP‑A (2 of 3).



SYSTEMIC THERAPY
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Paclitaxel/carboplatin1
Paclitaxel 60–100 mg/m2, carboplatin AUC 2 IV
or
Paclitaxel 135–175 mg/m2, carboplatin AUC 5–6 IV



Weekly



Every 3–4 weeks



Docetaxel/doxorubicin1
Docetaxel 60 mg/m2 IV, doxorubicin 60 mg/m2 IV (with pegfilgrastim) 
or
Docetaxel 20 mg/m2 IV, doxorubicin 20 mg/m2 IV



Every 3–4 weeks 



Weekly



Paclitaxel1
60–90 mg/m2 IV
or
135–200 mg/m2 IV



Weekly



Every 3–4 weeks



Doxorubicin1
60–75 mg/m2 IV
or
20 mg/m2 IV



Every 3 weeks



Weekly
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SYSTEMIC THERAPY
Systemic Therapy Regimens for Metastatic Disease



Preferred Regimens



Dabrafenib/trametinib2
(BRAF V600E mutation positive)



Dabrafenib 150 mg PO
and
Trametinib 2 mg PO



Twice daily



Once daily
Larotrectinib3
(NTRK gene fusion positive) 100 mg PO Twice daily



Entrectinib4
(NTRK gene fusion positive) 600 mg PO Once daily



Selpercatinib5 
(RET‑fusion positive)



120 mg PO (< 50 kg)
or
160 mg PO (≥ 50 kg)



Twice daily



Other Recommended Regimens



Useful in Certain Circumstances
Lenvatinib6
(if not tolerating or no response to recommended 
agents in patients without curative option)



24 mg PO Daily



Pembrolizumab7
(TMB-H [≥10 mut/Mb])



200mg IV
or
400mg IV



Every 3 weeks



Every 6 weeks



References
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1 Adapted with permission from Mary Ann Liebert, Inc., Smallridge RC, et al. American Thyroid Association guidelines for management of patients with anaplastic thyroid 
cancer. Thyroid 2012;22:1121. 



2 Subbiah V, et al. Dabrafenib and trametinib treatment in patients with locally advanced or metastatic BRAF V600‑mutant anaplastic thyroid cancer. J Clin Oncol 
2018;36(1):7‑13.



3 Drilon A, et al. Efficacy of larotrectinib in TRK fusion‑positive cancers in adults and children. N Engl J Med 2018;378(8):731‑739.
4 Doebele RC, et al. Entrectinib in patients with advanced or metastatic NTRK fusion‑positive solid tumours: integrated analysis of three phase 1‑2 trials. Lancet Oncol 



2020;21:271‑282. 
5 Wirth L, et al. Registrational results of LIBRETTO‑001: a phase 1/2 trial of selpercatinib (LOXO‑292) in patients with RET‑altered thyroid cancers. Presented at the 



Annual Meeting of the European Society for Medical Oncology in Barcelona, Spain; September 27‑October 1, 2019. Oral presentation. 
6 Tahara M, et al. Lenvatinib for anaplastic thyroid cancer. Front Oncol 2017;7:25.
7 Marabelle A, et al. Association of tumor mutational burden with outcomes in patients with select advanced solid tumors treated with pembrolizumab in KEYNOTE‑158. 



Presented at the Annual Meeting of ESMO in Barcelona, Spain; September 30, 2019.
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PRINCIPLES OF THYROID‑STIMULATING HORMONE (TSH) SUPPRESSION



• Because TSH is a trophic hormone that can stimulate the growth of cells derived from thyroid follicular epithelium, the use of levothyroxine 
to maintain low TSH levels is considered optimal in treatment of patients with papillary, follicular, or Hürthle cell carcinoma. However, data 
are lacking to permit precise specification of the appropriate serum levels of TSH.  
�In general, patients with known structural residual carcinoma or at high risk for recurrence should have TSH levels maintained below 0.1 



mU/L, whereas disease‑free patients at low risk for recurrence should have TSH levels maintained either slightly below or slightly above the 
lower limit of the reference range.  
�For low‑risk patients with biochemical evidence but no structural evidence of disease (eg, Tg positive, but imaging negative), maintain TSH 



levels at 0.1–0.5 mU/L. 



• Patients who remain disease free for several years can probably have their TSH levels maintained within the reference range (0.5–2 mU/L).  
�Given the potential toxicities associated with TSH‑suppressive doses of levothyroxine—including cardiac tachyarrhythmias (especially in 



the elderly) and bone demineralization (particularly in post‑menopausal women) as well as frank symptoms of thyrotoxicosis—the risks 
and benefits of TSH-suppressive therapy must be balanced for each individual patient.  
�Patients whose TSH levels are chronically suppressed should be counseled to ensure adequate daily intake of calcium (1200 mg/day) and 



vitamin D (1000 units/day).



THYR‑A
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PRINCIPLES OF KINASE INHIBITOR THERAPY IN ADVANCED THYROID CARCINOMA1‑7



• Oral kinase inhibitors demonstrate clinically significant activity in randomized, placebo-controlled clinical trials in locally recurrent 
unresectable and metastatic medullary thyroid cancer (MTC) and in radioiodine-refractory differentiated thyroid cancer (DTC).



• When considering kinase inhibitor therapy for individual patients, several factors should be considered. 
� Kinase inhibitor therapy can be associated with improved progression‑free survival, but is not curative.
� Kinase inhibitor therapy is expected to cause side effects that may have a significant effect on quality of life.
� The natural history of MTC and DTC is quite variable with rates of disease progression ranging from a few months to many years. 



• The pace of disease progression should be factored into treatment decisions. Patients with very indolent disease who are asymptomatic 
may not be appropriate for kinase inhibitor therapy, particularly if the side effects of treatment will adversely affect the patient’s quality  
of life, whereas patients with more rapidly progressive disease may benefit from kinase inhibitor therapy, even if they have drug-induced 
side effects.



• Optimal management of kinase inhibitor side effects is essential. Where available, guidelines outlining the management of the dermatologic, 
hypertensive, and gastrointestinal side effects of kinase inhibitors can be used; side effects have been fatal. In addition, dose modification 
may be required, including dose holds and dose reductions.



• Molecular testing has been shown to be beneficial when making targeted therapy decisions, particularly related to drug therapies or clinical 
trial participation. In addition, the presence of some mutations may have prognostic importance.



1 Wells SA Jr, Robinson BG, Gagel RF, et al. Vandetanib in patients with locally advanced or metastatic medullary thyroid cancer: a randomized, double‑blind phase III 
trial. J Clin Oncol 2012;30:134‑141.



2 Brose MS, Nutting CM, Jarzab B, et al. Sorafenib in radioactive iodine‑refractory, locally advanced or metastatic differentiated thyroid cancer: a randomized, 
double‑blind, phase 3 trial. Lancet 2014;384(9940):319‑328.



3 Elisei R, Schlumberger MJ, Müller SP, et al. Cabozantinib in progressive medullary thyroid cancer. J Clin Oncol 2013;31:3639‑3646.
4 Burtness B, Anadkat M, Basti S, et al. NCCN Task Force Report: Management of dermatologic and other toxicities associated with EGFR inhibition in patients with 



cancer. J Natl Compr Canc Netw 2009;7 Suppl 1:S5‑S21.
5 Brose MS, Frenette CT, Keefe SM, Stein SM. Management of sorafenib‑related adverse events: a clinician’s perspective. Semin Oncol 2014;41 Suppl 2:S1‑S16.
6 Carhill AA, Cabanillas ME, Jimenez C, et al. The noninvestigational use of tyrosine kinase inhibitors in thyroid cancer: establishing a standard for patient safety and 



monitoring. J Clin Endocrinol Metab 2013;98:31‑42.
7 Schlumberger M, Tahara M, Wirth LJ, et al. Lenvatinib versus placebo in radioiodine‑refractory thyroid cancer. N Engl J Med 2015;372(7):621‑30.
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PRINCIPLES OF RADIATION AND RADIOACTIVE IODINE THERAPY
IODINE‑131 ADMINISTRATIONGeneral Principles



Patients may be withdrawn from thyroid hormone to allow adequate elevation of TSH (>30 mU/l)1, or prepared using 2 consecutive daily 
intramuscular injections of thyrotropin alfa for initial iodine‑131 ablation of post‑surgical gland remnant and/or treatment of locoregional 
residual or recurrent disease.  
• Preparation with hormone withdrawal: duration of time off thyroid hormone depends on the extent of thyroidectomy and approach to 



hormone replacement in the initial postoperative setting. Because of the half‑life of endogenous thyroid hormone, 4–6 weeks are required for 
clearance following total thyroidectomy. Consequently, if no thyroid hormone is given following total thyroidectomy in an euthyroid patient, 
endogenous TSH levels should be sufficiently elevated (>30) in 3–6 weeks. 



• Thyroid hormone withdrawal is preferred for most patients with distant metastatic disease based on the likelihood of augmentation of the 
delivered radiation dose. While thyrotropin alfa is not FDA‑approved for treatment of distant metastases, it has been studied in this setting 
in retrospective cohorts and its use may be considered for patients unable to withdraw from thyroid hormone based on comorbidities and 
other clinical considerations.2,3



• Regardless of preparation method, an iodine‑restricted diet is recommended for 10–14 days prior to iodine‑131 therapy. A review of recent 
clinical history is advised to confirm and the absence of recent iodinated contrast administration, amiodarone therapy over the past year, 
or long-acting iodine contaminants. Dietary supplements such as fish oil and daily multivitamins containing iodine should also be withheld 
over this period. Most common contrast media for CT requires a 2‑month period between contrast administration and iodine scintigraphy for 
adequate washout. If available, a 24-hour urine collection should be performed to confirm a normal free iodine prior to the initiation of the 
iodine‑restricted diet. The diet involves a 10‑ to 14‑day reduction in intake of iodized salt, seafood, and dairy products with the intention of 
optimizing the sensitivity of diagnostic exams and the efficacy of potential therapies that may follow. Excellent resource information can be 
found at ThyCa.org and LIDLifeCommunity.org. 



• Documentation of negative pregnancy test or infertility status is required for female patients of reproductive age prior to administration of 
radioiodine therapy.



• Adherence to all local, state, and national regulatory guidelines including signed informed consent and signed written directive from an 
authorized user should be confirmed.



• Written guidelines for minimizing exposure to others should be provided for patient signature, as per national and state regulatory 
requirements.



• Pre‑treatment radioiodine imaging may be considered and a post‑treatment iodine‑131 whole body scan should be performed in all cases.
• Pre‑therapy whole body scans may be obtained using 2–4 mCi iodine‑123 or 1–2 mCi iodine‑131. Iodine‑123 avoids stunning and has 



favorable imaging characteristics. Low activity (1–3 mCi) iodine‑131 minimizes stunning and has a longer physical half‑life that will permit 
delayed imaging to improve lesion detection while permitting dosimetry in cases where dose maximization is considered. If iodine‑131 is 
utilized then the time between the scanning and therapy doses should ideally by <48–72 hours to avoid “stunning” from the diagnostic dose.



• Patients with high (>1000 mCi) cumulative lifetime administered activities should be monitored for myelosuppression and potential long-term 
toxicities, and although rare this should be considered in a risk-benefit analysis for use of RAI, as with any other therapy.



Continued
References
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PRINCIPLES OF RADIATION AND RADIOACTIVE IODINE THERAPY
IODINE‑131 ADMINISTRATION



Administered Activity
See special circumstances below for pediatric dose adjustment.
• Remnant ablation:
�30–50 mCi 



 ◊ If RAI ablation is used in T1b/T2 (1–4 cm), clinical N0 disease, in 
the absence of other adverse pathologic, laboratory, or imaging 
features, 30 mCi of iodine‑131 is recommended (category 1) 
following either thyrotropin alfa stimulation or thyroid hormone 
withdrawal. This dose of 30 mCi may also be considered 
(category 2B) for patients with T1b/T2 (1–4 cm) with small 
volume N1a disease (fewer than 5 lymph node metastases <2 
mm in diameter) and for patients with primary tumors <4 cm, 
clinical M0 with minor extrathyroidal extension.4,5



• Adjuvant therapy:
�50–100 mCi 



 ◊ For higher likelihood of residual disease based on operative 
pathology or pretherapy radioiodine scan



�100–200 mCi
 ◊ For proven unresectable metastatic disease based on pathology 
or pretherapy radioiodine scan



�Dosimetry can be used to determine maximal dose at high‑volume 
centers for documented nonresectable, large‑volume, iodine‑
concentrating, residual, or recurrent disease. Generally, the 
maximum 48‑hour whole‑body dose should not exceed ~80 mCi to 
avoid pulmonary fibrosis in the case of diffuse lung metastases, 
and the bone marrow retention maximum should not exceed ~120 
mCi at 48 hours.1



Special Circumstances
• Pediatric patients:
�Chest imaging using non‑contrast CT prior to treatment to assess 



for lung metastases 
�Weight based dose adjustment for pediatric patients assuming 



routine dosing for 70 kg adult (ie, a 150 mCi dose for a 70 kg adult 
would translate to 2.15 mCi/kg for the pediatric patient)6



Special Circumstances
• RAI after imaging study or procedure using iodine contrast agent:
�Wait 1–2 months to allow for free iodine levels to decrease (<100 



mcg/24 hours) and allow for optimal RAI uptake7,8 
�Consider measurement of 24-hour urine iodine to confirm a normal 



free iodine prior to preparing for dosing. 
• Breastfeeding patients:
�Wait 3–6 months after cessation of lactation or with normalization 



of serum prolactin levels.
�Complete cessation of breastfeeding after iodine‑123 or iodine‑131 



administration for the current infant. There should be no increased 
risk to mother or infant for breastfeeding with subsequent births 
assuming no radioiodine is administered around the subsequent 
birth/breastfeeding period.9



• Decreased GFR/end‑stage renal disease (ESRD)/hemodialysis:
�Special consideration to administered dose, and timing with 



respect to dialysis to maximize therapeutic effect and minimize 
non‑thyroid uptake/exposure10
�Multidisciplinary involvement including close monitoring by 



radiation safety to coordinate administration, monitoring, and 
minimization of exposure to others



• Patients desiring pregnancy
�Women should be counseled to wait at least 6 months after 



iodine‑131 therapy to attempt pregnancy to avoid adverse 
pregnancy outcomes (such as fetal hypothyroidism, malformation, 
increased malignancy risk in the child, or fetal demise [with high 
doses]) related to RAI. For many patients a longer interval before 
attempting pregnancy may be recommended in order to confirm 
disease‑free status at 6–12 months post‑RAI. In these cases, 
earlier pregnancy is inadvisable as it would interfere with disease 
detection and further management.
�In selective cases when doses are high or other considerations 



are present, integrating care with reproductive endocrinology/
oncofertility for men and women may be appropriate.



Continued
References



Printed by Alexander Newman on 1/27/2021 2:08:24 PM. For personal use only. Not approved for distribution. Copyright © 2021 National Comprehensive Cancer Network, Inc., All Rights Reserved.





https://www.nccn.org/professionals/physician_gls/default.aspx








NCCN Guidelines Version 2.2020
Thyroid Carcinoma



Version 2.2020, 07/15/20 © 2020 National Comprehensive Cancer Network® (NCCN®), All rights reserved. NCCN Guidelines® and this illustration may not be reproduced in any form without the express written permission of NCCN.



Note: All recommendations are category 2A unless otherwise indicated.
Clinical Trials: NCCN believes that the best management of any patient with cancer is in a clinical trial. Participation in clinical trials is especially encouraged.



NCCN Guidelines Index
Table of Contents



Discussion



THYR‑C
3 OF 5



PRINCIPLES OF RADIATION AND RADIOACTIVE IODINE THERAPY
EXTERNAL BEAM RADIATION THERAPY (EBRT)



General Principles
• The decision to treat and timing of treatment with EBRT for thyroid carcinoma is best made by a multidisciplinary team that must include 



a radiation oncologist. Evaluation by a radiation oncologist early in the course of treatment for thyroid carcinoma is preferred. The 
multidisciplinary team should carefully weigh the potential for benefit and the expected acute and chronic toxicity from EBRT when deciding 
when to incorporate EBRT into an individual patient’s treatment plan.



• Consider dental, speech and swallowing, and nutrition evaluation and treatment prior to radiation therapy (RT) to determine if pre‑treatment 
optimization of dental and oral health or gastrostomy placement is appropriate.



• Pre‑treatment imaging including contrast‑enhanced CT or MRI, iodine total body scan/SPECT, and FDG‑ or DOTATATE‑PET can be used to 
guide radiotherapy volumes.



• For patients receiving both RAI and EBRT, the sequence of these therapies should be determined individually for each clinical circumstance.
• Conformal radiotherapy techniques including intensity‑modulated RT (IMRT) with simultaneous integrated boost (SIB) and image guidance 



are strongly encouraged in the adjuvant/definitive setting given the potential for reduced toxicity.
• For unresected or incompletely resected anaplastic thyroid carcinoma, RT should be started as quickly as possible. Consider a rapid start 



with 3D RT plan converted to a more conformal RT approach when possible.
• For R0 or R1 resection of ATC, adjuvant radiotherapy or chemoradiation should start as soon as the patient is sufficiently recovered from 



surgery, ideally 2–3 weeks postoperatively.
Treatment Volumes
• Differentiated, Medullary or Poorly Differentiated (non-anaplastic) Thyroid Cancer – adjuvant or recurrent/persistent RT
�Little evidence exists for appropriate treatment volumes for thyroid carcinoma. Common practice in published institutional and multi‑



institutional reports are described.
�Gross residual disease in the thyroid bed or regional lymph nodes should be included in a gross tumor volume (GTV) (as defined on CT, 



MRI, and/or FDG‑PET).
�Clinical target volume (CTV) may include the thyroid bed (as identified on preoperative imaging, delineated by surgical clips, any residual 



disease/thyroid tissue). Regional lymph node levels II–VI can be included if involved or as elective volumes if not evaluated. Dose levels for 
each are discussed in “Dose and Fractionation” below.
�GTV should be expanded by 0.5–1.5 cm to CTV.
�Planning target volume (PTV) margins of 0.3–0.5 cm should be added to CTV, depending on technique and image guidance used.



• Anaplastic thyroid carcinoma11‑14
�GTV includes gross primary disease and involved lymph nodes (determined on contrast‑enhanced CT, MRI, and/or FDG‑PET, assuming 



obtaining these studies does not delay start of treatment).
�High‑risk CTV may include involved lymph node regions and postoperative bed in the case of partial or complete debulking surgery.
�Elective nodal regions may be included in low-dose CTV if extended-field RT is used.
�GTV should be expanded by 0.5–1.5 cm to CTV.
�PTV margins of 0.3–0.5 cm should be added to CTV, depending on technique and image guidance used.
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PRINCIPLES OF RADIATION AND RADIOACTIVE IODINE THERAPY
EXTERNAL BEAM RADIATION THERAPY (EBRT)



Dose and Fractionation
Little evidence exists for appropriate treatment volumes for thyroid carcinoma. A wide variety of dose regimens exists in the literature, and 
the most common practice in published institutional and multi‑institutional reports are described here.15‑21 The treating radiation oncologist 
should use his/her clinical judgment to determine the appropriate volumes, doses, and fractionation for each patient. 



Differentiated, Medullary, or Poorly Differentiated (non-anaplastic) 
Thyroid Cancer
• Adjuvant RT for high‑risk disease (after R1 resection)
�Microscopic disease (thyroid bed, involved resected lymph node 



regions): 60–66 Gy in 1.8–2 Gy per fraction
�Elective nodal regions: 50–56 Gy in 1.6–2 Gy per fraction



• Salvage RT after R2 resection or inoperable patients 
�Gross disease: 66–70 Gy in 1.8–2 Gy per fraction
�Microscopic disease (thyroid bed, involved resected lymph node 



regions): 60–66 Gy in 1.8–2 Gy per fraction
�Elective nodal regions: 50–56 Gy in 1.6–2 Gy per fraction



• Palliative RT of metastases
�Bony or soft‑tissue metastases22 



 ◊ For patients with oligometastatic disease and good performance 
status consider higher doses (45–60 Gy) in 1.8–2 Gy daily 
fractions, or SBRT following principles for treatment of 
oligometastases 



 ◊ For patients with widely metastatic disease and/or poor 
performance status limiting life expectancy, consider 8 Gy in 1 
fraction; 20 Gy in 5 daily fractions; 30 Gy in 10 daily fractions



�CNS metastases
 ◊ ≤4 metastases – consider stereotactic radiosurgery (SRS) either 
following surgical resection or as monotherapy



 ◊ Multiple metastases:
 – Consider enrollment on clinical trial for SRS versus WBRT 
(with or without hippocampal avoidance)
 – Whole brain radiation – 30 Gy in 10 daily fractions; consider 45 
Gy in 1.8 Gy daily fractions for good performance status23,24



Anaplastic Thyroid Cancer
• Adjuvant RT after R0 or R1 resection14,25‑27
�Microscopic disease/high‑risk regions: 60–66 Gy in 1.2 Gy twice‑



daily fractions or 1.8–2 Gy daily fractions26,28
�Elective nodal regions can be treated with SIB: 45–54 Gy in 0.8–1.0 



Gy twice‑daily fractions or 1.6–1.8 Gy once‑daily fraction
�Chemoradiation may be considered on an individual basis.13



• Salvage RT after R2 resection or inoperable patients13,14,26
�Gross disease: 66–70 Gy in 1.2 Gy twice‑daily fractions or 1.8–2 Gy 



daily fractions
�Microscopic disease/high‑risk regions: 60–66 Gy in 1.2 Gy twice‑



daily fractions or 1.8–2 Gy daily fractions12,13 
�Elective nodal regions can be treated with SIB: 45–54 Gy in 0.8–1.0 



Gy twice‑daily fractions or 1.6–1.8 Gy once‑daily fraction
�Chemoradiation may be considered on an individual basis.13



• Palliative neck RT
�20 Gy in 5 daily fractions, 30 Gy in 10 daily fractions, 45 Gy in 15 



daily fractions
• Palliative RT of metastases
�Bony or soft tissue metastases



 ◊ 8 Gy in 1 fraction; 20 Gy in 5 daily fractions; 30 Gy in 10 daily 
fractions



�CNS metastases
 ◊ Whole brain radiation – 30 Gy in 10 daily fractions
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Used with permission of the American College of Surgeons, Chicago, Illinois. The original source for this information is the AJCC Cancer Staging Manual, 
Eighth Edition (2017) published by Springer International Publishing.



American Joint Committee on Cancer (AJCC)
TNM Staging For Thyroid-Differentiated and Anaplastic Carcinoma  
(8th ed., 2017)
Table 1. Definitions for T, N, M
T Primary Tumor
TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
T1 Tumor ≤2 cm or less in greatest dimension limited to the 



thyroid
T1a Tumor ≤1 cm  in greatest dimension limited to the thyroid
T1b Tumor >1 cm but ≤2 cm in greatest dimension limited to the 



thyroid
T2 Tumor >2 cm but ≤4 cm in greatest dimension limited to the 



thyroid
T3 Tumor >4 cm limited to the thyroid, or gross extrathyroidal 



extension invading only strap muscles
T3a Tumor >4 cm limited to the thyroid
T3b Gross extrathyroidal extension invading only strap muscles 



(sternohyoid, sternothyroid, thyrohyoid, or omohyoid 
muscles) from a tumor of any size



T4 Includes gross extrathyroidal extension beyond the strap 
muscle



T4a Gross extrathyroidal extension invading subcutaneous soft 
tissues, larynx, trachea, esophagus, or recurrent laryngeal 
nerve from a tumor of any size



T4b Gross extrathyroidal extension invading prevertebral fascia 
or encasing the carotid artery or mediastinal vessels from a 
tumor of any size



Note: All categories may be subdivided: (s) solitary tumor and (m) 
multifocal tumor (the largest determines the classification).



N Regional Lymph Nodes
NX Regional lymph nodes cannot be assessed
N0 No evidence of locoregional lymph node metastasis



N0a One or more cytologically or histologically confirmed benign 
lymph nodes



N0b No radiologic or clinical evidence of locoregional lymph 
node metastasis



N1 Metastasis to regional nodes
N1a Metastasis to level VI or VII (pretracheal, paratracheal, or 



prelaryngeal/Delphian, or upper mediastinal) lymph nodes. 
This can be unilateral or bilateral disease



N1b Metastasis to unilateral, bilateral, or contralateral 
lateral neck lymph nodes (levels I, II, III, IV, or V) or 
retropharyngeal lymph nodes



M Distant Metastasis
M0 No distant metastasis
M1 Distant metastasis
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Histopathologic Type



• Papillary thyroid carcinoma  (PTC)
�Papillary microcarcinoma 
�Follicular variant of PTC
�Encapsulated variant of PTC
�Papillary microcarcinoma
�Columnar cell variant of PTC
�Oncocytic variant of of PTC



• Follicular thyroid carcinoma (FTC), NOS
�FTC, minimally invasive
�FTC, encapsulated angioinvasive
�FTC, widely invasive



• Hürthle cell carcinoma
• Poorly differentiated thyroid carcinoma (used for insular 



carcinoma as a subtype of poorly differentiated) 
• Anaplastic thyroid carcinoma 



American Joint Committee on Cancer (AJCC)
TNM Staging For Thyroid-Differentiated and Anaplastic Carcinoma  
(8th ed., 2017)



Table 2. AJCC Prognostic Stage Groups
Differentiated
Under 55 years



T N M
Stage I Any T Any N M0
Stage II Any T Any N M1



Differentiated
55 Years and Older



T N M
Stage I T1 N0/NX M0



T2 N0/NX M0
Stage II T1 N1 M0



T2 N1 M0
T3a/T3b Any N M0



Stage III T4a Any N M0
Stage IVA T4b Any N M0
Stage IVB Any T Any N M1



Anaplastic
T N M



Stage IVA T1‑T3a N0/NX M0
Stage IVB T1‑T3a N1 M0



T3b Any N M0
T4 Any N M0



Stage IVC Any T Any N M1



Used with permission of the American College of Surgeons, Chicago, Illinois. The original source for this information is the AJCC Cancer Staging Manual, 
Eighth Edition (2017) published by Springer International Publishing.
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American Joint Committee on Cancer (AJCC)
TNM Staging For Thyroid‑Medullary Carcinoma  
(8th ed., 2017)



Table 3. Definitions for T, N, M
T Primary Tumor
TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
T1 Tumor ≤2 cm or less in greatest dimension limited to the thyroid



T1a Tumor ≤1 cm  in greatest dimension limited to the thyroid
T1b Tumor >1 cm but ≤2 cm in greatest dimension limited to the thyroid



T2 Tumor >2 cm but ≤4 cm in greatest dimension limited to the thyroid
T3 Tumor ≥4 cm or with extrathyroidal extension



T3a Tumor ≥4 cm in greatest dimension limited to the thyroid
T3b Tumor of any size with gross extrathyroidal extension invading only 



strap muscles (sternohyoid, sternothyroid, thyrohyoid, or omohyoid 
muscles)



T4 Advanced disease
T4a Moderately advanced disease; tumor of any size with gross  



extrathyroidal extension into the nearby tissues of the neck, 
including subcutaneous soft tissue, larynx, trachea, esophagus, or 
recurrent laryngeal nerve



T4b Very advanced disease; tumor of any size with extension toward 
the spine or into nearby large blood vessels, gross extrathyroidal 
extension invading the prevertebral  fascia, or encasing the carotid 
artery or mediastinal vessels



N Regional Lymph Nodes
NX Regional lymph nodes cannot be assessed
N0 No evidence of locoregional lymph node metastasis



N0a One or more cytologically or histologically confirmed 
benign lymph nodes



N0b No radiologic or clinical evidence of locoregional lymph 
node metastasis



N1 Metastasis to regional nodes
N1a Metastasis to level VI or VII (pretracheal, paratracheal, 



or prelaryngeal/Delphian, or upper mediastinal) lymph 
nodes. This can be unilateral or bilateral disease



N1b Metastasis to unilateral, bilateral, or contralateral 
lateral neck lymph nodes (levels I, II, III, IV, or V) or 
retropharyngeal lymph nodes



M Distant Metastasis
M0 No distant metastasis
M1 Distant metastasis



Table 2. AJCC Prognostic Stage Groups
T N M



Stage I T1 N0 M0
Stage II T2 N0 M0



T3 N0 M0
Stage III T1‑T3 N1a M0
Stage IVA T4a Any N M0



T1‑T3 N1b M0
Stage IVB T4 N0 M0
Stage IVC Any T Any N M1



Used with permission of the American College of Surgeons, Chicago, Illinois. The original source for this information is the AJCC Cancer Staging Manual, 
Eighth Edition (2017) published by Springer International Publishing.
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NCCN Categories of Evidence and Consensus
Category 1 Based upon high‑level evidence, there is uniform NCCN consensus that the intervention is appropriate.
Category 2A Based upon lower‑level evidence, there is uniform NCCN consensus that the intervention is appropriate.
Category 2B Based upon lower‑level evidence, there is NCCN consensus that the intervention is appropriate.
Category 3 Based upon any level of evidence, there is major NCCN disagreement that the intervention is appropriate. 
All recommendations are category 2A unless otherwise indicated.



NCCN Categories of Preference



Preferred intervention Interventions that are based on superior efficacy, safety, and evidence; and, when appropriate, 
affordability.



Other recommended 
intervention



Other interventions that may be somewhat less efficacious, more toxic, or based on less mature data; 
or significantly less affordable for similar outcomes.



Useful in certain 
circumstances Other interventions that may be used for selected patient populations (defined with recommendation).



All recommendations are considered appropriate.



CAT‑1
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Overview 
Epidemiology  
Thyroid nodules are approximately 4 times more common in women than 
in men. Palpable nodules increase in frequency throughout life, reaching a 
prevalence of about 5% in the U.S. population for individuals aged 50 
years and older having palpable thyroid nodules.1-3 Nodules are even 
more prevalent when the thyroid gland is examined at autopsy or surgery, 
or when using ultrasonography; 50% of the thyroids studied have nodules, 
which are almost always benign.2,4 New nodules develop at a rate of about 
0.1% per year, beginning in early life, but they develop at a much higher 
rate (approximately 2% per year) after exposure to head and neck 
irradiation.5,6 



By contrast, thyroid carcinoma is uncommon. For the U.S. population, the 
lifetime risk of being diagnosed with thyroid carcinoma is 1.2%.7 It is 
estimated that approximately 53,990 new cases of thyroid carcinoma will 
be diagnosed in the United States in 2018.8 As with thyroid nodules, 
thyroid carcinoma occurs 2 to 3 times more often in women than in men. 
Thyroid carcinoma is currently the fifth most common malignancy 
diagnosed in women.8 The disease is also diagnosed more often in white 
North Americans than in African Americans. The main histologic types of 
thyroid carcinoma are: 1) differentiated (including papillary, follicular, and 
Hürthle cell); 2) medullary; and 3) anaplastic, which is an aggressive 
undifferentiated tumor. Of 63,324 patients diagnosed with thyroid 
carcinoma from 2011 to 2015, 89.8% had papillary carcinoma, 4.5% had 
follicular carcinoma, 1.8% had Hürthle cell carcinoma, 1.6% had medullary 
carcinoma, and 0.8% had anaplastic carcinoma.7  



Mortality rates for thyroid carcinoma are, in general, very low. 
Differentiated thyroid carcinomas usually have an excellent prognosis with 
10-year survival rates exceeding 90% to 95%.9 In contrast, anaplastic 
thyroid carcinoma is almost uniformly lethal. However, since differentiated 



thyroid carcinomas represent more than 95% of all cases, most thyroid 
carcinoma deaths are from papillary, follicular, and Hürthle cell 
carcinomas. In 2018, it is estimated that approximately 2060 cancer 
deaths will occur among persons with thyroid carcinoma in the United 
States.8 Thyroid carcinoma occurs more often in women; however, 
mortality rates are lower for younger women.7,10-12 Although the estimated 
incidence of thyroid carcinoma previously increased by an average of ~5% 
annually between 2004 and 2013, the incidence rate has recently 
stabilized, likely due to more conservative indications for thyroid biopsy 
and the reclassification of noninvasive follicular thyroid neoplasm with 
papillary-like nuclear features (NIFTP).8 Because overall mortality has not 
dramatically increased since 1975 (1150 vs. 2060 deaths), the previous 
increase in incidence may reflect, at least in part, earlier detection of 
subclinical disease (ie, small papillary carcinomas).13-18 However, data 
show the incidence has increased by varying degrees across all tumor 
sizes and age groups.19-28 The stable age- and gender-adjusted mortality 
rate for thyroid carcinoma contrasts distinctly with the declining rates for 
other solid tumors in adults.29,30  



The NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines®) 
for Thyroid Carcinoma address management for the different types of 
thyroid carcinoma including papillary, follicular, Hürthle cell, medullary, and 
anaplastic carcinoma. Additional sections in these NCCN Guidelines® 
include Nodule Evaluation, Principles of Thyroid-Stimulating Hormone 
(TSH) Suppression, Principles of Kinase Inhibitor Therapy in Advanced 
Thyroid Carcinoma, and the AJCC staging tables.9 This Discussion text 
describes the recommendations in the algorithm in greater detail, for 
example, by including the clinical trial data and other references that 
support the NCCN Panel’s recommendations in the algorithm. By 
definition, the NCCN Guidelines cannot incorporate all possible clinical 
variations and are not intended to replace good clinical judgment or 
individualization of treatments. 
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Literature Search Criteria and Guidelines Update Methodology  
Prior to the update of this version of the NCCN Guidelines for Thyroid 
Carcinoma, an electronic search of the PubMed database was performed 
to obtain key literature since the previous Guidelines update, using the 
following search term: thyroid carcinoma. The PubMed database was 
chosen because it remains the most widely used resource for medical 
literature and indexes peer-reviewed biomedical literature.31  



The search results were narrowed by selecting studies in humans 
published in English. Results were confined to the following article types: 
Clinical Trial, Phase II; Clinical Trial, Phase III; Clinical Trial, Phase IV; 
Guideline; Randomized Controlled Trial; Meta-Analysis; Systematic 
Reviews; and Validation Studies.  



The data from key PubMed articles as well as articles from additional 
sources deemed as relevant to these guidelines and discussed by the 
panel have been included in this version of the Discussion section (eg, e-
publications ahead of print, meeting abstracts). Recommendations for 
which high-level evidence is lacking are based on the panel’s review of 
lower-level evidence and expert opinion.  



The complete details of the Development and Update of the NCCN 
Guidelines are available on the NCCN webpage. 



Managing Differentiated Thyroid Carcinoma  
Managing differentiated (ie, papillary, follicular, Hürthle cell) thyroid 
carcinoma can be a challenge, because until recently, few prospective 
randomized trials of treatment have been done.32,33 Most of the information 
about treatment comes from studies of large cohorts of patients for whom 
therapy has not been randomly assigned. This accounts for much of the 
disagreement about managing differentiated carcinoma. Nonetheless, 
most patients can be cured of this disease when properly treated by 



experienced physicians and surgeons.34 The treatment of choice is 
surgery, followed by radioactive iodine (RAI) ablation [iodine 131 (131I)] in 
selected patients and thyroxine therapy in most patients. 



Radiation-Induced Thyroid Carcinoma  
Exposure to ionizing radiation is the only known environmental cause of 
thyroid carcinoma and usually causes papillary carcinoma.35 The thyroid 
glands of children are especially vulnerable to ionizing radiation. A child’s 
thyroid gland has one of the highest risks of developing cancer of any 
organ. The thyroid gland is the only organ linked to risk at about 0.10 Gy.5 
The risk for radiation-induced thyroid carcinoma is greater in females, 
certain Jewish populations, and patients with a family history of thyroid 
carcinoma.36 These data suggest that genetic factors are also important in 
the development of thyroid carcinoma. Beginning within 5 years of 
irradiation during childhood, new nodules develop at a rate of about 2% 
annually, reaching a peak incidence within 30 years of irradiation but 
remaining high at 40 years.5,6  



Adults have a very small risk of developing thyroid carcinoma after 
exposure to 131I.37 After the Chernobyl nuclear reactor accident in 1986, 
many children and adolescents developed papillary carcinomas after 
being exposed to 131I fallout.38 It became evident that 131I and other 
short-lived 131Is were potent thyroid carcinogens in these children, 
particularly those younger than 10 years of age when they were 
exposed.39 Iodine deficiency increases the risk for radiation-induced 
thyroid cancer.40 Although radiation-induced papillary carcinoma tends to 
appear more aggressive histologically and to have high recurrence rates, 
the prognosis for survival is similar to that of spontaneously occurring 
tumors.41-43 Iodine deficiency is associated with follicular carcinoma and 
anaplastic carcinomas.  
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Differentiated Thyroid Carcinoma 
Clinical Presentation and Diagnosis  
Differentiated (ie, papillary, follicular, Hürthle cell) thyroid carcinoma is 
usually asymptomatic for long periods and commonly presents as a 
solitary thyroid nodule. However, evaluating all nodules for malignancy is 
difficult, because benign nodules are so prevalent and because thyroid 
carcinoma is so uncommon.1,44,45 Moreover, both benign and malignant 
thyroid nodules are usually asymptomatic, giving no clinical clue to their 
diagnosis. About 50% of the malignant nodules are discovered during a 
routine physical examination, by serendipity on imaging studies, or during 
surgery for benign disease. The other 50% are often first noticed by the 
patient, usually as an asymptomatic nodule.1,44 Regrettably, the typically 
indolent nature of differentiated thyroid carcinoma often leads to long 
delays in diagnosis that may substantially worsen the course of the 
disease.11  



Initial Workup  
For a patient with a thyroid nodule, the first step is to measure the serum 
thyrotropin (thyroid-stimulating hormone [TSH]) level and to do an 
ultrasound of the thyroid and neck; all nodules (even incidentalomas) 
should have this assessment; there is no size cutoff.3,46-48 The TSH level, 
ultrasound results, and clinical features are used to determine whether is it 
necessary to do fine-needle aspiration (FNA) of the nodule or whether 
there is a low risk of malignancy (see Nodule Evaluation in the NCCN 
Guidelines for Thyroid Carcinoma).45,49  



FNA with ultrasound guidance is the procedure of choice for evaluating 
suspicious thyroid nodules.3,45,50 Data show that higher TSH levels are 
associated with an increased risk for differentiated thyroid carcinoma in 
patients with thyroid nodules, although TSH and thyroglobulin (Tg) do not 
appear to be useful for screening for thyroid cancer.51-54 FNA should be 
considered in patients with normal or elevated TSH, certain ultrasound 



features, and clinical findings. FNA of clinically significant or suspicious 
cervical lymph nodes should also be considered if identified in the 
ultrasonographic evaluation of the thyroid and neck. Ultrasound features 
that increase the threshold for FNA are described in the algorithm (see 
Sonographic Features in Nodule Evaluation in the NCCN Guidelines for 
Thyroid Carcinoma). Iodine 123 (123I) imaging is recommended in patients 
with low TSH.  



Sonographic (ultrasound) features can be used to predict either benign or 
malignant thyroid nodules. Suspicious sonographic features include 
hypoechoic, microcalcifications, infiltrative margins, and nodules that are 
taller than they are wide in the transverse plane. Ultrasound features 
associated with a low suspicion of malignancy include isoechoic or 
hyperechoic solid nodules, mixed solid/cystic nodules, or spongiform 
nodules without the suspicious features listed above.47,55-57 Standardized 
systems for assessing ultrasound features have been created to improve 
consistency across centers.56,58 Other than the presence of a pure cyst 
and nodule size, the inter-observer variability is reported to be high, 
making comparisons between centers challenging.57 Nonetheless, a 
constellation of findings—such as a nodule with internal echogenicity 
consistent with microcalcifications, irregular borders, and increased 
internal vascularity—conveys a higher risk of malignancy. Because size is 
a comparatively reproducible measure, its effect on likelihood of 
malignancy as an independent variable has been assessed. Two articles 
suggest that size is a relatively non-linear poor predictor of 
malignancy;47,59 however, it may serve an important role in the setting of 
other concerning features.60  



In the setting of a multinodular thyroid gland, selection of nodules for FNA 
should be based on the pattern of radiographic features that predict a 
higher likelihood of malignancy, such as the previous example, or based 
on growth of a nodule over time. Similarly, choosing which nodules are 
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appropriate for active surveillance rather than FNA should be based on the 
pattern of ultrasound features that predict benignity (eg, spongiform 
appearance, a pure cyst, specific intranodular appearances) or small size 
due to treatment considerations as previously noted.55,56,61 At the time of 
thyroid ultrasound, a critical feature that should be assessed is the 
presence or absence of concerning lymphadenopathy in the central and 
lateral neck. The presence of a node with concerning characteristics (eg, 
hypoechoic, rounded, absent of fatty hilum, cystic or partially cystic, 
microcalcifications) should lead to FNA of the node rather than, or in 
addition to, the most concerning thyroid nodule.  



Thyroid nodules smaller than 1 cm occur with such frequency in the 
asymptomatic general population that they are often found by serendipity 
when performing imaging studies for other head or neck problems.16,62 
Often termed “incidentalomas,” nodules smaller than 1 cm are typically 
clinically insignificant lesions and usually do not require FNA, unless there 
are suspicious findings (see Nodule Evaluation in the NCCN Guidelines 
for Thyroid Carcinoma).4,13,47,63-67 In selected cases, it may be reasonable 
to follow these nodules with serial ultrasounds. Data indicate that older 
patients with intrathyroidal papillary microcarcinomas may be good 
candidates for an active surveillance approach (rather than immediate 
surgery) and usually show no evidence of clinically significant disease 
progression over at least 5 to 10 years of follow-up.68 These observations 
cast doubt on the clinical benefit of diagnosing (and treating) papillary 
microcarcinoma in these selected groups.69 Others feel that surgery 
should be considered for select patients with papillary carcinomas who are 
45 years of age or older.70  



The NCCN Panel uses recommendations from several organizations (eg, 
American Thyroid Association [ATA], Society of Radiologists in 
Ultrasound, NCI) and their expertise when formulating the NCCN 
Guidelines for thyroid nodules (see Nodule Evaluation in the NCCN 



Guidelines for Thyroid Carcinoma).3,49,71 The NCCN recommendations 
describe which nodules require further assessment with FNA and which 
can undergo active surveillance. In 2015, the ATA updated its guidelines 
on the management of thyroid nodules and thyroid cancer; its 
comprehensive guidelines also discuss ultrasound and FNA.72 In 2007, the 
NCI had a conference on using FNA to manage thyroid nodules. The NCI 
guidelines discuss which nodules should undergo FNA and discuss the 
FNA results (ie, carcinoma, benign).45,49 The Society of Radiologists in 
Ultrasound wrote a consensus statement in 2005 about management of 
thyroid nodules identified at thyroid ultrasonography. Its recommendations 
describe which nodules should undergo FNA based on nodule size and 
ultrasound characteristics, and on clinical features that might predict risk of 
morbidity from an undiagnosed malignancy.71 Suspicious criteria by 
ultrasound include increased central hypervascularity, hypoechoic mass, 
microcalcifications, infiltrative margins, and other features (see 
Sonographic Features in Nodule Evaluation in the NCCN Guidelines for 
Thyroid Carcinoma).  



Although more than 50% of all malignant nodules are asymptomatic, the 
pretest probability of malignancy in a nodule increases considerably when 
signs or symptoms are present (see Nodule Evaluation in the NCCN 
Guidelines for Thyroid Carcinoma).73,74 For example, the likelihood that a 
nodule is malignant increases about 7-fold if it is very firm, fixed to 
adjacent structures, rapidly growing, associated with enlarged regional 
lymph nodes, causes vocal cord paralysis, or symptoms of invasion into 
neck structures are present.74,75 Family history of thyroid cancer is also 
indicative of malignancy. If 2 or more of these features are present, the 
likelihood of thyroid cancer is virtually assured; however, this is a rare 
situation.75 A patient’s age and gender also affect the probability of 
malignancy. Other factors that increase the suspicion of malignancy 
include: 1) a history of head and neck irradiation; 2) a history of diseases 
associated with thyroid carcinoma, such as familial adenomatous 
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polyposis (formerly called Gardner’s syndrome), Carney complex, 
Cowden’s syndrome, and multiple endocrine neoplasia (MEN) types 2A or 
2B; 3) evidence of other thyroid cancer–associated diseases or 
syndromes, such as hyperparathyroidism, pheochromocytoma, marfanoid 
habitus, and mucosal neuromas (suggestive of MEN2B), which make the 
presence of medullary carcinoma more likely; or 4) the presence of 
suspicious findings detected by imaging, such as focal FDG uptake on 
PET or central hypervascularity, irregular border, and/or 
microcalcifications on ultrasound.3,76  



Some clinicians, especially in Europe,77 recommend obtaining serum 
calcitonin levels from all patients with thyroid nodules to assess for 
medullary carcinoma. However, this is controversial in the United States, 
especially in the absence of confirmatory pentagastrin stimulation testing 
and because it may not be cost effective. The ATA is equivocal about 
measuring serum calcitonin to screen all patients with thyroid nodules for 
medullary carcinoma.3 A study showed that calcitonin screening may be 
cost effective in the United States.78 However, false-positive calcitonin 
readings that can result from minimal calcitonin elevations have 
traditionally been ruled out with pentagastrin testing, and pentagastrin is 
not available in the United States. Some authors have suggested 
high-dose calcium infusion as an alternative to pentagastrin stimulation 
testing in patients with minimal calcitonin elevations.79 



FNA Results  
Cytologic examination of an FNA specimen is typically categorized as: 
category I: nondiagnostic or unsatisfactory biopsy; category II: benign (ie, 
nodular goiter, colloid goiter, hyperplastic/adenomatoid nodule, 
Hashimoto’s thyroiditis); category III: atypia of undetermined significance 
(AUS) or follicular lesion of undetermined significance (FLUS); category 
IV: follicular neoplasm or suspicious for follicular neoplasm (includes 
Hürthle cell neoplasm); category V: suspicious for malignancy; or category 



VI: malignancy (includes papillary, medullary, anaplastic, or lymphoma). 
These diagnostic categories for FNA results reflect the 2017 Bethesda 
System for Reporting Thyroid Cytopathology.80 Pathology and 
cytopathology slides should be reviewed at the treating institution by a 
pathologist with expertise in the diagnosis of thyroid disorders. Although 
FNA is a very sensitive test—particularly for papillary carcinoma—
false-negative results are sometimes obtained; therefore, a reassuring 
FNA should not override worrisome clinical or radiographic findings.81,82  



Molecular diagnostic testing to detect individual mutations (eg, BRAF 
V600E, RET/PTC, RAS, PAX8/PPAR [peroxisome proliferator-activated 
receptors] gamma) or pattern recognition approaches using molecular 
classifiers may be useful in the evaluation of FNA samples that are 
indeterminate to assist in management decisions.83-91 The BRAF V600E 
mutation occurs in about 45% of patients with papillary carcinoma and is 
the most common mutation.92 Some studies have linked the BRAF V600E 
mutation to poor prognosis, especially when occurring with TERT 
promoter mutation.93-96 The choice of the precise molecular test depends 
on the cytology and the clinical question being asked.97-100 Indeterminate 
groups include: 1) follicular or Hürthle cell neoplasms; and 2) 
AUS/FLUS.101-103 The NCCN Panel recommends molecular diagnostic 
testing for evaluating FNA results that are suspicious for follicular cell 
neoplasms or AUS/FLUS (see Nodule Evaluation in the NCCN Guidelines 
for Thyroid Carcinoma).104,105  



Historically, studies have shown that molecular diagnostics do not perform 
well for Hürthle cell neoplasms.102,106,107 A 2015 publication of 134 patients 
looked at the performance of the Afirma gene expression classifier (GEC) 
in guiding management of FNA diagnoses of suspicious for Hürthle cell 
neoplasm or AUS concerning for Hürthle cell neoplasm. This study found 
that 86% of patients with suspicious findings on Afirma GEC had 
unnecessary surgery.107 However, results that were presented at the ATA 
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2017 Annual Meeting described improved results using the Afirma 
Genomic Sequencing Classifier (GSC) with two dedicated classifiers to 1) 
differentiate Hürthle cell-containing specimens from non-Hürthle 
specimens and 2) differentiate neoplastic Hürthle specimens from non-
neoplastic. By applying this process to 186 specimens, this study reported 
an 88.9% sensitivity for detection of Hürthle cell malignancies and a 58.8% 
specificity for identification of benign Hürthle lesions, representing a 
marked improvement over previous results.108 Another molecular test, the 
ThyroSeq v3 Genomic Classifier, has also shown promise for diagnosis of 
Hürthle cell-containing specimens. This test analyzes 112 genes for a 
variety of genetic alterations and was validated in 238 tissue samples and 
174 FNA samples with known surgical follow-up. A 2018 publication on the 
ThyroSeq v3 Genomic Classifier reported a sensitivity of 92.9% (95% CI, 
80.52%–98.50%) and a specificity of 69.3% (95% CI, 48.21%–85.67%) for 
detecting Hürthle cell cancers.109 



Molecular diagnostic testing may include multigene assays (eg, the GEC) 
or individual mutational analysis. The GEC measures the expression of at 
least 140 genes.84,110,111 In addition to their utility in diagnostics, molecular 
markers may drive decisions related to targeted therapy for advanced 
disease and inform eligibility for some clinical trials. In addition, the 
presence of some mutations may have prognostic importance. 



A minority of panelists expressed concern regarding active surveillance of 
follicular lesions because they were perceived as potentially pre-malignant 
lesions with a very low, but unknown, malignant potential if not surgically 
resected (leading to recommendations for either active surveillance or 
considering lobectomy in lesions classified as benign by molecular 
testing). Clinical risk factors, sonographic patterns, and patient preference 
can help determine whether active surveillance or lobectomy is 
appropriate for these patients (see Nodule Evaluation in the NCCN 
Guidelines for Thyroid Carcinoma).  



Rather than proceeding to immediate surgical resection to obtain a 
definitive diagnosis for these indeterminate FNA cytology groups (follicular 
lesions), patients can be followed with active surveillance if the application 
of a specific molecular diagnostic test (in conjunction with clinical and 
ultrasound features) results in a predicted risk of malignancy that is 
comparable to the rate seen in cytologically benign thyroid FNAs 
(approximately ≤5%). It is important to note that the predictive value of 
molecular diagnostics may be significantly influenced by the pre-test 
probability of disease associated with the various FNA cytology groups. 
Furthermore, in the cytologically indeterminate groups, the risk of 
malignancy from FNA can vary widely between institutions.80,112 Because 
the published studies have focused primarily on adult patients with thyroid 
nodules, the diagnostic utility of molecular diagnostics in pediatric patients 
remains to be defined. Therefore, proper implementation of molecular 
diagnostics into clinical care requires an understanding of both the 
performance characteristics of the specific molecular test and its clinical 
meaning across a range of pre-test disease probabilities.105,113  



Additional immunohistochemical studies (eg, calcitonin) may occasionally 
be required to confirm the diagnosis of medullary carcinoma.49 Hürthle cell 
neoplasms can sometimes mimic medullary carcinoma cytologically and 
on frozen section. Sometimes it can be difficult to discriminate between 
anaplastic carcinoma and other primary thyroid malignancies (ie, 
medullary carcinoma, thyroid lymphoma) or poorly differentiated cancer 
metastatic to the thyroid.114 Metastatic renal carcinoma can mimic follicular 
neoplasm, melanoma can mimic medullary carcinoma, and metastatic 
lung cancer can mimic anaplastic carcinoma.49 Pathology synoptic reports 
(protocols), such as those from the College of American Pathologists 
(CAP), are useful for reporting results from examinations of surgical 
specimens. The CAP protocol was updated in June 2017 and reflects the 
8th edition AJCC Staging Manual (see Protocol for the Examination of 
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Specimens From Patients With Carcinomas of the Thyroid Gland on the 
CAP website).9,115  



Follicular and Hürthle cell carcinomas are rarely diagnosed by FNA, 
because the diagnostic criterion for these malignancies requires 
demonstration of vascular or capsular invasion.34,45,81,116 Approximately 
15% to 40% of lesions classified as “follicular neoplasm” or “suspicious for 
follicular neoplasm” are malignant, with risk of malignancy varying by 
institution, cytopathologist, and whether or not NIFTP is excluded.117,118 
Nodules that yield an abundance of follicular cells with little or no colloid 
are nearly impossible to categorize as benign or malignant on the basis of 
FNA.119 Repeat FNA will not resolve the diagnostic dilemma. However, 
molecular diagnostic testing may be useful for follicular cell carcinomas 
(see Nodule Evaluation in the NCCN Guidelines for Thyroid 
Carcinoma).73,105,120 



In some patients with follicular lesions, serum TSH level and thyroid 123I or 
99m technetium scanning may identify patients with an autonomously 
functioning or “hot” nodule who often may be spared surgery, because the 
diagnosis of follicular adenoma (ie, benign) is highly likely.3,121 Patients 
who are clinically euthyroid with a low TSH and a hot nodule on thyroid 
imaging should be evaluated and treated for thyrotoxicosis as indicated 
even when cytology is suspicious for follicular neoplasm. Those with a 
hypofunctional (cold or warm) nodule and with suspicious clinical and 
sonographic features should proceed to surgery (see Nodule Evaluation in 
the NCCN Guidelines for Thyroid Carcinoma).2,3 Those patients with an 
increased or normal TSH and with cytology suspicious for follicular or 
Hürthle cell neoplasm should undergo diagnostic lobectomy or total 
thyroidectomy, depending on patient preference unless molecular 
diagnostic testing predicts a low risk of malignancy.  



In patients with follicular or Hürthle cell neoplasm on FNA who are 
selected for thyroid surgery in order to obtain a definitive diagnosis, total 



thyroidectomy is recommended for bilateral disease, unilateral disease 
greater than 4 cm (especially in men), invasive cancer, metastatic cancer, 
or if the patient prefers this approach. An FNA that yields insufficient 
cellular material for diagnosis and is solid should be repeated, because 
approximately 50% of subsequent specimens are adequate to assign a 
diagnosis (see Nodule Evaluation in the NCCN Guidelines for Thyroid 
Carcinoma).74 In patients with serial nondiagnostic aspirates, 5% of 
women and 30% of men may prove to have malignant nodules.122 Nodules 
yielding benign cytology do not require repeat FNA unless the nodules 
show evidence of significant growth.74 Significant nodule growth is defined 
as a greater than 50% increase in nodule volume or 20% increase in size 
of 2 to 3 dimensions.123 Size changes should be greater than 2 mm and 
assessed by direct comparison of images. When a diagnosis of thyroid 
carcinoma is promptly established using FNA, the tumor is often confined 
to the thyroid or has metastasized only to regional nodes; thus, patients 
can be cured. However, as many as 5% of patients with papillary 
carcinoma and up to 10% of those patients with follicular or Hürthle cell 
carcinoma have tumors that aggressively invade structures in the neck or 
have produced distant metastases. Such cancers are difficult to cure.  



Recurrence of Differentiated Thyroid Carcinoma 
Depending on initial therapy and other prognostic variables, up to 30% of 
patients with differentiated thyroid carcinoma may have tumor recurrences 
during several decades; 66% of these recurrences occur within the first 
decade after initial therapy.11 Although not usually fatal, a recurrence in 
the neck is serious and must be regarded as the first sign of a potentially 
lethal outcome.124,125 In one large study, central neck recurrences were 
seen most often in the cervical lymph nodes (74%), followed by the thyroid 
remnant (20%), and then the trachea or muscle (6%). Of the group with 
local recurrences, 8% eventually died of cancer.11 Distant metastases 
were the sites of recurrence in 21% of patients in this cohort, most often 
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(63%) in the lungs alone. Of the patients with distant metastases, 50% 
died of cancer.11  



It is important to recognize that the poor outcomes in this study were 
probably related to the manner in which the recurrence was diagnosed. In 
the past, disease recurrence was heralded by symptoms or palpable 
disease on physical examination, reflecting relatively large-volume disease 
recurrence. However, tools that are highly sensitive for detecting disease 
(eg, sensitive Tg assays, high-resolution neck ultrasound) appear to have 
resulted in earlier detection of disease recurrence, which is now often 
found in the first 2 to 5 years of follow-up.3,126 These non-palpable, 
small-volume lymph node recurrences often show little evidence of 
disease progression over many years and do not appear to be associated 
with an increase in mortality.127,128  



Prognosis  
Age, Stage, and Sex at Diagnosis  
Although many factors influence the outcome for patients with papillary 
and follicular carcinomas, patient age at the time of initial therapy and 
tumor stage are important.11,129-131 Age is the most important prognostic 
variable for thyroid cancer mortality. However, thyroid cancer is more 
aggressive in men. Thyroid carcinoma is more lethal in patients older than 
40 years of age, increasingly so with each subsequent decade of life. The 
mortality rate increases dramatically after age 60 years. However, tumor 
recurrence shows a remarkably different behavior with respect to age. 
Recurrence frequencies are highest (40%) for those younger than 20 
years or older than 60 years; recurrence at other ages ensues in only 
about 20% of patients.11,129-132 This disparity between cancer-related 
mortality and the frequency of tumor recurrence probably accounts for 
most of the disagreements among clinicians concerning optimal treatment 
for patients with differentiated thyroid carcinoma. How clinicians assess 
the importance of tumor recurrence (as opposed to cancer-specific 



survival) accounts for much of the debate surrounding the influence of age 
on the treatment plan for children and young adults.  



Children typically present with more advanced disease and have more 
tumor recurrences after therapy than adults, yet their prognosis for survival 
is good.133,134 Although the prognosis of children with thyroid carcinoma is 
favorable for long-term survival (90% at 20 years), the standardized 
mortality ratio is 8-fold higher than predicted.135 Some clinicians believe 
that young age imparts such a favorable influence on survival that it 
overshadows the behavior expected from the characteristics of the tumor. 
Therefore, they classify most thyroid tumors as low-risk tumors that may 
be treated with lobectomy alone.136-138 However, most physicians treating 
the disease believe that tumor stage and its histologic features should be 
as significant as the patient’s age in determining management.11,133,139,140 
Prognosis is less favorable in men than in women, but the difference is 
usually small.11,138 One study found that gender was an independent 
prognostic variable for survival and that the risk of death from cancer was 
about twice as high in men as in women.11 Because of this risk factor, men 
with thyroid carcinoma—especially those who are older than 40 years—
may be regarded with special concern.141  



Familial Syndromes  
Familial, non-medullary carcinoma accounts for about 5% of papillary 
thyroid carcinomas (PTCs) and, in some cases, may be clinically more 
aggressive than the sporadic form.142,143 For patients to be considered as 
having familial papillary carcinoma, most studies require at least 3 
first-degree relatives to be diagnosed with papillary carcinoma because 
the finding of cancer in a single first-degree relative may just be a chance 
event. Microscopic familial papillary carcinoma tends to be multifocal and 
bilateral, often with vascular invasion, lymph node metastases, and high 
rates of recurrence and distant metastases.144 Other familial syndromes 
associated with papillary carcinoma are familial adenomatous polyposis,145 
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Carney complex (multiple neoplasia and lentiginosis syndrome, which 
affects endocrine glands),146 and Cowden syndrome (multiple 
hamartomas).147 The prognosis for patients with all of these syndromes is 
not different from the prognosis of those with spontaneously occurring 
papillary carcinoma. 



Tumor Variables Affecting Prognosis 
Some tumor features have a profound influence on prognosis.132,148-150 The 
most important features are tumor histology, primary tumor size, local 
invasion, necrosis, vascular invasion, BRAF V600E mutation status, and 
metastases.93,94,151 For example, vascular invasion (even within the thyroid 
gland) is associated with more aggressive disease and with a higher 
incidence of recurrence.3,152-155 The CAP protocol provides definitions of 
vascular invasion and other terms (see Protocol for the Examination of 
Specimens From Patients With Carcinomas of the Thyroid Gland on the 
CAP website).115 In patients with sporadic medullary carcinoma, a somatic 
RET oncogene mutation confers an adverse prognosis.156  



Histology  
Although survival rates with typical papillary carcinoma are quite good, 
cancer-specific mortality rates vary considerably with certain histologic 
subsets of tumors.1 A well-defined tumor capsule, which is found in about 
10% of PTCs, is a particularly favorable prognostic indicator. A worse 
prognosis is associated with: 1) anaplastic tumor transformation; 2) tall-cell 
papillary variants, which have a 10-year mortality of up to 25%; 3) 
columnar variant papillary carcinoma (a rapidly growing tumor with a high 
mortality rate); and 4) diffuse sclerosing variants, which infiltrate the entire 
gland.34,157,158  



NIFTP, formerly known as noninvasive encapsulated follicular variant of 
papillary thyroid carcinoma (EFVPTC), is characterized by its follicular 
growth pattern, encapsulation or clear demarcation of the tumor from 
adjacent tissue with no invasion, and nuclear features of papillary 



carcinoma.159,160 NIFTP tumors have a low risk for adverse outcomes and, 
therefore, require less aggressive treatment.160-163 NIFTP was re-classified 
in 2016 to prevent overtreatment of this indolent tumor type as well as the 
psychological consequences of a cancer diagnosis on the patient.159,160 
CAP updated its protocols with NIFTP in the June 2017 version.115 



While molecular diagnostic testing may be useful for diagnosing NIFTP in 
the future, currently available tests were not validated using NIFTP 
samples. Studies have shown that NIFTP specimens frequently carry 
characteristic mutations/alterations including RAS, PAX8/PPARγ, and/or 
BRAF (with the exception of the aggressive BRAF V600 mutations), 
differentiating it from papillary subtypes that more frequently show BRAF 
V600E and RET/PTC alterations.87,164,165 However, multiple studies 
investigating the performance of molecular diagnostics for this subtype 
have reported that most thyroid nodules histologically diagnosed as NIFTP 
are classified as “suspicious” by GEC, possibly leading to more aggressive 
surgical treatment than is necessary.166,167 Therefore, the validation of 
molecular diagnostics with NIFTP samples will be necessary to ensure 
that the tests are accurately classifying these.  



Follicular thyroid carcinoma is typically a solitary encapsulated tumor that 
may be more aggressive than papillary carcinoma. It usually has a 
microfollicular histologic pattern. It is identified as cancer by follicular cell 
invasion of the tumor capsule and/or blood vessels. The latter has a worse 
prognosis than capsular penetration alone.168 Many follicular thyroid 
carcinomas are minimally invasive tumors, exhibiting only slight tumor 
capsular penetration without vascular invasion. They closely resemble 
follicular adenomas and are less likely to produce distant metastases or to 
cause death.169 FNA or frozen section study cannot differentiate a 
minimally invasive follicular thyroid carcinoma from a follicular 
adenoma.45,116 Therefore, the tumor is often simply referred to as a 
“follicular neoplasm” by the cytopathologist (see Nodule Evaluation in the 
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NCCN Guidelines for Thyroid Carcinoma).81 The diagnosis of follicular 
thyroid carcinoma is assigned only after analysis of the permanent 
histologic sections—obtained from diagnostic lobectomy or 
thyroidectomy—shows tumor capsule invasion by follicular cells.  



Highly invasive follicular thyroid carcinomas are much less common; they 
are sometimes recognized at surgery by their invasion of surrounding 
tissues and extensive invasion of blood vessels. Up to 80% of these 
cancers metastasize, causing death in about 20% of patients, often within 
a few years of diagnosis.132 The poor prognosis is closely related to older 
age at the time of diagnosis, advanced tumor stage, and larger tumor 
size.11 The mortality rates for papillary and follicular thyroid carcinomas 
are similar in patients of comparable age and disease stage. Patients with 
either cancer have an excellent prognosis if the tumors are confined to the 
thyroid, are small, and are minimally invasive. However, patients with 
either papillary or follicular thyroid carcinoma have far less favorable 
outcomes if their disease is highly invasive or they develop distant 
metastases.11,170  



When Hürthle (oncocytic) cells constitute most (or all) of the mass of a 
malignant tumor, the disease is often classified as Hürthle cell carcinoma. 
Previously considered a variant of follicular thyroid carcinoma, the World 
Health Organization (WHO) and AJCC reclassified Hürthle cell carcinoma 
as a separate entity in 2017.9,171 Molecular studies suggest that this tumor 
may be more similar to papillary than to follicular thyroid carcinomas172,173 
and genotyping revealed that mutational, transcriptional, and copy number 
profiles of Hürthle cell carcinomas were distinct from papillary and follicular 
carcinomas, best categorizing it as a unique class of thyroid 
malignancy.174 Benign and malignant Hürthle cell tumors usually cannot be 
discriminated by FNA or frozen section examination, although large (>4 
cm) tumors are more likely to be malignant than smaller ones.175 Similar to 
follicular thyroid carcinoma, the diagnosis of Hürthle cell carcinoma is only 



assigned after analysis of the permanent histologic sections—obtained 
from diagnostic lobectomy or thyroidectomy—shows tumor capsule 
invasion by Hürthle cells.  



Hürthle cell carcinomas may be aggressive, especially when vascular 
invasion or large tumors occur in older patients.176,177 In 2 large series, 
pulmonary metastases occurred in 25% and 35% of patients with Hürthle 
cell carcinoma, about twice the frequency of follicular thyroid carcinoma 
metastases.178-180 In contrast to papillary or follicular carcinomas, 131I may 
be not effective in patients with Hürthle cell carcinoma because fewer 
Hürthle cell carcinomas concentrate 131I. In a series of 100 patients with 
distant metastases, 131I uptake by pulmonary metastases was seen in 
more than 50% of the follicular (64%) and papillary (60%) carcinomas but 
in only 36% of Hürthle cell carcinomas.178 In the National Cancer 
Database report, the 10-year relative survival rates were 85% for follicular 
carcinomas and 76% for Hürthle cell carcinoma.181  



Primary Tumor Size 
PTCs smaller than 1 cm, termed “incidentalomas” or “microcarcinomas,” 
are typically found incidentally after surgery for benign thyroid conditions. 
Their cancer-specific mortality rates are near zero.182 The risk of 
recurrence in papillary microcarcinomas ranges from 1% to 2% in unifocal 
papillary microcarcinomas, and from 4% to 6% in multifocal papillary 
microcarcinomas.183,184 Other small PTCs become clinically apparent. For 
example, about 20% of microcarcinomas are multifocal tumors that 
commonly metastasize to cervical lymph nodes. Some researchers report 
a 60% rate of nodal metastases from multifocal microcarcinomas,185 which 
may be the presenting feature and also may be associated with distant 
metastases.182 Otherwise, small (<1.5 cm) papillary or follicular 
carcinomas confined to the thyroid almost never cause distant 
metastases. Furthermore, recurrence rates after 30 years are one third of 
those associated with larger tumors; the 30-year cancer-specific mortality 
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is 0.4% compared to 7% (P < .001) for tumors 1.5 cm or larger.11 In fact, 
the prognosis for papillary and follicular thyroid carcinomas is 
incrementally poorer as tumors increase in size.170,186 There is a linear 
relationship between tumor size and recurrence or cancer-specific 
mortality for both papillary and follicular carcinomas.11  



Local Tumor Invasion  
Up to 10% of differentiated thyroid carcinomas invade through the outer 
border of the gland and grow directly into surrounding tissues, increasing 
both morbidity and mortality. The local invasion may be microscopic or 
gross; it can occur with both papillary and follicular carcinomas.11,187 
Recurrence rates are 2 times higher with locally invasive tumors, and as 
many as 33% of patients with such tumors die of cancer within a 
decade.11,188  



Lymph Node Metastases  
In one review, nodal metastases were found in 36% of 8029 adults with 
papillary carcinoma, in 17% of 1540 patients with follicular thyroid 
carcinoma, and in up to 80% of children with papillary carcinoma.132 An 
enlarged cervical lymph node may be the only sign of thyroid carcinoma. 
In these patients, multiple nodal metastases are usually found at 
surgery.189 The prognostic importance of regional lymph node metastases 
is controversial.3 However, an analysis of more than 9900 patients in the 
SEER database found a significant difference in survival at 14 years for 
those with and without lymph node metastases (79% vs. 82%, 
respectively).190 Older patients (>45 years) with papillary carcinoma and 
lymph node metastases also have decreased survival.191 A 2012 review by 
Randolph et al emphasized the correlation between the size and number 
of metastatic lymph nodes and the risk of recurrence.192 Identification of 
fewer than 5 sub-cm metastatic lymph nodes was associated with a low 
risk of recurrence. Conversely, structural disease recurrence rates of more 



than 20% to 30% were seen in large-volume lymph node metastases (>3 
cm, or >5–10 involved lymph nodes).  



Distant Metastases  
Distant metastases are the principal cause of death from papillary and 
follicular carcinomas.193,194 About 50% of these metastases are present at 
the time of diagnosis.132 Distant metastases occur even more often in 
patients with Hürthle cell carcinoma (35%) and in those patients who are 
older than age 40 years at diagnosis.178,179 Among 1231 patients in 13 
studies, the sites of reported distant metastases were lung (49%), bone 
(25%), both lung and bone (15%), and the central nervous system (CNS) 
or other soft tissues (10%). The main predictors of outcome for patients 
with distant metastases are patient’s age, the site of the distant 
metastasis, and whether the metastases concentrate 131I.178,179,195,196  



Although some patients, especially younger ones, with distant metastases 
survive for decades, about 50% die within 5 years regardless of tumor 
histology.132 Even so, some pulmonary metastases are compatible with 
long-term survival.197 For example, one study found that when distant 
metastases were confined to the lung, more than 50% of the patients were 
alive and free of disease at 10 years, whereas no patients with skeletal 
metastases survived that long.198 The survival rates are highest in young 
patients with diffuse lung metastases seen only on 131I imaging and not on 
x-ray.196,198,199 Prognosis is worse with large pulmonary metastases that do 
not concentrate 131I.178,179,195  



Tumor Staging  
The NCCN Guidelines for Thyroid Carcinoma do not use TNM stages as 
the primary determinant of management. Instead, many characteristics of 
the tumor and patient play important roles in these NCCN Guidelines. 
Many specialists in thyroid cancer also follow this paradigm. When treating 
differentiated thyroid carcinoma, many clinicians place a stronger 
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emphasis on potential morbidity than on mortality (see Surgical 
Complications in this Discussion). The current 2017 AJCC staging 
guidelines (8th edition) for thyroid carcinoma may be useful for prognosis 
(see Table 1 in the NCCN Guidelines for Thyroid Carcinoma).9 Many 
studies (including those described in this Discussion) have been based on 
AJCC-TNM staging from earlier editions, such as the 5th edition200 and not 
the 6th, 7th, or 8th editions.9,201,202 



Prognostic Scoring Strategies  
Several staging and clinical prognostic scoring strategies use patient age 
older than 40 years as a major feature to identify cancer mortality risk from 
differentiated thyroid carcinoma.130,136,201-203 These strategies include the 
EORTC, TNM 7th edition, AMES (Age, Metastases, Extent, and Size), and 
AGES (Age, tumor Grade, Extent, and Size). All of these strategies 
effectively distinguish between patients at low and high risk.186 With 
incrementally worsening MACIS (Metastasis, Age, Completeness of 
resection, Invasion, and Size) scores of less than 6, 6 to 6.99, 7 to 7.99, 
and 8+, however, the 20-year survival rates were 99%, 89%, 56%, and 
24%, respectively.136  



Unfortunately, a study that classified 269 patients with papillary carcinoma 
according to 5 different prognostic paradigms found that some patients in 
the lowest-risk group from each approach died of cancer.139 This is 
particularly true of classification schemes that simply categorize patients 
dichotomously as low or high risk.201,204 The AJCC TNM staging approach 
(see Table 1 in the NCCN Guidelines for Thyroid Carcinoma), which is 
perhaps the most widely used indicator of prognosis, classifies tumors in 
all patients younger than 55 years as stage I or stage II, even those with 
distant metastases. Although it predicts cancer mortality reasonably 
well,205,206 TNM staging was not established as a predictor of recurrence 
and therefore does not accurately forecast the recurrences that often 
occur in patients who developed thyroid carcinoma when they were young. 



Two studies have shown the poor predictive value of most staging 
approaches for thyroid carcinoma, including the TNM system.130,207  



A three-tiered staging system—low, intermediate, high—that uses 
clinicopathologic features to risk stratify with regard to the risk of 
recurrence has been suggested and validated.3,208-211 This staging system 
effectively risk stratifies patients with regard to the risk of recurrence, risk 
of persistent disease after initial therapy, risk of having persistent 
structural disease, likelihood of achieving remission in response to initial 
therapy, and likelihood of being in remission at final follow-up. In another 
approach, emphasis has been placed on evaluation of response to 
therapy using a dynamic risk assessment approach in which the initial risk 
estimates are modified during follow-up as additional data are 
accumulated.212 This allows ongoing re-assessment of risk and allows the 
management paradigm to be better tailored to realistic estimates of risk 
that may change substantially over time.  



Surgical Management of Differentiated Thyroid Carcinoma  
Ipsilateral Lobectomy Versus Total Thyroidectomy  
The appropriate extent of thyroid resection—ipsilateral lobectomy versus 
total thyroidectomy—is very controversial for lower-risk papillary 
carcinoma, which is reflected in the NCCN category 2B recommendations 
for these procedures (see Primary Treatment in the NCCN Guidelines for 
Papillary [Thyroid] Carcinoma and Papillary Thyroid Carcinoma in this 
Discussion). In most clinical settings, decisions about the extent of 
thyroidectomy should be individualized and done in consultation with the 
patient.213 Circumstances in which lobectomy is not recommended are 
detailed in the NCCN Guidelines. This debate reflects the limitations of 
prognostic scoring138 and the morbidity often associated with total 
thyroidectomy performed outside of major cancer centers. Patients treated 
at the Mayo Clinic Cancer Center for low-risk PTCs (MACIS score ≤3.99) 
had no improvement in survival rates after undergoing procedures more 
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extensive than ipsilateral lobectomy. Thus, the authors concluded that 
more aggressive surgery was indicated only for those with higher MACIS 
scores.214  



Cancer-specific mortality and recurrence rates after unilateral or bilateral 
lobectomy were assessed in patients with papillary carcinoma considered 
to be low risk by AMES criteria.215 No significant differences were found in 
cancer-specific mortality or distant metastasis rates between the 2 groups. 
However, the 20-year frequencies of local recurrence and nodal 
metastasis after unilateral lobectomy were 14% and 19%, respectively, 
which were significantly higher (P = .0001) than the frequencies of 2% and 
6% seen after bilateral thyroid lobe resection. Hay et al concluded that 
bilateral thyroid resection is the preferable initial surgical approach for 
patients with AMES low-risk papillary carcinoma.215  



Most NCCN Panel Members recommend total thyroidectomy for patients 
with biopsy-proven papillary carcinoma who have large-volume pathologic 
N1 metastases (>5 involved nodes with metastases >2 mm in largest 
dimension),3,34,216 because this procedure is associated with improved 
disease-free survival.124,140,215,217 Some centers report that patients treated 
by lobectomy alone have a 5% to 10% recurrence rate in the opposite 
thyroid lobe.132,214 After lobectomy, these patients also have an overall 
long-term recurrence rate of more than 30% (vs. 1% after total 
thyroidectomy and 131I therapy)11 and the highest frequency (11%) of 
subsequent pulmonary metastases.218 However, in properly selected 
patients treated with lobectomy alone, recurrence rates may be as low as 
4%.41 Higher recurrence rates are also observed with cervical lymph node 
metastases and multicentric tumors, providing some additional justification 
for total thyroidectomy.11  



However, some prominent thyroid cancer specialists (including some at 
NCCN Member Institutions) oppose this view and advocate unilateral 
lobectomy for most patients with papillary and follicular carcinoma based 



on 1) the low mortality among most patients (ie, those patients categorized 
as low risk by the AMES and other prognostic classification schemes); and 
2) the high complication rates reported with more extensive 
thyroidectomy.137,203,219 The large thyroid remnant remaining after 
unilateral lobectomy, however, may complicate long-term follow-up with 
serum Tg determinations and whole-body 131I imaging. Panel members 
recommend total lobectomy (without radioactive iodine RAI ablation) for 
patients with papillary carcinoma who have small-volume pathologic N1A 
metastases (<5 involved nodes with no metastasis >2 mm, in largest 
dimension).220  



NCCN Panel Members believe that total lobectomy alone is adequate 
treatment for papillary microcarcinomas provided the patient has not been 
exposed to radiation, has no other risk factors, and has a tumor smaller 
than 1 cm that is unifocal and confined to the thyroid without vascular 
invasion (see Primary Treatment in the NCCN Guidelines for Papillary 
[Thyroid] Carcinoma).3,11,182,221-224 Total lobectomy alone is also adequate 
treatment for NIFTP pathologies (see Tumor Variables Affecting 
Prognosis, Histology) and minimally invasive follicular thyroid carcinomas 
(see Primary Treatment in the NCCN Guidelines for Follicular [Thyroid] 
Carcinoma). However, completion thyroidectomy is recommended for any 
of the following: tumor more than 4 cm in diameter, positive resection 
margins, gross extrathyroidal extension, macroscopic multifocal disease, 
macroscopic nodal metastases, confirmed contralateral disease, or 
vascular invasion.3 Note that “gross extrathyroidal extension” refers to 
spread of the primary tumor outside of the thyroid capsule with invasion 
into the surrounding structures such as strap muscles, trachea, larynx, 
vasculature, esophagus, and/or recurrent laryngeal nerve.151,225,226  



Completion Thyroidectomy  
This procedure is recommended when remnant ablation is anticipated or if 
long-term follow-up is planned with serum Tg determinations and with (or 
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without) whole-body 131I imaging. Large thyroid remnants are difficult to 
ablate with 131I.218 Completion thyroidectomy has a complication rate 
similar to that of total thyroidectomy. Some experts recommend 
completion thyroidectomy for routine treatment of tumors 1 cm or larger, 
because approximately 50% of patients with cancers this size have 
additional cancer in the contralateral thyroid lobe.187,227-233 In patients with 
local or distant tumor recurrence after lobectomy, cancer is found in more 
than 60% of the resected contralateral lobes.230 



Miccoli et al studied irradiated children from Chernobyl who developed 
thyroid carcinoma and were treated by lobectomy; they found that 61% 
had unrecognized lung or lymph node metastases that could only be 
identified after completion thyroidectomy.140 In another study, patients who 
underwent completion thyroidectomy within 6 months of their primary 
operation developed significantly fewer lymph node and hematogenous 
recurrences, and they survived significantly longer than did those in whom 
the second operation was delayed for more than 6 months.231  



Surgical Complications  
The most common significant complications of thyroidectomy are 
hypoparathyroidism and recurrent laryngeal nerve injury, which occur 
more frequently after total thyroidectomy.213 Transient clinical 
hypoparathyroidism after surgery is common in adults234 and children140,235 
undergoing total thyroidectomy. The rates of long-term recurrent laryngeal 
nerve injury and hypoparathyroidism, respectively, were 3% and 2.6% 
after total thyroidectomy and 1.9% and 0.2% after subtotal 
thyroidectomy.236 One study reported hypocalcemia in 5.4% of patients 
immediately after total thyroidectomy, persisting in only 0.5% of patients 1 
year later.237 Another study reported a 3.4% incidence of long-term 
recurrent laryngeal nerve injury and a 1.1% incidence of permanent 
hypocalcemia.238 When experienced surgeons perform thyroidectomies, 
complications occur at a lower rate. A study of 5860 patients found that 



surgeons who performed more than 100 thyroidectomies a year had the 
lowest overall complication rate (4.3%), whereas surgeons who performed 
fewer than 10 thyroidectomies a year had 4 times as many 
complications.239  



Radioactive Iodine—Diagnostics and Treatment 
Diagnostic Total Body Imaging and Thyroid Stunning 
When indicated, diagnostic total body 131I imaging is recommended 
(category 2B) after surgery to assess the completeness of thyroidectomy 
and to assess whether residual disease is present (see RAI Being 
Considered Based on Clinicopathologic Features in the NCCN Guidelines 
for Papillary, Follicular, and Hürthle Cell Carcinoma). However, a 
phenomenon termed “stunning” may occur when imaging doses of 131I 
induce follicular cell damage.240 Stunning decreases uptake in the thyroid 
remnant or metastases, thus impairing the therapeutic efficacy of 
subsequent 131I.241  



To avoid or reduce the stunning effect, the following have been suggested: 
1) the use of 123I or small (2 or 3 mCi) doses of 131I; and/or 2) a shortened 
interval (≤72 hours) between the diagnostic 131I dose and the therapy 
dose. However, 123I is more expensive and smaller 131I doses have 
reduced sensitivity when compared with larger 131I doses.240-242 In addition, 
a large thyroid remnant may obscure detection of residual disease with 131I 
imaging. Some experts recommend that diagnostic 131I imaging be 
avoided completely with decisions based on the combination of tumor 
stage and serum Tg.240 Other experts advocate that whole-body 131I 
diagnostic imaging may alter therapy, for example: 1) when unsuspected 
metastases are identified; or 2) when an unexpectedly large remnant is 
identified that requires additional surgery or a reduction in RAI dosage to 
avoid substantial radiation thyroiditis.3,240,243-245 Thus, NCCN Panel 
Members disagreed about using diagnostic total body 131I imaging before 
postoperative RAI, which is reflected in the category 2B recommendation 
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for imaging.3,246-248 Note that diagnostic imaging is used less often for 
patients at low risk.  



Eligibility for Postoperative Radioactive Iodine (RAI)  
The NCCN Panel recommends a selective use approach to postoperative 
RAI administration. The 3 general, but overlapping, functions of 
postoperative RAI administration include: 1) ablation of the normal thyroid 
remnant, which may help in surveillance for recurrent disease (see below); 
2) adjuvant therapy to try to eliminate suspected micrometastases; or 3) 
RAI therapy to treat known persistent disease. The NCCN Guidelines 
have 3 different pathways for postoperative RAI administration based on 
clinicopathologic factors: 1) RAI typically recommended; 2) RAI selectively 
recommended; and 3) RAI not typically recommended (see 
Clinicopathologic Factors in the NCCN Guidelines for Papillary, Follicular, 
and Hürthle Cell Carcinoma). 



Postoperative RAI is typically recommended for patients at high risk of 
having persistent disease remaining after total thyroidectomy and includes 
patients with any of the following factors: 1) gross extrathyroidal extension; 
2) a primary tumor greater than 4 cm; or 3) postoperative unstimulated Tg 
greater than 5 to 10 ng/mL. In the case of follicular or Hürthle cell 
carcinoma, extensive vascular invasion is another indication for 
postoperative RAI. Postoperative RAI is also frequently recommended for 
patients with known/suspected distant metastases at presentation (see 
Clinicopathologic Factors in the NCCN Guidelines for Papillary, Follicular, 
and Hürthle Cell Carcinoma).  



Postoperative RAI is selectively recommended for patients who are at 
greater risk for recurrence with any of the following clinical indications 
such as largest primary tumor 2 to 4 cm, high-risk histology (for papillary 
carcinoma), lymphatic or vascular invasion, cervical lymph node 
metastases, macroscopic multifocality (one focus >1 cm), unstimulated 
postoperative serum Tg (<5–10 ng/mL), or microscopic positive 



margins.3,249,250 However, the NCCN Panel does not routinely recommend 
RAI for patients with all of the following factors: 1) either unifocal (<2 cm) 
or multifocal classic papillary microcarcinomas (all foci ≤1 cm) confined to 
the thyroid; 2) no detectable anti-Tg antibodies; and 3) postoperative 
unstimulated Tg less than 1 ng/mL. Guidelines from the ATA list very 
similar indications for postoperative RAI use and also provide specific 
guidance regarding the safe use of RAI in the outpatient setting.3,251  



Postoperative Administration of RAI  
Studies show decreased recurrence and disease-specific mortality for 
populations at intermediate or higher risk when postoperative 131I therapy 
is administered as part of the initial treatment.11,131,139,252-254 In a study 
assessing outcomes in 1004 patients with differentiated thyroid carcinoma, 
tumor recurrence was about 3-fold higher in patients either treated with 
thyroid hormone alone or given no postoperative medical therapy when 
compared with patients who underwent postoperative thyroid remnant 
ablation with 131I (P < .001). Moreover, fewer patients developed distant 
metastases (P < .002) after thyroid remnant 131I ablation than after other 
forms of postoperative treatment. However, this effect is observed only in 
patients with primary tumors 1.5 cm or more in diameter.252 Another study 
of 21,870 intermediate risk patients with differentiated thyroid cancer found 
that postoperative RAI improved OS (P < .001) and was associated with a 
29% reduction in the risk of death after adjustment for demographic and 
clinical factors (HR, 0.71; 95% CI, 0.62–0.82; P < .001).254 Some studies 
have found that remnant ablation had less of a therapeutic effect, perhaps 
because more extensive locoregional surgery had been done.186  



Previously, it was reported that postoperative RAI was associated with 
decreased overall survival in patients with stage I thyroid cancer, although 
the deaths seemed unrelated to thyroid cancer.255 Longer follow-up 
suggests that overall survival is not decreased or increased in these 
patients.256 However, a more recent study reported that the incidence of 
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secondary malignancies, such as leukemia and salivary gland 
malignancies, has increased in patients with low-risk thyroid cancer (ie, 
T1N0) who received RAI.257 Debate continues about ablating the thyroid 
bed with 131I after total thyroidectomy.3,186,252,258 In patients with papillary 
carcinoma who were at low risk for recurrence, thyroid remnant ablation 
did not decrease recurrence rates.224,250,259 A long-term study (n = 1298) 
found that overall survival is not improved in patients who receive RAI 
ablation.260 Reasons favoring remnant ablation include: 1) simplified 
patient follow-up, because elimination of thyroid bed uptake prevents 
misinterpretation of it as disease; 2) elimination of normal tissue as a 
source of Tg production, which facilitates identification of patients who are 
free of disease and may simplify their care while promoting early 
identification of those with residual cancer; and 3) elimination of normal 
tissue, which may eliminate the nidus for continued confounding anti-Tg 
antibody production. Conversely, others argue that most recurrences can 
be easily detected with neck ultrasound and that serum Tg levels are often 
quite low after a total thyroidectomy. Therefore, in patients at low and 
intermediate risk, the clinical benefit of routine remnant ablation as a 
requirement for optimal follow-up remains uncertain.  



Data suggest that lower doses of RAI are as effective as higher doses—30 
versus 100 mCi—for ablation in patients with low-risk thyroid cancer (eg, 
T1b/T2 [1–4 cm], clinical N0 disease).32,33 The NCCN Guidelines reflect a 
more cautious approach to using RAI ablation based on these randomized 
trials.261 If RAI ablation is used, the NCCN Guidelines recommend 
(category 1) 30 mCi of 131I for RAI ablation in patients at low risk based on 
these randomized trials. This same ablation dose—30 mCi—may be 
considered (category 2B) in patients at slightly higher risk (see RAI Being 
Considered Based on Clinicopathologic Features in the NCCN Guidelines 
for Papillary, Follicular, and Hürthle Cell Carcinoma).262 RAI ablation is not 
recommended in patients at very low risk.  



RAI therapy for thyroid cancer carries the risk of possible adverse effects 
including salivary gland dysfunction, lacrimal gland dysfunction, transient 
gonadal dysfunction, and secondary primary malignancies.263 The possible 
benefits of RAI should be weighed with the risk of adverse effects as part 
of treatment decision-making.261 Adverse effects may be minimized by 
using lower doses of RAI.32 



Historically, the 3 methods of determining 131I therapy activities (doses) 
have included: empiric fixed doses, quantitative dosimetry, and 
upper-bound limits that are set by blood dosimetry.3,240,243,264,265 Most 
patients at NCCN Member Institutions receive postoperative RAI based on 
empiric fixed dosing; a few centers use a combination of blood dosimetry 
and quantitative lesional dosimetry. In the past, hospitalization was 
required to administer therapeutic doses of 131I greater than 30 mCi (1110 
MBq). However, hospitalization is no longer necessary in most states, 
because a change in federal regulations permits the use of much larger 
131I doses in patients who are ambulatory.264 However, 131I therapy with 
high doses (>200 mCi) is best done in medical centers with experience 
using high doses.  



Administration of a fixed dose of 131I is the most widely used and simplest 
method. Most clinics use this method regardless of the percentage uptake 
of 131I in the remnant or metastatic lesion. Patients with uptake in tumor 
are routinely treated with large, fixed amounts of 131I. Lymph node 
metastases may be treated with about 100 to 175 mCi (3700–6475 MBq) 
of 131I. Cancer growing through the thyroid capsule (and incompletely 
resected) is treated with 150 to 200 mCi (5550–7400 MBq). Patients with 
distant metastases are usually treated with 100 to 200 mCi (3700–7400 
MBq) of 131I, which typically will not induce radiation sickness or produce 
serious damage to other structures but may exceed generally accepted 
safety limits to the blood in the elderly and in those with impaired kidney 
function.266,267 Diffuse pulmonary metastases that concentrate 50% or 
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more of the diagnostic dose of 131I (which is very uncommon) are treated 
with 150 mCi of 131I (5550 MBq) or less to avoid lung injury, which may 
occur when more than 80 mCi remains in the whole body 48 hours after 
treatment. The administered activity of RAI therapy should be adjusted for 
pediatric patients.3,268-270 A pilot study demonstrated that targeted therapy 
of the MAP kinase pathway with a MEK inhibitor (selumetinib) significantly 
increased the effectiveness of RAI therapy in patients who were previously 
RAI refractory.271  



Post-Treatment 131I Imaging 
When 131I therapy is given, whole-body 131I imaging should be performed 
several days later to document 131I uptake by the tumor. Post-treatment 
whole-body 131I imaging should be done, primarily because up to 25% of 
images show lesions that may be clinically important, which were not 
detected by the diagnostic imaging.264 In a study of pre-treatment and 
post-treatment imaging, the 2 differed in 27% of the treatment cycles, but 
only 10% of the post-treatment imaging showed clinically significant new 
foci of metastatic disease.272 Post-treatment imaging was most likely to 
reveal clinically important new information in patients younger than 45 
years who had received 131I therapy in the past. Conversely, in older 
patients and patients who had not previously received 131I therapy, 
post-treatment imaging rarely yielded new information that altered the 
patient’s prognosis.272  



Assessment and Management After Initial Treatment  
Serum Tg determinations, neck ultrasound, and whole-body 131I imaging 
detect recurrent or residual disease in most patients who have undergone 
total thyroid ablation.273 In contrast, neither serum Tg nor whole-body 131I 
imaging is specific for thyroid carcinoma in patients who have not 
undergone thyroidectomy and remnant ablation. When initial ablative 
therapy has been completed, serum Tg should be measured periodically. 
Serum Tg can be measured while the patient is taking thyroxine, but the 



test is more sensitive when thyroxine has been stopped or when 
recombinant human TSH (rhTSH) is given to increase the serum 
TSH.274,275  



Using current Tg assays, patients with measurable serum Tg levels during 
TSH suppression and those with stimulated Tg levels more than 2 ng/mL 
are likely to have residual/recurrent disease that may be localized in 
almost 50% promptly and in an additional 30% over the next 3 to 5 
years.276 About 6% of patients with detectable serum Tg levels (which are 
<2 ng/mL after stimulation) will have recurrences over the next 3 to 5 
years, whereas only about 2% of patients with completely undetectable 
serum Tg after stimulation will have recurrences over the next 3 to 5 
years. The long-term clinical significance is uncertain for disease only 
detected by minimally elevated Tg levels after stimulation.  



Recombinant Human TSH 
During follow-up, periodic withdrawal of thyroid hormone therapy has 
traditionally been used to increase the serum TSH concentrations 
sufficiently to stimulate thyroid tissue so that serum Tg measurements with 
(or without) 131I imaging could be performed to detect residual thyroid 
tissue or carcinoma. However, patients dislike thyroid hormone 
withdrawal, because it causes symptomatic hypothyroidism. An alternative 
to thyroid hormone withdrawal is the administration of rhTSH 
intramuscularly, which stimulates thyroidal 131I uptake and Tg release 
while the patient continues thyroid hormone suppressive therapy and 
avoids symptomatic hypothyroidism.277 Administration of rhTSH is well 
tolerated; nausea (10.5%) and transient mild headache (7.3%) are its main 
adverse effects.275 It is associated with significantly fewer symptoms and 
dysphoric mood states than hypothyroidism induced by thyroid hormone 
withdrawal.277  



An international study was performed to assess the effects of 2 rhTSH 
dosing schedules on whole-body 131I imaging and serum Tg levels when 
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compared with imaging and Tg levels obtained after thyroid hormone 
withdrawal.275 Data showed that the combination of rhTSH–stimulated 
whole-body imaging and serum Tg measurements detected 100% of 
metastatic carcinoma.275 In this study, 0.9 mg of rhTSH was given 
intramuscularly every day for 2 days, followed by a minimum of 4 mCi of 
131I on the third day. Whole-body imaging and Tg measurements were 
performed on the fifth day. Whole-body 131I images were acquired after 30 
minutes of imaging or after obtaining 140,000 counts, whichever came 
first. A serum Tg of 2.0 ng/mL or higher, obtained 72 hours after the last 
rhTSH injection, indicates that thyroid tissue or thyroid carcinoma is 
present, regardless of the whole-body imaging findings.275,278  



Measuring Serum Tg and Anti-Tg Antibodies  
Serum Tg measurement is the best means of detecting thyroid tissue, 
including carcinoma. Tg can be measured when TSH has been 
stimulated—either by thyroid hormone withdrawal or by rhTSH— because 
in this setting, serum Tg has a lower false-negative rate than whole-body 
131I imaging.274-276,279 Serum Tg levels vary in response to the increase in 
serum TSH after thyroid hormone withdrawal or rhTSH stimulation. Serum 
Tg generally does not increase as much after rhTSH administration as 
after withdrawal of thyroid hormone. The conditions for rhTSH–stimulated, 
whole-body 131I imaging stipulate using 4-mCi 131I doses (based on the 
trial)275 and an imaging time of 30 minutes or until 140,000 counts are 
obtained. Tg measurements may also be obtained without stimulating TSH 
using ultrasensitive assays (ie, second-generation Tg immunometric 
assays [TgIMAs]).280,281 It is useful to measure serum Tg and anti-Tg 
antibody levels for follow-up and assessing trend patterns.  



The sensitivity and specificity of various Tg assays, however, vary widely 
in different laboratories, even with the use of an international standard 
(CRM 457).282,283 Thus, it is recommended that patients undergo Tg 
monitoring via the same Tg assay performed in the same laboratory. 



Ideally, serum is frozen and saved for future analyses if needed, especially 
should a change in Tg assay be necessary. As the sensitivity of 
commercially available Tg assays improves, the need for stimulated Tg 
testing may become less important.  



Anti-Tg antibodies should be measured in the same serum sample taken 
for Tg assay, because these antibodies (which are found in ≤25% of 
patients with thyroid carcinoma) invalidate serum Tg measurements in 
most assays.280,283,284 These antibodies typically falsely lower the Tg value 
in immunochemiluminometric assays (ICMAs) and immunoradiometric 
assays (IRMAs), while raising the value in older radioimmunoassays. 
Although the clinical importance of anti-Tg antibodies is unclear, their 
persistence for more than 1 year after thyroidectomy and RAI ablation 
probably indicates the presence of residual thyroid tissue and possibly an 
increased risk of recurrence.284  



In one study, 49% of patients had a recurrence if they had undetectable 
serum Tg and serum anti-Tg antibody levels of 100 units/mL or more when 
compared with only 3% of patients with undetectable serum Tg and serum 
anti-Tg antibodies of less than 100 units/mL.285 In patients with coexistent 
autoimmune thyroid disease at the time of surgery, anti-Tg antibodies may 
persist for far longer. In a study of 116 patients with anti-Tg antibodies 
before thyroidectomy, antibodies remained detectable for up to 20 years in 
some patients without detectable thyroid tissue, and the median time to 
disappearance of antibodies was 3 years.286 Patients with persistently 
undetectable serum Tg and anti-Tg antibody levels have longer disease-
free survival when compared with patients who have detectable levels.287  



Treating Patients with Positive Tg and Negative Imaging 
Post-treatment 131I imaging may indicate the location of metastases when 
the serum Tg level is increased, but a tumor [or metastases] cannot be 
found by physical examination or other localizing techniques such as 
diagnostic 131I imaging, neck ultrasonography, CT, MRI, or PET. 
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Pulmonary metastases may be found only after administering therapeutic 
doses of 131I and obtaining whole-body imaging within a few days of 
treatment.288 In a study of 283 patients treated with 100 mCi (3700 MBq) 
of 131I, 6.4% had lung and bone metastases detected after treatment that 
had been suspected based on high serum Tg concentrations alone but 
that had not been detected after 2-mCi (74 MBq) diagnostic imaging.289  



Unfortunately, most patients who are diagnostic imaging–negative and 
Tg-positive are not rendered disease free by 131I therapy; however, the 
tumor burden may be diminished.290 Thus, most patients with residual or 
recurrent disease confined to the neck undergo re-operation rather than 
RAI therapy in the hopes of a cure. RAI therapy is more commonly 
considered for those with distant metastases or inoperable local disease. 
Patients not benefiting from this therapy can be considered for clinical 
trials, especially those patients with progressive metastatic disease. When 
a large tumor is not visible on diagnostic whole-body imaging, its ability to 
concentrate 131I is very low; thus, the tumor will not respond to 131I therapy.  



Thyroid Hormone Suppression of TSH 
The use of postoperative levothyroxine to decrease TSH levels is 
considered optimal in treatment of patients with papillary, follicular, or 
Hürthle cell carcinoma, because TSH is a trophic hormone that can 
stimulate the growth of cells derived from thyroid follicular 
epithelium.3,243,291,292 However, the optimal serum levels of TSH have not 
been defined because of a lack of specific data; therefore, the NCCN 
Panel recommends tailoring the degree of TSH suppression to the risk of 
recurrence and death from thyroid cancer for each individual patient. For 
patients with known residual carcinoma or those at high risk for 
recurrence, the recommended TSH level is below 0.1 milliunits/L. For 
patients at low risk and for those patients with an excellent response to 
initial therapy who are in remission, the recommended TSH level is either 
slightly below or slightly above the lower limit of the reference range. The 



risk and benefit of TSH-suppressive therapy must be balanced for each 
individual patient because of the potential toxicities associated with 
TSH-suppressive doses of levothyroxine, including cardiac 
tachyarrhythmias (especially in the elderly), bone demineralization 
(particularly in post-menopausal women), and frank symptoms of 
thyrotoxicosis.3,293 An adequate daily intake of calcium (1200 mg/d) and 
vitamin D (1000 units/d) is recommended for patients whose TSH levels 
are chronically suppressed. However, reports do not suggest that bone 
mineral density is altered in patients receiving levothyroxine.294,295  



Decreased recurrence and cancer-specific mortality rates for differentiated 
thyroid carcinoma have been reported for patients treated with thyroid 
hormone suppressive therapy.11,252,255,292,296-298 The average dosage 
needed to attain serum TSH levels in the euthyroid range is higher in 
patients who have been treated for thyroid carcinoma (2.11 mcg/kg per 
day) than in those patients with spontaneously occurring primary 
hypothyroidism (1.62 mcg/kg per day).298 Even higher doses are required 
to suppress serum TSH in patients who have been treated for thyroid 
carcinoma. The optimal TSH level to be achieved is uncertain in patients 
who have been treated for thyroid carcinoma. Superior outcomes were 
associated with aggressive thyroid hormone suppression therapy in 
patients at high risk but were achieved with modest suppression in 
patients with stage II disease.255 Excessive TSH suppression (into the 
undetectable, thyrotoxic range) is not required to prevent disease 
progression in all patients who have been treated for differentiated thyroid 
carcinoma.  



Adjuvant External-Beam RT  
No prospective controlled trials have been completed using adjuvant 
external-beam radiation therapy (EBRT).299-301 One retrospective study 
reported a benefit of adjuvant EBRT after RAI in patients older than 40 
years of age with invasive papillary carcinoma (T4) and lymph node 
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involvement (N1).302 Local recurrence and locoregional and distant failure 
were significantly decreased. A second study reported increased 
cause-specific survival and local relapse-free rate in select patients treated 
with adjuvant EBRT (in addition to total thyroidectomy and 
TSH-suppressive therapy with thyroid hormone) for papillary carcinoma 
with microscopic residuum. Not all patients received RAI therapy.131 
Benefit was not shown in patients with follicular thyroid carcinoma or other 
subgroups of papillary carcinoma. Similarly, patients with microscopic 
residual papillary carcinoma after surgery are more commonly rendered 
disease free after receiving EBRT (90%) than those who do not receive it 
(26%).303  



In another study, patients with microscopically invasive follicular thyroid 
carcinoma after surgery were also more often disease free when 
postoperative EBRT was given (53%) than when it was not given (38%).303 
However, these patients had not received RAI. Similar benefit was shown 
with RAI alone in comparable patients treated with RAI after surgery.303 
Another study found that recurrences did not occur in patients at high risk 
who received EBRT, but recurrences did occur in those who did not 
receive EBRT. However, the study was not powered to detect a statistical 
significance.304 Other data from single institutions also show that adjuvant 
EBRT yields long-term control of locoregional disease.305-307 Studies 
suggest that intensity-modulated radiation therapy (IMRT) is safe, 
effective, and less morbid in patients with thyroid cancer.305,308  



External-Beam RT and Surgical Excision of Metastases  
Surgical excision, EBRT, stereotactic body radiation therapy (SBRT), or 
other local therapies can be considered for symptomatic isolated skeletal 
metastases or those that are asymptomatic in weight-bearing sites.309,310 
Brain metastases pose a special problem, because 131I therapy may 
induce cerebral edema. Neurosurgical resection can be considered for 
brain metastases. For solitary brain lesions, either neurosurgical resection 



or stereotactic radiosurgery is preferred over whole brain radiation.311,312 
Once brain metastases are diagnosed, disease-specific mortality is very 
high (67%), with a reported median survival of 12.4 months in one 
retrospective study. Survival was significantly improved by surgical 
resection of one or more tumor foci.313 Most recurrent tumors respond well 
to surgery; 131I therapy; EBRT, SBRT, or IMRT; or other local therapies 
such as ethanol ablation, cryoablation, or radiofrequency ablation 
(RFA).3,314  



Systemic Therapy 
Systemic therapy can be considered for tumors that are not surgically 
resectable; are not responsive to 131I; are not amenable to EBRT 
treatment, SBRT, IMRT, or other local therapies; and have clinically 
significant structural disease progression during the last 6 to 12 months. 
Among 49 patients with metastatic differentiated thyroid carcinoma who 
were treated with 5 chemotherapy protocols, only 2 (3%) patients had 
objective responses.315 In a review of published series, 38% of patients 
had a response (defined as a decrease in tumor mass) to doxorubicin.316 
Combination chemotherapy is not clearly superior to doxorubicin therapy 
alone.132 Overall, traditional cytotoxic systemic chemotherapy, such as 
doxorubicin, has minimal efficacy in patients with metastatic differentiated 
thyroid disease.317 Novel treatments for patients with metastatic 
differentiated thyroid carcinoma have been evaluated.318-325 Agents include 
multitargeted kinase inhibitors, such as lenvatinib,318,321,326-332 sorafenib,333-



340 sunitinib,338,341,342 axitinib,343-345 everolimus,346,347 vandetanib,348 
cabozantinib,319,349 and pazopanib;350 BRAF V600E mutant inhibitors, such 
as vemurafenib and dabrafenib;351-354 and tropomyosin receptor kinase 
(TRK) inhibitors, such as larotrectinib.355 Data suggest that anaplastic 
lymphoma kinase (ALK) inhibitors may be effective in patients with 
papillary carcinoma who have ALK gene fusion.356-359  
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Clinical trials suggest that kinase inhibitors have a clinical benefit (partial 
response rates plus stable disease) in 50% to 60% of subjects, usually for 
about 12 to 24 months.321,329,338,350,360-362 Lenvatinib and sorafenib are 
recommended for the treatment of patients with RAI-refractory 
differentiated thyroid cancer (see Papillary Thyroid Carcinoma in this 
Discussion and the NCCN Guidelines for Papillary [Thyroid] Carcinoma). 
Vandetanib and cabozantinib, oral kinase inhibitors, are recommended for 
the treatment of medullary carcinoma in patients with unresectable locally 
advanced or metastatic disease (see Medullary Thyroid Carcinoma in this 
Discussion and the NCCN Guidelines for Medullary [Thyroid] Carcinoma). 
Severe or fatal side effects from kinase inhibitors include bleeding, 
hypertension, stroke, and liver toxicity; however, most side effects can be 
managed and are reversible with discontinuation of the drug.328,329,363-368 
Dose modifications of kinase inhibitors may be required. Pazopanib has 
been reported to cause reversible hypopigmentation.369  



Papillary Thyroid Carcinoma  
Surgical Therapy 
Imaging is performed before surgery to ascertain the extent of disease and 
to aid in the surgical decision-making process. A cervical ultrasound, 
including the thyroid and the central & lateral compartments, is the 
principal imaging modality that is recommended.370 In one report, cervical 
ultrasound performed before primary surgery for newly diagnosed thyroid 
cancer identified metastatic sites not appreciated on physical examination 
in 20% of patients, and surgical strategy was altered in 39% of patients.371 
Surgeon-performed preoperative ultrasound identified nonpalpable 
metastatic lymph nodes in 24% of patients.372 In more than 700 patients 
with PTC, preoperative ultrasound detected nonpalpable nodal 
metastases in 33% of subjects.373 Preoperative ultrasound findings altered 
the operation in more than 40% of cases. In another report,374 operative 
management was altered in 23% of the total group due to findings on the 
preoperative ultrasound. These studies indicate that preoperative 



ultrasound has a high sensitivity for nodal disease and will detect 
nonpalpable nodal metastases in 20% to 33% of patients, and ultrasound 
should alter the index operation in a similar percentage of patients. In most 
cases, lesions suspicious for locoregional recurrence, which are amenable 
to needle biopsy, should be interrogated with FNA biopsy before surgery. 
Tg washout assay may be a useful adjunct to FNA biopsy in these cases, 
particularly if cytology is negative. Cross-sectional imaging (CT or MRI) 
should be performed if the thyroid lesion is fixed, bulky, or substernal. 
Iodinated contrast is required for optimal cervical imaging with CT, 
although iodinated contrast will delay treatment with RAI. Evaluation of 
vocal cord mobility may be considered for patients with abnormal voice, a 
surgical history involving the recurrent laryngeal or vagus nerves, invasive 
disease, or bulky disease of the central neck. Vocal cord mobility may be 
evaluated by ultrasound, mirror indirect laryngoscopy, or fiber-optic 
laryngoscopy.375 



The NCCN Panel agreed on the characteristics of patients at higher risk 
who require total thyroidectomy and neck dissection as the primary 
treatment (see Preoperative or Intraoperative Decision-Making Criteria in 
the NCCN Guidelines for Papillary [Thyroid] Carcinoma).3,376,377 A total 
thyroidectomy is recommended for patients with any one of the following 
factors, including: known distant metastases, extrathyroidal extension, 
tumor greater than 4 cm in diameter, cervical lymph node metastases, or 
poorly differentiated histology. Total thyroidectomy may be considered for 
patients with bilateral nodularity or a prior exposure to radiation (category 
2B for radiation exposure). Clinically positive and/or biopsy-proven nodal 
metastases should be treated with a formal compartmental resection. In 
the central neck, this is achieved through a unilateral or bilateral level VI 
dissection. In the lateral compartment, a formal modified radical neck 
dissection including levels II, III, IV, and Vb should be performed.378 
Extending the dissection field into levels I or Va may be necessary when 
these levels are clinically involved. Based on the results of a randomized 



Printed by Alexander Newman on 1/27/2021 2:08:24 PM. For personal use only. Not approved for distribution. Copyright © 2021 National Comprehensive Cancer Network, Inc., All Rights Reserved.











   



Version 2.2020 © 2020 National Comprehensive Cancer Network© (NCCN©), All rights reserved. NCCN Guidelines® and this illustration may not be reproduced in any form without the express written permission of NCCN. 



NCCN Guidelines Version 2.2020 
Thyroid Carcinoma 
 



MS-23 



controlled trial, the panel does not recommend prophylactic central neck 
dissection if the cervical lymph nodes are clinically negative. This trial of 
181 patients with PTC randomized patients to receive either total 
thyroidectomy alone or total thyroidectomy plus central neck dissection 
and showed no difference in outcomes between the two groups.379 Central 
neck dissection will be required ipsilateral to a modified radical neck 
dissection done for clinically involved lateral neck lymph nodes in most 
cases. Selective dissection of individual nodal metastases (ie, cherry 
picking) is not considered adequate surgery for nodal disease in a 
previously undissected field.  



The NCCN Panel did not uniformly agree about the preferred primary 
surgery for patients with PTC who are assumed to be at lower risk of 
cancer-specific mortality. As previously mentioned, the extent of thyroid 
resection—ipsilateral lobectomy versus total thyroidectomy—is very 
controversial for lower-risk PTC, which is reflected in the NCCN category 
2B recommendations for these procedures (see Ipsilateral Lobectomy 
Versus Total Thyroidectomy in this Discussion). Lobectomy plus 
isthmusectomy is recommended for patients who cannot (or refuse to) 
take thyroid hormone replacement therapy for the remainder of their 
lives.213 Note that some patients prefer to have total thyroidectomy to 
avoid having a second surgery (ie, completion thyroidectomy). Other 
patients prefer to have a lobectomy in an attempt to avoid thyroid hormone 
replacement therapy.  



A study of more than 5000 patients found that survival of patients after 
partial thyroidectomy was similar to the survival after total thyroidectomy 
for patients at low and high risk.380 An observational study (SEER 
database) in more than 35,000 patients with PTC limited to the thyroid 
gland suggests that survival is similar whether (or not) patients are treated 
in the first year after diagnosis and whether they undergo lobectomy or 
total thyroidectomy.381 However, most guidelines (eg, NCCN, ATA) do not 



recommend active surveillance for patients with PTC.3 Another study of 
2784 patients with differentiated thyroid carcinoma (86% with PTC) found 
that total thyroidectomy was associated with increased survival in patients 
at high risk.255 A study in 52,173 patients found that total thyroidectomy 
reduces recurrence rates and improves survival in patients with PTC of 1 
cm or more when compared with lobectomy.382 For patients at lower risk 
who undergo lobectomy plus isthmusectomy, completion of thyroidectomy 
is recommended for any one of the following risk factors: large tumor (>4 
cm), positive resection margins, gross extrathyroidal extension, 
macroscopic multifocal disease, vascular invasion, or macroscopic nodal 
metastases. While a retrospective study using the National Cancer 
Database has shown that a sizable percentage of patients with 
differentiated thyroid cancer receive RAI therapy following lobectomy,383 
the panel does not support this practice due to a lack of data showing 
benefit. Therefore, RAI is not recommended following lobectomy for 
differentiated thyroid cancer.  



Incidentally discovered PTCs 1 to 4 cm in size may warrant a completion 
thyroidectomy (category 2B) for lymphatic invasion (see Primary 
Treatment in the NCCN Guidelines for Papillary [Thyroid] Carcinoma); 
active surveillance (category 2B) is another option for these patients (ie, 
with measurement of Tg and anti-Tg antibodies). Levothyroxine therapy 
can be considered for these patients to maintain low or normal TSH levels 
(see Principles of TSH Suppression in the NCCN Guidelines for Thyroid 
Carcinoma). Lobectomy is sufficient for tumors resected with all of the 
following: negative resection margins, no contralateral lesion, no 
suspicious lymph node(s), and small (<1 cm) PTCs found incidentally on 
the final pathology sections; these patients are observed (ie, with 
measurement of Tg and anti-Tg antibodies). Levothyroxine therapy to 
reduce serum TSH to low or low-normal concentrations can be considered 
for these patients (see Principles of TSH Suppression in the NCCN 
Guidelines for Thyroid Carcinoma).  
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Radioactive Iodine Therapy 
Postoperative RAI administration is recommended when a number of 
clinical factors predict a significant risk of recurrence, distant metastases, 
or disease-specific mortality. Clinicopathologic factors can be used to 
guide decisions about whether to use initial postoperative RAI (see 
Clinicopathologic Factors in the NCCN Guidelines for Papillary [Thyroid] 
Carcinoma). Algorithms can assist in decision-making about use of RAI in 
different settings: 1) RAI is not typically indicated for patients classified as 
having a low risk of recurrence/disease-specific mortality; 2) RAI is not 
recommended after lobectomy; 3) RAI may be considered for patients 
without gross residual disease, but data are conflicting regarding the 
benefit of RAI in this setting; and 4) RAI is often used for patients with 
known or suspected distant metastatic disease at presentation. However, 
some patients may have metastatic disease that may not be amenable to 
RAI therapy, which is also known as iodine-refractory disease (see 
Treatment of Metastatic Disease Not Amenable to RAI Therapy in the 
NCCN Guidelines for Papillary [Thyroid] Carcinoma).  



All patients should be examined, and palpable neck disease should be 
surgically resected before any RAI treatment. A negative pregnancy test is 
required before the administration of RAI in women of child-bearing 
potential. The administered activity of RAI therapy should be adjusted for 
pediatric patients.270 For patients with unresectable gross residual disease 
in the neck (suspected or proven) that is refractory to RAI, EBRT or IMRT 
can be considered if disease is threatening vital structures (see 
Postsurgical Evaluation in the NCCN Guidelines for Papillary [Thyroid] 
Carcinoma).3,305,306,384-386  



Surveillance and Maintenance  
The recommendations for surveillance and maintenance are described in 
the algorithm (see Surveillance and Maintenance in the NCCN Guidelines 
for Papillary [Thyroid] Carcinoma).3 About 85% of patients are considered 



to be low risk after surgery for papillary thyroid cancer.3 In patients who 
have had total (or near total) thyroidectomy and thyroid remnant ablation, 
the ATA Guidelines define the absence of persistent tumor (also known as 
no evidence of disease [NED]) as: 1) absence of clinical evidence of 
tumor; 2) absence of imaging evidence of tumor; and 3) undetectable Tg 
levels (during either TSH suppression or TSH stimulation) and absence of 
anti-Tg antibodies.3 Patients treated with 131I ablation may be followed with 
unstimulated Tg annually and with periodic neck ultrasound if they have 
negative ultrasounds, stimulated Tg less than 2 ng/mL (with negative 
anti-Tg antibodies), and negative RAI imaging (if performed). However, if 
they have a clinical suggestion of recurrent disease, then TSH-stimulated 
testing (or other imaging) may be considered. A subgroup of patients at 
low risk (eg, micropapillary carcinomas entirely confined to the thyroid 
gland) may only require periodic neck ultrasound follow-up (without 
stimulated Tg or follow-up whole-body imaging) as long as their basal Tg 
remains low (see Surveillance and Maintenance in the NCCN Guidelines 
for Papillary [Thyroid] Carcinoma). Note that Tg should be measured using 
the same laboratory and the same assay, because Tg levels vary widely 
between laboratories.3 Patients with clinically significant residual disease 
can typically be identified by the trend in Tg levels over time.3 



RAI imaging (TSH-stimulated [during either TSH suppression or TSH 
stimulation]) can be considered in patients at high risk for persistent or 
recurrent disease, distant metastases, or disease-specific mortality; 
patients with previous RAI-avid metastases; or patients with abnormal Tg 
levels, stable or increasing anti-Tg antibodies, or abnormal ultrasound 
results. In patients selected for monitoring with RAI imaging it is 
recommended every 12 to 24 months until no clinically significant 
response is seen to RAI treatment in patients with iodine-responsive 
tumors and detectable Tg, distant metastases, or soft tissue invasion on 
initial staging. Non-RAI imaging—such as ultrasound of the central and 
lateral neck compartments, neck CT, chest CT, or FDG-PET/CT—may be 
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considered if RAI imaging is negative and stimulated Tg is greater than 2 
to 5 ng/mL. High-risk factors include incomplete tumor resection, 
macroscopic tumor invasion, and distant metastases in patients at high 
risk for persistent or recurrent disease, distant metastases, or disease-
specific mortality (see Consideration for Initial Postoperative RAI Therapy 
in the NCCN Guidelines for Papillary [Thyroid] Carcinoma).3  



Recurrent Disease  
The NCCN Panel agrees that surgery is the preferred therapy for 
locoregional recurrent disease if the tumor is resectable (see Recurrent 
Disease in the NCCN Papillary [Thyroid] Carcinoma algorithm). Cervical 
ultrasound, including the central and lateral compartments, is the principal 
imaging modality when locoregional recurrence is suspected.3 
Cross-sectional imaging with CT or MRI may also be valuable for 
evaluation and surgical planning, especially when reliable high-resolution 
diagnostic ultrasound is unavailable and/or there is suspicion of invasion 
into the aerodigestive tract. In most cases, lesions suspicious for 
locoregional recurrence, which are amenable to needle biopsy, should be 
interrogated with FNA biopsy before surgery. Tg washout assay may be a 
useful adjunct to FNA biopsy in these cases, particularly if cytology is 
negative. 



Clinically significant nodal recurrence in a previously undissected nodal 
basin should be treated with a formal compartmental resection.3 In the 
central neck, this is usually achieved through a unilateral level VI 
dissection and, occasionally, a level VII dissection. In the lateral 
compartment, a formal modified radical neck dissection—including levels 
II, III, IV, and Vb—should be performed. Extending the dissection field into 
levels I or Va may be necessary when these levels are clinically involved. 
Selective dissection of individual nodal metastases (cherry picking) is not 
considered adequate surgery for nodal disease in a previously 
undissected field, and is not recommended in the NCCN Guidelines for 



Thyroid Carcinoma. Clinically significant nodal recurrence detected in a 
previously dissected nodal basin may be treated with a more focused 
dissection of the region containing the metastatic disease. For example, a 
level II recurrence detected in a patient who underwent a modified radical 
neck dissection as part of the primary treatment may only require selective 
dissection of level II. Likewise, a central neck recurrence detected in a 
patient who underwent a central neck dissection as part of the primary 
treatment may only require a focused resection of the region of 
recurrence.  



For unresectable locoregional recurrence, RAI treatment and EBRT or 
IMRT are recommended if the 131I imaging is positive.296,372 Local therapies, 
such as ethanol ablation or RFA, are also an option if available. EBRT or 
IMRT alone is another option in the absence of 131I uptake for select 
patients not responsive to other therapies.306,387 When recurrent disease is 
suspected based on high serum-stimulated Tg values (>10 ng/mL) and 
negative imaging studies (including PET scans), RAI therapy can be 
considered using an empiric fixed dose of 100 to 150 mCi of 131I (see 
Recurrent Disease in the NCCN Guidelines for Papillary [Thyroid] 
Carcinoma). The NCCN Panel had a major disagreement about 
recommending (category 3) post-treatment 131I imaging in this setting, 
because some do not feel that these patients should have imaging. No 
study has shown a decrease in morbidity or mortality in patients treated 
with 131I on the basis of increased Tg measurements alone. In a long-term 
follow-up study, no survival advantage was associated with empiric 
high-dose RAI in patients with negative imaging.388 Further, potential 
long-term side effects (ie, xerostomia, nasolacrimal duct stenosis, bone 
marrow and gonadal compromise, the risk of hematologic and other 
malignancies) may negate any benefit.389,390 Active surveillance may be 
considered for patients with low-volume disease that is stable and distant 
from critical structures.  
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Metastatic Disease Not Amenable to RAI Therapy 
For metastatic disease not amenable to RAI therapy, several therapeutic 
approaches are recommended, depending on the site and number of 
tumor foci (see Treatment of Metastatic Disease Not Amenable to RAI 
Therapy in the NCCN Guidelines for Papillary [Thyroid] Carcinoma).3,391 
Patients should continue to receive levothyroxine to suppress TSH levels. 
For skeletal metastases, consider surgical palliation for symptomatic or 
asymptomatic tumors in weight-bearing extremities; other therapeutic 
options are EBRT, SBRT, or other local therapies.309,310,392-394 Intravenous 
bisphosphonate (eg, pamidronate or zoledronic acid) or denosumab 
therapy may be considered for bone metastases; data show that these 
agents prevent skeletal-related events.395-397 Embolization (or other 
interventional procedures) of metastases can also be considered either 
prior to resection or as an alternative to resection.392,398  



For solitary CNS lesions, either neurosurgical resection or stereotactic 
radiosurgery is preferred (see the NCCN Guidelines for Central Nervous 
System Cancers).311,312 For multiple CNS lesions, surgical resection and/or 
EBRT can be considered (see Treatment of Metastatic Disease Not 
Amenable to RAI Therapy in the NCCN Guidelines for Papillary [Thyroid] 
Carcinoma).  



For clinically progressive or symptomatic disease, recommended 
treatment options that could be considered include: 1) lenvatinib 
(preferred) or sorafenib;328,333 2) clinical trials; 3) other small molecule 
kinase inhibitors if a clinical trial is not available; or 4) resection of distant 
metastases and/or EBRT or IMRT.399,400 The recommendations for 
lenvatinib (preferred) or sorafenib are based on phase 3 randomized 
trials.328,333 The NCCN Panel feels that lenvatinib is the preferred agent in 
this setting based on a response rate of 65% for lenvatinib when 
compared with 12% for sorafenib, although these agents have not been 
directly compared.326,328,333 The decision to use lenvatinib or sorafenib 



should be individualized for each patient based on likelihood of response 
and comorbidities. The efficacy of lenvatinib or sorafenib for patients with 
brain metastases has not been established; therefore, consultation with 
neurosurgeons and radiation oncologists is recommended. Kinase 
inhibitors have been used as second-line therapy for thyroid cancer.329,330 



Lenvatinib was compared with placebo in patients with metastatic 
differentiated thyroid cancer that was refractory to RAI in a phase 3 
randomized trial.328 Patients receiving lenvatinib had a progression-free 
survival (PFS) of 18.3 months compared with 3.6 months for those 
receiving placebo (hazard ratio [HR], 0.21; 99% CI, 0.14–0.31; P < .001). 
Six treatment-related deaths occurred in the lenvatinib group. A 
prespecified subset analysis of this trial found that the PFS benefit of 
lenvatinib compared to placebo was maintained in both older (>65 years) 
and younger (≤65 years) patients. Furthermore, a longer median overall 
survival was observed in older patients treated with lenvatinib compared to 
placebo (HR, 0.27; 95% CI, 0.31–0.91; P = .20), although older patients 
also had higher rates of grade 3 and higher adverse effects from 
treatment. These results suggest that lenvatinib is an appropriate 
treatment option for patients of any age with RAI-refractory differentiated 
thyroid cancer.401 



Another phase 3 randomized trial compared sorafenib with placebo in 
patients with RAI-refractory metastatic differentiated thyroid cancer.333 
Patients receiving sorafenib had a PFS of 10.8 months compared with 5.8 
months for those receiving placebo (HR, 0.59; 95% CI, 0.45–0.76; P < 
.0001). One treatment-related death occurred in the sorafenib group. 
Hand-foot syndrome is common with sorafenib and may require dose 
adjustments. 



Other commercially available small-molecule kinase inhibitors may also be 
considered for progressive and/or symptomatic disease if a clinical trial is 
not available—including vemurafenib or dabrafenib (for BRAF-positive 
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disease), larotrectinib (for NTRK gene fusion positive disease), axitinib, 
everolimus, pazopanib, sunitinib, vandetanib, or cabozantinib—although 
some of these have not been approved by the FDA for differentiated 
thyroid cancer (see Principles of Kinase Inhibitor Therapy in Advanced 
Thyroid Carcinoma in the NCCN Guidelines for Thyroid Carcinoma). Note 
that kinase inhibitor therapy may not be appropriate for patients with stable 
or slowly progressive indolent disease.328,333,364,402,403 Active surveillance is 
often appropriate for asymptomatic patients with indolent disease and no 
brain metastasis.329,364 



Follicular Thyroid Carcinoma  
The diagnosis and treatment of papillary and follicular thyroid carcinoma 
are similar; therefore, only the important differences in the management of 
follicular carcinoma are highlighted. The diagnosis of follicular thyroid 
carcinoma requires evidence of invasion through the capsule of the nodule 
or the presence of vascular invasion.45,404 Unlike PTC, FNA is not specific 
for follicular thyroid carcinoma and accounts for the main differences in 
management of the 2 tumor types.74,81,116,405 The FNA cytologic diagnosis 
of “[suspicious for] follicular neoplasm” will prove to be a benign follicular 
adenoma in 80% of cases. However, 20% of patients with follicular 
neoplasms on FNA are ultimately diagnosed with follicular thyroid 
carcinoma when the final pathology is assessed. Molecular diagnostic 
testing may be useful to determine the status of follicular lesions or lesions 
of indeterminate significance (including follicular neoplasms, AUS, or 
FLUS) as more or less likely to be malignant based on the genetic profile. 
Further diagnostic and treatment decisions for patients who present with 
follicular neoplasms are based on their TSH levels (see Nodule Evaluation 
in the NCCN Guidelines for Thyroid Carcinoma). 



Because most patients with follicular neoplasms on FNA actually have 
benign disease, total thyroidectomy is recommended only if invasive 
cancer or metastatic disease is apparent at the time of surgery or if the 



patient opts for total thyroidectomy to avoid a second procedure (ie, 
completion thyroidectomy) if cancer is found at pathologic review.404,406 
Otherwise, lobectomy plus isthmusectomy is advised as the initial surgery. 
If invasive follicular thyroid carcinoma (extensive vascular invasion) is 
found on the final histologic sections after lobectomy plus isthmusectomy, 
prompt completion of thyroidectomy is recommended (see Primary 
Treatment in the NCCN Guidelines for Follicular [Thyroid] Carcinoma).  



Completion thyroidectomy is also recommended for tumors that, on final 
histologic sections after lobectomy plus isthmusectomy, are identified as 
minimally invasive follicular thyroid carcinomas. Minimally invasive cancer 
is characterized as a well-defined tumor with microscopic capsular and/or 
few (1-4) foci of vascular invasion and often requires examination of at 
least 10 histologic sections.407 Minimally invasive cancers, as well as 
NIFTP tumors, may also be simply followed carefully, because minimally 
invasive follicular carcinomas and NIFTP usually have an excellent 
prognosis. However, deaths attributed to minimally invasive follicular 
carcinoma do occasionally occur. For patients who have a central neck 
recurrence, preoperative vocal cord assessment should be considered 
(see Recurrent Disease in the NCCN Guidelines for Follicular [Thyroid] 
Carcinoma).  



The other features of management and follow-up for follicular thyroid 
carcinoma are similar to those of PTC. Clinicopathologic factors can be 
used to guide decisions about whether to administer initial postoperative 
RAI (see Clinicopathologic Factors in the NCCN Guidelines for Follicular 
[Thyroid] Carcinoma). The NCCN Guidelines provide algorithms to assist 
in decision-making about use of RAI in different settings: 1) RAI is not 
typically indicated for patients classified as having a low risk of 
recurrence/disease-specific mortality; 2) RAI may be considered for 
patients without gross residual disease, but data are conflicting regarding 
the benefit of RAI in this setting; and 3) RAI is often used for patients with 
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known or suspected distant metastatic disease (see Clinicopathologic 
Factors in the NCCN Guidelines for Follicular [Thyroid] Carcinoma). 



RAI ablation may be used to destroy residual thyroid tissue for suspected 
or proven thyroid bed uptake; alternatively, patients fitting these criteria 
may be followed without RAI ablation. Iodine 131 ablation and 
post-treatment imaging (with consideration of dosimetry for distant 
metastasis) are recommended for suspected or proven 131I-avid metastatic 
foci (see RAI Being Considered Based on Clinicopathologic Features in 
the NCCN Guidelines for Follicular [Thyroid] Carcinoma). The decision to 
perform diagnostic whole-body 131I imaging with adequate TSH stimulation 
(thyroid withdrawal or rhTSH stimulation) before 131I therapy is 
administered is a category 2B recommendation for both follicular thyroid 
carcinoma and PTC because of the problem of stunning (see section on 
Diagnostic Total Body Imaging and Thyroid Stunning in this Discussion).  



Hürthle Cell Carcinoma  
This tumor (also known as oxyphilic cell carcinoma) is usually assumed to 
be a variant of follicular thyroid carcinoma,202,408 although the prognosis of 
Hürthle cell carcinoma is worse.177,404,406,409,410 Molecular diagnostic testing 
may not perform well for Hürthle cell neoplasm as discussed in FNA 
Results, above. The Hürthle cell variant of PTC is rare and seems to have 
a prognosis similar to follicular carcinoma.411  



The management of Hürthle cell carcinoma is almost identical to follicular 
thyroid carcinoma, except that 1) locoregional nodal metastases may be 
more common, and therefore therapeutic lymph node dissections of the 
affected compartment may be needed for clinically apparent biopsy-
proven disease; and 2) metastatic Hürthle cell tumors are less likely to 
concentrate 131I (see Papillary Thyroid Cancer: Surgical Therapy in this 
Discussion).412 Postoperative EBRT or IMRT can be considered for: 1) 
unresectable primary Hürthle cell lesions that do not concentrate 131I if 



disease is threatening vital structures; and 2) unresectable locoregional 
recurrence (see Postsurgical Evaluation and Recurrent Disease in the 
NCCN Guidelines for Hürthle Cell [Thyroid] Carcinoma), similar to the 
management for follicular thyroid carcinoma.3  



Clinicopathologic factors can be used to guide decisions about whether to 
use initial postoperative RAI (see Clinicopathologic Factors in the NCCN 
Guidelines for Hürthle Cell [Thyroid] Carcinoma). The NCCN Guidelines 
provide algorithms to assist in decision-making about use of RAI in 
different settings: 1) RAI is not typically indicated for patients classified as 
having a low risk of recurrence/disease-specific mortality; 2) RAI may be 
considered for patients without gross residual disease, but data are 
conflicting regarding the benefit of RAI in this setting; and 3) RAI is often 
used for patients with known or suspected distant metastatic disease (see 
Clinicopathologic Factors in the NCCN Guidelines for Hürthle cell [Thyroid] 
Carcinoma). 



RAI therapy has been reported to decrease the risk of locoregional 
recurrence and is recommended for unresectable disease with positive 131I 
imaging. Iodine 131 therapy (100–150 mCi) may be considered after 
thyroidectomy for patients with stimulated Tg levels of more than 10 ng/mL 
who have negative scans (including FDG-PET) (see Recurrent Disease in 
the NCCN Guidelines for Hürthle Cell [Thyroid] Carcinoma).177 
Pretreatment diagnostic imaging (123I or low-dose 131I) with adequate TSH 
stimulation (thyroid withdrawal or rhTSH stimulation) may be considered 
based on pathology, postoperative Tg, and intraoperative findings (see 
RAI Being Considered Based on Clinicopathologic Features in the NCCN 
Guidelines for Hürthle Cell [Thyroid] Carcinoma). However, some NCCN 
Panel Members did not feel that diagnostic total body imaging should be 
recommended before 131I therapy is administered, because the thyroid 
remnant may interfere with the scan, making this a category 2B 
recommendation.3  
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Medullary Thyroid Carcinoma  
Medullary thyroid carcinoma (MTC) arises from the neuroendocrine 
parafollicular C cells of the thyroid.413-416 Sporadic MTC accounts for about 
80% of all cases of the disease. The remaining cases consist of inherited 
tumor syndromes, such as: 1) MEN type 2A (MEN2A), which is the most 
common type; and 2) MEN2B.417,418 Familial MTC is now viewed as a 
variant of MEN2A.413,414,419 Sporadic disease typically presents in the fifth 
or sixth decade of life. Inherited forms of the disease tend to present at 
earlier ages.413,414 The 5-year relative survival for stages I to III is about 
93%, whereas 5-year survival for stage IV is about 28%.181,202 Because the 
C cells are predominantly located in the upper portion of each thyroid lobe, 
patients with sporadic disease typically present with upper pole nodules. 
Metastatic cervical adenopathy appears in about 50% of patients at initial 
presentation. Symptoms of upper aerodigestive tract compression or 
invasion are reported by up to 15% of patients with sporadic disease.420 
Distant metastases in the lungs or bones cause symptoms in 5% to 10% 
of patients. Many patients with advanced MTC can have diarrhea, 
Cushing’s syndrome, or facial flushing, because the tumor can secrete 
calcitonin and sometimes other hormonally active peptides (ie, 
adrenocorticotropic hormone [ACTH], calcitonin gene-related peptide 
[CGRP]). Treatment with somatostatin analogs (eg, octreotide, lanreotide) 
may be useful in patients with these symptoms.421 Patients with 
unresectable or metastatic disease may have either slowly progressive or 
rapidly progressive disease. 



Nodule Evaluation and Diagnosis  
Patients with MTC can be identified by using pathologic diagnosis or by 
prospective genetic screening. Separate pathways are included in the 
algorithm (see Clinical Presentation in the NCCN Guidelines for Medullary 
[Thyroid] Carcinoma) depending on the method of identification.  



Sporadic MTC 
Sporadic MTC is usually suspected after FNA of a solitary nodule (see 
Nodule Evaluation in the NCCN Guidelines for Thyroid Carcinoma). 
Reports suggest that about 3% of patients with nodular thyroid disease will 
have an increased serum calcitonin level when measured by a sensitive 
immunometric assay; 40% of these patients will have MTC at 
thyroidectomy.422-424 However, routine measurement of the basal serum 
calcitonin concentration is not recommended by the NCCN Panel for 
evaluating a patient with nodular thyroid disease because of: 1) the 
expense of screening all thyroid nodules and only finding a few cases of 
MTC; 2) the lack of confirmatory pentagastrin stimulation testing; and 3) 
the resulting need for thyroidectomy in some patients who actually have 
benign thyroid disease.425,426 The ATA is equivocal about routine calcitonin 
measurement.3  



Inherited MTC  
For patients in known kindreds with inherited MTC, prospective family 
screening with testing for mutant RET genes can identify disease carriers 
long before clinical symptoms or signs are noted.415,416 The traditional 
approach of stimulating secretion of calcitonin by either pentagastrin or 
calcium infusion to identify patients with MTC is no longer recommended, 
because elevated calcitonin is not a specific or adequately sensitive 
marker for MTC427 and because pentagastrin is no longer available in the 
United States. When MEN2A is suspected, the NCCN Guidelines 
recommend measurement of calcium levels with (or without) serum intact 
parathyroid hormone levels (see Additional Workup in the NCCN 
Guidelines for Medullary [Thyroid] Carcinoma). Compared with sporadic 
disease, the typical age of presentation for familial disease is the third or 
fourth decade of life, without gender preference. In patients with MEN2A, 
signs or symptoms of hyperparathyroidism or pheochromocytoma rarely 
present before those of MTC, even in the absence of screening.  
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All familial forms of MTC and MEN2 are inherited in an 
autosomal-dominant fashion. Mutations in the RET proto-oncogene are 
found in at least 95% of kindreds with MEN2A and 88% of familial 
MTC.415,416,428 The RET proto-oncogene codes for a cell 
membrane-associated tyrosine kinase receptor for a glial, cell line-derived 
neurotrophic factor. Mutations associated with MEN2A and familial MTC 
have been primarily identified in several codons of the cysteine-rich 
extracellular domains of exons 10, 11, and 13; MEN2B and some familial 
MTC mutations are found within the intracellular exons 14 to 16.413,414 
Somatic mutations in exons 11, 13, and 16 have also been found in at 
least 25% of sporadic MTC tumors—particularly the codon 918 mutation 
that activates the tyrosine kinase function of the receptor—and are 
associated with poorer prognosis of the patient.  



About 6% of patients with clinically sporadic MTC carry a germline 
mutation in RET, leading to identification of new kindreds with multiple 
(previously undiagnosed) affected individuals.429,430 Genetic testing for 
RET proto-oncogene mutations is recommended for all patients with newly 
diagnosed clinically apparent sporadic MTC, and for screening children 
and adults in known kindreds with inherited forms of MTC;431 genetic 
counseling should be considered. MTC can involve difficult ethical 
decisions for clinicians if parents or guardians refuse screening and/or 
treatment for children with possible MTC.432  



The generally accepted preoperative workup includes measurement of 
serum markers (basal serum calcitonin and serum carcinoembryonic 
antigen [CEA]) and screening of patients with germline RET 
proto-oncogene mutations for pheochromocytoma (MEN2A and MEN2B) 
and hyperparathyroidism (MEN2A). Before surgery for MTC, it is important 
to diagnose and address coexisting pheochromocytoma to avoid 
hypertensive crisis during surgery (see 
Pheochromocytoma/Paraganglioma in the NCCN Guidelines for 



Neuroendocrine Tumors, available at www.NCCN.org). 
Pheochromocytoma can be removed using laparoscopic 
adrenalectomy.413,414,433 Preoperative thyroid and neck ultrasound 
(including central and lateral neck compartments) is recommended. 
Contrast-enhanced CT of chest and liver MRI or 3-phase CT of liver can 
be considered, although distant metastasis does not contraindicate 
surgery.413,414 Liver imaging is rarely needed if the calcitonin is less than 
400 pg/mL. Evaluation of vocal cord mobility can also be considered for 
patients with abnormal voice, surgical history involving the recurrent 
laryngeal or vagus nerves, invasive disease, or bulky disease of the 
central neck.  



Staging  
As previously mentioned, the NCCN Guidelines for Thyroid Carcinoma do 
not use TNM stages to guide therapy. Instead, many characteristics of the 
tumor and patient play important roles in these NCCN Guidelines. Many 
specialists in thyroid cancer also follow this paradigm. The TNM criteria for 
clinicopathologic tumor staging are based on tumor size, the presence or 
absence of extrathyroidal invasion, locoregional nodal metastases, and 
distant metastases (see Table 1 in the NCCN Guidelines for Thyroid 
Carcinoma).9 The 8th edition of the AJCC Cancer Staging Manual 
separated MTC into its own stand-alone chapter.9  Many of the studies 
cited in this Discussion reporting on AJCC-TNM staging have referred to 
the 5th edition of the AJCC-TNM staging200 and not to the 6th, 7th, or 8th 
editions.9,201,202 



However, the TNM staging classification lacks other important prognostic 
factors.434 Notably absent is the age at diagnosis. Patients younger than 
40 years at diagnosis have a 5- and 10-year disease-specific survival rate 
of about 95% and 75%, respectively, compared with 65% and 50% for 
those older than 40 years.420,434 Controlling for the effect of age at 
diagnosis, the prognosis of patients with inherited disease (who typically 
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are diagnosed at an earlier age) is probably similar to those with sporadic 
disease.435,436 Despite an even younger typical age at diagnosis, however, 
patients with MEN2B who have MTC are more likely than those with 
MEN2A (or familial MTC) to have locally aggressive disease.436  



Other factors that may be important for predicting a worse prognosis 
include: 1) the heterogeneity and paucity of calcitonin immunostaining of 
the tumor;437 2) a rapidly increasing CEA level, particularly in the setting of 
a stable calcitonin level;438 and 3) postoperative residual 
hypercalcitoninemia.439 A study comparing different staging systems found 
that a system incorporating age, gender, and distant metastases (EORTC) 
had the greatest predictive value; however, the AJCC staging system was 
deemed to be the most appropriate.434,440 Codon analysis is useful for 
predicting prognosis.413,414,441 Presence of an exon 16 mutation, either 
within a sporadic tumor or associated with MEN2B, is associated with 
more aggressive disease.442 More than 95% of patients with MEN2B have 
a mutation in exon 16 (codon 918), whereas 2% to 3% have a mutation in 
exon 15 (codon 883).443  



Surgical Management 
Surgery is the main treatment for MTC. While no curative systemic therapy 
for MTC is available, vandetanib and cabozantinib are recommended for 
locally advanced and metastatic MTC (see Recurrent or Persistent 
Disease in this Discussion).444-447 MTC cells do not concentrate RAI, and 
MTC does not respond well to conventional cytotoxic chemotherapy. 
Therefore, 131I imaging cannot be used, and RAI treatment is not effective 
in these patients. Postoperative levothyroxine is indicated for all patients; 
however, TSH suppression is not appropriate because C cells lack TSH 
receptors. Thus, TSH should be kept in the normal range by adjusting the 
levothyroxine dose.413,414  



Patients should be assessed for hyperparathyroidism and 
pheochromocytoma preoperatively, even in patients who have apparently 
sporadic disease, because the possibility of MEN2 should dictate testing 
for a germline RET proto-oncogene mutation for all patients with MTC. 
Pheochromocytomas should be removed (eg, laparoscopic 
adrenalectomy) before surgery on the thyroid to avoid hypertensive crisis 
during surgery (see Pheochromocytoma/Paraganglioma in the NCCN 
Guidelines for Neuroendocrine Tumors, available at www.NCCN.org). 
Patients with pheochromocytomas must be treated preoperatively with 
alpha-adrenergic blockade (phenoxybenzamine) or with 
alpha-methyltyrosine to avoid a hypertensive crisis during surgery. Forced 
hydration and alpha-blockade are necessary to prevent hypotension after 
the tumor is removed. After institution of alpha-blockade and hydration, 
beta-adrenergic blockade may be necessary to treat tachyarrhythmia.  



Total thyroidectomy and bilateral central neck dissection (level VI) are 
indicated in all patients with MTC whose tumor is 1 cm or larger or who 
have bilateral thyroid disease; total thyroidectomy is recommended and 
neck dissection can be considered for those whose tumor is less than 1 
cm and for unilateral thyroid disease (see Primary Treatment in the NCCN 
Guidelines for Medullary [Thyroid] Carcinoma).376,420 Given the risks of 
thyroidectomy in very young children, referral to a surgeon and team with 
experience in pediatric thyroid surgery is advised.  



If a patient with inherited disease is diagnosed early enough, the 
recommendation is to perform a prophylactic total thyroidectomy by age 5 
years or when the mutation is identified (in older patients), especially in 
patients with codon 609, 611, 618, 620, 630, or 634 RET 
mutations.413,414,448 Note that C634 mutations are the most common 
mutations.413,414 Total thyroidectomy is recommended in the first year of 
life or at diagnosis for patients with MEN2B who have codon 883 RET 
mutations, 918 RET mutations, or compound heterozygous (V804M + 
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E805K, V804M + Y806C, or V804M + S904C) RET mutations (see Clinical 
Presentation in the NCCN Guidelines for Medullary [Thyroid] Carcinoma), 
because these RET mutations carry the highest risk for MTC (ie, level 
D).413,414,449  



However, for patients with codon 768, 790, 791, 804, and 891 RET (risk 
level A) mutations, the lethality of MTC may be lower than with other RET 
mutations.413,414,449,450 In patients with these less high-risk (ie, lower-risk 
level A) RET mutations, annual basal calcitonin testing and annual 
ultrasound are recommended; total thyroidectomy and central node 
dissection may be deferred if these tests are normal, there is no family 
history of aggressive MTC, and the family agrees to defer surgery (see 
Additional Workup in the NCCN Guidelines for Medullary [Thyroid] 
Carcinoma).413,414,451,452 Delaying thyroidectomy may also be appropriate 
for children with lower-risk mutations (ie, level A) because of the late onset 
of MTC development.413,414,450,451,453 A study found no evidence of 
persistent or recurrent MTC 5 years or more after prophylactic total 
thyroidectomy in young patients with RET mutations for MEN2A; longer 
follow-up is necessary to determine if these patients are cured.454  



Variations in surgical strategy for MTC depend on the risk for locoregional 
node metastases and on whether simultaneous parathyroid resection for 
hyperparathyroidism is necessary.413,414 A bilateral central neck dissection 
(level VI) can be considered for all patients with MEN2B. For those 
patients with MEN2A who undergo prophylactic thyroidectomy, therapeutic 
ipsilateral or bilateral central neck dissection (level VI) is recommended if 
patients have an increased calcitonin or CEA test or if ultrasound shows a 
thyroid or nodal abnormality. Similarly, more extensive lymph node 
dissection (levels II–V) is considered for these patients with primary 
tumor(s) 1 cm or larger in diameter (>0.5 cm for patients with MEN2B) or 
for patients with central compartment lymph node metastases (see 



Primary Treatment in the NCCN Guidelines for Medullary [Thyroid] 
Carcinoma).  



With a concurrent diagnosis of hyperparathyroidism in MEN2A or familial 
MTC, the surgeon should leave or autotransplant the equivalent mass of 
one normal parathyroid gland if multiglandular hyperplasia is present. 
Cryopreservation of resected parathyroid tissue should be considered to 
allow future implantation in the event of iatrogenic hypoparathyroidism. 
Disfiguring radical node dissections do not improve prognosis and are not 
indicated. In the presence of grossly invasive disease, more extended 
procedures with resection of involved neck structures may be appropriate. 
Function-preserving approaches are preferred. In some patients, MTC is 
diagnosed after thyroid surgery. In these patients, additional workup is 
recommended to ascertain whether they have RET proto-oncogene 
mutations (eg, exons 10, 11, 13–16), which will determine whether they 
need additional surgery (eg, completion thyroidectomy and/or neck 
dissection); genetic counseling should be considered (see Additional 
Workup in the NCCN Guidelines for Medullary [Thyroid] Carcinoma).  



Adjuvant RT  
EBRT and IMRT have not been adequately studied as adjuvant therapy in 
MTC.307,413,455 Slight improvements in local disease-free survival have 
been reported after EBRT for selected patients, such as those with 
extrathyroidal invasion or extensive locoregional node involvement.456 
However, most centers do not have extensive experience with adjuvant 
EBRT or IMRT for this disease. While therapeutic EBRT or IMRT may be 
considered for grossly incomplete resection when additional attempts at 
surgical resection have been ruled out, adjuvant EBRT or IMRT is rarely 
recommended (see Primary Treatment in the NCCN Guidelines for 
Medullary [Thyroid] Carcinoma).413,414 EBRT or IMRT can also be given to 
palliate painful or progressing bone metastases.309,310,394,413,414  
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Persistently Increased Calcitonin 
Basal serum concentrations of calcitonin and CEA should be measured 2 
or 3 months postoperatively. About 80% of patients with palpable MTC 
and 50% of those with nonpalpable but macroscopic MTC who undergo 
supposedly curative resection have serum calcitonin values indicative of 
residual disease. Those patients with residual disease may benefit from 
further evaluation to detect either residual resectable disease in the neck 
or the presence of distant metastases. Patients with detectable basal 
calcitonin or elevated CEA who have negative imaging and who are 
asymptomatic may be followed (see Surveillance in the NCCN Guidelines 
for Medullary [Thyroid] Carcinoma). Patients with a basal serum calcitonin 
value greater than 1000 pg/mL—and with no obvious MTC in the neck and 
upper mediastinum—probably have distant metastases, most likely in the 
liver. However, occasionally patients have relatively low serum CEA and 
calcitonin levels but have extensive metastatic disease; initial 
postoperative imaging is therefore reasonable despite the absence of very 
high serum markers.  



The prognosis for patients with postoperative hypercalcitoninemia 
depends primarily on the extent of disease at the time of initial surgery. In 
a study of 31 patients (10 patients with apparently sporadic disease, 15 
patients with MEN2A, and 6 patients with MEN2B), the 5- and 10-year 
survival rates were 90% and 86%, respectively.457 Two studies have 
reported higher mortality rates for patients with high postoperative serum 
calcitonin values, with more than 50% of patients having a recurrence 
during a mean follow-up of 10 years.439,458 Routine lymphadenectomy or 
excision of palpable tumor generally fails to normalize the serum calcitonin 
concentrations in such patients; therefore, some have focused on 
detection and eradication of microscopic tumor deposits with a curative 
intent in patients without distant metastases. Extensive dissection to 
remove all nodal and perinodal tissue from the neck and upper 
mediastinum was first reported to normalize the serum calcitonin levels in 



4 of 11 patients at least 2 years postoperatively.459 In subsequent larger 
studies, 20% to 40% of patients undergoing microdissection of the central 
and bilateral neck compartments were biochemically cured, with minimal 
perioperative morbidity.460,461 When repeat surgery is planned for curative 
intent, preoperative assessment should include locoregional imaging (ie, 
ultrasonography of the neck and upper mediastinum) and attempts to 
exclude patients with distant metastases, which may include 
contrast-enhanced CT or MRI of the neck, chest, and abdomen.461 



Postoperative Management and Surveillance  
Calcitonin is very useful for surveillance, because this hormone is only 
produced in the parafollicular cells. Thus, measurements of serum 
calcitonin and CEA levels are the cornerstone of postoperative 
assessment for residual disease (see Surveillance in the NCCN 
Guidelines for Medullary [Thyroid] Carcinoma). For patients with a 
detectable basal calcitonin or elevated CEA level, neck ultrasound is 
recommended. Patients with undetectable calcitonin levels and normal 
CEA levels can subsequently be followed with annual measurements of 
serum markers. Additional studies or more frequent testing can be done 
for those with significantly rising calcitonin or CEA. Nonetheless, the 
likelihood of significant residual disease is very low in patients with an 
undetectable basal calcitonin level in a sensitive assay. If the patient has 
MEN2, annual screening for pheochromocytoma (MEN2B or MEN2A) and 
hyperparathyroidism (MEN2A) should also be performed. For some 
low-risk RET mutations (eg, codons 768, 790, 804, or 891), less frequent 
screening may be appropriate.  



Patients with detectable serum markers (ie, calcitonin levels ≥150 pg/mL) 
should have contrast-enhanced CT (±PET) or MRI of the neck, chest, and 
abdomen with a liver protocol. Bone scan and MRI of axial skeleton should 
be considered in select patients such as those with very elevated 
calcitonin levels.413,414 The NCCN Panel recognizes that many different 
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imaging modalities may be used to examine for residual or metastatic 
tumor, but there is insufficient evidence to recommend any particular 
choice or combination of tests.413,414  



For the asymptomatic patient with detectable markers in whom imaging 
fails to identify foci of disease, the NCCN Panel recommends conservative 
surveillance with repeat measurement of the serum markers every 6 to 12 
months. For patients who are asymptomatic with abnormal markers and 
repeated negative imaging, continued active surveillance or consideration 
of cervical reoperation is recommended if primary surgery was incomplete. 
For the patient with increasing serum markers, more frequent imaging may 
be considered. Outside of clinical trials, no therapeutic intervention is 
recommended on the basis of abnormal markers alone.  



Recurrent or Persistent Disease  
Kinase inhibitors may be appropriate for select patients with recurrent or 
persistent MTC that is not resectable (see Recurrent or Persistent Disease 
in the NCCN Guidelines for Medullary [Thyroid] Carcinoma). Although 
kinase inhibitors may be recommended for patients with MTC, it is 
important to note that kinase inhibitors may not be appropriate for patients 
with stable or slowly progressive indolent disease.329,462,463 Vandetanib and 
cabozantinib are oral receptor kinase inhibitors that increase PFS in 
patients with metastatic MTC.444,447,464-466  



Vandetanib is a multitargeted kinase inhibitor; it inhibits RET, vascular 
endothelial growth factor receptor (VEGFR), and endothelial growth factor 
receptor (EGFR).444 In a phase III randomized trial in patients with 
unresectable, locally advanced, or metastatic MTC (n = 331), vandetanib 
increased PFS when compared with placebo (HR, 0.46; 95% CI, 0.31–
0.69; P < .001); overall survival data are not yet available.444 The FDA 
approved the use of vandetanib for patients with locally advanced or 
metastatic MTC who are not eligible for surgery and whose disease is 



causing symptoms or growing.445 However, access is restricted through a 
vandetanib Risk Evaluation and Mitigation Strategy (REMS) program 
because of potential cardiac toxicity.467 The NCCN Panel recommends 
vandetanib (category 1) for patients with recurrent or persistent MTC (see 
Recurrent or Persistent Disease in the NCCN Guidelines for Medullary 
[Thyroid] Carcinoma). 



Cabozantinib is a multitargeted kinase inhibitor that inhibits RET, 
VEGFR2, and MET. In a phase 3 randomized trial (EXAM) in patients with 
locally advanced or metastatic MTC (n = 330), cabozantinib increased 
median PFS when compared with placebo (11.2 vs. 4.0 months; HR, 0.28; 
95% CI, 0.19–0.40; P < .001).447 Following long-term follow-up, the 
median overall survival for patients treated with cabozantinib was 26.6 
months compared to 21.1 months for placebo, although this difference 
was not statistically significant (stratified HR, 0.85; 95% CI, .64–1.12, P = 
.24).468 Exploratory analyses have suggested that cabozantinib may have 
a greater clinical benefit for medullary thyroid cancers harboring RET 
M918T or RAS mutations, although prospective trials are needed to 
confirm.468,469 In 2012, the FDA approved the use of cabozantinib for 
patients with progressive, metastatic MTC.446 The NCCN Panel 
recommends cabozantinib (category 1) based on the phase III randomized 
trial and FDA approval (see Recurrent or Persistent Disease in the NCCN 
Guidelines for Medullary [Thyroid] Carcinoma). Rare adverse events with 
cabozantinib include severe bleeding and gastrointestinal perforations or 
fistulas; severe hemorrhage is a contraindication for cabozantinib. 



When locoregional disease is identified in the absence of distant 
metastases, surgical resection is recommended with (or without) 
postoperative EBRT or IMRT. For unresectable locoregional disease that 
is symptomatic or progressing by Response Evaluation Criteria in Solid 
Tumors (RECIST) criteria,470 the following options can be considered: 1) 
EBRT or IMRT; 2) vandetanib (category 1); or 3) cabozantinib (category 
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1). Treatment can be considered for symptomatic distant metastases (eg, 
those in bone); recommended options include: 1) palliative resection, 
ablation (eg, radiofrequency, embolization), or other regional treatment; 2) 
vandetanib (category 1); or 3) cabozantinib (category 1) (see Recurrent or 
Persistent Disease in the NCCN Guidelines for Medullary [Thyroid] 
Carcinoma). These interventions may be considered for asymptomatic 
distant metastases (especially for progressive disease), but active 
surveillance is acceptable given the lack of data regarding alteration in 
outcome. The NCCN Panel does not recommend treatment with systemic 
therapy for increasing calcitonin or CEA alone. 



In the setting of symptomatic disease or progression, the NCCN Panel 
recommends the following: 1) vandetanib (category 1);444,466,471 2) 
cabozantinib (category 1);447 3) clinical trial; or 4) consider other small-
molecule kinase inhibitors (ie, sorafenib, sunitinib, lenvatinib, pazopanib) if 
clinical trials, vandetanib, or cabozantinib are not available or 
appropriate.341,472-476 If the patient progresses on vandetanib or 
cabozantinib, systemic chemotherapy can be administered using 
dacarbazine or combinations including dacarbazine.413,477-479 EBRT or 
IMRT can be used for local symptoms. Intravenous bisphosphonate 
therapy or denosumab can be considered for bone metastases.395-397 Best 
supportive care is also recommended.  



Results from clinical trials have shown the effectiveness of novel 
multitargeted therapies including sunitinib,341,342 sorafenib,402,473  
lenvatinib,476 and pazopanib475 in MTC. Severe or fatal side effects from 
kinase inhibitors include bleeding, hypertension, and liver toxicity; 
however, many side effects can be managed.364,367,399,403 Because some 
patients may have indolent and asymptomatic disease, potentially toxic 
therapy may not be appropriate.364  



Novel therapies and the management of aggressive MTC have been 
reviewed.323,413,480-483 Of interest, calcitonin levels decreased dramatically 



after vandetanib therapy, which did not directly correlate with changes in 
tumor volume; thus, calcitonin may not be a reliable marker of tumor 
response in patients receiving RET inhibitor therapy.471 A phase 2 trial in 
patients with progressive metastatic MTC assessed treatment using 
pretargeted anti–CEA radioimmunotherapy with 131I.484 Overall survival 
was improved in the subset of patients with increased calcitonin doubling 
times.485  



Anaplastic Thyroid Carcinoma  
Anaplastic thyroid carcinomas (ATCs) are aggressive undifferentiated 
tumors, with a disease-specific mortality approaching 100%.486 Patients 
with anaplastic carcinoma are older than those with differentiated 
carcinomas, with a mean age at diagnosis of approximately 71 years.487 
Fewer than 10% of patients are younger than age 50 years, and 60% to 
70% of patients are women.129,487 The incidence of ATC is decreasing 
because of better management of differentiated thyroid cancer and 
because of increased iodine in the diet.486,488 As previously mentioned, 
anaplastic carcinoma is the least common type of thyroid carcinoma. An 
average of 63,229 patients/year were diagnosed with thyroid carcinoma 
between 2010 to 2014. Of these 63,229 patients, only 514 patients (0.8%) 
had anaplastic carcinoma.29 



Approximately 50% of patients with ATC have either a prior or coexistent 
differentiated carcinoma. Anaplastic carcinoma develops from more 
differentiated tumors as a result of one or more dedifferentiating steps, 
particularly loss of the p53 tumor suppressor protein.489 No precipitating 
events have been identified, and the mechanisms leading to anaplastic 
transformation of differentiated carcinomas are uncertain. Iodine 
deficiency is associated with ATC. More than 80% of patients with ATC 
have a history of goiter.488,490,491 Differentiated thyroid carcinomas can 
concentrate iodine, express TSH receptor, and produce Tg, whereas 
poorly differentiated or undifferentiated carcinomas typically do not. 
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Therefore, 131I imaging cannot be used and RAI treatment is not effective 
in these patients with ATC.488  



ATC is typically diagnosed based on clinical symptoms, unlike 
differentiated thyroid carcinoma, which is typically diagnosed after FNA on 
a suspicious thyroid nodule. Patients with ATC may present with 
symptoms such as rapidly enlarging neck mass, dyspnea, dysphagia, 
neck pain, Horner’s syndrome, stroke, and hoarseness due to vocal cord 
paralysis.492 Patients with ATC present with extensive local invasion, and 
distant metastases are found at initial disease presentation in 15% to 50% 
of patients.407,493 The lungs and pleura are the most common site of distant 
metastases (≤90% of patients with distant disease). About 5% to 15% of 
patients have bone metastases; 5% have brain metastases; and a few 
have metastases to the skin, liver, kidneys, pancreas, heart, and adrenal 
glands. 



Diagnosis 
The diagnosis of ATC is usually established by core or surgical biopsy. If 
FNA is suspicious or not definitive, core or surgical biopsy should be 
performed to establish the diagnosis of ATC.488 The appearance of ATCs 
varies widely; many ATCs have mixed morphologies. The most common 
morphology is biphasic spindle and giant cell tumor. Molecular techniques 
are not recommended for diagnosis of ATC.488 Sometimes it is difficult to 
discriminate between ATC and other primary thyroid malignancies (ie, 
MTC, thyroid lymphoma) or poorly differentiated cancer metastatic to the 
thyroid.114,488  



Diagnostic procedures include a complete blood count (CBC) with 
differential, comprehensive chemistry, TSH level, direct exam of larynx 
with evaluation of vocal cord mobility, and imaging studies. Neck 
ultrasound can rapidly assess tumor extension and invasion.492 CT scans 
of the head, neck, chest, abdomen, and pelvis can accurately determine 



the extent of the thyroid tumor and identify tumor invasion of the great 
vessels and upper aerodigestive tract structures.494 PET/CT scans from 
skull base to mid-thigh are recommended to accurately stage the patient. 
Bone metastases are usually lytic. All ATCs are considered stage IV (A, B, 
or C) (see Table 1 in the NCCN Guidelines for Thyroid Carcinoma).9 
Clinically apparent anaplastic tumors are usually unresectable. 



Prognosis  
No curative therapy exists for ATC; it is almost uniformly fatal.495,496 The 
median survival from diagnosis is about 5 months.488,497 The 1-year 
survival rate is about 20%.493,497 Death is attributable to upper airway 
obstruction and suffocation (often despite tracheostomy) in 50% of these 
patients; in the remaining patients, death is attributable to complications of 
local and distant disease and/or therapy.498 Patients with disease confined 
to the neck at diagnosis have a mean survival of 8 months compared with 
3 months if the disease extends beyond the neck.499 Other variables that 
may predict a worse prognosis include older age at diagnosis, distant 
metastases, white blood cell (WBC) count ≥10,000 mm3, and dyspnea as a 
presenting symptom.500,501  



Treatment 
ATC has a very poor prognosis and responds poorly to conventional 
therapy. The role of palliative and supportive care is paramount and 
should be initiated early in the disease. At the outset of the diagnosis, it is 
critical that conversations about end-of-life care be initiated so that a clear 
understanding of how to manage the airway is undertaken, which is clear 
to the family and all providers. Tracheostomy is often a morbid and 
temporary treatment of the airway and may not be the option a patient 
would choose.498,502 
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Surgery 
Once the diagnosis of ATC is confirmed, it is essential to rapidly determine 
whether local resection is an option.486 Before resection is attempted, the 
extent of disease—particularly in the larynx, trachea, and neck—should be 
accurately assessed by a very experienced surgeon who is capable of 
performing extensive neck dissections if necessary. However, most 
patients with ATC have unresectable or metastatic disease. The patency 
of the airway should be assessed throughout the patient’s course.498 If the 
patient appears to have resectable disease, an attempt at total 
thyroidectomy with complete gross tumor resection should be made, with 
selective resection of all involved local or regional structures and nodes. 
Total thyroidectomy with attempted complete tumor resection has not 
been shown to prolong survival except for the few patients whose tumors 
are small and confined entirely to the thyroid or readily excised 
structures.497,499,503,504 Patients need to receive levothyroxine if total 
thyroidectomy is done. 



Radiation Therapy 
EBRT or IMRT can increase short-term survival in some patients; EBRT or 
IMRT can also improve local control and can be used for palliation (eg, to 
prevent asphyxiation).455,486,488,501,505-509 Surgical excision or external 
irradiation should be considered for isolated skeletal metastases. For 
solitary brain lesions, either neurosurgical resection or radiation therapy is 
recommended. Once brain metastases are diagnosed, disease-specific 
mortality is very high, with a reported median survival of 1.3 months. 
Enteral nutrition may be useful for some patients who have difficulty 
swallowing (see Principles of Nutrition: Management and Supportive Care 
in the NCCN Guidelines for Head and Neck Cancer, available at 
www.NCCN.org). If enteral feeding is considered, a careful conversation 
should occur with the patient about their wishes.  



Systemic Therapy 
Treatment with single-drug chemotherapy is not very effective, although 
some patients may show disease response or have stable disease.488,509 
Hyperfractionated EBRT, combined with radiosensitizing doses of 
doxorubicin, may increase the local response rate to about 80%, with 
subsequent median survival of 1 year.510 Distant metastases then become 
the leading cause of death.511 Similar improvement in local disease control 
has been reported with a combination of hyperfractionated RT and 
doxorubicin-based regimens, followed by debulking surgery in responsive 
patients or other multimodality approaches.509,512-514 IMRT may be useful to 
reduce toxicity.455,488,515-519 However, the addition of larger doses of other 
chemotherapeutic drugs has not been associated with improved control of 
distant disease or with improved survival.  



Systemic therapy recommendations are described in the algorithm (see 
Systemic Therapy for Anaplastic Thyroid Carcinoma in the NCCN 
Guidelines for Anaplastic [Thyroid] Carcinoma).488,520 Recommended 
regimens include paclitaxel and carboplatin combinations, docetaxel and 
doxorubicin combinations, paclitaxel alone, or doxorubicin alone.488,521 
Dabrafenib plus trametinib combination or larotrectinib are also options for 
BRAF V600E mutation-positive or NTRK gene fusion-positive tumors, 
respectively.355,522 The NCCN Panel recommends molecular testing to help 
inform decisions regarding systemic therapy and to determine eligibility for 
clinical trials. The dosage and frequency of administration of all the 
recommended systemic therapy agents are provided in the algorithm. 
Either concurrent chemoradiation or chemotherapy alone regimens may 
be used depending on the clinical setting; however, chemoradiation is 
generally more toxic. If using chemoradiation, the ATA Guidelines 
recommend using weekly chemotherapy regimens.488  



Systemic therapy alone can be considered for patients with unresectable 
or metastatic disease. Single-agent doxorubicin is the only agent that is 
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approved by the FDA for ATC.488 Single-agent paclitaxel may benefit some 
patients with newly diagnosed ATC; increased survival has been reported 
in patients with stage IVB disease.523-525 If weekly paclitaxel is used, the 
ATA Guidelines recommend using paclitaxel at 60 to 90 mg/m2 IV weekly 
and not the dose previously reported in the study by Ain et al.488,525  



A phase 2, open-label trial of 16 patients with BRAF V600E-mutated ATC 
evaluated the efficacy and safety of dabrafenib 150 mg, twice daily, in 
combination with trametinib 2 mg, once daily.522 The confirmed overall 
response rate (ORR) was 69% (95% CI, 41%–89%), with 7 responses 
ongoing. While duration of response, PFS, and OS were not yet reached, 
the 12-month estimates were 90%, 79%, and 80%, respectively. The 
combination was found to be well-tolerated as evaluated in 100 patients 
across 7 rare tumor types; common adverse events included fatigue 
(38%), pyrexia (37%) and nausea (35%).522 Based on these data, the FDA 
approved dabrafenib/trametinib for ATC with BRAF V600E mutation on 
May 4, 2018.526 



A pooled analysis of 3 studies (a phase 1 including adults, a phase 1/2 
involving children, and a phase 2 involving adolescents and adults) 
studied the safety and efficacy of larotrectinib in patients with NTRK gene 
fusion-positive tumors, including 7 patients with thyroid cancer of which 1 
patient had ATC.355,527 For the whole population, the ORR was 75% (95% 
CI, 61%–85%) by independent review and 80% (95% CI, 67%–90%) by 
investigator assessment.355,527 100% of the thyroid cancers in this study 
responded to larotrectinib, with 1 complete response and 4 partial 
responses.527 Larotrectinib was found to be well-tolerated as the majority 
(93%) of adverse events were grades 1 or 2 and no treatment-related 
adverse events of grades 3 or 4 occurred in more than 5% of patients.355 
Based on these data, the FDA approved larotrectinib for metastatic solid 
tumors with NTRK gene fusion and no satisfactory alternative treatments 
on November 26, 2018.528 



Given the poor outcome with current standard therapy, all patients—
regardless of surgical resection—should be considered for clinical trials. 
Previous clinical trials for ATC have tested therapies including 
fosbretabulin (and its parent drug, combretastatin A4 phosphate [CA4P], 
and crolibulin [EPC2407], which are vascular disrupting agents), 
efatutazone (an oral PPAR gamma agonist), and novel multitargeted 
therapies including bevacizumab with doxorubicin, sorafenib, sunitinib, 
imatinib, and pazopanib.342,520,529-536 A trial in 80 patients (FACT) reported 
that the addition of fosbretabulin—to a carboplatin/paclitaxel regimen—
resulted in a nonsignificant increase in median survival (5.2 vs. 4.0 
months).520,537 



Multimodality therapy is recommended in patients with locally resectable 
disease (see Primary Treatment in the NCCN Guidelines for Anaplastic 
[Thyroid] Carcinoma).488,515,520,538-542 Retrospective studies have reported 
that patients with ATC who receive trimodal therapy including surgery, 
radiation, and systemic therapy demonstrate improved survival compared 
to those who undergo less aggressive treatment approaches.543,544 
Although optimal results have been reported with hyperfractionated EBRT 
combined with chemotherapy, the NCCN Panel acknowledged that 
considerable toxicity is associated with such treatment and that prolonged 
remission is uncommonly reported.545 Preliminary data suggest that ALK 
inhibitors may be effective in a subset of patients with papillary thyroid 
cancer who have ALK gene fusions; however, these ALK gene fusions are 
rarely reported in patients with ATC.356-359 BRAF mutations have been 
reported in patients with ATC,492,546-548 supporting the utility of the BRAF 
V600E inhibitor, dabrafenib in combination with the MEK inhibitor, and 
trametinib for treatment of this disease.522 
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1 Foo



Hello, here is some text without a meaning. This text should show what a
printed text will look like at this place. If you read this text, you will get no
information. Really? Is there no information? Is there a difference between this
text and some nonsense like “Huardest gefburn”? Kjift – not at all! A blind
text like this gives you information about the selected font, how the letters are
written and an impression of the look. This text should contain all letters of the
alphabet and it should be written in of the original language. There is no need
for special content, but the length of words should match the language. Hello,
here is some text without a meaning. This text should show what a printed text
will look like at this place. If you read this text, you will get no information.
Really? Is there no information? Is there a difference between this text and
some nonsense like “Huardest gefburn”? Kjift – not at all! A blind text like this
gives you information about the selected font, how the letters are written and
an impression of the look. This text should contain all letters of the alphabet
and it should be written in of the original language. There is no need for special
content, but the length of words should match the language.



2 Bar



Hello, here is some text without a meaning. This text should show what a
printed text will look like at this place. If you read this text, you will get no
information. Really? Is there no information? Is there a difference between this
text and some nonsense like “Huardest gefburn”? Kjift – not at all! A blind
text like this gives you information about the selected font, how the letters are
written and an impression of the look. This text should contain all letters of
the alphabet and it should be written in of the original language. There is no
need for special content, but the length of words should match the language. 7



3 Baz



Hello, here is some text without a meaning. This text should show what a
printed text will look like at this place. If you read this text, you will get no
information. Really? Is there no information? Is there a difference between this
text and some nonsense like “Huardest gefburn”? Kjift – not at all! A blind
text like this gives you information about the selected font, how the letters are
written and an impression of the look. This text should contain all letters of
the alphabet and it should be written in of the original language. There is no
need for special content, but the length of words should match the language. 5



4 Foo



Hello, here is some text without a meaning. This text should show what a
printed text will look like at this place. If you read this text, you will get no
information. Really? Is there no information? Is there a difference between this
text and some nonsense like “Huardest gefburn”? Kjift – not at all! A blind
text like this gives you information about the selected font, how the letters are
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written and an impression of the look. This text should contain all letters of the
alphabet and it should be written in of the original language. There is no need
for special content, but the length of words should match the language. Hello,
here is some text without a meaning. This text should show what a printed text
will look like at this place. If you read this text, you will get no information.
Really? Is there no information? Is there a difference between this text and
some nonsense like “Huardest gefburn”? Kjift – not at all! A blind text like this
gives you information about the selected font, how the letters are written and
an impression of the look. This text should contain all letters of the alphabet
and it should be written in of the original language. There is no need for special
content, but the length of words should match the language.



5 Bar



Hello, here is some text without a meaning. This text should show what a
printed text will look like at this place. If you read this text, you will get no
information. Really? Is there no information? Is there a difference between this
text and some nonsense like “Huardest gefburn”? Kjift – not at all! A blind
text like this gives you information about the selected font, how the letters are
written and an impression of the look. This text should contain all letters of
the alphabet and it should be written in of the original language. There is no
need for special content, but the length of words should match the language. 7



6 Baz



Hello, here is some text without a meaning. This text should show what a
printed text will look like at this place. If you read this text, you will get no
information. Really? Is there no information? Is there a difference between this
text and some nonsense like “Huardest gefburn”? Kjift – not at all! A blind
text like this gives you information about the selected font, how the letters are
written and an impression of the look. This text should contain all letters of
the alphabet and it should be written in of the original language. There is no
need for special content, but the length of words should match the language. 5



7 Foo



Hello, here is some text without a meaning. This text should show what a
printed text will look like at this place. If you read this text, you will get no
information. Really? Is there no information? Is there a difference between this
text and some nonsense like “Huardest gefburn”? Kjift – not at all! A blind
text like this gives you information about the selected font, how the letters are
written and an impression of the look. This text should contain all letters of the
alphabet and it should be written in of the original language. There is no need
for special content, but the length of words should match the language. Hello,
here is some text without a meaning. This text should show what a printed text
will look like at this place. If you read this text, you will get no information.
Really? Is there no information? Is there a difference between this text and
some nonsense like “Huardest gefburn”? Kjift – not at all! A blind text like this
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gives you information about the selected font, how the letters are written and
an impression of the look. This text should contain all letters of the alphabet
and it should be written in of the original language. There is no need for special
content, but the length of words should match the language.



8 Bar



Hello, here is some text without a meaning. This text should show what a
printed text will look like at this place. If you read this text, you will get no
information. Really? Is there no information? Is there a difference between this
text and some nonsense like “Huardest gefburn”? Kjift – not at all! A blind
text like this gives you information about the selected font, how the letters are
written and an impression of the look. This text should contain all letters of
the alphabet and it should be written in of the original language. There is no
need for special content, but the length of words should match the language. 7



9 Baz



Hello, here is some text without a meaning. This text should show what a
printed text will look like at this place. If you read this text, you will get no
information. Really? Is there no information? Is there a difference between this
text and some nonsense like “Huardest gefburn”? Kjift – not at all! A blind
text like this gives you information about the selected font, how the letters are
written and an impression of the look. This text should contain all letters of
the alphabet and it should be written in of the original language. There is no
need for special content, but the length of words should match the language. 5
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1 Foo



Hello, here is some text without a meaning. This text should show what a
printed text will look like at this place. If you read this text, you will get no
information. Really? Is there no information? Is there a difference between this
text and some nonsense like “Huardest gefburn”? Kjift – not at all! A blind
text like this gives you information about the selected font, how the letters are
written and an impression of the look. This text should contain all letters of the
alphabet and it should be written in of the original language. There is no need
for special content, but the length of words should match the language. Hello,
here is some text without a meaning. This text should show what a printed text
will look like at this place. If you read this text, you will get no information.
Really? Is there no information? Is there a difference between this text and
some nonsense like “Huardest gefburn”? Kjift – not at all! A blind text like this
gives you information about the selected font, how the letters are written and
an impression of the look. This text should contain all letters of the alphabet
and it should be written in of the original language. There is no need for special
content, but the length of words should match the language.



2 Bar



Hello, here is some text without a meaning. This text should show what a
printed text will look like at this place. If you read this text, you will get no
information. Really? Is there no information? Is there a difference between this
text and some nonsense like “Huardest gefburn”? Kjift – not at all! A blind
text like this gives you information about the selected font, how the letters are
written and an impression of the look. This text should contain all letters of
the alphabet and it should be written in of the original language. There is no
need for special content, but the length of words should match the language. 7



3 Baz



Hello, here is some text without a meaning. This text should show what a
printed text will look like at this place. If you read this text, you will get no
information. Really? Is there no information? Is there a difference between this
text and some nonsense like “Huardest gefburn”? Kjift – not at all! A blind
text like this gives you information about the selected font, how the letters are
written and an impression of the look. This text should contain all letters of
the alphabet and it should be written in of the original language. There is no
need for special content, but the length of words should match the language. 5
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Hello, here is some text without a meaning. This text should show what a
printed text will look like at this place. If you read this text, you will get no
information. Really? Is there no information? Is there a difference between this
text and some nonsense like “Huardest gefburn”? Kjift – not at all! A blind
text like this gives you information about the selected font, how the letters are
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written and an impression of the look. This text should contain all letters of the
alphabet and it should be written in of the original language. There is no need
for special content, but the length of words should match the language. Hello,
here is some text without a meaning. This text should show what a printed text
will look like at this place. If you read this text, you will get no information.
Really? Is there no information? Is there a difference between this text and
some nonsense like “Huardest gefburn”? Kjift – not at all! A blind text like this
gives you information about the selected font, how the letters are written and
an impression of the look. This text should contain all letters of the alphabet
and it should be written in of the original language. There is no need for special
content, but the length of words should match the language.



5 Bar



Hello, here is some text without a meaning. This text should show what a
printed text will look like at this place. If you read this text, you will get no
information. Really? Is there no information? Is there a difference between this
text and some nonsense like “Huardest gefburn”? Kjift – not at all! A blind
text like this gives you information about the selected font, how the letters are
written and an impression of the look. This text should contain all letters of
the alphabet and it should be written in of the original language. There is no
need for special content, but the length of words should match the language. 7



6 Baz



Hello, here is some text without a meaning. This text should show what a
printed text will look like at this place. If you read this text, you will get no
information. Really? Is there no information? Is there a difference between this
text and some nonsense like “Huardest gefburn”? Kjift – not at all! A blind
text like this gives you information about the selected font, how the letters are
written and an impression of the look. This text should contain all letters of
the alphabet and it should be written in of the original language. There is no
need for special content, but the length of words should match the language. 5



7 Foo



Hello, here is some text without a meaning. This text should show what a
printed text will look like at this place. If you read this text, you will get no
information. Really? Is there no information? Is there a difference between this
text and some nonsense like “Huardest gefburn”? Kjift – not at all! A blind
text like this gives you information about the selected font, how the letters are
written and an impression of the look. This text should contain all letters of the
alphabet and it should be written in of the original language. There is no need
for special content, but the length of words should match the language. Hello,
here is some text without a meaning. This text should show what a printed text
will look like at this place. If you read this text, you will get no information.
Really? Is there no information? Is there a difference between this text and
some nonsense like “Huardest gefburn”? Kjift – not at all! A blind text like this
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gives you information about the selected font, how the letters are written and
an impression of the look. This text should contain all letters of the alphabet
and it should be written in of the original language. There is no need for special
content, but the length of words should match the language.



8 Bar



Hello, here is some text without a meaning. This text should show what a
printed text will look like at this place. If you read this text, you will get no
information. Really? Is there no information? Is there a difference between this
text and some nonsense like “Huardest gefburn”? Kjift – not at all! A blind
text like this gives you information about the selected font, how the letters are
written and an impression of the look. This text should contain all letters of
the alphabet and it should be written in of the original language. There is no
need for special content, but the length of words should match the language. 7



9 Baz



Hello, here is some text without a meaning. This text should show what a
printed text will look like at this place. If you read this text, you will get no
information. Really? Is there no information? Is there a difference between this
text and some nonsense like “Huardest gefburn”? Kjift – not at all! A blind
text like this gives you information about the selected font, how the letters are
written and an impression of the look. This text should contain all letters of
the alphabet and it should be written in of the original language. There is no
need for special content, but the length of words should match the language. 5
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1 Foo



Hello, here is some text without a meaning. This text should show what a
printed text will look like at this place. If you read this text, you will get no
information. Really? Is there no information? Is there a difference between this
text and some nonsense like “Huardest gefburn”? Kjift – not at all! A blind
text like this gives you information about the selected font, how the letters are
written and an impression of the look. This text should contain all letters of the
alphabet and it should be written in of the original language. There is no need
for special content, but the length of words should match the language. Hello,
here is some text without a meaning. This text should show what a printed text
will look like at this place. If you read this text, you will get no information.
Really? Is there no information? Is there a difference between this text and
some nonsense like “Huardest gefburn”? Kjift – not at all! A blind text like this
gives you information about the selected font, how the letters are written and
an impression of the look. This text should contain all letters of the alphabet
and it should be written in of the original language. There is no need for special
content, but the length of words should match the language.



2 Bar



Hello, here is some text without a meaning. This text should show what a
printed text will look like at this place. If you read this text, you will get no
information. Really? Is there no information? Is there a difference between this
text and some nonsense like “Huardest gefburn”? Kjift – not at all! A blind
text like this gives you information about the selected font, how the letters are
written and an impression of the look. This text should contain all letters of
the alphabet and it should be written in of the original language. There is no
need for special content, but the length of words should match the language. 7



3 Baz



Hello, here is some text without a meaning. This text should show what a
printed text will look like at this place. If you read this text, you will get no
information. Really? Is there no information? Is there a difference between this
text and some nonsense like “Huardest gefburn”? Kjift – not at all! A blind
text like this gives you information about the selected font, how the letters are
written and an impression of the look. This text should contain all letters of
the alphabet and it should be written in of the original language. There is no
need for special content, but the length of words should match the language. 5



4 Foo



Hello, here is some text without a meaning. This text should show what a
printed text will look like at this place. If you read this text, you will get no
information. Really? Is there no information? Is there a difference between this
text and some nonsense like “Huardest gefburn”? Kjift – not at all! A blind
text like this gives you information about the selected font, how the letters are
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written and an impression of the look. This text should contain all letters of the
alphabet and it should be written in of the original language. There is no need
for special content, but the length of words should match the language. Hello,
here is some text without a meaning. This text should show what a printed text
will look like at this place. If you read this text, you will get no information.
Really? Is there no information? Is there a difference between this text and
some nonsense like “Huardest gefburn”? Kjift – not at all! A blind text like this
gives you information about the selected font, how the letters are written and
an impression of the look. This text should contain all letters of the alphabet
and it should be written in of the original language. There is no need for special
content, but the length of words should match the language.



5 Bar



Hello, here is some text without a meaning. This text should show what a
printed text will look like at this place. If you read this text, you will get no
information. Really? Is there no information? Is there a difference between this
text and some nonsense like “Huardest gefburn”? Kjift – not at all! A blind
text like this gives you information about the selected font, how the letters are
written and an impression of the look. This text should contain all letters of
the alphabet and it should be written in of the original language. There is no
need for special content, but the length of words should match the language. 7



6 Baz



Hello, here is some text without a meaning. This text should show what a
printed text will look like at this place. If you read this text, you will get no
information. Really? Is there no information? Is there a difference between this
text and some nonsense like “Huardest gefburn”? Kjift – not at all! A blind
text like this gives you information about the selected font, how the letters are
written and an impression of the look. This text should contain all letters of
the alphabet and it should be written in of the original language. There is no
need for special content, but the length of words should match the language. 5



7 Foo



Hello, here is some text without a meaning. This text should show what a
printed text will look like at this place. If you read this text, you will get no
information. Really? Is there no information? Is there a difference between this
text and some nonsense like “Huardest gefburn”? Kjift – not at all! A blind
text like this gives you information about the selected font, how the letters are
written and an impression of the look. This text should contain all letters of the
alphabet and it should be written in of the original language. There is no need
for special content, but the length of words should match the language. Hello,
here is some text without a meaning. This text should show what a printed text
will look like at this place. If you read this text, you will get no information.
Really? Is there no information? Is there a difference between this text and
some nonsense like “Huardest gefburn”? Kjift – not at all! A blind text like this
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gives you information about the selected font, how the letters are written and
an impression of the look. This text should contain all letters of the alphabet
and it should be written in of the original language. There is no need for special
content, but the length of words should match the language.



8 Bar



Hello, here is some text without a meaning. This text should show what a
printed text will look like at this place. If you read this text, you will get no
information. Really? Is there no information? Is there a difference between this
text and some nonsense like “Huardest gefburn”? Kjift – not at all! A blind
text like this gives you information about the selected font, how the letters are
written and an impression of the look. This text should contain all letters of
the alphabet and it should be written in of the original language. There is no
need for special content, but the length of words should match the language. 7



9 Baz



Hello, here is some text without a meaning. This text should show what a
printed text will look like at this place. If you read this text, you will get no
information. Really? Is there no information? Is there a difference between this
text and some nonsense like “Huardest gefburn”? Kjift – not at all! A blind
text like this gives you information about the selected font, how the letters are
written and an impression of the look. This text should contain all letters of
the alphabet and it should be written in of the original language. There is no
need for special content, but the length of words should match the language. 5
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1 Your Chapter



Lorem ipsum dolor sit amet, consetetur sadipscing elitr, sed diam nonumy eirmod tem-
por invidunt ut labore et dolore magna aliquyam erat, sed diam voluptua. At vero eos
et accusam et justo duo dolores et ea rebum. Stet clita kasd gubergren, no sea taki-
mata sanctus est Lorem ipsum dolor sit amet. Lorem ipsum dolor sit amet, consetetur
sadipscing elitr, sed diam nonumy eirmod tempor invidunt ut labore et dolore magna
aliquyam erat, sed diam voluptua. At vero eos et accusam et justo duo dolores et ea
rebum. Stet clita kasd gubergren, no sea takimata sanctus est Lorem ipsum dolor sit
amet.



(a) South American coati (b) Brown bear



Figure 1.1: Bears



You can now see that a Nasua nasua in figure 1.1a and a Ursus-arctos in figure 1.1b.
Note that you have to run LaTeX twice and don’t delete intermediate files when you
want to use ref.
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py-pdf-PyPDF2-95cd474/setup.cfg

[metadata]
name = PyPDF2

author = Mathieu Fenniak
author_email = biziqe@mathieu.fenniak.net
maintainer = Martin Thoma
maintainer_email = info@martin-thoma.de

description = A pure-python PDF library capable of splitting, merging, cropping, and transforming PDF files
long_description = file: README.md
long_description_content_type = text/markdown

license = BSD-3-Clause

url = https://pypdf2.readthedocs.io/en/latest/
project_urls =
    Source = https://github.com/py-pdf/PyPDF2
    Bug Reports = https://github.com/py-pdf/PyPDF2/issues
    Changelog = https://pypdf2.readthedocs.io/en/latest/meta/CHANGELOG.html
classifiers =
    Development Status :: 5 - Production/Stable
    Intended Audience :: Developers
    License :: OSI Approved :: BSD License
    Programming Language :: Python :: 3
    Programming Language :: Python :: 3.6
    Programming Language :: Python :: 3.7
    Programming Language :: Python :: 3.8
    Programming Language :: Python :: 3.9
    Programming Language :: Python :: 3.10
    Operating System :: OS Independent
    Topic :: Software Development :: Libraries :: Python Modules
    Typing :: Typed

[options]
packages =
    PyPDF2
    PyPDF2._codecs
    PyPDF2.generic
python_requires = >=3.6
install_requires =
    typing_extensions >= 3.10.0.0; python_version < '3.10'

[options.extras_require]
crypto = PyCryptodome

[mutmut]
backup = False
runner = ./mutmut-test.sh
tests_dir = tests/

[tool:check-wheel-contents]
package = ./PyPDF2







py-pdf-PyPDF2-95cd474/setup.py

#!/usr/bin/env python

import re

from setuptools import setup

VERSIONFILE = "PyPDF2/_version.py"
with open(VERSIONFILE) as fh:
    verstrline = fh.read()
VSRE = r"^__version__ = ['\"]([^'\"]*)['\"]"
mo = re.search(VSRE, verstrline, re.M)
if mo:
    verstr = mo.group(1)
else:
    raise RuntimeError(f"Unable to find version string in {VERSIONFILE}.")

setup(version=verstr, package_data={"PyPDF2": ["*.typed"]})







py-pdf-PyPDF2-95cd474/tests/__init__.py

import os
import ssl
import urllib.request
from typing import List

from PyPDF2.generic import DictionaryObject, IndirectObject


def get_pdf_from_url(url: str, name: str) -> bytes:
    """
    Download a PDF from a URL and return its contents.

    This function makes sure the PDF is not downloaded too often.
    This function is a last resort for PDF files where we are uncertain if
    we may add it for testing purposes to https://github.com/py-pdf/sample-files

    :param str url: location of the PDF file
    :param str name: unique name across all files
    """
    if url.startswith("file://"):
        with open(url[7:].replace("\\", "/"), "rb") as fp:
            return fp.read()
    cache_dir = os.path.join(os.path.dirname(__file__), "pdf_cache")
    if not os.path.exists(cache_dir):
        os.mkdir(cache_dir)
    cache_path = os.path.join(cache_dir, name)
    if not os.path.exists(cache_path):
        ssl._create_default_https_context = ssl._create_unverified_context
        with urllib.request.urlopen(url) as response, open(
            cache_path, "wb"
        ) as out_file:
            out_file.write(response.read())
    with open(cache_path, "rb") as fp:
        data = fp.read()
    return data


def _strip_position(line: str) -> str:
    """
    Remove the location information.

    The message
        WARNING  PyPDF2._reader:_utils.py:364 Xref table not zero-indexed.

    becomes
        Xref table not zero-indexed.
    """
    line = ".py".join(line.split(".py:")[1:])
    line = " ".join(line.split(" ")[1:])
    return line


def normalize_warnings(caplog_text: str) -> List[str]:
    return [_strip_position(line) for line in caplog_text.strip().split("\n")]


class ReaderDummy:
    def __init__(self, strict=False):
        self.strict = strict

    def get_object(self, indirect_ref):
        class DummyObj:
            def get_object(self):
                return self

        return DictionaryObject()

    def get_reference(self, obj):
        return IndirectObject(idnum=1, generation=1, pdf=self)







py-pdf-PyPDF2-95cd474/tests/bench.py

from pathlib import Path

import PyPDF2
from PyPDF2 import PdfReader, Transformation
from PyPDF2.generic import Destination

TESTS_ROOT = Path(__file__).parent.resolve()
PROJECT_ROOT = TESTS_ROOT.parent
RESOURCE_ROOT = PROJECT_ROOT / "resources"
SAMPLE_ROOT = PROJECT_ROOT / "sample-files"


def page_ops(pdf_path, password):
    pdf_path = RESOURCE_ROOT / pdf_path

    reader = PdfReader(pdf_path)

    if password:
        reader.decrypt(password)

    page = reader.pages[0]

    op = Transformation().rotate(90).scale(1.2)
    page.add_transformation(op)
    page.merge_page(page)

    op = Transformation().scale(1).translate(tx=1, ty=1)
    page.add_transformation(op)
    page.merge_page(page)

    op = Transformation().rotate(90).scale(1).translate(tx=1, ty=1)
    page.add_transformation(op)
    page.merge_page(page)

    page.add_transformation((1, 0, 0, 0, 0, 0))
    page.scale(2, 2)
    page.scale_by(0.5)
    page.scale_to(100, 100)
    page.compress_content_streams()
    page.extract_text()


def test_page_operations(benchmark):
    """
    Apply various page operations.

    Rotation, scaling, translation, content stream compression, text extraction
    """
    benchmark(page_ops, "libreoffice-writer-password.pdf", "openpassword")


def merge():
    pdf_path = RESOURCE_ROOT / "crazyones.pdf"
    outline = RESOURCE_ROOT / "pdflatex-outline.pdf"
    pdf_forms = RESOURCE_ROOT / "pdflatex-forms.pdf"
    pdf_pw = RESOURCE_ROOT / "libreoffice-writer-password.pdf"

    merger = PyPDF2.PdfMerger()

    # string path:
    merger.append(pdf_path)
    merger.append(outline)
    merger.append(pdf_path, pages=PyPDF2.pagerange.PageRange(slice(0, 0)))
    merger.append(pdf_forms)

    # Merging an encrypted file
    reader = PyPDF2.PdfReader(pdf_pw)
    reader.decrypt("openpassword")
    merger.append(reader)

    # PdfReader object:
    merger.append(PyPDF2.PdfReader(pdf_path, "rb"), outline_item=True)

    # File handle
    with open(pdf_path, "rb") as fh:
        merger.append(fh)

    outline_item = merger.add_outline_item("An outline item", 0)
    merger.add_outline_item("deeper", 0, parent=outline_item)
    merger.add_metadata({"author": "Martin Thoma"})
    merger.add_named_destination("title", 0)
    merger.set_page_layout("/SinglePage")
    merger.set_page_mode("/UseThumbs")

    write_path = "dont_commit_merged.pdf"
    merger.write(write_path)
    merger.close()

    # Check if outline is correct
    reader = PyPDF2.PdfReader(write_path)
    assert [
        el.title for el in reader._get_outline() if isinstance(el, Destination)
    ] == [
        "An outline item",
        "Foo",
        "Bar",
        "Baz",
        "Foo",
        "Bar",
        "Baz",
        "Foo",
        "Bar",
        "Baz",
        "True",
    ]


def test_merge(benchmark):
    """
    Apply various page operations.

    Rotation, scaling, translation, content stream compression, text extraction
    """
    benchmark(merge)


def text_extraction(pdf_path):
    reader = PdfReader(pdf_path)
    text = ""
    for page in reader.pages:
        text += page.extract_text()
    return text


def test_text_extraction(benchmark):
    file_path = SAMPLE_ROOT / "009-pdflatex-geotopo/GeoTopo.pdf"
    benchmark(text_extraction, file_path)







py-pdf-PyPDF2-95cd474/tests/test_cmap.py

from io import BytesIO

import pytest

from PyPDF2 import PdfReader
from PyPDF2.errors import PdfReadWarning

from . import get_pdf_from_url


def test_compute_space_width():
    url = "https://corpora.tika.apache.org/base/docs/govdocs1/923/923406.pdf"
    name = "tika-923406.pdf"

    reader = PdfReader(BytesIO(get_pdf_from_url(url, name=name)))
    for page in reader.pages:
        page.extract_text()


def test_parse_to_unicode_process_rg():
    url = "https://corpora.tika.apache.org/base/docs/govdocs1/959/959173.pdf"
    name = "tika-959173.pdf"

    reader = PdfReader(BytesIO(get_pdf_from_url(url, name=name)))
    for page in reader.pages:
        page.extract_text()

    reader = PdfReader(BytesIO(get_pdf_from_url(url, name=name)), strict=True)
    for page in reader.pages:
        page.extract_text()


def test_parse_encoding_advanced_encoding_not_implemented():
    url = "https://corpora.tika.apache.org/base/docs/govdocs1/957/957144.pdf"
    name = "tika-957144.pdf"

    reader = PdfReader(BytesIO(get_pdf_from_url(url, name=name)))
    with pytest.warns(PdfReadWarning, match="Advanced encoding .* not implemented yet"):
        for page in reader.pages:
            page.extract_text()


def test_get_font_width_from_default():  # L40
    url = "https://corpora.tika.apache.org/base/docs/govdocs1/908/908104.pdf"
    name = "tika-908104.pdf"
    reader = PdfReader(BytesIO(get_pdf_from_url(url, name=name)))
    for page in reader.pages:
        page.extract_text()


def test_multiline_bfrange():
    # non regression test for iss_1285
    url = "https://github.com/alexanderquispe/1REI05/raw/main/reports/report_1/The%20lean%20times%20in%20the%20Peruvian%20economy.pdf"
    name = "tika-908104.pdf"
    reader = PdfReader(BytesIO(get_pdf_from_url(url, name=name)))
    for page in reader.pages:
        page.extract_text()
    url = "https://github.com/yxj-HGNwmb5kdp8ewr/yxj-HGNwmb5kdp8ewr.github.io/raw/master/files/Giacalone%20Llobell%20Jaeger%20(2022)%20Food%20Qual%20Prefer.pdf"
    name = "Giacalone.pdf"
    reader = PdfReader(BytesIO(get_pdf_from_url(url, name=name)))
    for page in reader.pages:
        page.extract_text()


def test_bfchar_on_2_chars():
    # iss #1293
    url = "https://github.com/xyegithub/myBlog/raw/main/posts/c94b2364/paper_pdfs/ImageClassification/2007%2CASurveyofImageClassificationBasedTechniques.pdf"
    name = "ASurveyofImageClassificationBasedTechniques.pdf"
    reader = PdfReader(BytesIO(get_pdf_from_url(url, name=name)))
    for page in reader.pages:
        page.extract_text()


def test_ascii_charset():
    # iss #1312
    url = "https://github.com/py-pdf/PyPDF2/files/9472500/main.pdf"
    name = "ascii charset.pdf"
    reader = PdfReader(BytesIO(get_pdf_from_url(url, name=name)))
    assert "/a" not in reader.pages[0].extract_text()







py-pdf-PyPDF2-95cd474/tests/test_constants.py

import re
from typing import Callable

from PyPDF2.constants import PDF_KEYS


def test_slash_prefix():
    pattern = re.compile(r"^\/[A-Z]+[a-zA-Z0-9]*$")
    for cls in PDF_KEYS:
        for attr in dir(cls):
            if attr.startswith("__") and attr.endswith("__"):
                continue
            constant_value = getattr(cls, attr)
            if isinstance(constant_value, Callable):
                continue
            assert constant_value.startswith("/")
            assert pattern.match(constant_value)
            assert attr.replace("_", "").lower() == constant_value[1:].lower()







py-pdf-PyPDF2-95cd474/tests/test_encryption.py

from pathlib import Path

import pytest

import PyPDF2
from PyPDF2 import PasswordType, PdfReader
from PyPDF2._encryption import AlgV5, CryptRC4
from PyPDF2.errors import DependencyError, PdfReadError

try:
    from Crypto.Cipher import AES  # noqa: F401

    HAS_PYCRYPTODOME = True
except ImportError:
    HAS_PYCRYPTODOME = False

TESTS_ROOT = Path(__file__).parent.resolve()
PROJECT_ROOT = TESTS_ROOT.parent
RESOURCE_ROOT = PROJECT_ROOT / "resources"


@pytest.mark.parametrize(
    ("name", "requres_pycryptodome"),
    [
        # unencrypted pdf
        ("unencrypted.pdf", False),
        # created by `qpdf --encrypt "" "" 40 -- unencrypted.pdf r2-empty-password.pdf`:
        ("r2-empty-password.pdf", False),
        # created by `qpdf --encrypt "" "" 128 -- unencrypted.pdf r3-empty-password.pdf`:
        ("r3-empty-password.pdf", False),
        # created by `qpdf --encrypt "asdfzxcv" "" 40 -- unencrypted.pdf r2-user-password.pdf`:
        ("r2-user-password.pdf", False),
        # created by `qpdf --encrypt "" "asdfzxcv" 40 -- unencrypted.pdf r2-user-password.pdf`:
        ("r2-owner-password.pdf", False),
        # created by `qpdf --encrypt "asdfzxcv" "" 128 -- unencrypted.pdf r3-user-password.pdf`:
        ("r3-user-password.pdf", False),
        # created by `qpdf --encrypt "asdfzxcv" "" 128 --force-V4 -- unencrypted.pdf r4-user-password.pdf`:
        ("r4-user-password.pdf", False),
        # created by `qpdf --encrypt "" "asdfzxcv" 128 --force-V4 -- unencrypted.pdf r4-owner-password.pdf`:
        ("r4-owner-password.pdf", False),
        # created by `qpdf --encrypt "asdfzxcv" "" 128 --use-aes=y -- unencrypted.pdf r4-aes-user-password.pdf`:
        ("r4-aes-user-password.pdf", True),
        # # created by `qpdf --encrypt "" "" 256 --force-R5 -- unencrypted.pdf r5-empty-password.pdf`:
        ("r5-empty-password.pdf", True),
        # # created by `qpdf --encrypt "asdfzxcv" "" 256 --force-R5 -- unencrypted.pdf r5-user-password.pdf`:
        ("r5-user-password.pdf", True),
        # # created by `qpdf --encrypt "" "asdfzxcv" 256 --force-R5 -- unencrypted.pdf r5-owner-password.pdf`:
        ("r5-owner-password.pdf", True),
        # created by `qpdf --encrypt "" "" 256 -- unencrypted.pdf r6-empty-password.pdf`:
        ("r6-empty-password.pdf", True),
        # created by `qpdf --encrypt "asdfzxcv" "" 256 -- unencrypted.pdf r6-user-password.pdf`:
        ("r6-user-password.pdf", True),
        # created by `qpdf --encrypt "" "asdfzxcv" 256 -- unencrypted.pdf r6-owner-password.pdf`:
        ("r6-owner-password.pdf", True),
    ],
)
def test_encryption(name, requres_pycryptodome):
    inputfile = RESOURCE_ROOT / "encryption" / name
    if requres_pycryptodome and not HAS_PYCRYPTODOME:
        with pytest.raises(DependencyError) as exc:
            ipdf = PyPDF2.PdfReader(inputfile)
            ipdf.decrypt("asdfzxcv")
            dd = dict(ipdf.metadata)
        assert exc.value.args[0] == "PyCryptodome is required for AES algorithm"
        return
    else:
        ipdf = PyPDF2.PdfReader(inputfile)
        if str(inputfile).endswith("unencrypted.pdf"):
            assert not ipdf.is_encrypted
        else:
            assert ipdf.is_encrypted
            ipdf.decrypt("asdfzxcv")
        assert len(ipdf.pages) == 1
        dd = dict(ipdf.metadata)
    # remove empty value entry
    dd = {x[0]: x[1] for x in dd.items() if x[1]}
    assert dd == {
        "/Author": "cheng",
        "/CreationDate": "D:20220414132421+05'24'",
        "/Creator": "WPS Writer",
        "/ModDate": "D:20220414132421+05'24'",
        "/SourceModified": "D:20220414132421+05'24'",
        "/Trapped": "/False",
    }


@pytest.mark.parametrize(
    ("name", "user_passwd", "owner_passwd"),
    [
        # created by `qpdf --encrypt "foo" "bar" 256 -- unencrypted.pdf r6-both-passwords.pdf`
        ("r6-both-passwords.pdf", "foo", "bar"),
    ],
)
@pytest.mark.skipif(not HAS_PYCRYPTODOME, reason="No pycryptodome")
def test_both_password(name, user_passwd, owner_passwd):
    inputfile = RESOURCE_ROOT / "encryption" / name
    ipdf = PyPDF2.PdfReader(inputfile)
    assert ipdf.is_encrypted
    assert ipdf.decrypt(user_passwd) == PasswordType.USER_PASSWORD
    assert ipdf.decrypt(owner_passwd) == PasswordType.OWNER_PASSWORD
    assert len(ipdf.pages) == 1


@pytest.mark.parametrize(
    ("pdffile", "password"),
    [
        ("crazyones-encrypted-256.pdf", "password"),
        ("crazyones-encrypted-256.pdf", b"password"),
    ],
)
@pytest.mark.skipif(not HAS_PYCRYPTODOME, reason="No pycryptodome")
def test_get_page_of_encrypted_file_new_algorithm(pdffile, password):
    """
    Check if we can read a page of an encrypted file.

    This is a regression test for issue 327:
    IndexError for get_page() of decrypted file
    """
    path = RESOURCE_ROOT / pdffile
    PyPDF2.PdfReader(path, password=password).pages[0]


@pytest.mark.parametrize(
    "names",
    [
        (
            [
                "unencrypted.pdf",
                "r3-user-password.pdf",
                "r4-aes-user-password.pdf",
                "r5-user-password.pdf",
            ]
        ),
    ],
)
@pytest.mark.skipif(not HAS_PYCRYPTODOME, reason="No pycryptodome")
def test_encryption_merge(names):
    merger = PyPDF2.PdfMerger()
    files = [RESOURCE_ROOT / "encryption" / x for x in names]
    pdfs = [PyPDF2.PdfReader(x) for x in files]
    for pdf in pdfs:
        if pdf.is_encrypted:
            pdf.decrypt("asdfzxcv")
        merger.append(pdf)
    # no need to write to file
    merger.close()


@pytest.mark.parametrize(
    "cryptcls",
    [
        CryptRC4,
    ],
)
def test_encrypt_decrypt_class(cryptcls):
    message = b"Hello World"
    key = bytes(0 for _ in range(128))  # b"secret key"
    crypt = cryptcls(key)
    assert crypt.decrypt(crypt.encrypt(message)) == message


def test_decrypt_not_decrypted_pdf():
    path = RESOURCE_ROOT / "crazyones.pdf"
    with pytest.raises(PdfReadError) as exc:
        PdfReader(path, password="nonexistant")
    assert exc.value.args[0] == "Not encrypted file"


def test_generate_values():
    """
    This test only checks if there is an exception.

    It does not verify that the content is correct.
    """
    if not HAS_PYCRYPTODOME:
        return
    key = b"0123456789123451"
    values = AlgV5.generate_values(
        user_pwd=b"foo", owner_pwd=b"bar", key=key, p=0, metadata_encrypted=True
    )
    assert values == {
        "/U": values["/U"],
        "/UE": values["/UE"],
        "/O": values["/O"],
        "/OE": values["/OE"],
        "/Perms": values["/Perms"],
    }







py-pdf-PyPDF2-95cd474/tests/test_filters.py

import string
from io import BytesIO
from itertools import product as cartesian_product
from unittest.mock import patch

import pytest

from PyPDF2 import PdfReader
from PyPDF2.errors import PdfReadError, PdfStreamError
from PyPDF2.filters import (
    ASCII85Decode,
    ASCIIHexDecode,
    CCITParameters,
    CCITTFaxDecode,
    FlateDecode,
)
from PyPDF2.generic import ArrayObject, DictionaryObject, NumberObject

from . import get_pdf_from_url

filter_inputs = (
    # "", '', """""",
    string.ascii_lowercase,
    string.ascii_uppercase,
    string.ascii_letters,
    string.digits,
    string.hexdigits,
    string.punctuation,
    string.whitespace,  # Add more...
)


@pytest.mark.parametrize(
    ("predictor", "s"), list(cartesian_product([1], filter_inputs))
)
def test_FlateDecode(predictor, s):
    """
    Tests FlateDecode decode() and encode() methods.
    """
    codec = FlateDecode()
    s = s.encode()
    encoded = codec.encode(s)
    assert codec.decode(encoded, DictionaryObject({"/Predictor": predictor})) == s


def test_FlateDecode_unsupported_predictor():
    """
    Inputs an unsupported predictor (outside the [10, 15] range) checking
    that PdfReadError() is raised. Once this predictor support is updated
    in the future, this test case may be removed.
    """
    codec = FlateDecode()
    predictors = (-10, -1, 0, 9, 16, 20, 100)

    for predictor, s in cartesian_product(predictors, filter_inputs):
        s = s.encode()
        with pytest.raises(PdfReadError):
            codec.decode(codec.encode(s), DictionaryObject({"/Predictor": predictor}))


@pytest.mark.parametrize(
    "params", [ArrayObject([]), ArrayObject([{"/Predictor": 1}]), "a"]
)
def test_FlateDecode_decompress_array_params(params):
    codec = FlateDecode()
    s = ""
    s = s.encode()
    encoded = codec.encode(s)
    assert codec.decode(encoded, params) == s


@pytest.mark.parametrize(
    ("data", "expected"),
    [
        (">", ""),
        (
            "6162636465666768696a6b6c6d6e6f707172737475767778797a>",
            string.ascii_lowercase,
        ),
        (
            "4142434445464748494a4b4c4d4e4f505152535455565758595a>",
            string.ascii_uppercase,
        ),
        (
            "6162636465666768696a6b6c6d6e6f707172737475767778797a4142434445464748494a4b4c4d4e4f505152535455565758595a>",
            string.ascii_letters,
        ),
        ("30313233343536373839>", string.digits),
        (
            "3  031323334353637   3839>",
            string.digits,
        ),  # Same as previous, but whitespaced
        ("30313233343536373839616263646566414243444546>", string.hexdigits),
        ("20090a0d0b0c>", string.whitespace),
    ],
    ids=[
        "empty",
        "ascii_lowercase",
        "ascii_uppercase",
        "ascii_letters",
        "digits",
        "digits_whitespace",
        "hexdigits",
        "whitespace",
    ],
)
def test_ASCIIHexDecode(data, expected):
    """
    Feeds a bunch of values to ASCIIHexDecode.decode() and ensures the
    correct output is returned.
    TODO What is decode() supposed to do for such inputs as ">>", ">>>" or
    any other not terminated by ">"? (For the latter case, an exception
    is currently raised.)
    """

    assert ASCIIHexDecode.decode(data) == expected


def test_ASCIIHexDecode_no_eod():
    """Ensuring an exception is raised when no EOD character is present"""
    with pytest.raises(PdfStreamError) as exc:
        ASCIIHexDecode.decode("")
    assert exc.value.args[0] == "Unexpected EOD in ASCIIHexDecode"


@pytest.mark.xfail()
def test_ASCII85Decode_with_overflow():
    inputs = (
        v + "~>"
        for v in "\x00\x01\x02\x03\x04\x05\x06\x07\x08\x0e\x0f"
        "\x10\x11\x12\x13\x14\x15\x16\x17\x18\x19\x1a"
        "\x1b\x1c\x1d\x1e\x1fvwxy{|}~\x7f\x80\x81\x82"
        "\x83\x84\x85\x86\x87\x88\x89\x8a\x8b\x8c\x8d"
        "\x8e\x8f\x90\x91\x92\x93\x94\x95\x96\x97\x98"
        "\x99\x9a\x9b\x9c\x9d\x9e\x9f\xa0¡¢£¤¥¦§¨©ª«¬"
        "\xad®¯°±²³´µ¶·¸¹º»¼½¾¿ÀÁÂÃÄÅÆÇ"
    )

    for i in inputs:
        with pytest.raises(ValueError) as exc:
            ASCII85Decode.decode(i)
        assert exc.value.args[0] == ""


def test_ASCII85Decode_five_zero_bytes():
    """
    From ISO 32000 (2008) §7.4.3:
    «As a special case, if all five bytes are 0, they shall be represented
    by the character with code 122 (z) instead of by five exclamation
    points (!!!!!).»
    """
    inputs = ("z", "zz", "zzz")
    exp_outputs = (
        b"\x00\x00\x00\x00",
        b"\x00\x00\x00\x00" * 2,
        b"\x00\x00\x00\x00" * 3,
    )

    assert ASCII85Decode.decode("!!!!!") == ASCII85Decode.decode("z")

    for expected, i in zip(exp_outputs, inputs):
        assert ASCII85Decode.decode(i) == expected


def test_CCITParameters():
    parms = CCITParameters()
    assert parms.K == 0  # zero is the default according to page 78
    assert parms.group == 3


@pytest.mark.parametrize(
    ("parameters", "expected_k"),
    [
        (None, 0),
        (ArrayObject([{"/K": 1}, {"/Columns": 13}]), 1),
    ],
)
def test_CCIT_get_parameters(parameters, expected_k):
    parmeters = CCITTFaxDecode._get_parameters(parameters=parameters, rows=0)
    assert parmeters.K == expected_k


def test_CCITTFaxDecode():
    data = b""
    parameters = DictionaryObject(
        {"/K": NumberObject(-1), "/Columns": NumberObject(17)}
    )

    # This was just the result PyPDF2 1.27.9 returned.
    # It would be awesome if we could check if that is actually correct.
    assert CCITTFaxDecode.decode(data, parameters) == (
        b"II*\x00\x08\x00\x00\x00\x08\x00\x00\x01\x04\x00\x01\x00\x00\x00\x11\x00"
        b"\x00\x00\x01\x01\x04\x00\x01\x00\x00\x00\x00\x00\x00\x00\x02\x01"
        b"\x03\x00\x01\x00\x00\x00\x01\x00\x00\x00\x03\x01\x03\x00\x01\x00"
        b"\x00\x00\x04\x00\x00\x00\x06\x01\x03\x00\x01\x00\x00\x00\x00\x00"
        b"\x00\x00\x11\x01\x04\x00\x01\x00\x00\x00l\x00\x00\x00\x16\x01"
        b"\x04\x00\x01\x00\x00\x00\x00\x00\x00\x00\x17\x01\x04\x00\x01\x00"
        b"\x00\x00\x00\x00\x00\x00\x00\x00"
    )


@patch("PyPDF2._reader.logger_warning")
def test_decompress_zlib_error(mock_logger_warning):
    url = "https://corpora.tika.apache.org/base/docs/govdocs1/952/952445.pdf"
    name = "tika-952445.pdf"
    reader = PdfReader(BytesIO(get_pdf_from_url(url, name=name)))
    for page in reader.pages:
        page.extract_text()
    mock_logger_warning.assert_called_with(
        "incorrect startxref pointer(3)", "PyPDF2._reader"
    )


def test_lzw_decode_neg1():
    url = "https://corpora.tika.apache.org/base/docs/govdocs1/921/921632.pdf"
    name = "tika-921632.pdf"
    reader = PdfReader(BytesIO(get_pdf_from_url(url, name=name)))
    with pytest.raises(PdfReadError) as exc:
        for page in reader.pages:
            page.extract_text()
    assert exc.value.args[0] == "Missed the stop code in LZWDecode!"


def test_issue_399():
    url = "https://corpora.tika.apache.org/base/docs/govdocs1/976/976970.pdf"
    name = "tika-976970.pdf"
    reader = PdfReader(BytesIO(get_pdf_from_url(url, name=name)))
    reader.pages[1].extract_text()







py-pdf-PyPDF2-95cd474/tests/test_generic.py

import os
from io import BytesIO
from pathlib import Path
from unittest.mock import patch

import pytest

from PyPDF2 import PdfMerger, PdfReader, PdfWriter
from PyPDF2.constants import CheckboxRadioButtonAttributes
from PyPDF2.constants import TypFitArguments as TF
from PyPDF2.errors import PdfReadError, PdfStreamError
from PyPDF2.generic import (
    AnnotationBuilder,
    ArrayObject,
    BooleanObject,
    ByteStringObject,
    Destination,
    DictionaryObject,
    FloatObject,
    IndirectObject,
    NameObject,
    NullObject,
    NumberObject,
    OutlineItem,
    RectangleObject,
    TextStringObject,
    TreeObject,
    create_string_object,
    encode_pdfdocencoding,
    read_hex_string_from_stream,
    read_object,
    read_string_from_stream,
)

from . import ReaderDummy, get_pdf_from_url

TESTS_ROOT = Path(__file__).parent.resolve()
PROJECT_ROOT = TESTS_ROOT.parent
RESOURCE_ROOT = PROJECT_ROOT / "resources"


def test_float_object_exception(caplog):
    assert FloatObject("abc") == 0
    assert caplog.text != ""


def test_number_object_exception(caplog):
    assert NumberObject("0,0") == 0
    assert caplog.text != ""


def test_number_object_no_exception():
    NumberObject(2**100000000)


def test_create_string_object_exception():
    with pytest.raises(TypeError) as exc:
        create_string_object(123)
    assert (  # typeguard is not running
        exc.value.args[0] == "create_string_object should have str or unicode arg"
    ) or (  # typeguard is enabled
        'type of argument "string" must be one of (str, bytes); got int instead'
        in exc.value.args[0]
    )


@pytest.mark.parametrize(
    ("value", "expected", "tell"), [(b"true", b"true", 4), (b"false", b"false", 5)]
)
def test_boolean_object(value, expected, tell):
    stream = BytesIO(value)
    assert BooleanObject.read_from_stream(stream).value == (expected == b"true")
    stream.seek(0, 0)
    assert stream.read() == expected
    assert stream.tell() == tell


def test_boolean_object_write():
    stream = BytesIO()
    boolobj = BooleanObject(None)
    boolobj.write_to_stream(stream, encryption_key=None)
    stream.seek(0, 0)
    assert stream.read() == b"false"


def test_boolean_eq():
    boolobj = BooleanObject(True)
    assert (boolobj == True) is True  # noqa: E712
    assert (boolobj == False) is False  # noqa: E712
    assert (boolobj == "True") is False

    boolobj = BooleanObject(False)
    assert (boolobj == True) is False  # noqa: E712
    assert (boolobj == False) is True  # noqa: E712
    assert (boolobj == "True") is False


def test_boolean_object_exception():
    stream = BytesIO(b"False")
    with pytest.raises(PdfReadError) as exc:
        BooleanObject.read_from_stream(stream)
    assert exc.value.args[0] == "Could not read Boolean object"


def test_array_object_exception():
    stream = BytesIO(b"False")
    with pytest.raises(PdfReadError) as exc:
        ArrayObject.read_from_stream(stream, None)
    assert exc.value.args[0] == "Could not read array"


def test_null_object_exception():
    stream = BytesIO(b"notnull")
    with pytest.raises(PdfReadError) as exc:
        NullObject.read_from_stream(stream)
    assert exc.value.args[0] == "Could not read Null object"


@pytest.mark.parametrize("value", [b"", b"False", b"foo ", b"foo  ", b"foo bar"])
def test_indirect_object_premature(value):
    stream = BytesIO(value)
    with pytest.raises(PdfStreamError) as exc:
        IndirectObject.read_from_stream(stream, None)
    assert exc.value.args[0] == "Stream has ended unexpectedly"


def test_readHexStringFromStream():
    stream = BytesIO(b"a1>")
    assert read_hex_string_from_stream(stream) == "\x10"


def test_readHexStringFromStream_exception():
    stream = BytesIO(b"")
    with pytest.raises(PdfStreamError) as exc:
        read_hex_string_from_stream(stream)
    assert exc.value.args[0] == "Stream has ended unexpectedly"


def test_readStringFromStream_exception():
    stream = BytesIO(b"x")
    with pytest.raises(PdfStreamError) as exc:
        read_string_from_stream(stream)
    assert exc.value.args[0] == "Stream has ended unexpectedly"


def test_readStringFromStream_not_in_escapedict_no_digit():
    stream = BytesIO(b"x\\y")
    with pytest.raises(PdfReadError) as exc:
        read_string_from_stream(stream)
    assert exc.value.args[0] == "Stream has ended unexpectedly"


def test_readStringFromStream_multichar_eol():
    stream = BytesIO(b"x\\\n )")
    assert read_string_from_stream(stream) == " "


def test_readStringFromStream_multichar_eol2():
    stream = BytesIO(b"x\\\n\n)")
    assert read_string_from_stream(stream) == ""


def test_readStringFromStream_excape_digit():
    stream = BytesIO(b"x\\1a )")
    assert read_string_from_stream(stream) == "\x01a "


def test_readStringFromStream_excape_digit2():
    stream = BytesIO(b"(hello \\1\\2\\3\\4)")
    assert read_string_from_stream(stream) == "hello \x01\x02\x03\x04"


def test_NameObject():
    stream = BytesIO(b"x")
    with pytest.raises(PdfReadError) as exc:
        NameObject.read_from_stream(stream, None)
    assert exc.value.args[0] == "name read error"
    assert (
        NameObject.read_from_stream(
            BytesIO(b"/A;Name_With-Various***Characters?"), None
        )
        == "/A;Name_With-Various***Characters?"
    )
    assert (
        NameObject.read_from_stream(BytesIO(b"/paired#28#29parentheses"), None)
        == "/paired()parentheses"
    )
    assert NameObject.read_from_stream(BytesIO(b"/A#42"), None) == "/AB"


def test_destination_fit_r():
    d = Destination(
        NameObject("title"),
        NullObject(),
        NameObject(TF.FIT_R),
        FloatObject(0),
        FloatObject(0),
        FloatObject(0),
        FloatObject(0),
    )
    assert d.title == NameObject("title")
    assert d.typ == "/FitR"
    assert d.zoom is None
    assert d.left == FloatObject(0)
    assert d.right == FloatObject(0)
    assert d.top == FloatObject(0)
    assert d.bottom == FloatObject(0)
    assert list(d) == []
    d.empty_tree()


def test_destination_fit_v():
    Destination(NameObject("title"), NullObject(), NameObject(TF.FIT_V), FloatObject(0))

    # Trigger Exception
    Destination(NameObject("title"), NullObject(), NameObject(TF.FIT_V), None)


def test_destination_exception():
    with pytest.raises(PdfReadError) as exc:
        Destination(
            NameObject("title"), NullObject(), NameObject("foo"), FloatObject(0)
        )
    assert exc.value.args[0] == "Unknown Destination Type: 'foo'"


def test_outline_item_write_to_stream():
    stream = BytesIO()
    oi = OutlineItem(
        NameObject("title"), NullObject(), NameObject(TF.FIT_V), FloatObject(0)
    )
    oi.write_to_stream(stream, None)
    stream.seek(0, 0)
    assert stream.read() == b"<<\n/Title title\n/Dest [ null /FitV 0 ]\n>>"


def test_encode_pdfdocencoding_keyerror():
    with pytest.raises(UnicodeEncodeError) as exc:
        encode_pdfdocencoding("😀")
    assert exc.value.args[0] == "pdfdocencoding"


def test_read_object_comment_exception():
    stream = BytesIO(b"% foobar")
    pdf = None
    with pytest.raises(PdfStreamError) as exc:
        read_object(stream, pdf)
    assert exc.value.args[0] == "File ended unexpectedly."


def test_read_object_comment():
    stream = BytesIO(b"% foobar\n1 ")
    pdf = None
    out = read_object(stream, pdf)
    assert out == 1


def test_ByteStringObject():
    bo = ByteStringObject("stream", encoding="utf-8")
    stream = BytesIO(b"")
    bo.write_to_stream(stream, encryption_key="foobar")
    stream.seek(0, 0)
    assert stream.read() == b"<1cdd628b972e>"  # TODO: how can we verify this?


def test_DictionaryObject_key_is_no_pdfobject():
    do = DictionaryObject({NameObject("/S"): NameObject("/GoTo")})
    with pytest.raises(ValueError) as exc:
        do["foo"] = NameObject("/GoTo")
    assert exc.value.args[0] == "key must be PdfObject"


def test_DictionaryObject_xmp_meta():
    do = DictionaryObject({NameObject("/S"): NameObject("/GoTo")})
    assert do.xmp_metadata is None


def test_DictionaryObject_value_is_no_pdfobject():
    do = DictionaryObject({NameObject("/S"): NameObject("/GoTo")})
    with pytest.raises(ValueError) as exc:
        do[NameObject("/S")] = "/GoTo"
    assert exc.value.args[0] == "value must be PdfObject"


def test_DictionaryObject_setdefault_key_is_no_pdfobject():
    do = DictionaryObject({NameObject("/S"): NameObject("/GoTo")})
    with pytest.raises(ValueError) as exc:
        do.setdefault("foo", NameObject("/GoTo"))
    assert exc.value.args[0] == "key must be PdfObject"


def test_DictionaryObject_setdefault_value_is_no_pdfobject():
    do = DictionaryObject({NameObject("/S"): NameObject("/GoTo")})
    with pytest.raises(ValueError) as exc:
        do.setdefault(NameObject("/S"), "/GoTo")
    assert exc.value.args[0] == "value must be PdfObject"


def test_DictionaryObject_setdefault_value():
    do = DictionaryObject({NameObject("/S"): NameObject("/GoTo")})
    do.setdefault(NameObject("/S"), NameObject("/GoTo"))


def test_DictionaryObject_read_from_stream():
    stream = BytesIO(b"<< /S /GoTo >>")
    pdf = None
    out = DictionaryObject.read_from_stream(stream, pdf)
    assert out.get_object() == {NameObject("/S"): NameObject("/GoTo")}


def test_DictionaryObject_read_from_stream_broken():
    stream = BytesIO(b"< /S /GoTo >>")
    pdf = None
    with pytest.raises(PdfReadError) as exc:
        DictionaryObject.read_from_stream(stream, pdf)
    assert (
        exc.value.args[0]
        == "Dictionary read error at byte 0x2: stream must begin with '<<'"
    )


def test_DictionaryObject_read_from_stream_unexpected_end():
    stream = BytesIO(b"<< \x00/S /GoTo")
    pdf = None
    with pytest.raises(PdfStreamError) as exc:
        DictionaryObject.read_from_stream(stream, pdf)
    assert exc.value.args[0] == "Stream has ended unexpectedly"


def test_DictionaryObject_read_from_stream_stream_no_newline():
    stream = BytesIO(b"<< /S /GoTo >>stream")
    pdf = None
    with pytest.raises(PdfReadError) as exc:
        DictionaryObject.read_from_stream(stream, pdf)
    assert exc.value.args[0] == "Stream data must be followed by a newline"


@pytest.mark.parametrize(("strict"), [(True), (False)])
def test_DictionaryObject_read_from_stream_stream_no_stream_length(strict):
    stream = BytesIO(b"<< /S /GoTo >>stream\n")

    class Tst:  # to replace pdf
        strict = False

    pdf = Tst()
    pdf.strict = strict
    with pytest.raises(PdfReadError) as exc:
        DictionaryObject.read_from_stream(stream, pdf)
    assert exc.value.args[0] == "Stream length not defined"


@pytest.mark.parametrize(
    ("strict", "length", "should_fail"),
    [
        (True, 6, False),
        (True, 10, False),
        (True, 4, True),
        (False, 6, False),
        (False, 10, False),
    ],
)
def test_DictionaryObject_read_from_stream_stream_stream_valid(
    strict, length, should_fail
):
    stream = BytesIO(b"<< /S /GoTo /Length %d >>stream\nBT /F1\nendstream\n" % length)

    class Tst:  # to replace pdf
        strict = True

    pdf = Tst()
    pdf.strict = strict
    with pytest.raises(PdfReadError) as exc:
        do = DictionaryObject.read_from_stream(stream, pdf)
        # TODO: What should happen with the stream?
        assert do == {"/S": "/GoTo"}
        if length in (6, 10):
            assert b"BT /F1" in do._StreamObject__data
        raise PdfReadError("__ALLGOOD__")
    assert should_fail ^ (exc.value.args[0] == "__ALLGOOD__")


def test_RectangleObject():
    ro = RectangleObject((1, 2, 3, 4))
    assert ro.lower_left == (1, 2)
    assert ro.lower_right == (3, 2)
    assert ro.upper_left == (1, 4)
    assert ro.upper_right == (3, 4)

    ro.lower_left = (5, 6)
    assert ro.lower_left == (5, 6)

    ro.lower_right = (7, 8)
    assert ro.lower_right == (7, 8)

    ro.upper_left = (9, 11)
    assert ro.upper_left == (9, 11)

    ro.upper_right = (13, 17)
    assert ro.upper_right == (13, 17)


def test_TextStringObject_exc():
    tso = TextStringObject("foo")
    with pytest.raises(Exception) as exc:
        tso.get_original_bytes()
    assert exc.value.args[0] == "no information about original bytes"


def test_TextStringObject_autodetect_utf16():
    tso = TextStringObject("foo")
    tso.autodetect_utf16 = True
    assert tso.get_original_bytes() == b"\xfe\xff\x00f\x00o\x00o"


def test_remove_child_not_in_tree():
    tree = TreeObject()
    with pytest.raises(ValueError) as exc:
        tree.remove_child(NameObject("foo"))
    assert exc.value.args[0] == "Removed child does not appear to be a tree item"


def test_remove_child_not_in_that_tree():
    class ChildDummy:
        def __init__(self, parent):
            self.parent = parent

        def get_object(self):
            tree = DictionaryObject()
            tree[NameObject("/Parent")] = self.parent
            return tree

    tree = TreeObject()
    child = ChildDummy(TreeObject())
    tree.add_child(child, ReaderDummy())
    with pytest.raises(ValueError) as exc:
        tree.remove_child(child)
    assert exc.value.args[0] == "Removed child is not a member of this tree"


def test_remove_child_not_found_in_tree():
    class ChildDummy:
        def __init__(self, parent):
            self.parent = parent

        def get_object(self):
            tree = DictionaryObject()
            tree[NameObject("/Parent")] = self.parent
            return tree

    tree = TreeObject()
    child = ChildDummy(tree)
    tree.add_child(child, ReaderDummy())
    with pytest.raises(ValueError) as exc:
        tree.remove_child(child)
    assert exc.value.args[0] == "Removal couldn't find item in tree"


def test_remove_child_found_in_tree():
    writer = PdfWriter()

    # Add Tree
    tree = TreeObject()
    writer._add_object(tree)

    # Add first child
    # It's important to set a value, otherwise the writer.get_reference will
    # return the same object when a second child is added.
    child1 = TreeObject()
    child1[NameObject("/Foo")] = TextStringObject("bar")
    child1_ref = writer._add_object(child1)
    tree.add_child(child1_ref, writer)
    assert tree[NameObject("/Count")] == 1
    assert len([el for el in tree.children()]) == 1

    # Add second child
    child2 = TreeObject()
    child2[NameObject("/Foo")] = TextStringObject("baz")
    child2_ref = writer._add_object(child2)
    tree.add_child(child2_ref, writer)
    assert tree[NameObject("/Count")] == 2
    assert len([el for el in tree.children()]) == 2

    # Remove last child
    tree.remove_child(child2)
    assert tree[NameObject("/Count")] == 1
    assert len([el for el in tree.children()]) == 1

    # Add new child
    child3 = TreeObject()
    child3[NameObject("/Foo")] = TextStringObject("3")
    child3_ref = writer._add_object(child3)
    tree.add_child(child3_ref, writer)
    assert tree[NameObject("/Count")] == 2
    assert len([el for el in tree.children()]) == 2

    # Remove first child
    child1 = tree[NameObject("/First")]
    tree.remove_child(child1)
    assert tree[NameObject("/Count")] == 1
    assert len([el for el in tree.children()]) == 1

    child4 = TreeObject()
    child4[NameObject("/Foo")] = TextStringObject("4")
    child4_ref = writer._add_object(child4)
    tree.add_child(child4_ref, writer)
    assert tree[NameObject("/Count")] == 2
    assert len([el for el in tree.children()]) == 2

    child5 = TreeObject()
    child5[NameObject("/Foo")] = TextStringObject("5")
    child5_ref = writer._add_object(child5)
    tree.add_child(child5_ref, writer)
    assert tree[NameObject("/Count")] == 3
    assert len([el for el in tree.children()]) == 3

    # Remove middle child
    tree.remove_child(child4)
    assert tree[NameObject("/Count")] == 2
    assert len([el for el in tree.children()]) == 2

    tree.empty_tree()


def test_remove_child_in_tree():
    pdf = RESOURCE_ROOT / "form.pdf"

    tree = TreeObject()
    reader = PdfReader(pdf)
    writer = PdfWriter()
    writer.add_page(reader.pages[0])
    writer.add_outline_item("foo", pagenum=0)
    obj = writer._objects[-1]
    tree.add_child(obj, writer)
    tree.remove_child(obj)
    tree.add_child(obj, writer)
    tree.empty_tree()


def test_dict_read_from_stream(caplog):
    url = "https://corpora.tika.apache.org/base/docs/govdocs1/984/984877.pdf"
    name = "tika-984877.pdf"

    reader = PdfReader(BytesIO(get_pdf_from_url(url, name=name)))
    for page in reader.pages:
        page.extract_text()
    assert (
        "Multiple definitions in dictionary at byte 0x1084 for key /Length"
        in caplog.text
    )


def test_parse_content_stream_peek_percentage():
    url = "https://corpora.tika.apache.org/base/docs/govdocs1/985/985770.pdf"
    name = "tika-985770.pdf"

    reader = PdfReader(BytesIO(get_pdf_from_url(url, name=name)))
    for page in reader.pages:
        page.extract_text()


def test_read_inline_image_no_has_q():
    # pdf/df7e1add3156af17a372bc165e47a244.pdf
    url = "https://corpora.tika.apache.org/base/docs/govdocs1/998/998719.pdf"
    name = "tika-998719.pdf"

    reader = PdfReader(BytesIO(get_pdf_from_url(url, name=name)))
    for page in reader.pages:
        page.extract_text()


def test_read_inline_image_loc_neg_1():
    url = "https://corpora.tika.apache.org/base/docs/govdocs1/935/935066.pdf"
    name = "tika-935066.pdf"

    reader = PdfReader(BytesIO(get_pdf_from_url(url, name=name)))
    for page in reader.pages:
        page.extract_text()


def test_text_string_write_to_stream():
    url = "https://corpora.tika.apache.org/base/docs/govdocs1/924/924562.pdf"
    name = "tika-924562.pdf"

    reader = PdfReader(BytesIO(get_pdf_from_url(url, name=name)))
    for page in reader.pages:
        page.compress_content_streams()


def test_name_object_read_from_stream_unicode_error():  # L588
    url = "https://corpora.tika.apache.org/base/docs/govdocs1/974/974966.pdf"
    name = "tika-974966.pdf"

    reader = PdfReader(BytesIO(get_pdf_from_url(url, name=name)))
    for page in reader.pages:
        page.extract_text()


def test_bool_repr(tmp_path):
    url = "https://corpora.tika.apache.org/base/docs/govdocs1/932/932449.pdf"
    name = "tika-932449.pdf"

    reader = PdfReader(BytesIO(get_pdf_from_url(url, name=name)))
    write_path = tmp_path / "tmp-fields-report.txt"
    with open(write_path, "w") as fp:
        fields = reader.get_fields(fileobj=fp)
    assert fields
    assert list(fields.keys()) == ["USGPOSignature"]
    with open(write_path) as fp:
        data = fp.read()
    assert data.startswith(
        "Field Name: USGPOSignature\nField Type: Signature\nField Flags: 1\n"
        "Value: {'/Type': '/Sig', '/Filter': '/Adobe.PPKLite', "
        "'/SubFilter':"
    )


@patch("PyPDF2._reader.logger_warning")
def test_issue_997(mock_logger_warning):
    url = "https://github.com/py-pdf/PyPDF2/files/8908874/Exhibit_A-2_930_Enterprise_Zone_Tax_Credits_final.pdf"
    name = "gh-issue-997.pdf"

    merger = PdfMerger()
    merged_filename = "tmp-out.pdf"
    merger.append(BytesIO(get_pdf_from_url(url, name=name)))  # here the error raises
    with open(merged_filename, "wb") as f:
        merger.write(f)
    merger.close()

    mock_logger_warning.assert_called_with(
        "Overwriting cache for 0 4", "PyPDF2._reader"
    )

    # Strict
    merger = PdfMerger(strict=True)
    merged_filename = "tmp-out.pdf"
    with pytest.raises(PdfReadError) as exc:
        merger.append(
            BytesIO(get_pdf_from_url(url, name=name))
        )  # here the error raises
    assert exc.value.args[0] == "Could not find object."
    with open(merged_filename, "wb") as f:
        merger.write(f)
    merger.close()

    # cleanup
    os.remove(merged_filename)


def test_annotation_builder_free_text():
    # Arrange
    pdf_path = RESOURCE_ROOT / "crazyones.pdf"
    reader = PdfReader(pdf_path)
    page = reader.pages[0]
    writer = PdfWriter()
    writer.add_page(page)

    # Act
    free_text_annotation = AnnotationBuilder.free_text(
        "Hello World - bold and italic\nThis is the second line!",
        rect=(50, 550, 200, 650),
        font="Arial",
        bold=True,
        italic=True,
        font_size="20pt",
        font_color="00ff00",
        border_color="0000ff",
        background_color="cdcdcd",
    )
    writer.add_annotation(0, free_text_annotation)

    free_text_annotation = AnnotationBuilder.free_text(
        "Another free text annotation (not bold, not italic)",
        rect=(500, 550, 200, 650),
        font="Arial",
        bold=False,
        italic=False,
        font_size="20pt",
        font_color="00ff00",
        border_color="0000ff",
        background_color="cdcdcd",
    )
    writer.add_annotation(0, free_text_annotation)

    # Assert: You need to inspect the file manually
    target = "annotated-pdf.pdf"
    with open(target, "wb") as fp:
        writer.write(fp)

    os.remove(target)  # comment this out for manual inspection


def test_annotation_builder_line():
    # Arrange
    pdf_path = RESOURCE_ROOT / "crazyones.pdf"
    reader = PdfReader(pdf_path)
    page = reader.pages[0]
    writer = PdfWriter()
    writer.add_page(page)

    # Act
    line_annotation = AnnotationBuilder.line(
        text="Hello World\nLine2",
        rect=(50, 550, 200, 650),
        p1=(50, 550),
        p2=(200, 650),
    )
    writer.add_annotation(0, line_annotation)

    # Assert: You need to inspect the file manually
    target = "annotated-pdf.pd"
    with open(target, "wb") as fp:
        writer.write(fp)

    os.remove(target)  # comment this out for manual inspection


def test_annotation_builder_link():
    # Arrange
    pdf_path = RESOURCE_ROOT / "outline-without-title.pdf"
    reader = PdfReader(pdf_path)
    page = reader.pages[0]
    writer = PdfWriter()
    writer.add_page(page)

    # Act
    # Part 1: Too many args
    with pytest.raises(ValueError) as exc:
        AnnotationBuilder.link(
            rect=(50, 550, 200, 650),
            url="https://martin-thoma.com/",
            target_page_index=3,
        )
    assert (
        exc.value.args[0]
        == "Either 'url' or 'target_page_index' have to be provided. url=https://martin-thoma.com/, target_page_index=3"
    )

    # Part 2: Too few args
    with pytest.raises(ValueError) as exc:
        AnnotationBuilder.link(
            rect=(50, 550, 200, 650),
        )
    assert (
        exc.value.args[0]
        == "Either 'url' or 'target_page_index' have to be provided. Both were None."
    )

    # Part 3: External Link
    link_annotation = AnnotationBuilder.link(
        rect=(50, 50, 100, 100),
        url="https://martin-thoma.com/",
        border=[1, 0, 6, [3, 2]],
    )
    writer.add_annotation(0, link_annotation)

    # Part 4: Internal Link
    link_annotation = AnnotationBuilder.link(
        rect=(100, 100, 300, 200),
        target_page_index=1,
        border=[50, 10, 4],
    )
    writer.add_annotation(0, link_annotation)

    for page in reader.pages[1:]:
        writer.add_page(page)

    # Assert: You need to inspect the file manually
    target = "annotated-pdf-link.pdf"
    with open(target, "wb") as fp:
        writer.write(fp)

    os.remove(target)  # comment this out for manual inspection


def test_annotation_builder_text():
    # Arrange
    pdf_path = RESOURCE_ROOT / "outline-without-title.pdf"
    reader = PdfReader(pdf_path)
    page = reader.pages[0]
    writer = PdfWriter()
    writer.add_page(page)

    # Act
    text_annotation = AnnotationBuilder.text(
        text="Hello World\nThis is the second line!",
        rect=(50, 550, 500, 650),
        open=True,
    )
    writer.add_annotation(0, text_annotation)

    # Assert: You need to inspect the file manually
    target = "annotated-pdf-popup.pdf"
    with open(target, "wb") as fp:
        writer.write(fp)

    os.remove(target)  # comment this out for manual inspection


def test_CheckboxRadioButtonAttributes_opt():
    assert "/Opt" in CheckboxRadioButtonAttributes.attributes_dict()


def test_name_object_invalid_decode():
    stream = BytesIO(b"/\x80\x02\x03")

    # strict:
    with pytest.raises(PdfReadError) as exc:
        NameObject.read_from_stream(stream, ReaderDummy(strict=True))
    assert exc.value.args[0] == "Illegal character in Name Object"

    # non-strict:
    stream.seek(0)
    NameObject.read_from_stream(stream, ReaderDummy(strict=False))


def test_indirect_object_invalid_read():
    stream = BytesIO(b"0 1 s")
    with pytest.raises(PdfReadError) as exc:
        IndirectObject.read_from_stream(stream, ReaderDummy())
    assert exc.value.args[0] == "Error reading indirect object reference at byte 0x5"


def test_create_string_object_force():
    assert create_string_object(b"Hello World", []) == "Hello World"
    assert create_string_object(b"Hello World", {72: "A"}) == "Aello World"
    assert create_string_object(b"Hello World", "utf8") == "Hello World"







py-pdf-PyPDF2-95cd474/tests/test_javascript.py

from pathlib import Path

import pytest

from PyPDF2 import PdfReader, PdfWriter

# Configure path environment
TESTS_ROOT = Path(__file__).parent.resolve()
PROJECT_ROOT = TESTS_ROOT.parent
RESOURCE_ROOT = PROJECT_ROOT / "resources"


@pytest.fixture()
def pdf_file_writer():
    reader = PdfReader(RESOURCE_ROOT / "crazyones.pdf")
    writer = PdfWriter()
    writer.append_pages_from_reader(reader)
    return writer


def test_add_js(pdf_file_writer):
    pdf_file_writer.add_js("this.print({bUI:true,bSilent:false,bShrinkToFit:true});")

    assert (
        "/Names" in pdf_file_writer._root_object
    ), "add_js should add a name catalog in the root object."
    assert (
        "/JavaScript" in pdf_file_writer._root_object["/Names"]
    ), "add_js should add a JavaScript name tree under the name catalog."
    assert (
        "/OpenAction" in pdf_file_writer._root_object
    ), "add_js should add an OpenAction to the catalog."


def test_overwrite_js(pdf_file_writer):
    def get_javascript_name():
        assert "/Names" in pdf_file_writer._root_object
        assert "/JavaScript" in pdf_file_writer._root_object["/Names"]
        assert "/Names" in pdf_file_writer._root_object["/Names"]["/JavaScript"]
        return pdf_file_writer._root_object["/Names"]["/JavaScript"]["/Names"][0]

    pdf_file_writer.add_js("this.print({bUI:true,bSilent:false,bShrinkToFit:true});")
    first_js = get_javascript_name()

    pdf_file_writer.add_js("this.print({bUI:true,bSilent:false,bShrinkToFit:true});")
    second_js = get_javascript_name()

    assert (
        first_js != second_js
    ), "add_js should overwrite the previous script in the catalog."







py-pdf-PyPDF2-95cd474/tests/test_merger.py

import os
import sys
from io import BytesIO
from pathlib import Path

import pytest

import PyPDF2
from PyPDF2 import PdfMerger, PdfReader
from PyPDF2.generic import Destination

from . import get_pdf_from_url

TESTS_ROOT = Path(__file__).parent.resolve()
PROJECT_ROOT = TESTS_ROOT.parent
RESOURCE_ROOT = PROJECT_ROOT / "resources"

sys.path.append(str(PROJECT_ROOT))


def merger_operate(merger):
    pdf_path = RESOURCE_ROOT / "crazyones.pdf"
    outline = RESOURCE_ROOT / "pdflatex-outline.pdf"
    pdf_forms = RESOURCE_ROOT / "pdflatex-forms.pdf"
    pdf_pw = RESOURCE_ROOT / "libreoffice-writer-password.pdf"

    # string path:
    merger.append(pdf_path)
    merger.append(outline)
    merger.append(pdf_path, pages=PyPDF2.pagerange.PageRange(slice(0, 0)))
    merger.append(pdf_forms)
    merger.merge(0, pdf_path, import_outline=False)
    with pytest.raises(NotImplementedError) as exc:
        with open(pdf_path, "rb") as fp:
            data = fp.read()
        merger.append(data)
    assert exc.value.args[0].startswith(
        "PdfMerger.merge requires an object that PdfReader can parse. "
        "Typically, that is a Path"
    )

    # Merging an encrypted file
    reader = PyPDF2.PdfReader(pdf_pw)
    reader.decrypt("openpassword")
    merger.append(reader)

    # PdfReader object:
    merger.append(PyPDF2.PdfReader(pdf_path), outline_item="foo")

    # File handle
    with open(pdf_path, "rb") as fh:
        merger.append(fh)

    outline_item = merger.add_outline_item("An outline item", 0)
    oi2 = merger.add_outline_item(
        "deeper", 0, parent=outline_item, italic=True, bold=True
    )
    merger.add_outline_item(
        "Let's see", 2, oi2, (255, 255, 0), True, True, "/FitBV", 12
    )
    merger.add_outline_item(
        "The XYZ fit", 0, outline_item, (255, 0, 15), True, True, "/XYZ", 10, 20, 3
    )
    merger.add_outline_item(
        "The FitH fit", 0, outline_item, (255, 0, 15), True, True, "/FitH", 10
    )
    merger.add_outline_item(
        "The FitV fit", 0, outline_item, (255, 0, 15), True, True, "/FitV", 10
    )
    merger.add_outline_item(
        "The FitR fit",
        0,
        outline_item,
        (255, 0, 15),
        True,
        True,
        "/FitR",
        10,
        20,
        30,
        40,
    )
    merger.add_outline_item(
        "The FitB fit", 0, outline_item, (255, 0, 15), True, True, "/FitB"
    )
    merger.add_outline_item(
        "The FitBH fit", 0, outline_item, (255, 0, 15), True, True, "/FitBH", 10
    )
    merger.add_outline_item(
        "The FitBV fit", 0, outline_item, (255, 0, 15), True, True, "/FitBV", 10
    )

    found_oi = merger.find_outline_item("nothing here")
    assert found_oi is None

    found_oi = merger.find_outline_item("foo")
    assert found_oi == [9]

    merger.add_metadata({"author": "Martin Thoma"})
    merger.add_named_destination("title", 0)
    merger.set_page_layout("/SinglePage")
    merger.set_page_mode("/UseThumbs")


def check_outline(tmp_path):
    # Check if outline is correct
    reader = PyPDF2.PdfReader(tmp_path)
    assert [el.title for el in reader.outline if isinstance(el, Destination)] == [
        "An outline item",
        "Foo",
        "Bar",
        "Baz",
        "Foo",
        "Bar",
        "Baz",
        "Foo",
        "Bar",
        "Baz",
        "foo",
    ]

    # TODO: There seem to be no destinations for those links?


tmp_filename = "dont_commit_merged.pdf"


def test_merger_operations_by_traditional_usage(tmp_path):
    # Arrange
    merger = PdfMerger()
    merger_operate(merger)
    path = tmp_path / tmp_filename

    # Act
    merger.write(path)
    merger.close()

    # Assert
    check_outline(path)


def test_merger_operations_by_semi_traditional_usage(tmp_path):
    path = tmp_path / tmp_filename

    with PdfMerger() as merger:
        merger_operate(merger)
        merger.write(path)  # Act

    # Assert
    assert os.path.isfile(path)
    check_outline(path)


def test_merger_operation_by_new_usage(tmp_path):
    path = tmp_path / tmp_filename
    with PdfMerger(fileobj=path) as merger:
        merger_operate(merger)

    # Assert
    assert os.path.isfile(path)
    check_outline(path)


def test_merge_page_exception():
    merger = PyPDF2.PdfMerger()
    pdf_path = RESOURCE_ROOT / "crazyones.pdf"
    with pytest.raises(TypeError) as exc:
        merger.merge(0, pdf_path, pages="a:b")
    assert exc.value.args[0] == '"pages" must be a tuple of (start, stop[, step])'
    merger.close()


def test_merge_page_tuple():
    merger = PyPDF2.PdfMerger()
    pdf_path = RESOURCE_ROOT / "crazyones.pdf"
    merger.merge(0, pdf_path, pages=(0, 1))
    merger.close()


def test_merge_write_closed_fh():
    merger = PyPDF2.PdfMerger()
    pdf_path = RESOURCE_ROOT / "crazyones.pdf"
    merger.append(pdf_path)

    err_closed = "close() was called and thus the writer cannot be used anymore"

    merger.close()
    with pytest.raises(RuntimeError) as exc:
        merger.write("stream.pdf")
    assert exc.value.args[0] == err_closed

    with pytest.raises(RuntimeError) as exc:
        merger.add_metadata({"author": "Martin Thoma"})
    assert exc.value.args[0] == err_closed

    with pytest.raises(RuntimeError) as exc:
        merger.set_page_layout("/SinglePage")
    assert exc.value.args[0] == err_closed

    with pytest.raises(RuntimeError) as exc:
        merger.set_page_mode("/UseNone")
    assert exc.value.args[0] == err_closed

    with pytest.raises(RuntimeError) as exc:
        merger._write_outline()
    assert exc.value.args[0] == err_closed

    with pytest.raises(RuntimeError) as exc:
        merger.add_outline_item("An outline item", 0)
    assert exc.value.args[0] == err_closed

    with pytest.raises(RuntimeError) as exc:
        merger._write_dests()
    assert exc.value.args[0] == err_closed


def test_trim_outline_list():
    url = "https://corpora.tika.apache.org/base/docs/govdocs1/995/995175.pdf"
    name = "tika-995175.pdf"
    reader = PdfReader(BytesIO(get_pdf_from_url(url, name=name)))
    merger = PdfMerger()
    merger.append(reader)
    merger.write("tmp-merger-do-not-commit.pdf")
    merger.close()

    # cleanup
    os.remove("tmp-merger-do-not-commit.pdf")


def test_zoom():
    url = "https://corpora.tika.apache.org/base/docs/govdocs1/994/994759.pdf"
    name = "tika-994759.pdf"
    reader = PdfReader(BytesIO(get_pdf_from_url(url, name=name)))
    merger = PdfMerger()
    merger.append(reader)
    merger.write("tmp-merger-do-not-commit.pdf")
    merger.close()

    # cleanup
    os.remove("tmp-merger-do-not-commit.pdf")


def test_zoom_xyz_no_left():
    url = "https://corpora.tika.apache.org/base/docs/govdocs1/933/933322.pdf"
    name = "tika-933322.pdf"
    reader = PdfReader(BytesIO(get_pdf_from_url(url, name=name)))
    merger = PdfMerger()
    merger.append(reader)
    merger.write("tmp-merger-do-not-commit.pdf")
    merger.close()

    # cleanup
    os.remove("tmp-merger-do-not-commit.pdf")


def test_outline_item():
    url = "https://corpora.tika.apache.org/base/docs/govdocs1/997/997511.pdf"
    name = "tika-997511.pdf"
    reader = PdfReader(BytesIO(get_pdf_from_url(url, name=name)))
    merger = PdfMerger()
    merger.append(reader)
    merger.write("tmp-merger-do-not-commit.pdf")
    merger.close()

    # cleanup
    os.remove("tmp-merger-do-not-commit.pdf")


def test_trim_outline():
    url = "https://corpora.tika.apache.org/base/docs/govdocs1/982/982336.pdf"
    name = "tika-982336.pdf"
    reader = PdfReader(BytesIO(get_pdf_from_url(url, name=name)))
    merger = PdfMerger()
    merger.append(reader)
    merger.write("tmp-merger-do-not-commit.pdf")
    merger.close()

    # cleanup
    os.remove("tmp-merger-do-not-commit.pdf")


def test1():
    url = "https://corpora.tika.apache.org/base/docs/govdocs1/923/923621.pdf"
    name = "tika-923621.pdf"
    reader = PdfReader(BytesIO(get_pdf_from_url(url, name=name)))
    merger = PdfMerger()
    merger.append(reader)
    merger.write("tmp-merger-do-not-commit.pdf")
    merger.close()

    # cleanup
    os.remove("tmp-merger-do-not-commit.pdf")


def test_sweep_recursion1():
    # TODO: This test looks like an infinite loop.
    url = "https://corpora.tika.apache.org/base/docs/govdocs1/924/924546.pdf"
    name = "tika-924546.pdf"
    reader = PdfReader(BytesIO(get_pdf_from_url(url, name=name)))
    merger = PdfMerger()
    merger.append(reader)
    merger.write("tmp-merger-do-not-commit.pdf")
    merger.close()

    reader2 = PdfReader("tmp-merger-do-not-commit.pdf")
    reader2.pages

    # cleanup
    os.remove("tmp-merger-do-not-commit.pdf")


@pytest.mark.parametrize(
    ("url", "name"),
    [
        (
            # TODO: This test looks like an infinite loop.
            "https://corpora.tika.apache.org/base/docs/govdocs1/924/924794.pdf",
            "tika-924794.pdf",
        ),
        (
            "https://corpora.tika.apache.org/base/docs/govdocs1/924/924546.pdf",
            "tika-924546.pdf",
        ),
    ],
)
def test_sweep_recursion2(url, name):
    reader = PdfReader(BytesIO(get_pdf_from_url(url, name=name)))
    merger = PdfMerger()
    merger.append(reader)
    merger.write("tmp-merger-do-not-commit.pdf")
    merger.close()

    reader2 = PdfReader("tmp-merger-do-not-commit.pdf")
    reader2.pages

    # cleanup
    os.remove("tmp-merger-do-not-commit.pdf")


def test_sweep_indirect_list_newobj_is_None(caplog):
    url = "https://corpora.tika.apache.org/base/docs/govdocs1/906/906769.pdf"
    name = "tika-906769.pdf"
    reader = PdfReader(BytesIO(get_pdf_from_url(url, name=name)))
    merger = PdfMerger()
    merger.append(reader)
    merger.write("tmp-merger-do-not-commit.pdf")
    merger.close()
    # used to be: assert "Object 21 0 not defined." in caplog.text

    reader2 = PdfReader("tmp-merger-do-not-commit.pdf")
    reader2.pages

    # cleanup
    os.remove("tmp-merger-do-not-commit.pdf")


def test_iss1145():
    # issue with FitH destination with null param
    url = "https://github.com/py-pdf/PyPDF2/files/9164743/file-0.pdf"
    name = "iss1145.pdf"
    merger = PdfMerger()
    merger.append(PdfReader(BytesIO(get_pdf_from_url(url, name=name))))
    merger.close()


def test_deprecate_bookmark_decorator_warning():
    reader = PdfReader(RESOURCE_ROOT / "outlines-with-invalid-destinations.pdf")
    merger = PdfMerger()
    with pytest.warns(
        UserWarning,
        match="import_bookmarks is deprecated as an argument. Use import_outline instead",
    ):
        merger.merge(0, reader, import_bookmarks=True)


@pytest.mark.filterwarnings("ignore::UserWarning")
def test_deprecate_bookmark_decorator_output():
    reader = PdfReader(RESOURCE_ROOT / "outlines-with-invalid-destinations.pdf")
    merger = PdfMerger()
    merger.merge(0, reader, import_bookmarks=True)
    first_oi_title = 'Valid Destination: Action /GoTo Named Destination "section.1"'
    assert merger.outline[0].title == first_oi_title







py-pdf-PyPDF2-95cd474/tests/test_page.py

import json
import os
from copy import deepcopy
from io import BytesIO
from pathlib import Path

import pytest

from PyPDF2 import PdfReader, PdfWriter, Transformation
from PyPDF2._page import PageObject, set_custom_rtl
from PyPDF2.constants import PageAttributes as PG
from PyPDF2.errors import PdfReadWarning
from PyPDF2.generic import (
    ArrayObject,
    DictionaryObject,
    FloatObject,
    IndirectObject,
    NameObject,
    RectangleObject,
    TextStringObject,
)

from . import get_pdf_from_url, normalize_warnings

TESTS_ROOT = Path(__file__).parent.resolve()
PROJECT_ROOT = TESTS_ROOT.parent
RESOURCE_ROOT = PROJECT_ROOT / "resources"
EXTERNAL_ROOT = PROJECT_ROOT / "sample-files"


def get_all_sample_files():
    with open(EXTERNAL_ROOT / "files.json") as fp:
        data = fp.read()
    meta = json.loads(data)
    return meta


all_files_meta = get_all_sample_files()


@pytest.mark.external()
@pytest.mark.parametrize(
    "meta",
    [m for m in all_files_meta["data"] if not m["encrypted"]],
    ids=[m["path"] for m in all_files_meta["data"] if not m["encrypted"]],
)
@pytest.mark.filterwarnings("ignore::PyPDF2.errors.PdfReadWarning")
def test_read(meta):
    pdf_path = EXTERNAL_ROOT / meta["path"]
    reader = PdfReader(pdf_path)
    try:
        reader.pages[0]
    except Exception:
        return
    assert len(reader.pages) == meta["pages"]


@pytest.mark.parametrize(
    ("pdf_path", "password"),
    [
        ("crazyones.pdf", None),
        ("attachment.pdf", None),
        (
            "libreoffice-writer-password.pdf",
            "openpassword",
        ),
        ("imagemagick-images.pdf", None),
        ("imagemagick-lzw.pdf", None),
        ("reportlab-inline-image.pdf", None),
        ("https://arxiv.org/pdf/2201.00029.pdf", None),
    ],
)
def test_page_operations(pdf_path, password):
    """
    This test just checks if the operation throws an exception.

    This should be done way more thoroughly: It should be checked if the
    output is as expected.
    """
    if pdf_path.startswith("http"):
        pdf_path = BytesIO(get_pdf_from_url(pdf_path, pdf_path.split("/")[-1]))
    else:
        pdf_path = RESOURCE_ROOT / pdf_path
    reader = PdfReader(pdf_path)

    if password:
        reader.decrypt(password)

    page: PageObject = reader.pages[0]

    transformation = Transformation().rotate(90).scale(1).translate(1, 1)
    page.add_transformation(transformation, expand=True)
    page.add_transformation((1, 0, 0, 0, 0, 0))
    page.scale(2, 2)
    page.scale_by(0.5)
    page.scale_to(100, 100)
    page.compress_content_streams()
    page.extract_text()
    page.scale_by(0.5)
    page.scale_to(100, 100)
    page.extract_text()


def test_transformation_equivalence():
    pdf_path = RESOURCE_ROOT / "labeled-edges-center-image.pdf"
    reader_base = PdfReader(pdf_path)
    page_base = reader_base.pages[0]

    pdf_path = RESOURCE_ROOT / "box.pdf"
    reader_add = PdfReader(pdf_path)
    page_box = reader_add.pages[0]

    op = Transformation().scale(2).rotate(45)

    # Option 1: The new way
    page_box1 = deepcopy(page_box)
    page_base1 = deepcopy(page_base)
    page_box1.add_transformation(op, expand=True)
    page_base1.merge_page(page_box1, expand=False)

    # Option 2: The old way
    page_box2 = deepcopy(page_box)
    page_base2 = deepcopy(page_base)
    with pytest.warns(PendingDeprecationWarning):
        page_base2.mergeTransformedPage(page_box2, op, expand=False)

    # Should be the same
    assert page_base1[NameObject(PG.CONTENTS)] == page_base2[NameObject(PG.CONTENTS)]
    assert page_base1.mediabox == page_base2.mediabox
    assert page_base1.trimbox == page_base2.trimbox
    assert page_base1[NameObject(PG.ANNOTS)] == page_base2[NameObject(PG.ANNOTS)]
    compare_dict_objects(
        page_base1[NameObject(PG.RESOURCES)], page_base2[NameObject(PG.RESOURCES)]
    )


def compare_dict_objects(d1, d2):
    assert sorted(d1.keys()) == sorted(d2.keys())
    for k in d1.keys():
        if isinstance(d1[k], DictionaryObject):
            compare_dict_objects(d1[k], d2[k])
        else:
            assert d1[k] == d2[k]


def test_page_transformations():
    pdf_path = RESOURCE_ROOT / "crazyones.pdf"
    reader = PdfReader(pdf_path)

    page: PageObject = reader.pages[0]
    with pytest.warns(PendingDeprecationWarning):
        page.mergeRotatedPage(page, 90, expand=True)
    with pytest.warns(PendingDeprecationWarning):
        page.mergeRotatedScaledPage(page, 90, 1, expand=True)
    with pytest.warns(PendingDeprecationWarning):
        page.mergeRotatedScaledTranslatedPage(
            page, 90, scale=1, tx=1, ty=1, expand=True
        )
    with pytest.warns(PendingDeprecationWarning):
        page.mergeRotatedTranslatedPage(page, 90, 100, 100, expand=False)
    with pytest.warns(PendingDeprecationWarning):
        page.mergeScaledPage(page, 2, expand=False)
    with pytest.warns(PendingDeprecationWarning):
        page.mergeScaledTranslatedPage(page, 1, 1, 1)
    with pytest.warns(PendingDeprecationWarning):
        page.mergeTranslatedPage(page, 100, 100, expand=False)
    page.add_transformation((1, 0, 0, 0, 0, 0))


@pytest.mark.parametrize(
    ("pdf_path", "password"),
    [
        (RESOURCE_ROOT / "crazyones.pdf", None),
        (RESOURCE_ROOT / "attachment.pdf", None),
        (RESOURCE_ROOT / "side-by-side-subfig.pdf", None),
        (
            RESOURCE_ROOT / "libreoffice-writer-password.pdf",
            "openpassword",
        ),
    ],
)
def test_compress_content_streams(pdf_path, password):
    reader = PdfReader(pdf_path)
    if password:
        reader.decrypt(password)
    for page in reader.pages:
        page.compress_content_streams()


def test_page_properties():
    reader = PdfReader(RESOURCE_ROOT / "crazyones.pdf")
    page = reader.pages[0]
    assert page.mediabox == RectangleObject((0, 0, 612, 792))
    assert page.cropbox == RectangleObject((0, 0, 612, 792))
    assert page.bleedbox == RectangleObject((0, 0, 612, 792))
    assert page.trimbox == RectangleObject((0, 0, 612, 792))
    assert page.artbox == RectangleObject((0, 0, 612, 792))

    page.bleedbox = RectangleObject((0, 1, 100, 101))
    assert page.bleedbox == RectangleObject((0, 1, 100, 101))


def test_page_rotation_non90():
    reader = PdfReader(RESOURCE_ROOT / "crazyones.pdf")
    page = reader.pages[0]
    with pytest.raises(ValueError) as exc:
        page.rotate(91)
    assert exc.value.args[0] == "Rotation angle must be a multiple of 90"


def test_page_scale():
    op = Transformation()
    with pytest.raises(ValueError) as exc:
        op.scale()
    assert exc.value.args[0] == "Either sx or sy must be specified"

    assert op.scale(sx=2).ctm == (2, 0, 0, 2, 0, 0)
    assert op.scale(sy=3).ctm == (3, 0, 0, 3, 0, 0)


def test_add_transformation_on_page_without_contents():
    page = PageObject()
    page.add_transformation(Transformation())


def test_multi_language():
    reader = PdfReader(RESOURCE_ROOT / "multilang.pdf")
    txt = reader.pages[0].extract_text()
    assert "Hello World" in txt, "English not correctly extracted"
    # iss #1296
    assert "مرحبا بالعالم" in txt, "Arabic not correctly extracted"
    assert "Привет, мир" in txt, "Russian not correctly extracted"
    assert "你好世界" in txt, "Chinese not correctly extracted"
    assert "สวัสดีชาวโลก" in txt, "Thai not correctly extracted"
    assert "こんにちは世界" in txt, "Japanese not correctly extracted"
    # check customizations
    set_custom_rtl(None, None, "Russian:")
    assert (
        ":naissuR" in reader.pages[0].extract_text()
    ), "(1) CUSTOM_RTL_SPECIAL_CHARS failed"
    set_custom_rtl(None, None, [ord(x) for x in "Russian:"])
    assert (
        ":naissuR" in reader.pages[0].extract_text()
    ), "(2) CUSTOM_RTL_SPECIAL_CHARS failed"
    set_custom_rtl(0, 255, None)
    assert ":hsilgnE" in reader.pages[0].extract_text(), "CUSTOM_RTL_MIN/MAX failed"
    set_custom_rtl("A", "z", [])
    assert ":hsilgnE" in reader.pages[0].extract_text(), "CUSTOM_RTL_MIN/MAX failed"
    set_custom_rtl(-1, -1, [])  # to prevent further errors


def test_extract_text_single_quote_op():
    url = "https://corpora.tika.apache.org/base/docs/govdocs1/964/964029.pdf"
    reader = PdfReader(BytesIO(get_pdf_from_url(url, name="tika-964029.pdf")))
    for page in reader.pages:
        page.extract_text()


def test_no_ressources_on_text_extract():
    url = "https://github.com/py-pdf/PyPDF2/files/9428434/TelemetryTX_EM.pdf"
    reader = PdfReader(BytesIO(get_pdf_from_url(url, name="tika-964029.pdf")))
    for page in reader.pages:
        page.extract_text()


def test_iss_1142():
    # check fix for problem of context save/restore (q/Q)
    url = "https://github.com/py-pdf/PyPDF2/files/9150656/ST.2019.PDF"
    name = "st2019.pdf"
    reader = PdfReader(BytesIO(get_pdf_from_url(url, name=name)))
    txt = reader.pages[3].extract_text()
    assert txt.find("有限公司郑州分公司") > 0


@pytest.mark.parametrize(
    ("url", "name"),
    [
        # keyerror_potentially_empty_page
        (
            "https://corpora.tika.apache.org/base/docs/govdocs1/964/964029.pdf",
            "tika-964029.pdf",
        ),
        # 1140 / 1141:
        (
            "https://corpora.tika.apache.org/base/docs/govdocs1/932/932446.pdf",
            "tika-932446.pdf",
        ),
        # iss 1134:
        (
            "https://github.com/py-pdf/PyPDF2/files/9150656/ST.2019.PDF",
            "iss_1134.pdf",
        ),
        # iss 1:
        (
            "https://github.com/py-pdf/PyPDF2/files/9432350/Work.Flow.From.Check.to.QA.pdf",
            "WFCA.pdf",
        ),
    ],
)
def test_extract_text_page_pdf(url, name):
    reader = PdfReader(BytesIO(get_pdf_from_url(url, name=name)))
    for page in reader.pages:
        page.extract_text()


def test_extract_text_page_pdf_impossible_decode_xform(caplog):
    url = "https://corpora.tika.apache.org/base/docs/govdocs1/972/972962.pdf"
    name = "tika-972962.pdf"
    reader = PdfReader(BytesIO(get_pdf_from_url(url, name=name)))
    for page in reader.pages:
        page.extract_text()
    warn_msgs = normalize_warnings(caplog.text)
    assert warn_msgs == [""]  # text extraction recognise no text


def test_extract_text_operator_t_star():  # L1266, L1267
    url = "https://corpora.tika.apache.org/base/docs/govdocs1/967/967943.pdf"
    name = "tika-967943.pdf"
    reader = PdfReader(BytesIO(get_pdf_from_url(url, name=name)))
    for page in reader.pages:
        page.extract_text()


@pytest.mark.parametrize(
    ("pdf_path", "password", "embedded", "unembedded"),
    [
        (
            RESOURCE_ROOT / "crazyones.pdf",
            None,
            {
                "/HHXGQB+SFTI1440",
                "/TITXYI+SFRM0900",
                "/YISQAD+SFTI1200",
            },
            set(),
        ),
        (
            RESOURCE_ROOT / "attachment.pdf",
            None,
            {
                "/HHXGQB+SFTI1440",
                "/TITXYI+SFRM0900",
                "/YISQAD+SFTI1200",
            },
            set(),
        ),
        (
            RESOURCE_ROOT / "libreoffice-writer-password.pdf",
            "openpassword",
            {"/BAAAAA+DejaVuSans"},
            set(),
        ),
        (
            RESOURCE_ROOT / "imagemagick-images.pdf",
            None,
            set(),
            {"/Helvetica"},
        ),
        (RESOURCE_ROOT / "imagemagick-lzw.pdf", None, set(), set()),
        (
            RESOURCE_ROOT / "reportlab-inline-image.pdf",
            None,
            set(),
            {"/Helvetica"},
        ),
    ],
)
def test_get_fonts(pdf_path, password, embedded, unembedded):
    reader = PdfReader(pdf_path, password=password)
    a = set()
    b = set()
    for page in reader.pages:
        a_tmp, b_tmp = page._get_fonts()
        a = a.union(a_tmp)
        b = b.union(b_tmp)
    assert (a, b) == (embedded, unembedded)


def test_annotation_getter():
    pdf_path = RESOURCE_ROOT / "commented.pdf"
    reader = PdfReader(pdf_path)
    annotations = reader.pages[0].annotations
    assert annotations is not None
    assert isinstance(annotations[0], IndirectObject)

    annot_dict = dict(annotations[0].get_object())
    assert "/P" in annot_dict
    assert isinstance(annot_dict["/P"], IndirectObject)
    del annot_dict["/P"]

    annot_dict["/Popup"] = annot_dict["/Popup"].get_object()
    del annot_dict["/Popup"]["/P"]
    del annot_dict["/Popup"]["/Parent"]
    assert annot_dict == {
        "/Type": "/Annot",
        "/Subtype": "/Text",
        "/Rect": ArrayObject(
            [
                270.75,
                596.25,
                294.75,
                620.25,
            ]
        ),
        "/Contents": "Note in second paragraph",
        "/C": ArrayObject([1, 1, 0]),
        "/M": "D:20220406191858+02'00",
        "/Popup": DictionaryObject(
            {
                "/M": "D:20220406191847+02'00",
                "/Rect": ArrayObject([294.75, 446.25, 494.75, 596.25]),
                "/Subtype": "/Popup",
                "/Type": "/Annot",
            }
        ),
        "/T": "moose",
    }


def test_annotation_setter():
    # Arange
    pdf_path = RESOURCE_ROOT / "crazyones.pdf"
    reader = PdfReader(pdf_path)
    page = reader.pages[0]
    writer = PdfWriter()
    writer.add_page(page)

    # Act
    page_number = 0
    page_link = writer.get_object(writer._pages)["/Kids"][page_number]
    annot_dict = {
        NameObject("/P"): page_link,
        NameObject("/Type"): NameObject("/Annot"),
        NameObject("/Subtype"): NameObject("/Text"),
        NameObject("/Rect"): ArrayObject(
            [
                FloatObject(270.75),
                FloatObject(596.25),
                FloatObject(294.75),
                FloatObject(620.25),
            ]
        ),
        NameObject("/Contents"): TextStringObject("Note in second paragraph"),
        NameObject("/C"): ArrayObject([FloatObject(1), FloatObject(1), FloatObject(0)]),
        NameObject("/M"): TextStringObject("D:20220406191858+02'00"),
        NameObject("/Popup"): DictionaryObject(
            {
                NameObject("/M"): TextStringObject("D:20220406191847+02'00"),
                NameObject("/Rect"): ArrayObject(
                    [
                        FloatObject(294.75),
                        FloatObject(446.25),
                        FloatObject(494.75),
                        FloatObject(596.25),
                    ]
                ),
                NameObject("/Subtype"): NameObject("/Popup"),
                NameObject("/Type"): TextStringObject("/Annot"),
            }
        ),
        NameObject("/T"): TextStringObject("moose"),
    }
    arr = ArrayObject()
    page.annotations = arr

    # Delete Annotations
    page.annotations = None

    d = DictionaryObject(annot_dict)
    ind_obj = writer._add_object(d)
    arr.append(ind_obj)

    # Assert manually
    target = "annot-out.pdf"
    with open(target, "wb") as fp:
        writer.write(fp)

    # Cleanup
    os.remove(target)  # remove for testing


@pytest.mark.xfail(reason="#1091")
def test_text_extraction_issue_1091():
    url = "https://corpora.tika.apache.org/base/docs/govdocs1/966/966635.pdf"
    name = "tika-966635.pdf"
    stream = BytesIO(get_pdf_from_url(url, name=name))
    with pytest.warns(PdfReadWarning):
        reader = PdfReader(stream)
    for page in reader.pages:
        page.extract_text()


def test_empyt_password_1088():
    url = "https://corpora.tika.apache.org/base/docs/govdocs1/941/941536.pdf"
    name = "tika-941536.pdf"
    stream = BytesIO(get_pdf_from_url(url, name=name))
    reader = PdfReader(stream)
    len(reader.pages)


@pytest.mark.xfail(reason="#1088 / #1126")
def test_arab_text_extraction():
    reader = PdfReader(EXTERNAL_ROOT / "015-arabic/habibi.pdf")
    assert reader.pages[0].extract_text() == "habibi حَبيبي"


def test_read_link_annotation():
    reader = PdfReader(EXTERNAL_ROOT / "016-libre-office-link/libre-office-link.pdf")
    assert len(reader.pages[0].annotations) == 1
    annot = dict(reader.pages[0].annotations[0].get_object())
    expected = {
        "/Type": "/Annot",
        "/Subtype": "/Link",
        "/A": DictionaryObject(
            {
                "/S": "/URI",
                "/Type": "/Action",
                "/URI": "https://martin-thoma.com/",
            }
        ),
        "/Border": ArrayObject([0, 0, 0]),
        "/Rect": [
            92.043,
            771.389,
            217.757,
            785.189,
        ],
    }

    assert set(expected.keys()) == set(annot.keys())
    del expected["/Rect"]
    del annot["/Rect"]
    assert annot == expected







py-pdf-PyPDF2-95cd474/tests/test_pagerange.py

import pytest

from PyPDF2.pagerange import PageRange, ParseError, parse_filename_page_ranges


def test_equality():
    pr1 = PageRange(slice(0, 5))
    pr2 = PageRange(slice(0, 5))
    assert pr1 == pr2


@pytest.mark.parametrize(
    ("page_range", "expected"),
    [(slice(0, 5), "0:5"), (slice(0, 5, 2), "0:5:2"), ("-1", "-1:"), ("0", "0")],
)
def test_str(page_range, expected):
    assert str(PageRange(page_range)) == expected


@pytest.mark.parametrize(
    ("page_range", "expected"),
    [(slice(0, 5), "PageRange('0:5')"), (slice(0, 5, 2), "PageRange('0:5:2')")],
)
def test_repr(page_range, expected):
    assert repr(PageRange(page_range)) == expected


def test_equality_other_objectc():
    pr1 = PageRange(slice(0, 5))
    pr2 = "PageRange(slice(0, 5))"
    assert pr1 != pr2


def test_idempotency():
    pr = PageRange(slice(0, 5))
    pr2 = PageRange(pr)
    assert pr == pr2


@pytest.mark.parametrize(
    ("range_str", "expected"),
    [
        ("42", slice(42, 43)),
        ("1:2", slice(1, 2)),
    ],
)
def test_str_init(range_str, expected):
    pr = PageRange(range_str)
    assert pr._slice == expected
    assert PageRange.valid


def test_str_init_error():
    init_str = "1-2"
    assert PageRange.valid(init_str) is False
    with pytest.raises(ParseError) as exc:
        PageRange(init_str)
    assert exc.value.args[0] == "1-2"


@pytest.mark.parametrize(
    ("params", "expected"),
    [
        (["foo.pdf", "1:5"], [("foo.pdf", PageRange("1:5"))]),
        (
            ["foo.pdf", "1:5", "bar.pdf"],
            [("foo.pdf", PageRange("1:5")), ("bar.pdf", PageRange(":"))],
        ),
    ],
)
def test_parse_filename_page_ranges(params, expected):
    assert parse_filename_page_ranges(params) == expected


def test_parse_filename_page_ranges_err():
    with pytest.raises(ValueError) as exc:
        parse_filename_page_ranges(["1:5", "foo.pdf"])
    assert (
        exc.value.args[0] == "The first argument must be a filename, not a page range."
    )


@pytest.mark.parametrize(
    "a, b, expected",
    [
        (PageRange(slice(0, 5)), PageRange(slice(2, 10)), slice(0, 10)),
        (PageRange(slice(0, 5)), PageRange(slice(2, 3)), slice(0, 5)),
        (PageRange(slice(0, 5)), PageRange(slice(5, 10)), slice(0, 10)),
    ],
)
def test_addition(a, b, expected):
    pr1 = PageRange(a)
    pr2 = PageRange(b)
    assert pr1 + pr2 == PageRange(expected)
    assert pr2 + pr1 == PageRange(expected)  # addition is commutative


@pytest.mark.parametrize(
    "a, b",
    [
        (PageRange(slice(0, 5)), PageRange(slice(7, 10))),
        (PageRange(slice(7, 10)), PageRange(slice(0, 5))),
    ],
)
def test_addition_gap(a: PageRange, b: PageRange):
    with pytest.raises(ValueError) as exc:
        a + b
    assert exc.value.args[0] == "Can't add PageRanges with gap"


def test_addition_non_page_range():
    with pytest.raises(TypeError) as exc:
        PageRange(slice(0, 5)) + "2:7"
    assert exc.value.args[0] == "Can't add PageRange and <class 'str'>"


def test_addition_stride():
    a = PageRange(slice(0, 5, 2))
    b = PageRange(slice(7, 9))
    with pytest.raises(ValueError) as exc:
        a + b
    assert exc.value.args[0] == "Can't add PageRange with stride"







py-pdf-PyPDF2-95cd474/tests/test_papersizes.py

import pytest

from PyPDF2 import papersizes


def test_din_a0():
    dim = papersizes.PaperSize.A0
    area_square_pixels = float(dim.width) * dim.height

    # 72 pixels is 1 inch
    area_square_inch = area_square_pixels / 72**2

    # 25.4 millimeter is equal to 1 inches
    area_square_mm = area_square_inch * (25.4) ** 2
    assert abs(area_square_mm - 999949) < 100
    conversion_factor = 72 / 25.4
    assert (dim.width - 841 * conversion_factor) < 1
    assert (dim.width - 1189 * conversion_factor) < 1


@pytest.mark.parametrize("dimensions", papersizes._din_a)
def test_din_a_ratio(dimensions):
    assert abs(dimensions.height - dimensions.width * 2**0.5) <= 2.5


@pytest.mark.parametrize(
    ("dimensions_a", "dimensions_b"),
    list(zip(papersizes._din_a, papersizes._din_a[1:])),
)
def test_din_a_doubling(dimensions_a, dimensions_b):
    assert abs(dimensions_a.height - 2 * dimensions_b.width) <= 4







py-pdf-PyPDF2-95cd474/tests/test_reader.py

import io
import os
import time
from io import BytesIO
from pathlib import Path

import pytest

from PyPDF2 import PdfReader
from PyPDF2._reader import convert_to_int, convertToInt
from PyPDF2.constants import ImageAttributes as IA
from PyPDF2.constants import PageAttributes as PG
from PyPDF2.constants import Ressources as RES
from PyPDF2.errors import (
    EmptyFileError,
    FileNotDecryptedError,
    PdfReadError,
    PdfReadWarning,
    WrongPasswordError,
)
from PyPDF2.filters import _xobj_to_image
from PyPDF2.generic import Destination

from . import get_pdf_from_url, normalize_warnings

try:
    from Crypto.Cipher import AES  # noqa: F401

    HAS_PYCRYPTODOME = True
except ImportError:
    HAS_PYCRYPTODOME = False

TESTS_ROOT = Path(__file__).parent.resolve()
PROJECT_ROOT = TESTS_ROOT.parent
RESOURCE_ROOT = PROJECT_ROOT / "resources"
EXTERNAL_ROOT = PROJECT_ROOT / "sample-files"


@pytest.mark.parametrize(
    ("src", "num_pages"),
    [("selenium-PyPDF2-issue-177.pdf", 1), ("pdflatex-outline.pdf", 4)],
)
def test_get_num_pages(src, num_pages):
    src = RESOURCE_ROOT / src
    reader = PdfReader(src)
    assert len(reader.pages) == num_pages


@pytest.mark.parametrize(
    ("pdf_path", "expected"),
    [
        (
            RESOURCE_ROOT / "crazyones.pdf",
            {
                "/CreationDate": "D:20150604133406-06'00'",
                "/Creator": " XeTeX output 2015.06.04:1334",
                "/Producer": "xdvipdfmx (20140317)",
            },
        ),
        (
            RESOURCE_ROOT / "metadata.pdf",
            {
                "/CreationDate": "D:20220415093243+02'00'",
                "/ModDate": "D:20220415093243+02'00'",
                "/Creator": "pdflatex, or other tool",
                "/Producer": "Latex with hyperref, or other system",
                "/Author": "Martin Thoma",
                "/Keywords": "Some Keywords, other keywords; more keywords",
                "/Subject": "The Subject",
                "/Title": "The Title",
                "/Trapped": "/False",
                "/PTEX.Fullbanner": (
                    "This is pdfTeX, Version "
                    "3.141592653-2.6-1.40.23 (TeX Live 2021) "
                    "kpathsea version 6.3.3"
                ),
            },
        ),
    ],
    ids=["crazyones", "metadata"],
)
def test_read_metadata(pdf_path, expected):
    with open(pdf_path, "rb") as inputfile:
        reader = PdfReader(inputfile)
        docinfo = reader.metadata
        assert docinfo is not None
        metadict = dict(docinfo)
        assert metadict == expected
        docinfo.title
        docinfo.title_raw
        docinfo.author
        docinfo.author_raw
        docinfo.creator
        docinfo.creator_raw
        docinfo.producer
        docinfo.producer_raw
        docinfo.subject
        docinfo.subject_raw
        if "/Title" in metadict:
            assert metadict["/Title"] == docinfo.title


@pytest.mark.parametrize(
    "pdf_path", [EXTERNAL_ROOT / "017-unreadable-meta-data/unreadablemetadata.pdf"]
)
def test_broken_meta_data(pdf_path):
    with open(pdf_path, "rb") as f:
        reader = PdfReader(f)
        with pytest.raises(
            PdfReadError,
            match=r"trailer not found or does not point to document information directory",
        ):
            reader.metadata


@pytest.mark.parametrize(
    "src",
    [
        RESOURCE_ROOT / "crazyones.pdf",
        RESOURCE_ROOT / "commented.pdf",
    ],
)
def test_get_annotations(src):
    reader = PdfReader(src)

    for page in reader.pages:
        if PG.ANNOTS in page:
            for annot in page[PG.ANNOTS]:
                subtype = annot.get_object()[IA.SUBTYPE]
                if subtype == "/Text":
                    annot.get_object()[PG.CONTENTS]


@pytest.mark.parametrize(
    "src",
    [
        RESOURCE_ROOT / "attachment.pdf",
        RESOURCE_ROOT / "crazyones.pdf",
    ],
)
def test_get_attachments(src):
    reader = PdfReader(src)

    attachments = {}
    for page in reader.pages:
        if PG.ANNOTS in page:
            for annotation in page[PG.ANNOTS]:
                annotobj = annotation.get_object()
                if annotobj[IA.SUBTYPE] == "/FileAttachment":
                    fileobj = annotobj["/FS"]
                    attachments[fileobj["/F"]] = fileobj["/EF"]["/F"].get_data()
    return attachments


@pytest.mark.parametrize(
    ("src", "outline_elements"),
    [
        (RESOURCE_ROOT / "pdflatex-outline.pdf", 9),
        (RESOURCE_ROOT / "crazyones.pdf", 0),
    ],
)
def test_get_outline(src, outline_elements):
    reader = PdfReader(src)
    outline = reader.outline
    assert len(outline) == outline_elements


@pytest.mark.parametrize(
    ("src", "nb_images"),
    [
        ("pdflatex-outline.pdf", 0),
        ("crazyones.pdf", 0),
        ("git.pdf", 1),
        ("imagemagick-lzw.pdf", 1),
        ("imagemagick-ASCII85Decode.pdf", 1),
        ("imagemagick-CCITTFaxDecode.pdf", 1),
    ],
)
def test_get_images(src, nb_images):
    src = RESOURCE_ROOT / src
    reader = PdfReader(src)

    with pytest.raises(TypeError):
        page = reader.pages["0"]

    page = reader.pages[-1]
    page = reader.pages[0]

    images_extracted = []

    if RES.XOBJECT in page[PG.RESOURCES]:
        x_object = page[PG.RESOURCES][RES.XOBJECT].get_object()

        for obj in x_object:
            if x_object[obj][IA.SUBTYPE] == "/Image":
                extension, byte_stream = _xobj_to_image(x_object[obj])
                if extension is not None:
                    filename = obj[1:] + ".png"
                    with open(filename, "wb") as img:
                        img.write(byte_stream)
                    images_extracted.append(filename)

    assert len(images_extracted) == nb_images

    # Cleanup
    for filepath in images_extracted:
        os.remove(filepath)


@pytest.mark.parametrize(
    ("strict", "with_prev_0", "startx_correction", "should_fail", "warning_msgs"),
    [
        (
            True,
            False,
            -1,
            False,
            [
                "startxref on same line as offset",
                "Xref table not zero-indexed. "
                "ID numbers for objects will be corrected.",
            ],
        ),  # all nominal => no fail
        (True, True, -1, True, ""),  # Prev=0 => fail expected
        (
            False,
            False,
            -1,
            False,
            ["startxref on same line as offset"],
        ),
        (
            False,
            True,
            -1,
            False,
            [
                "startxref on same line as offset",
                "/Prev=0 in the trailer - assuming there is no previous xref table",
            ],
        ),  # Prev =0 => no strict so tolerant
        (True, False, 0, True, ""),  # error on startxref, in strict => fail expected
        (True, True, 0, True, ""),
        (
            False,
            False,
            0,
            False,
            ["startxref on same line as offset", "incorrect startxref pointer(1)"],
        ),  # error on startxref, but no strict => xref rebuilt,no fail
        (
            False,
            True,
            0,
            False,
            ["startxref on same line as offset", "incorrect startxref pointer(1)"],
        ),
    ],
)
def test_get_images_raw(
    caplog, strict, with_prev_0, startx_correction, should_fail, warning_msgs
):
    pdf_data = (
        b"%%PDF-1.7\n"
        b"1 0 obj << /Count 1 /Kids [4 0 R] /Type /Pages >> endobj\n"
        b"2 0 obj << >> endobj\n"
        b"3 0 obj << >> endobj\n"
        b"4 0 obj << /Contents 3 0 R /CropBox [0.0 0.0 2550.0 3508.0]"
        b" /MediaBox [0.0 0.0 2550.0 3508.0] /Parent 1 0 R"
        b" /Resources << /Font << >> >>"
        b" /Rotate 0 /Type /Page >> endobj\n"
        b"5 0 obj << /Pages 1 0 R /Type /Catalog >> endobj\n"
        b"xref 1 5\n"
        b"%010d 00000 n\n"
        b"%010d 00000 n\n"
        b"%010d 00000 n\n"
        b"%010d 00000 n\n"
        b"%010d 00000 n\n"
        b"trailer << %s/Root 5 0 R /Size 6 >>\n"
        b"startxref %d\n"
        b"%%%%EOF"
    )
    pdf_data = pdf_data % (
        pdf_data.find(b"1 0 obj"),
        pdf_data.find(b"2 0 obj"),
        pdf_data.find(b"3 0 obj"),
        pdf_data.find(b"4 0 obj"),
        pdf_data.find(b"5 0 obj"),
        b"/Prev 0 " if with_prev_0 else b"",
        # startx_correction should be -1 due to double % at the beginning
        # inducing an error on startxref computation
        pdf_data.find(b"xref") + startx_correction,
    )
    pdf_stream = io.BytesIO(pdf_data)
    if should_fail:
        with pytest.raises(PdfReadError) as exc, pytest.warns(PdfReadWarning):
            PdfReader(pdf_stream, strict=strict)
        assert exc.type == PdfReadError
        if startx_correction == -1:
            assert (
                exc.value.args[0]
                == "/Prev=0 in the trailer (try opening with strict=False)"
            )
    else:
        PdfReader(pdf_stream, strict=strict)
        assert normalize_warnings(caplog.text) == warning_msgs


def test_issue297(caplog):
    path = RESOURCE_ROOT / "issue-297.pdf"
    with pytest.raises(PdfReadError) as exc:
        reader = PdfReader(path, strict=True)
    assert caplog.text == ""
    assert "Broken xref table" in exc.value.args[0]
    reader = PdfReader(path, strict=False)
    assert normalize_warnings(caplog.text) == ["incorrect startxref pointer(1)"]
    reader.pages[0]


@pytest.mark.parametrize(
    ("pdffile", "password", "should_fail"),
    [
        ("encrypted-file.pdf", "test", False),
        ("encrypted-file.pdf", b"test", False),
        ("encrypted-file.pdf", "qwerty", True),
        ("encrypted-file.pdf", b"qwerty", True),
    ],
)
def test_get_page_of_encrypted_file(pdffile, password, should_fail):
    """
    Check if we can read a page of an encrypted file.

    This is a regression test for issue 327:
    IndexError for get_page() of decrypted file
    """
    path = RESOURCE_ROOT / pdffile
    if should_fail:
        with pytest.raises(PdfReadError):
            PdfReader(path, password=password)
    else:
        PdfReader(path, password=password).pages[0]


@pytest.mark.parametrize(
    ("src", "expected", "expected_get_fields"),
    [
        (
            "form.pdf",
            {"foo": ""},
            {"foo": {"/DV": "", "/FT": "/Tx", "/T": "foo", "/V": ""}},
        ),
        (
            "form_acrobatReader.pdf",
            {"foo": "Bar"},
            {"foo": {"/DV": "", "/FT": "/Tx", "/T": "foo", "/V": "Bar"}},
        ),
        (
            "form_evince.pdf",
            {"foo": "bar"},
            {"foo": {"/DV": "", "/FT": "/Tx", "/T": "foo", "/V": "bar"}},
        ),
        (
            "crazyones.pdf",
            {},
            None,
        ),
    ],
)
def test_get_form(src, expected, expected_get_fields):
    """Check if we can read out form data."""
    src = RESOURCE_ROOT / src
    reader = PdfReader(src)
    fields = reader.get_form_text_fields()
    assert fields == expected

    with open("tmp-fields-report.txt", "w") as f:
        fields = reader.get_fields(fileobj=f)
    assert fields == expected_get_fields
    if fields:
        for field in fields.values():
            # Just access the attributes
            [
                field.field_type,
                field.parent,
                field.kids,
                field.name,
                field.alternate_name,
                field.mapping_name,
                field.flags,
                field.value,
                field.default_value,
                field.additional_actions,
            ]

    # cleanup
    os.remove("tmp-fields-report.txt")


@pytest.mark.parametrize(
    ("src", "page_nb"),
    [
        ("form.pdf", 0),
        ("pdflatex-outline.pdf", 2),
    ],
)
def test_get_page_number(src, page_nb):
    src = RESOURCE_ROOT / src
    reader = PdfReader(src)
    page = reader.pages[page_nb]
    assert reader.get_page_number(page) == page_nb


@pytest.mark.parametrize(
    ("src", "expected"),
    [("form.pdf", None), ("AutoCad_Simple.pdf", "/SinglePage")],
)
def test_get_page_layout(src, expected):
    src = RESOURCE_ROOT / src
    reader = PdfReader(src)
    assert reader.page_layout == expected


@pytest.mark.parametrize(
    ("src", "expected"),
    [
        ("form.pdf", "/UseNone"),
        ("crazyones.pdf", None),
    ],
)
def test_get_page_mode(src, expected):
    src = RESOURCE_ROOT / src
    reader = PdfReader(src)
    assert reader.page_mode == expected


def test_read_empty():
    with pytest.raises(EmptyFileError) as exc:
        PdfReader(io.BytesIO())
    assert exc.value.args[0] == "Cannot read an empty file"


def test_read_malformed_header():
    with pytest.raises(PdfReadError) as exc:
        PdfReader(io.BytesIO(b"foo"), strict=True)
    assert exc.value.args[0] == "PDF starts with 'foo', but '%PDF-' expected"


def test_read_malformed_body():
    with pytest.raises(PdfReadError) as exc:
        PdfReader(io.BytesIO(b"%PDF-"), strict=True)
    assert (
        exc.value.args[0] == "EOF marker not found"
    )  # used to be:STREAM_TRUNCATED_PREMATURELY


def test_read_prev_0_trailer():
    pdf_data = (
        b"%%PDF-1.7\n"
        b"1 0 obj << /Count 1 /Kids [4 0 R] /Type /Pages >> endobj\n"
        b"2 0 obj << >> endobj\n"
        b"3 0 obj << >> endobj\n"
        b"4 0 obj << /Contents 3 0 R /CropBox [0.0 0.0 2550.0 3508.0]"
        b" /MediaBox [0.0 0.0 2550.0 3508.0] /Parent 1 0 R"
        b" /Resources << /Font << >> >>"
        b" /Rotate 0 /Type /Page >> endobj\n"
        b"5 0 obj << /Pages 1 0 R /Type /Catalog >> endobj\n"
        b"xref 1 5\n"
        b"%010d 00000 n\n"
        b"%010d 00000 n\n"
        b"%010d 00000 n\n"
        b"%010d 00000 n\n"
        b"%010d 00000 n\n"
        b"trailer << %s/Root 5 0 R /Size 6 >>\n"
        b"startxref %d\n"
        b"%%%%EOF"
    )
    with_prev_0 = True
    pdf_data = pdf_data % (
        pdf_data.find(b"1 0 obj"),
        pdf_data.find(b"2 0 obj"),
        pdf_data.find(b"3 0 obj"),
        pdf_data.find(b"4 0 obj"),
        pdf_data.find(b"5 0 obj"),
        b"/Prev 0 " if with_prev_0 else b"",
        pdf_data.find(b"xref") - 1,
    )
    pdf_stream = io.BytesIO(pdf_data)
    with pytest.raises(PdfReadError) as exc, pytest.warns(PdfReadWarning):
        PdfReader(pdf_stream, strict=True)
    assert exc.value.args[0] == "/Prev=0 in the trailer (try opening with strict=False)"


def test_read_missing_startxref():
    pdf_data = (
        b"%%PDF-1.7\n"
        b"1 0 obj << /Count 1 /Kids [4 0 R] /Type /Pages >> endobj\n"
        b"2 0 obj << >> endobj\n"
        b"3 0 obj << >> endobj\n"
        b"4 0 obj << /Contents 3 0 R /CropBox [0.0 0.0 2550.0 3508.0]"
        b" /MediaBox [0.0 0.0 2550.0 3508.0] /Parent 1 0 R"
        b" /Resources << /Font << >> >>"
        b" /Rotate 0 /Type /Page >> endobj\n"
        b"5 0 obj << /Pages 1 0 R /Type /Catalog >> endobj\n"
        b"xref 1 5\n"
        b"%010d 00000 n\n"
        b"%010d 00000 n\n"
        b"%010d 00000 n\n"
        b"%010d 00000 n\n"
        b"%010d 00000 n\n"
        b"trailer << /Root 5 0 R /Size 6 >>\n"
        # Removed for this test: b"startxref %d\n"
        b"%%%%EOF"
    )
    pdf_data = pdf_data % (
        pdf_data.find(b"1 0 obj"),
        pdf_data.find(b"2 0 obj"),
        pdf_data.find(b"3 0 obj"),
        pdf_data.find(b"4 0 obj"),
        pdf_data.find(b"5 0 obj"),
        # Removed for this test: pdf_data.find(b"xref") - 1,
    )
    pdf_stream = io.BytesIO(pdf_data)
    with pytest.raises(PdfReadError) as exc:
        PdfReader(pdf_stream, strict=True)
    assert exc.value.args[0] == "startxref not found"


def test_read_unknown_zero_pages(caplog):
    pdf_data = (
        b"%%PDF-1.7\n"
        b"1 0 obj << /Count 1 /Kids [4 0 R] /Type /Pages >> endobj\n"
        b"2 0 obj << >> endobj\n"
        b"3 0 obj << >> endobj\n"
        b"4 0 obj << /Contents 3 0 R /CropBox [0.0 0.0 2550.0 3508.0]"
        b" /MediaBox [0.0 0.0 2550.0 3508.0] /Parent 1 0 R"
        b" /Resources << /Font << >> >>"
        b" /Rotate 0 /Type /Page >> endobj\n"
        # Pages 0 0 is the key point:
        b"5 0 obj << /Pages 0 0 R /Type /Catalog >> endobj\n"
        b"xref 1 5\n"
        b"%010d 00000 n\n"
        b"%010d 00000 n\n"
        b"%010d 00000 n\n"
        b"%010d 00000 n\n"
        b"%010d 00000 n\n"
        b"trailer << /Root 5 1 R /Size 6 >>\n"
        b"startxref %d\n"
        b"%%%%EOF"
    )
    pdf_data = pdf_data % (
        pdf_data.find(b"1 0 obj"),
        pdf_data.find(b"2 0 obj"),
        pdf_data.find(b"3 0 obj"),
        pdf_data.find(b"4 0 obj"),
        pdf_data.find(b"5 0 obj"),
        pdf_data.find(b"xref") - 1,
    )
    pdf_stream = io.BytesIO(pdf_data)
    reader = PdfReader(pdf_stream, strict=True)
    warnings = [
        "startxref on same line as offset",
        "Xref table not zero-indexed. ID numbers for objects will be corrected.",
    ]
    assert normalize_warnings(caplog.text) == warnings
    with pytest.raises(PdfReadError) as exc, pytest.warns(PdfReadWarning):
        len(reader.pages)

    assert exc.value.args[0] == "Could not find object."
    reader = PdfReader(pdf_stream, strict=False)
    warnings += [
        "Object 5 1 not defined.",
        "startxref on same line as offset",
    ]
    assert normalize_warnings(caplog.text) == warnings
    with pytest.raises(AttributeError) as exc, pytest.warns(PdfReadWarning):
        len(reader.pages)
    assert exc.value.args[0] == "'NoneType' object has no attribute 'get_object'"


def test_read_encrypted_without_decryption():
    src = RESOURCE_ROOT / "libreoffice-writer-password.pdf"
    reader = PdfReader(src)
    with pytest.raises(FileNotDecryptedError) as exc:
        len(reader.pages)
    assert exc.value.args[0] == "File has not been decrypted"


def test_get_destination_page_number():
    src = RESOURCE_ROOT / "pdflatex-outline.pdf"
    reader = PdfReader(src)
    outline = reader.outline
    for outline_item in outline:
        if not isinstance(outline_item, list):
            reader.get_destination_page_number(outline_item)


def test_do_not_get_stuck_on_large_files_without_start_xref():
    """Tests for the absence of a DoS bug, where a large file without an startxref mark
    would cause the library to hang for minutes to hours"""
    start_time = time.time()
    broken_stream = BytesIO(b"\0" * 5 * 1000 * 1000)
    with pytest.raises(PdfReadError):
        PdfReader(broken_stream)
    parse_duration = time.time() - start_time
    # parsing is expected take less than a second on a modern cpu, but include a large
    # tolerance to account for busy or slow systems
    assert parse_duration < 60


def test_decrypt_when_no_id():
    """
    Decrypt an encrypted file that's missing the 'ID' value in its
    trailer.
    https://github.com/mstamy2/PyPDF2/issues/608
    """

    with open(RESOURCE_ROOT / "encrypted_doc_no_id.pdf", "rb") as inputfile:
        ipdf = PdfReader(inputfile)
        ipdf.decrypt("")
        assert ipdf.metadata == {"/Producer": "European Patent Office"}


def test_reader_properties():
    reader = PdfReader(RESOURCE_ROOT / "crazyones.pdf")
    assert reader.outline == []
    assert len(reader.pages) == 1
    assert reader.page_layout is None
    assert reader.page_mode is None
    assert reader.is_encrypted is False


@pytest.mark.parametrize(
    "strict",
    [True, False],
)
def test_issue604(caplog, strict):
    """Test with invalid destinations"""  # todo
    with open(RESOURCE_ROOT / "issue-604.pdf", "rb") as f:
        pdf = None
        outline = None
        if strict:
            pdf = PdfReader(f, strict=strict)
            with pytest.raises(PdfReadError) as exc, pytest.warns(PdfReadWarning):
                outline = pdf.outline
            if "Unknown Destination" not in exc.value.args[0]:
                raise Exception("Expected exception not raised")
            return  # outline is not correct
        else:
            pdf = PdfReader(f, strict=strict)
            outline = pdf.outline
            msg = [
                "Unknown destination: ms_Thyroid_2_2020_071520_watermarked.pdf [0, 1]"
            ]
            assert normalize_warnings(caplog.text) == msg

        def get_dest_pages(x):
            if isinstance(x, list):
                r = [get_dest_pages(y) for y in x]
                return r
            else:
                return pdf.get_destination_page_number(x) + 1

        out = []

        # oi can be destination or a list:preferred to just print them
        for oi in outline:
            out.append(get_dest_pages(oi))


def test_decode_permissions():
    reader = PdfReader(RESOURCE_ROOT / "crazyones.pdf")
    base = {
        "accessability": False,
        "annotations": False,
        "assemble": False,
        "copy": False,
        "forms": False,
        "modify": False,
        "print_high_quality": False,
        "print": False,
    }

    print_ = base.copy()
    print_["print"] = True
    assert reader.decode_permissions(4) == print_

    modify = base.copy()
    modify["modify"] = True
    assert reader.decode_permissions(8) == modify


def test_pages_attribute():
    pdf_path = RESOURCE_ROOT / "crazyones.pdf"
    reader = PdfReader(pdf_path)

    # Test if getting as slice throws an error
    assert len(reader.pages[:]) == 1

    with pytest.raises(IndexError) as exc:
        reader.pages[-1000]

    assert exc.value.args[0] == "sequence index out of range"

    with pytest.raises(IndexError):
        reader.pages[1000]

    assert exc.value.args[0] == "sequence index out of range"


def test_convert_to_int():
    assert convert_to_int(b"\x01", 8) == 1


def test_convert_to_int_error():
    with pytest.raises(PdfReadError) as exc:
        convert_to_int(b"256", 16)
    assert exc.value.args[0] == "invalid size in convert_to_int"


def test_convertToInt_deprecated():
    msg = (
        "convertToInt is deprecated and will be removed in PyPDF2 3.0.0. "
        "Use convert_to_int instead."
    )
    with pytest.warns(
        PendingDeprecationWarning,
        match=msg,
    ):
        assert convertToInt(b"\x01", 8) == 1


def test_iss925():
    url = "https://github.com/py-pdf/PyPDF2/files/8796328/1.pdf"
    reader = PdfReader(BytesIO(get_pdf_from_url(url, name="iss925.pdf")))

    for page_sliced in reader.pages:
        page_object = page_sliced.get_object()
        # Extracts the PDF's Annots (Annotations and Commenting):
        annots = page_object.get("/Annots")
        if annots is not None:
            for annot in annots:
                annot.get_object()


@pytest.mark.xfail(reason="#591")
def test_extract_text_hello_world():
    reader = PdfReader(RESOURCE_ROOT / "hello-world.pdf")
    text = reader.pages[0].extract_text().split("\n")
    assert text == [
        "English:",
        "Hello World",
        "Arabic:",
        "Ù�Ø±ØØ¨Ø§ Ø¨Ø§Ù�Ø¹Ø§Ù�Ù�",
        "Russian:",
        "Ð�Ñ�Ð¸Ð²ÐµÑ�, Ð¼Ð¸Ñ�",
        "Chinese (traditional):",
        "ä½ å¥½ä¸�ç��",
        "Thai:",
        "à¸ªà¸§à¸±à¸ªà¸�à¸µà¸�à¸²à¸§à¹�à¸¥à¸�",
        "Japanese:",
        "ã��ã��ã�«ã�¡ã�¯ä¸�ç��",
    ]


def test_read_path():
    path = Path(RESOURCE_ROOT, "crazyones.pdf")
    reader = PdfReader(path)
    assert len(reader.pages) == 1


def test_read_not_binary_mode(caplog):
    with open(RESOURCE_ROOT / "crazyones.pdf") as f:
        msg = "PdfReader stream/file object is not in binary mode. It may not be read correctly."
        with pytest.raises(io.UnsupportedOperation):
            PdfReader(f)
    assert normalize_warnings(caplog.text) == [msg]


@pytest.mark.skipif(not HAS_PYCRYPTODOME, reason="No pycryptodome")
def test_read_form_416():
    url = (
        "https://www.fda.gov/downloads/AboutFDA/ReportsManualsForms/Forms/UCM074728.pdf"
    )
    reader = PdfReader(BytesIO(get_pdf_from_url(url, name="issue_416.pdf")))
    fields = reader.get_form_text_fields()
    assert len(fields) > 0


def test_extract_text_xref_issue_2(caplog):
    # pdf/0264cf510015b2a4b395a15cb23c001e.pdf
    url = "https://corpora.tika.apache.org/base/docs/govdocs1/981/981961.pdf"
    msg = "incorrect startxref pointer(2)"
    reader = PdfReader(BytesIO(get_pdf_from_url(url, name="tika-981961.pdf")))
    for page in reader.pages:
        page.extract_text()
    assert normalize_warnings(caplog.text) == [msg]


def test_extract_text_xref_issue_3(caplog):
    # pdf/0264cf510015b2a4b395a15cb23c001e.pdf
    url = "https://corpora.tika.apache.org/base/docs/govdocs1/977/977774.pdf"
    msg = "incorrect startxref pointer(3)"
    reader = PdfReader(BytesIO(get_pdf_from_url(url, name="tika-977774.pdf")))
    for page in reader.pages:
        page.extract_text()
    assert normalize_warnings(caplog.text) == [msg]


def test_extract_text_pdf15():
    # pdf/0264cf510015b2a4b395a15cb23c001e.pdf
    url = "https://corpora.tika.apache.org/base/docs/govdocs1/976/976030.pdf"
    reader = PdfReader(BytesIO(get_pdf_from_url(url, name="tika-976030.pdf")))
    for page in reader.pages:
        page.extract_text()


def test_extract_text_xref_table_21_bytes_clrf():
    # pdf/0264cf510015b2a4b395a15cb23c001e.pdf
    url = "https://corpora.tika.apache.org/base/docs/govdocs1/956/956939.pdf"
    reader = PdfReader(BytesIO(get_pdf_from_url(url, name="tika-956939.pdf")))
    for page in reader.pages:
        page.extract_text()


def test_get_fields():
    url = "https://corpora.tika.apache.org/base/docs/govdocs1/972/972486.pdf"
    name = "tika-972486.pdf"
    reader = PdfReader(BytesIO(get_pdf_from_url(url, name=name)))
    fields = reader.get_fields()
    assert fields is not None
    assert "c1-1" in fields
    assert dict(fields["c1-1"]) == ({"/FT": "/Btn", "/T": "c1-1"})


# covers also issue 1089
@pytest.mark.filterwarnings("ignore::PyPDF2.errors.PdfReadWarning")
def test_get_fields_read_else_block():
    url = "https://corpora.tika.apache.org/base/docs/govdocs1/934/934771.pdf"
    name = "tika-934771.pdf"
    PdfReader(BytesIO(get_pdf_from_url(url, name=name)))


def test_get_fields_read_else_block2():
    url = "https://corpora.tika.apache.org/base/docs/govdocs1/914/914902.pdf"
    name = "tika-914902.pdf"
    reader = PdfReader(BytesIO(get_pdf_from_url(url, name=name)))
    fields = reader.get_fields()
    assert fields is None


@pytest.mark.filterwarnings("ignore::PyPDF2.errors.PdfReadWarning")
def test_get_fields_read_else_block3():
    url = "https://corpora.tika.apache.org/base/docs/govdocs1/957/957721.pdf"
    name = "tika-957721.pdf"
    PdfReader(BytesIO(get_pdf_from_url(url, name=name)))


def test_metadata_is_none():
    url = "https://corpora.tika.apache.org/base/docs/govdocs1/963/963692.pdf"
    name = "tika-963692.pdf"
    reader = PdfReader(BytesIO(get_pdf_from_url(url, name=name)))
    assert reader.metadata is None


def test_get_fields_read_write_report():
    url = "https://corpora.tika.apache.org/base/docs/govdocs1/909/909655.pdf"
    name = "tika-909655.pdf"
    reader = PdfReader(BytesIO(get_pdf_from_url(url, name=name)))
    with open("tmp-fields-report.txt", "w") as fp:
        fields = reader.get_fields(fileobj=fp)
    assert fields

    # cleanup
    os.remove("tmp-fields-report.txt")


@pytest.mark.parametrize(
    "src",
    [
        RESOURCE_ROOT / "crazyones.pdf",
        RESOURCE_ROOT / "commented.pdf",
    ],
)
def test_xfa(src):
    reader = PdfReader(src)
    assert reader.xfa is None


def test_xfa_non_empty():
    url = "https://corpora.tika.apache.org/base/docs/govdocs1/942/942050.pdf"
    name = "tika-942050.pdf"
    reader = PdfReader(BytesIO(get_pdf_from_url(url, name=name)))
    assert list(reader.xfa.keys()) == [
        "preamble",
        "config",
        "template",
        "PDFSecurity",
        "datasets",
        "postamble",
    ]


@pytest.mark.parametrize(
    "src,pdf_header",
    [
        (RESOURCE_ROOT / "attachment.pdf", "%PDF-1.5"),
        (RESOURCE_ROOT / "crazyones.pdf", "%PDF-1.5"),
    ],
)
def test_header(src, pdf_header):
    reader = PdfReader(src)

    assert reader.pdf_header == pdf_header


def test_outline_color():
    url = "https://corpora.tika.apache.org/base/docs/govdocs1/924/924546.pdf"
    name = "tika-924546.pdf"
    reader = PdfReader(BytesIO(get_pdf_from_url(url, name=name)))
    assert reader.outline[0].color == [0, 0, 1]


def test_outline_font_format():
    url = "https://corpora.tika.apache.org/base/docs/govdocs1/924/924546.pdf"
    name = "tika-924546.pdf"
    reader = PdfReader(BytesIO(get_pdf_from_url(url, name=name)))
    assert reader.outline[0].font_format == 2


def get_outline_property(outline, attribute_name: str):
    results = []
    if isinstance(outline, list):
        for outline_item in outline:
            if isinstance(outline_item, Destination):
                results.append(getattr(outline_item, attribute_name))
            else:
                results.append(get_outline_property(outline_item, attribute_name))
    else:
        raise ValueError(f"got {type(outline)}")
    return results


def test_outline_title_issue_1121():
    reader = PdfReader(EXTERNAL_ROOT / "014-outlines/mistitled_outlines_example.pdf")

    assert get_outline_property(reader.outline, "title") == [
        "First",
        [
            "Second",
            "Third",
            "Fourth",
            [
                "Fifth",
                "Sixth",
            ],
            "Seventh",
            [
                "Eighth",
                "Ninth",
            ],
        ],
        "Tenth",
        [
            "Eleventh",
            "Twelfth",
            "Thirteenth",
            "Fourteenth",
        ],
        "Fifteenth",
        [
            "Sixteenth",
            "Seventeenth",
        ],
        "Eighteenth",
        "Nineteenth",
        [
            "Twentieth",
            "Twenty-first",
            "Twenty-second",
            "Twenty-third",
            "Twenty-fourth",
            "Twenty-fifth",
            "Twenty-sixth",
            "Twenty-seventh",
        ],
    ]


def test_outline_count():
    reader = PdfReader(EXTERNAL_ROOT / "014-outlines/mistitled_outlines_example.pdf")

    assert get_outline_property(reader.outline, "outline_count") == [
        5,
        [
            None,
            None,
            2,
            [
                None,
                None,
            ],
            -2,
            [
                None,
                None,
            ],
        ],
        4,
        [
            None,
            None,
            None,
            None,
        ],
        -2,
        [
            None,
            None,
        ],
        None,
        8,
        [
            None,
            None,
            None,
            None,
            None,
            None,
            None,
            None,
        ],
    ]


def test_outline_missing_title():
    # Strict
    reader = PdfReader(RESOURCE_ROOT / "outline-without-title.pdf", strict=True)
    with pytest.raises(PdfReadError) as exc:
        reader.outline
    assert exc.value.args[0].startswith("Outline Entry Missing /Title attribute:")

    # Non-strict
    with pytest.raises(ValueError) as exc:
        reader = PdfReader(RESOURCE_ROOT / "outline-without-title.pdf", strict=False)
        reader.outline
    assert exc.value.args[0] == "value must be PdfObject"


def test_named_destination():
    # 1st case : the named_dest are stored directly as a dictionnary, PDF1.1 style
    url = "https://github.com/py-pdf/PyPDF2/files/9197028/lorem_ipsum.pdf"
    name = "lorem_ipsum.pdf"
    reader = PdfReader(BytesIO(get_pdf_from_url(url, name=name)))
    assert len(reader.named_destinations) > 0
    # 2nd case : Dest below names and with Kids...
    url = "https://opensource.adobe.com/dc-acrobat-sdk-docs/standards/pdfstandards/pdf/PDF32000_2008.pdf"
    name = "PDF32000_2008.pdf"
    reader = PdfReader(BytesIO(get_pdf_from_url(url, name=name)))
    assert len(reader.named_destinations) > 0
    # 3nd case : Dests with Name tree
    # TODO : case to be added


def test_outline_with_missing_named_destination():
    url = "https://corpora.tika.apache.org/base/docs/govdocs1/913/913678.pdf"
    name = "tika-913678.pdf"
    reader = PdfReader(BytesIO(get_pdf_from_url(url, name=name)))
    # outline items in document reference a named destination that is not defined
    assert reader.outline[1][0].title.startswith("Report for 2002AZ3B: Microbial")


def test_outline_with_empty_action():
    url = "https://corpora.tika.apache.org/base/docs/govdocs1/924/924546.pdf"
    name = "tika-924546.pdf"
    reader = PdfReader(BytesIO(get_pdf_from_url(url, name=name)))
    # outline items (entitled Tables and Figures) utilize an empty action (/A)
    # that has no type or destination
    assert reader.outline[-4].title == "Tables"


def test_outline_with_invalid_destinations():
    reader = PdfReader(RESOURCE_ROOT / "outlines-with-invalid-destinations.pdf")
    # contains 9 outline items, 6 with invalid destinations caused by different malformations
    assert len(reader.outline) == 9


def test_PdfReaderMultipleDefinitions(caplog):
    # iss325
    url = "https://github.com/py-pdf/PyPDF2/files/9176644/multipledefs.pdf"
    name = "multipledefs.pdf"
    reader = PdfReader(BytesIO(get_pdf_from_url(url, name=name)))
    reader.pages[0].extract_text()
    assert normalize_warnings(caplog.text) == [
        "Multiple definitions in dictionary at byte 0xb5 for key /Group"
    ]


def test_wrong_password_error():
    encrypted_pdf_path = RESOURCE_ROOT / "encrypted-file.pdf"
    with pytest.raises(WrongPasswordError):
        PdfReader(
            encrypted_pdf_path,
            password="definitely_the_wrong_password!",
        )


def test_get_page_number_by_indirect():
    reader = PdfReader(RESOURCE_ROOT / "crazyones.pdf")
    reader._get_page_number_by_indirect(1)


def test_corrupted_xref_table():
    # issue #1292
    url = "https://github.com/py-pdf/PyPDF2/files/9444747/BreezeManual.orig.pdf"
    name = "BreezeMan1.pdf"
    reader = PdfReader(BytesIO(get_pdf_from_url(url, name=name)))
    reader.pages[0].extract_text()
    url = "https://github.com/py-pdf/PyPDF2/files/9444748/BreezeManual.failed.pdf"
    name = "BreezeMan2.pdf"
    reader = PdfReader(BytesIO(get_pdf_from_url(url, name=name)))
    reader.pages[0].extract_text()


def test_reader(caplog):
    # iss #1273
    url = "https://github.com/py-pdf/PyPDF2/files/9464742/shiv_resume.pdf"
    name = "shiv_resume.pdf"
    reader = PdfReader(BytesIO(get_pdf_from_url(url, name=name)))
    assert "Previous trailer can not be read" in caplog.text
    caplog.clear()
    # first call requires some reparations...
    reader.pages[0].extract_text()
    assert "repaired" in caplog.text
    assert "found" in caplog.text
    caplog.clear()
    # ...and now no more required
    reader.pages[0].extract_text()
    assert caplog.text == ""


def test_zeroing_xref():
    # iss #328
    url = "https://github.com/py-pdf/PyPDF2/files/9066120/UTA_OSHA_3115_Fall_Protection_Training_09162021_.pdf"
    name = "UTA_OSHA.pdf"
    reader = PdfReader(BytesIO(get_pdf_from_url(url, name=name)))
    len(reader.pages)







py-pdf-PyPDF2-95cd474/tests/test_security.py

from PyPDF2._security import _alg32
from PyPDF2.generic import ByteStringObject


def test_alg32_metadata_encrypt():
    # I don't know how to ensure the value is actually the correct one
    assert (
        _alg32(
            "a",
            rev=3,
            keylen=3,
            owner_entry=ByteStringObject(b""),
            p_entry=0,
            id1_entry=ByteStringObject(b""),
            metadata_encrypt=True,
        )
        == b"S\xcfQ"
    )


def test_alg32_no_metadata_encrypt():
    # I don't know how to ensure the value is actually the correct one
    assert (
        _alg32(
            "a",
            rev=3,
            keylen=3,
            owner_entry=ByteStringObject(b""),
            p_entry=0,
            id1_entry=ByteStringObject(b""),
            metadata_encrypt=False,
        )
        == b"@wt"
    )







py-pdf-PyPDF2-95cd474/tests/test_utils.py

import io
import os
from pathlib import Path

import pytest

import PyPDF2._utils
from PyPDF2 import PdfReader
from PyPDF2._utils import (
    _get_max_pdf_version_header,
    deprecate_bookmark,
    mark_location,
    matrix_multiply,
    read_block_backwards,
    read_previous_line,
    read_until_regex,
    read_until_whitespace,
    skip_over_comment,
    skip_over_whitespace,
)
from PyPDF2.errors import PdfReadError, PdfStreamError

from . import get_pdf_from_url

TESTS_ROOT = Path(__file__).parent.resolve()
PROJECT_ROOT = TESTS_ROOT.parent
RESOURCE_ROOT = PROJECT_ROOT / "resources"


@pytest.mark.parametrize(
    ("stream", "expected"),
    [
        (io.BytesIO(b"foo"), False),
        (io.BytesIO(b""), False),
        (io.BytesIO(b" "), True),
        (io.BytesIO(b"  "), True),
        (io.BytesIO(b"  \n"), True),
        (io.BytesIO(b"    \n"), True),
    ],
)
def test_skip_over_whitespace(stream, expected):
    assert skip_over_whitespace(stream) == expected


def test_read_until_whitespace():
    assert read_until_whitespace(io.BytesIO(b"foo"), maxchars=1) == b"f"


@pytest.mark.parametrize(
    ("stream", "remainder"),
    [
        (io.BytesIO(b"% foobar\n"), b""),
        (io.BytesIO(b""), b""),
        (io.BytesIO(b" "), b" "),
        (io.BytesIO(b"% foo%\nbar"), b"bar"),
    ],
)
def test_skip_over_comment(stream, remainder):
    skip_over_comment(stream)
    assert stream.read() == remainder


def test_read_until_regex_premature_ending_raise():
    import re

    stream = io.BytesIO(b"")
    with pytest.raises(PdfStreamError) as exc:
        read_until_regex(stream, re.compile(b"."))
    assert exc.value.args[0] == "Stream has ended unexpectedly"


def test_read_until_regex_premature_ending_name():
    import re

    stream = io.BytesIO(b"")
    assert read_until_regex(stream, re.compile(b"."), ignore_eof=True) == b""


@pytest.mark.parametrize(
    ("a", "b", "expected"),
    [
        (((3,),), ((7,),), ((21,),)),
        (((3, 7),), ((5,), (13,)), ((3 * 5.0 + 7 * 13,),)),
        (((3,), (7,)), ((5, 13),), ((3 * 5, 3 * 13), (7 * 5, 7 * 13))),
    ],
)
def test_matrix_multiply(a, b, expected):
    assert matrix_multiply(a, b) == expected


def test_mark_location():
    stream = io.BytesIO(b"abde" * 6000)
    mark_location(stream)
    os.remove("PyPDF2_pdfLocation.txt")  # cleanup


def test_hex_str():
    assert PyPDF2._utils.hex_str(10) == "0xa"


def test_b():
    assert PyPDF2._utils.b_("foo") == b"foo"
    assert PyPDF2._utils.b_("😀") == "😀".encode()
    assert PyPDF2._utils.b_("‰") == "‰".encode()
    assert PyPDF2._utils.b_("▷") == "▷".encode()
    assert PyPDF2._utils.b_("世") == "世".encode()


def test_deprecate_no_replacement():
    with pytest.raises(PendingDeprecationWarning) as exc:
        PyPDF2._utils.deprecate_no_replacement("foo")
    error_msg = "foo is deprecated and will be removed in PyPDF2 3.0.0."
    assert exc.value.args[0] == error_msg


@pytest.mark.parametrize(
    ("left", "up", "upleft", "expected"),
    [
        (0, 0, 0, 0),
        (1, 0, 0, 1),
        (0, 1, 0, 1),
        (0, 0, 1, 0),
        (1, 2, 3, 1),
        (2, 1, 3, 1),
        (1, 3, 2, 2),
        (3, 1, 2, 2),
        (3, 2, 1, 3),
    ],
)
def test_paeth_predictor(left, up, upleft, expected):
    assert PyPDF2._utils.paeth_predictor(left, up, upleft) == expected


@pytest.mark.parametrize(
    ("dat", "pos", "to_read"),
    [
        (b"", 0, 1),
        (b"a", 0, 1),
        (b"abc", 0, 10),
    ],
)
def test_read_block_backwards_errs(dat, pos, to_read):
    with pytest.raises(PdfStreamError) as _:
        s = io.BytesIO(dat)
        s.seek(pos)
        read_block_backwards(s, to_read)


@pytest.mark.parametrize(
    ("dat", "pos", "to_read", "expected", "expected_pos"),
    [
        (b"abc", 1, 0, b"", 1),
        (b"abc", 1, 1, b"a", 0),
        (b"abc", 2, 1, b"b", 1),
        (b"abc", 2, 2, b"ab", 0),
        (b"abc", 3, 1, b"c", 2),
        (b"abc", 3, 2, b"bc", 1),
        (b"abc", 3, 3, b"abc", 0),
    ],
)
def test_read_block_backwards(dat, pos, to_read, expected, expected_pos):
    s = io.BytesIO(dat)
    s.seek(pos)
    assert read_block_backwards(s, to_read) == expected
    assert s.tell() == expected_pos


def test_read_block_backwards_at_start():
    s = io.BytesIO(b"abc")
    with pytest.raises(PdfStreamError) as _:
        read_previous_line(s)


@pytest.mark.parametrize(
    ("dat", "pos", "expected", "expected_pos"),
    [
        (b"abc", 1, b"a", 0),
        (b"abc", 2, b"ab", 0),
        (b"abc", 3, b"abc", 0),
        (b"abc\n", 3, b"abc", 0),
        (b"abc\n", 4, b"", 3),
        (b"abc\n\r", 4, b"", 3),
        (b"abc\nd", 5, b"d", 3),
        # Skip over multiple CR/LF bytes
        (b"abc\n\r\ndef", 9, b"def", 3),
    ],
    ids=list(range(8)),
)
def test_read_previous_line(dat, pos, expected, expected_pos):
    s = io.BytesIO(dat)
    s.seek(pos)
    assert read_previous_line(s) == expected
    assert s.tell() == expected_pos


# for unknown reason if the parameters are passed through pytest, errors are reported
def test_read_previous_line2():
    # Include a block full of newlines...
    test_read_previous_line(
        b"abc" + b"\n" * (2 * io.DEFAULT_BUFFER_SIZE) + b"d",
        2 * io.DEFAULT_BUFFER_SIZE + 4,
        b"d",
        3,
    )
    # Include a block full of non-newline characters
    test_read_previous_line(
        b"abc\n" + b"d" * (2 * io.DEFAULT_BUFFER_SIZE),
        2 * io.DEFAULT_BUFFER_SIZE + 4,
        b"d" * (2 * io.DEFAULT_BUFFER_SIZE),
        3,
    )
    # Both
    test_read_previous_line(
        b"abcxyz"
        + b"\n" * (2 * io.DEFAULT_BUFFER_SIZE)
        + b"d" * (2 * io.DEFAULT_BUFFER_SIZE),
        4 * io.DEFAULT_BUFFER_SIZE + 6,
        b"d" * (2 * io.DEFAULT_BUFFER_SIZE),
        6,
    )


def test_get_max_pdf_version_header():
    with pytest.raises(ValueError) as exc:
        _get_max_pdf_version_header(b"", b"PDF-1.2")
    assert exc.value.args[0] == "neither b'' nor b'PDF-1.2' are proper headers"


def test_read_block_backwards_exception():
    stream = io.BytesIO(b"foobar")
    stream.seek(6)
    with pytest.raises(PdfReadError) as exc:
        read_block_backwards(stream, 7)
    assert exc.value.args[0] == "Could not read malformed PDF file"


def test_deprecate_bookmark():
    @deprecate_bookmark(old_param="new_param")
    def foo(old_param=1, baz=2):
        return old_param * baz

    with pytest.raises(TypeError) as exc:
        foo(old_param=12, new_param=13)
    expected_msg = (
        "foo received both old_param and new_param as an argument. "
        "old_param is deprecated. Use new_param instead."
    )
    assert exc.value.args[0] == expected_msg


def test_escapedcode_followed_by_int():
    # iss #1294
    url = "https://github.com/timedegree/playground_files/raw/main/%E8%AE%BA%E6%96%87/AN%20EXACT%20ANALYTICAL%20SOLUTION%20OF%20KEPLER'S%20EQUATION.pdf"
    name = "keppler.pdf"

    reader = PdfReader(io.BytesIO(get_pdf_from_url(url, name=name)))
    for page in reader.pages:
        page.extract_text()







py-pdf-PyPDF2-95cd474/tests/test_workflows.py

"""
Tests in this module behave like user code.

They don't mock/patch anything, they cover typical user needs.
"""

import binascii
import os
import sys
from io import BytesIO
from pathlib import Path
from re import findall

import pytest

from PyPDF2 import PdfMerger, PdfReader, PdfWriter
from PyPDF2.constants import ImageAttributes as IA
from PyPDF2.constants import PageAttributes as PG
from PyPDF2.constants import Ressources as RES
from PyPDF2.errors import PdfReadWarning
from PyPDF2.filters import _xobj_to_image

from . import get_pdf_from_url, normalize_warnings

TESTS_ROOT = Path(__file__).parent.resolve()
PROJECT_ROOT = TESTS_ROOT.parent
RESOURCE_ROOT = PROJECT_ROOT / "resources"

sys.path.append(str(PROJECT_ROOT))


def test_basic_features(tmp_path):
    pdf_path = RESOURCE_ROOT / "crazyones.pdf"
    reader = PdfReader(pdf_path)
    writer = PdfWriter()

    assert len(reader.pages) == 1

    # add page 1 from input1 to output document, unchanged
    writer.add_page(reader.pages[0])

    # add page 2 from input1, but rotated clockwise 90 degrees
    writer.add_page(reader.pages[0].rotate(90))

    # add page 3 from input1, but first add a watermark from another PDF:
    page3 = reader.pages[0]
    watermark_pdf = pdf_path
    watermark = PdfReader(watermark_pdf)
    page3.merge_page(watermark.pages[0])
    writer.add_page(page3)

    # add page 4 from input1, but crop it to half size:
    page4 = reader.pages[0]
    page4.mediabox.upper_right = (
        page4.mediabox.right / 2,
        page4.mediabox.top / 2,
    )
    del page4.mediabox
    writer.add_page(page4)

    # add some Javascript to launch the print window on opening this PDF.
    # the password dialog may prevent the print dialog from being shown,
    # comment the the encription lines, if that's the case, to try this out
    writer.add_js("this.print({bUI:true,bSilent:false,bShrinkToFit:true});")

    # encrypt your new PDF and add a password
    password = "secret"
    writer.encrypt(password)

    # finally, write "output" to PyPDF2-output.pdf
    write_path = tmp_path / "PyPDF2-output.pdf"
    with open(write_path, "wb") as output_stream:
        writer.write(output_stream)


def test_dropdown_items():
    inputfile = RESOURCE_ROOT / "libreoffice-form.pdf"
    reader = PdfReader(inputfile)
    fields = reader.get_fields()
    assert "/Opt" in fields["Nationality"].keys()


def test_PdfReaderFileLoad():
    """
    Test loading and parsing of a file. Extract text of the file and compare to expected
    textual output. Expected outcome: file loads, text matches expected.
    """

    with open(RESOURCE_ROOT / "crazyones.pdf", "rb") as inputfile:
        # Load PDF file from file
        reader = PdfReader(inputfile)
        page = reader.pages[0]

        # Retrieve the text of the PDF
        with open(RESOURCE_ROOT / "crazyones.txt", "rb") as pdftext_file:
            pdftext = pdftext_file.read()

        text = page.extract_text().encode("utf-8")

        # Compare the text of the PDF to a known source
        for expected_line, actual_line in zip(text.split(b"\n"), pdftext.split(b"\n")):
            assert expected_line == actual_line

        assert text == pdftext, (
            "PDF extracted text differs from expected value.\n\nExpected:\n\n%r\n\nExtracted:\n\n%r\n\n"
            % (pdftext, text)
        )


def test_PdfReaderJpegImage():
    """
    Test loading and parsing of a file. Extract the image of the file and compare to expected
    textual output. Expected outcome: file loads, image matches expected.
    """

    with open(RESOURCE_ROOT / "jpeg.pdf", "rb") as inputfile:
        # Load PDF file from file
        reader = PdfReader(inputfile)

        # Retrieve the text of the image
        with open(RESOURCE_ROOT / "jpeg.txt") as pdftext_file:
            imagetext = pdftext_file.read()

        page = reader.pages[0]
        x_object = page[PG.RESOURCES]["/XObject"].get_object()
        data = x_object["/Im4"].get_data()

        # Compare the text of the PDF to a known source
        assert binascii.hexlify(data).decode() == imagetext, (
            "PDF extracted image differs from expected value.\n\nExpected:\n\n%r\n\nExtracted:\n\n%r\n\n"
            % (imagetext, binascii.hexlify(data).decode())
        )


def test_decrypt():
    with open(RESOURCE_ROOT / "libreoffice-writer-password.pdf", "rb") as inputfile:
        reader = PdfReader(inputfile)
        assert reader.is_encrypted is True
        reader.decrypt("openpassword")
        assert len(reader.pages) == 1
        assert reader.is_encrypted is True
        metadict = reader.metadata
        assert dict(metadict) == {
            "/CreationDate": "D:20220403203552+02'00'",
            "/Creator": "Writer",
            "/Producer": "LibreOffice 6.4",
        }


def test_text_extraction_encrypted():
    inputfile = RESOURCE_ROOT / "libreoffice-writer-password.pdf"
    reader = PdfReader(inputfile)
    assert reader.is_encrypted is True
    reader.decrypt("openpassword")
    assert (
        reader.pages[0]
        .extract_text()
        .replace("\n", "")
        .strip()
        .startswith("Lorem ipsum dolor sit amet")
    )


@pytest.mark.parametrize("degree", [0, 90, 180, 270, 360, -90])
def test_rotate(degree):
    with open(RESOURCE_ROOT / "crazyones.pdf", "rb") as inputfile:
        reader = PdfReader(inputfile)
        page = reader.pages[0]
        page.rotate(degree)


def test_rotate_45():
    with open(RESOURCE_ROOT / "crazyones.pdf", "rb") as inputfile:
        reader = PdfReader(inputfile)
        page = reader.pages[0]
        with pytest.raises(ValueError) as exc:
            page.rotate(45)
        assert exc.value.args[0] == "Rotation angle must be a multiple of 90"


@pytest.mark.parametrize(
    ("enable", "url", "pages"),
    [
        (True, "https://arxiv.org/pdf/2201.00214.pdf", [0, 1, 5, 10]),
        (
            True,
            "https://github.com/py-pdf/sample-files/raw/main/009-pdflatex-geotopo/GeoTopo.pdf",
            [0, 1, 5, 10],
        ),
        (True, "https://arxiv.org/pdf/2201.00151.pdf", [0, 1, 5, 10]),
        (True, "https://arxiv.org/pdf/1707.09725.pdf", [0, 1, 5, 10]),
        (True, "https://arxiv.org/pdf/2201.00021.pdf", [0, 1, 5, 8]),
        (True, "https://arxiv.org/pdf/2201.00037.pdf", [0, 1, 5, 10]),
        (True, "https://arxiv.org/pdf/2201.00069.pdf", [0, 1, 5, 10]),
        (True, "https://arxiv.org/pdf/2201.00178.pdf", [0, 1, 5, 10]),
        (True, "https://arxiv.org/pdf/2201.00201.pdf", [0, 1, 5, 8]),
        (True, "https://arxiv.org/pdf/1602.06541.pdf", [0, 1, 5, 10]),
        (True, "https://arxiv.org/pdf/2201.00200.pdf", [0, 1, 5, 6]),
        (True, "https://arxiv.org/pdf/2201.00022.pdf", [0, 1, 5, 10]),
        (True, "https://arxiv.org/pdf/2201.00029.pdf", [0, 1, 6, 10]),
        # #1145
        (True, "https://github.com/py-pdf/PyPDF2/files/9174594/2017.pdf", [0]),
        # #1145, remaining issue (empty arguments for FlateEncoding)
        (
            True,
            "https://github.com/py-pdf/PyPDF2/files/9175966/2015._pb_decode_pg0.pdf",
            [0],
        ),
        # 6 instead of 5: as there is an issue in page 5 (missing objects)
        # and too complex to handle the warning without hiding real regressions
        (True, "https://arxiv.org/pdf/1601.03642.pdf", [0, 1, 5, 7]),
        (
            True,
            "https://github.com/py-pdf/PyPDF2/files/3796761/17343_2008_Order_09-Jan-2019.pdf",
            [0, 1],
        ),
        (
            True,
            "https://github.com/py-pdf/PyPDF2/files/8884471/ssi_manwaring.pdf",
            [0, 1],
        ),
        (True, "https://github.com/py-pdf/PyPDF2/files/8884469/999092.pdf", [0, 1]),
        (
            True,
            "file://" + str(RESOURCE_ROOT / "test Orient.pdf"),
            [0],
        ),  # TODO: preparation of text orientation validation
        (
            True,
            "https://github.com/py-pdf/PyPDF2/files/8884470/fdocuments.in_sweet-fundamentals-of-crystallography.pdf",
            [0, 1, 34, 35, 36, 118, 119, 120, 121],
        ),
        (True, "https://github.com/py-pdf/PyPDF2/files/8884493/998167.pdf", [0]),
        (
            True,
            "https://corpora.tika.apache.org/base/docs/govdocs1/971/971703.pdf",
            [0, 1, 5, 8, 14],
        ),
        (  # faulty PDF, wrongly linearized and with 2 trailer, second with /Root
            True,
            "https://corpora.tika.apache.org/base/docs/govdocs1/989/989691.pdf",
            [0],
        ),
    ],
)
def test_extract_textbench(enable, url, pages, print_result=False):
    if not enable:
        return
    try:
        reader = PdfReader(BytesIO(get_pdf_from_url(url, url.split("/")[-1])))
        for page_number in pages:
            if print_result:
                print(f"**************** {url} / page {page_number} ****************")
            rst = reader.pages[page_number].extract_text()
            if print_result:
                print(f"{rst}\n*****************************\n")
    except PdfReadWarning:
        pass


def test_orientations():
    p = PdfReader(RESOURCE_ROOT / "test Orient.pdf").pages[0]
    try:
        p.extract_text("", "")
    except DeprecationWarning:
        pass
    else:
        raise Exception("DeprecationWarning expected")
    try:
        p.extract_text("", "", 0)
    except DeprecationWarning:
        pass
    else:
        raise Exception("DeprecationWarning expected")
    try:
        p.extract_text("", "", 0, 200)
    except DeprecationWarning:
        pass
    else:
        raise Exception("DeprecationWarning expected")

    try:
        p.extract_text(Tj_sep="", TJ_sep="")
    except DeprecationWarning:
        pass
    else:
        raise Exception("DeprecationWarning expected")
    assert findall("\\((.)\\)", p.extract_text()) == ["T", "B", "L", "R"]
    try:
        p.extract_text(None)
    except Exception:
        pass
    else:
        raise Exception("Argument 1 check invalid")
    try:
        p.extract_text("", 0)
    except Exception:
        pass
    else:
        raise Exception("Argument 2 check invalid")
    try:
        p.extract_text("", "", None)
    except Exception:
        pass
    else:
        raise Exception("Argument 3 check invalid")
    try:
        p.extract_text("", "", 0, "")
    except Exception:
        pass
    else:
        raise Exception("Argument 4 check invalid")
    try:
        p.extract_text(0, "")
    except Exception:
        pass
    else:
        raise Exception("Argument 1 new syntax check invalid")

    p.extract_text(0, 0)
    p.extract_text(orientations=0)

    for (req, rst) in (
        (0, ["T"]),
        (90, ["L"]),
        (180, ["B"]),
        (270, ["R"]),
        ((0,), ["T"]),
        ((0, 180), ["T", "B"]),
        ((45,), []),
    ):
        assert (
            findall("\\((.)\\)", p.extract_text(req)) == rst
        ), f"extract_text({req}) => {rst}"


@pytest.mark.parametrize(
    ("base_path", "overlay_path"),
    [
        (
            "resources/crazyones.pdf",
            "sample-files/013-reportlab-overlay/reportlab-overlay.pdf",
        ),
        (
            "https://corpora.tika.apache.org/base/docs/govdocs1/935/935981.pdf",
            "sample-files/013-reportlab-overlay/reportlab-overlay.pdf",
        ),
    ],
)
def test_overlay(base_path, overlay_path):
    if base_path.startswith("http"):
        base_path = BytesIO(get_pdf_from_url(base_path, name="tika-935981.pdf"))
    else:
        base_path = PROJECT_ROOT / base_path
    reader = PdfReader(base_path)
    writer = PdfWriter()

    reader_overlay = PdfReader(PROJECT_ROOT / overlay_path)
    overlay = reader_overlay.pages[0]

    for page in reader.pages:
        page.merge_page(overlay)
        writer.add_page(page)
    with open("dont_commit_overlay.pdf", "wb") as fp:
        writer.write(fp)

    # Cleanup
    os.remove("dont_commit_overlay.pdf")  # remove for manual inspection


@pytest.mark.parametrize(
    ("url", "name"),
    [
        (
            "https://corpora.tika.apache.org/base/docs/govdocs1/924/924546.pdf",
            "tika-924546.pdf",
        )
    ],
)
def test_merge_with_warning(tmp_path, url, name):
    data = BytesIO(get_pdf_from_url(url, name=name))
    reader = PdfReader(data)
    merger = PdfMerger()
    merger.append(reader)
    # This could actually be a performance bottleneck:
    merger.write(tmp_path / "tmp.merged.pdf")


@pytest.mark.parametrize(
    ("url", "name"),
    [
        (
            "https://corpora.tika.apache.org/base/docs/govdocs1/980/980613.pdf",
            "tika-980613.pdf",
        )
    ],
)
def test_merge(tmp_path, url, name):
    data = BytesIO(get_pdf_from_url(url, name=name))
    reader = PdfReader(data)
    merger = PdfMerger()
    merger.append(reader)
    merger.write(tmp_path / "tmp.merged.pdf")


@pytest.mark.parametrize(
    ("url", "name"),
    [
        (
            "https://corpora.tika.apache.org/base/docs/govdocs1/935/935996.pdf",
            "tika-935996.pdf",
        )
    ],
)
def test_get_metadata(url, name):
    data = BytesIO(get_pdf_from_url(url, name=name))
    reader = PdfReader(data)
    reader.metadata


@pytest.mark.parametrize(
    ("url", "name", "strict", "exception"),
    [
        (
            "https://corpora.tika.apache.org/base/docs/govdocs1/938/938702.pdf",
            "tika-938702.pdf",
            False,
            None,  # iss #1090 is now fixed
        ),
        (
            "https://corpora.tika.apache.org/base/docs/govdocs1/942/942358.pdf",
            "tika-942358.pdf",
            False,
            None,
        ),
        (
            "https://corpora.tika.apache.org/base/docs/govdocs1/911/911260.pdf",
            "tika-911260.pdf",
            False,
            None,
        ),
        (
            "https://corpora.tika.apache.org/base/docs/govdocs1/992/992472.pdf",
            "tika-992472.pdf",
            False,
            None,
        ),
        (
            "https://corpora.tika.apache.org/base/docs/govdocs1/978/978477.pdf",
            "tika-978477.pdf",
            False,
            None,
        ),
        (
            "https://corpora.tika.apache.org/base/docs/govdocs1/960/960317.pdf",
            "tika-960317.pdf",
            False,
            None,
        ),
        (
            "https://corpora.tika.apache.org/base/docs/govdocs1/930/930513.pdf",
            "tika-930513.pdf",
            False,
            None,
        ),
        (
            "https://corpora.tika.apache.org/base/docs/govdocs1/918/918113.pdf",
            "tika-918113.pdf",
            True,
            None,
        ),
        (
            "https://corpora.tika.apache.org/base/docs/govdocs1/940/940704.pdf",
            "tika-940704.pdf",
            True,
            None,
        ),
        (
            "https://corpora.tika.apache.org/base/docs/govdocs1/976/976488.pdf",
            "tika-976488.pdf",
            True,
            None,
        ),
        (
            "https://corpora.tika.apache.org/base/docs/govdocs1/948/948176.pdf",
            "tika-948176.pdf",
            True,
            None,
        ),
    ],
)
def test_extract_text(url, name, strict, exception):
    data = BytesIO(get_pdf_from_url(url, name=name))
    reader = PdfReader(data, strict=strict)
    if not exception:
        for page in reader.pages:
            page.extract_text()
    else:
        exc, exc_text = exception
        with pytest.raises(exc) as ex_info:
            for page in reader.pages:
                page.extract_text()
        assert ex_info.value.args[0] == exc_text


@pytest.mark.parametrize(
    ("url", "name"),
    [
        (
            "https://corpora.tika.apache.org/base/docs/govdocs1/938/938702.pdf",
            "tika-938702.pdf",
        ),
        (
            "https://corpora.tika.apache.org/base/docs/govdocs1/957/957304.pdf",
            "tika-957304.pdf",
        ),
    ],
)
def test_compress_raised(url, name):
    data = BytesIO(get_pdf_from_url(url, name=name))
    reader = PdfReader(data)
    # no more error since iss #1090 fix
    for page in reader.pages:
        page.compress_content_streams()


@pytest.mark.parametrize(
    ("url", "name", "strict"),
    [
        (
            "https://corpora.tika.apache.org/base/docs/govdocs1/915/915194.pdf",
            "tika-915194.pdf",
            False,
        ),
        (
            "https://corpora.tika.apache.org/base/docs/govdocs1/950/950337.pdf",
            "tika-950337.pdf",
            False,
        ),
        (
            "https://corpora.tika.apache.org/base/docs/govdocs1/962/962292.pdf",
            "tika-962292.pdf",
            True,
        ),
    ],
)
def test_compress(url, name, strict):
    data = BytesIO(get_pdf_from_url(url, name=name))
    reader = PdfReader(data, strict=strict)
    # TODO: which page exactly?
    # TODO: Is it reasonable to have an exception here?
    for page in reader.pages:
        page.compress_content_streams()


@pytest.mark.parametrize(
    ("url", "name"),
    [
        (
            "https://corpora.tika.apache.org/base/docs/govdocs1/961/961883.pdf",
            "tika-961883.pdf",
        ),
    ],
)
def test_get_fields_warns(tmp_path, caplog, url, name):
    data = BytesIO(get_pdf_from_url(url, name=name))
    reader = PdfReader(data)
    write_path = tmp_path / "tmp.txt"
    with open(write_path, "w") as fp:
        retrieved_fields = reader.get_fields(fileobj=fp)

    assert retrieved_fields == {}
    assert normalize_warnings(caplog.text) == ["Object 2 0 not defined."]


@pytest.mark.parametrize(
    ("url", "name"),
    [
        (
            "https://corpora.tika.apache.org/base/docs/govdocs1/942/942050.pdf",
            "tika-942050.pdf",
        ),
    ],
)
def test_get_fields_no_warning(tmp_path, url, name):
    data = BytesIO(get_pdf_from_url(url, name=name))
    reader = PdfReader(data)
    write_path = tmp_path / "tmp.txt"
    with open(write_path, "w") as fp:
        retrieved_fields = reader.get_fields(fileobj=fp)

    assert len(retrieved_fields) == 10


def test_scale_rectangle_indirect_object():
    url = "https://corpora.tika.apache.org/base/docs/govdocs1/999/999944.pdf"
    name = "tika-999944.pdf"
    data = BytesIO(get_pdf_from_url(url, name=name))
    reader = PdfReader(data)

    for page in reader.pages:
        page.scale(sx=2, sy=3)


def test_merge_output(caplog):
    # Arrange
    base = RESOURCE_ROOT / "Seige_of_Vicksburg_Sample_OCR.pdf"
    crazy = RESOURCE_ROOT / "crazyones.pdf"
    expected = RESOURCE_ROOT / "Seige_of_Vicksburg_Sample_OCR-crazyones-merged.pdf"

    # Act
    merger = PdfMerger(strict=True)
    merger.append(base)
    msg = "Xref table not zero-indexed. ID numbers for objects will be corrected."
    assert normalize_warnings(caplog.text) == [msg]
    merger.merge(1, crazy)
    stream = BytesIO()
    merger.write(stream)

    # Assert
    stream.seek(0)
    actual = stream.read()
    with open(expected, "rb") as fp:
        expected_data = fp.read()
    if actual != expected_data:
        # See https://github.com/pytest-dev/pytest/issues/9124
        assert (
            False
        ), f"len(actual) = {len(actual):,} vs len(expected) = {len(expected_data):,}"

    # Cleanup
    merger.close()


@pytest.mark.parametrize(
    ("url", "name"),
    [
        (
            "https://corpora.tika.apache.org/base/docs/govdocs1/994/994636.pdf",
            "tika-994636.pdf",
        ),
        (
            "https://corpora.tika.apache.org/base/docs/govdocs1/952/952133.pdf",
            "tika-952133.pdf",
        ),
        (  # JPXDecode
            "https://corpora.tika.apache.org/base/docs/govdocs1/914/914568.pdf",
            "tika-914568.pdf",
        ),
        (
            "https://corpora.tika.apache.org/base/docs/govdocs1/952/952016.pdf",
            "tika-952016.pdf",
        ),
        (
            "https://corpora.tika.apache.org/base/docs/govdocs1/965/965118.pdf",
            "tika-952016.pdf",
        ),
        (
            "https://corpora.tika.apache.org/base/docs/govdocs1/959/959184.pdf",
            "tika-959184.pdf",
        ),
        (
            "https://corpora.tika.apache.org/base/docs/govdocs1/958/958496.pdf",
            "tika-958496.pdf",
        ),
        (
            "https://corpora.tika.apache.org/base/docs/govdocs1/972/972174.pdf",
            "tika-972174.pdf",
        ),
        (
            "https://corpora.tika.apache.org/base/docs/govdocs1/972/972243.pdf",
            "tika-972243.pdf",
        ),
        (
            "https://corpora.tika.apache.org/base/docs/govdocs1/969/969502.pdf",
            "tika-969502.pdf",
        ),
    ],
)
def test_image_extraction(url, name):
    data = BytesIO(get_pdf_from_url(url, name=name))
    reader = PdfReader(data)

    images_extracted = []
    root = Path("extracted-images")
    if not root.exists():
        os.mkdir(root)

    for page in reader.pages:
        if RES.XOBJECT in page[PG.RESOURCES]:
            x_object = page[PG.RESOURCES][RES.XOBJECT].get_object()

            for obj in x_object:
                if x_object[obj][IA.SUBTYPE] == "/Image":
                    extension, byte_stream = _xobj_to_image(x_object[obj])
                    if extension is not None:
                        filename = root / (obj[1:] + extension)
                        with open(filename, "wb") as img:
                            img.write(byte_stream)
                        images_extracted.append(filename)

    # Cleanup
    do_cleanup = True  # set this to False for manual inspection
    if do_cleanup:
        for filepath in images_extracted:
            if os.path.exists(filepath):
                os.remove(filepath)


def test_image_extraction_strict():
    # Emits log messages
    url = "https://corpora.tika.apache.org/base/docs/govdocs1/914/914102.pdf"
    name = "tika-914102.pdf"
    data = BytesIO(get_pdf_from_url(url, name=name))
    reader = PdfReader(data, strict=True)

    images_extracted = []
    root = Path("extracted-images")
    if not root.exists():
        os.mkdir(root)

    for page in reader.pages:
        if RES.XOBJECT in page[PG.RESOURCES]:
            x_object = page[PG.RESOURCES][RES.XOBJECT].get_object()

            for obj in x_object:
                if x_object[obj][IA.SUBTYPE] == "/Image":
                    extension, byte_stream = _xobj_to_image(x_object[obj])
                    if extension is not None:
                        filename = root / (obj[1:] + extension)
                        with open(filename, "wb") as img:
                            img.write(byte_stream)
                        images_extracted.append(filename)

    # Cleanup
    do_cleanup = True  # set this to False for manual inspection
    if do_cleanup:
        for filepath in images_extracted:
            if os.path.exists(filepath):
                os.remove(filepath)


@pytest.mark.parametrize(
    ("url", "name"),
    [
        (
            "https://corpora.tika.apache.org/base/docs/govdocs1/977/977609.pdf",
            "tika-977609.pdf",
        ),
    ],
)
def test_image_extraction2(url, name):
    data = BytesIO(get_pdf_from_url(url, name=name))
    reader = PdfReader(data)

    images_extracted = []
    root = Path("extracted-images")
    if not root.exists():
        os.mkdir(root)

    for page in reader.pages:
        if RES.XOBJECT in page[PG.RESOURCES]:
            x_object = page[PG.RESOURCES][RES.XOBJECT].get_object()

            for obj in x_object:
                if x_object[obj][IA.SUBTYPE] == "/Image":
                    extension, byte_stream = _xobj_to_image(x_object[obj])
                    if extension is not None:
                        filename = root / (obj[1:] + extension)
                        with open(filename, "wb") as img:
                            img.write(byte_stream)
                        images_extracted.append(filename)

    # Cleanup
    do_cleanup = True  # set this to False for manual inspection
    if do_cleanup:
        for filepath in images_extracted:
            if os.path.exists(filepath):
                os.remove(filepath)


@pytest.mark.parametrize(
    ("url", "name"),
    [
        (
            "https://corpora.tika.apache.org/base/docs/govdocs1/918/918137.pdf",
            "tika-918137.pdf",
        ),
        (
            "https://unglueit-files.s3.amazonaws.com/ebf/7552c42e9280b4476e59e77acc0bc812.pdf",
            "7552c42e9280b4476e59e77acc0bc812.pdf",
        ),
    ],
)
def test_get_outline(url, name):
    data = BytesIO(get_pdf_from_url(url, name=name))
    reader = PdfReader(data)
    reader.outline


@pytest.mark.parametrize(
    ("url", "name"),
    [
        (
            "https://corpora.tika.apache.org/base/docs/govdocs1/935/935981.pdf",
            "tika-935981.pdf",
        ),
        (
            "https://corpora.tika.apache.org/base/docs/govdocs1/937/937334.pdf",
            "tika-937334.pdf",
        ),
    ],
)
def test_get_xfa(url, name):
    data = BytesIO(get_pdf_from_url(url, name=name))
    reader = PdfReader(data)
    reader.xfa


@pytest.mark.parametrize(
    ("url", "name", "strict"),
    [
        (
            "https://corpora.tika.apache.org/base/docs/govdocs1/988/988698.pdf",
            "tika-988698.pdf",
            False,
        ),
        (
            "https://corpora.tika.apache.org/base/docs/govdocs1/914/914133.pdf",
            "tika-988698.pdf",
            False,
        ),
        (
            "https://corpora.tika.apache.org/base/docs/govdocs1/912/912552.pdf",
            "tika-912552.pdf",
            False,
        ),
        (
            "https://corpora.tika.apache.org/base/docs/govdocs1/914/914102.pdf",
            "tika-914102.pdf",
            True,
        ),
    ],
)
def test_get_fonts(url, name, strict):
    data = BytesIO(get_pdf_from_url(url, name=name))
    reader = PdfReader(data, strict=strict)
    for page in reader.pages:
        page._get_fonts()


@pytest.mark.parametrize(
    ("url", "name", "strict"),
    [
        (
            "https://corpora.tika.apache.org/base/docs/govdocs1/942/942303.pdf",
            "tika-942303.pdf",
            True,
        ),
        (
            "https://corpora.tika.apache.org/base/docs/govdocs1/935/935981.pdf",
            "tika-935981.pdf",
            True,
        ),
        (
            "https://corpora.tika.apache.org/base/docs/govdocs1/967/967399.pdf",
            "tika-967399.pdf",
            True,
        ),
        (
            "https://corpora.tika.apache.org/base/docs/govdocs1/935/935981.pdf",
            "tika-935981.pdf",
            False,
        ),
    ],
)
def test_get_xmp(url, name, strict):
    data = BytesIO(get_pdf_from_url(url, name=name))
    reader = PdfReader(data, strict=strict)
    xmp_info = reader.xmp_metadata
    if xmp_info:
        xmp_info.dc_contributor
        xmp_info.dc_coverage
        xmp_info.dc_creator
        xmp_info.dc_date
        xmp_info.dc_description
        xmp_info.dc_format
        xmp_info.dc_identifier
        xmp_info.dc_language
        xmp_info.dc_publisher
        xmp_info.dc_relation
        xmp_info.dc_rights
        xmp_info.dc_source
        xmp_info.dc_subject
        xmp_info.dc_title
        xmp_info.dc_type
        xmp_info.pdf_keywords
        xmp_info.pdf_pdfversion
        xmp_info.pdf_producer
        xmp_info.xmp_create_date
        xmp_info.xmp_modify_date
        xmp_info.xmp_metadata_date
        xmp_info.xmp_creator_tool
        xmp_info.xmpmm_document_id
        xmp_info.xmpmm_instance_id
        xmp_info.custom_properties







py-pdf-PyPDF2-95cd474/tests/test_writer.py

import os
from io import BytesIO
from pathlib import Path

import pytest

from PyPDF2 import PageObject, PdfMerger, PdfReader, PdfWriter
from PyPDF2.errors import PageSizeNotDefinedError
from PyPDF2.generic import (
    IndirectObject,
    NameObject,
    RectangleObject,
    StreamObject,
)

from . import get_pdf_from_url

TESTS_ROOT = Path(__file__).parent.resolve()
PROJECT_ROOT = TESTS_ROOT.parent
RESOURCE_ROOT = PROJECT_ROOT / "resources"
EXTERNAL_ROOT = Path(PROJECT_ROOT) / "sample-files"


def test_writer_exception_non_binary(tmp_path, caplog):
    src = RESOURCE_ROOT / "pdflatex-outline.pdf"

    reader = PdfReader(src)
    writer = PdfWriter()
    writer.add_page(reader.pages[0])

    with open(tmp_path / "out.txt", "w") as fp:
        with pytest.raises(TypeError):
            writer.write_stream(fp)
    ending = "to write to is not in binary mode. It may not be written to correctly.\n"
    assert caplog.text.endswith(ending)


def test_writer_clone():
    src = RESOURCE_ROOT / "pdflatex-outline.pdf"

    reader = PdfReader(src)
    writer = PdfWriter()

    writer.clone_document_from_reader(reader)
    assert len(writer.pages) == 4


def writer_operate(writer):
    """
    To test the writer that initialized by each of the four usages.
    """
    pdf_path = RESOURCE_ROOT / "crazyones.pdf"
    pdf_outline_path = RESOURCE_ROOT / "pdflatex-outline.pdf"

    reader = PdfReader(pdf_path)
    reader_outline = PdfReader(pdf_outline_path)

    page = reader.pages[0]
    with pytest.raises(PageSizeNotDefinedError) as exc:
        writer.add_blank_page()
    assert exc.value.args == ()
    writer.insert_page(page, 1)
    writer.insert_page(reader_outline.pages[0], 0)
    writer.add_outline_item_destination(page)
    writer.remove_links()
    writer.add_outline_item_destination(page)
    oi = writer.add_outline_item(
        "An outline item", 0, None, (255, 0, 15), True, True, "/FitBV", 10
    )
    writer.add_outline_item(
        "The XYZ fit", 0, oi, (255, 0, 15), True, True, "/XYZ", 10, 20, 3
    )
    writer.add_outline_item(
        "The FitH fit", 0, oi, (255, 0, 15), True, True, "/FitH", 10
    )
    writer.add_outline_item(
        "The FitV fit", 0, oi, (255, 0, 15), True, True, "/FitV", 10
    )
    writer.add_outline_item(
        "The FitR fit", 0, oi, (255, 0, 15), True, True, "/FitR", 10, 20, 30, 40
    )
    writer.add_outline_item("The FitB fit", 0, oi, (255, 0, 15), True, True, "/FitB")
    writer.add_outline_item(
        "The FitBH fit", 0, oi, (255, 0, 15), True, True, "/FitBH", 10
    )
    writer.add_outline_item(
        "The FitBV fit", 0, oi, (255, 0, 15), True, True, "/FitBV", 10
    )
    writer.add_blank_page()
    writer.add_uri(2, "https://example.com", RectangleObject([0, 0, 100, 100]))
    with pytest.warns(PendingDeprecationWarning):
        writer.add_link(2, 1, RectangleObject([0, 0, 100, 100]))
    assert writer._get_page_layout() is None
    writer.page_layout = "broken"
    assert writer.page_layout == "broken"
    writer.page_layout = NameObject("/SinglePage")
    assert writer._get_page_layout() == "/SinglePage"
    assert writer._get_page_mode() is None
    writer.set_page_mode("/UseNone")
    assert writer._get_page_mode() == "/UseNone"
    writer.insert_blank_page(width=100, height=100)
    writer.insert_blank_page()  # without parameters

    # TODO: This gives "KeyError: '/Contents'" - is that a bug?
    # writer.removeImages()

    writer.add_metadata({"author": "Martin Thoma"})

    writer.add_attachment("foobar.gif", b"foobarcontent")

    # Check that every key in _idnum_hash is correct
    objects_hash = [o.hash_value() for o in writer._objects]
    for k, v in writer._idnum_hash.items():
        assert v.pdf == writer
        assert k in objects_hash, f"Missing {v}"


tmp_path = "dont_commit_writer.pdf"


@pytest.mark.parametrize(
    ("write_data_here", "needs_cleanup"),
    [
        ("dont_commit_writer.pdf", True),
        (Path("dont_commit_writer.pdf"), True),
        (BytesIO(), False),
    ],
)
def test_writer_operations_by_traditional_usage(write_data_here, needs_cleanup):
    writer = PdfWriter()

    writer_operate(writer)

    # finally, write "output" to PyPDF2-output.pdf
    if needs_cleanup:
        with open(write_data_here, "wb") as output_stream:
            writer.write(output_stream)
    else:
        output_stream = write_data_here
        writer.write(output_stream)

    if needs_cleanup:
        os.remove(write_data_here)


@pytest.mark.parametrize(
    ("write_data_here", "needs_cleanup"),
    [
        ("dont_commit_writer.pdf", True),
        (Path("dont_commit_writer.pdf"), True),
        (BytesIO(), False),
    ],
)
def test_writer_operations_by_semi_traditional_usage(write_data_here, needs_cleanup):
    with PdfWriter() as writer:
        writer_operate(writer)

        # finally, write "output" to PyPDF2-output.pdf
        if needs_cleanup:
            with open(write_data_here, "wb") as output_stream:
                writer.write(output_stream)
        else:
            output_stream = write_data_here
            writer.write(output_stream)

    if needs_cleanup:
        os.remove(write_data_here)


@pytest.mark.parametrize(
    ("write_data_here", "needs_cleanup"),
    [
        ("dont_commit_writer.pdf", True),
        (Path("dont_commit_writer.pdf"), True),
        (BytesIO(), False),
    ],
)
def test_writer_operations_by_semi_new_traditional_usage(
    write_data_here, needs_cleanup
):
    with PdfWriter() as writer:
        writer_operate(writer)

        # finally, write "output" to PyPDF2-output.pdf
        writer.write(write_data_here)

    if needs_cleanup:
        os.remove(write_data_here)


@pytest.mark.parametrize(
    ("write_data_here", "needs_cleanup"),
    [
        ("dont_commit_writer.pdf", True),
        (Path("dont_commit_writer.pdf"), True),
        (BytesIO(), False),
    ],
)
def test_writer_operation_by_new_usage(write_data_here, needs_cleanup):
    # This includes write "output" to PyPDF2-output.pdf
    with PdfWriter(write_data_here) as writer:
        writer_operate(writer)

    if needs_cleanup:
        os.remove(write_data_here)


@pytest.mark.parametrize(
    ("input_path", "ignore_byte_string_object"),
    [
        ("side-by-side-subfig.pdf", False),
        ("reportlab-inline-image.pdf", True),
    ],
)
def test_remove_images(input_path, ignore_byte_string_object):
    pdf_path = RESOURCE_ROOT / input_path

    reader = PdfReader(pdf_path)
    writer = PdfWriter()

    page = reader.pages[0]
    writer.insert_page(page, 0)
    writer.remove_images(ignore_byte_string_object=ignore_byte_string_object)

    # finally, write "output" to PyPDF2-output.pdf
    tmp_filename = "dont_commit_writer_removed_image.pdf"
    with open(tmp_filename, "wb") as output_stream:
        writer.write(output_stream)

    with open(tmp_filename, "rb") as input_stream:
        reader = PdfReader(input_stream)
        if input_path == "side-by-side-subfig.pdf":
            extracted_text = reader.pages[0].extract_text()
            assert "Lorem ipsum dolor sit amet" in extracted_text

    # Cleanup
    os.remove(tmp_filename)


@pytest.mark.parametrize(
    ("input_path", "ignore_byte_string_object"),
    [
        ("side-by-side-subfig.pdf", False),
        ("side-by-side-subfig.pdf", True),
        ("reportlab-inline-image.pdf", False),
        ("reportlab-inline-image.pdf", True),
    ],
)
def test_remove_text(input_path, ignore_byte_string_object):
    pdf_path = RESOURCE_ROOT / input_path

    reader = PdfReader(pdf_path)
    writer = PdfWriter()

    page = reader.pages[0]
    writer.insert_page(page, 0)
    writer.remove_text(ignore_byte_string_object=ignore_byte_string_object)

    # finally, write "output" to PyPDF2-output.pdf
    tmp_filename = "dont_commit_writer_removed_text.pdf"
    with open(tmp_filename, "wb") as output_stream:
        writer.write(output_stream)

    # Cleanup
    os.remove(tmp_filename)


@pytest.mark.parametrize(
    ("ignore_byte_string_object"),
    [False, True],
)
def test_remove_text_all_operators(ignore_byte_string_object):
    stream = (
        b"BT "
        b"/F0 36 Tf "
        b"50 706 Td "
        b"36 TL "
        b"(The Tj operator) Tj "
        b'1 2 (The double quote operator) " '
        b"(The single quote operator) ' "
        b"ET"
    )
    pdf_data = (
        b"%%PDF-1.7\n"
        b"1 0 obj << /Count 1 /Kids [5 0 R] /Type /Pages >> endobj\n"
        b"2 0 obj << >> endobj\n"
        b"3 0 obj << >> endobj\n"
        b"4 0 obj << /Length %d >>\n"
        b"stream\n" + (b"%s\n" % stream) + b"endstream\n"
        b"endobj\n"
        b"5 0 obj << /Contents 4 0 R /CropBox [0.0 0.0 2550.0 3508.0]\n"
        b" /MediaBox [0.0 0.0 2550.0 3508.0] /Parent 1 0 R"
        b" /Resources << /Font << >> >>"
        b" /Rotate 0 /Type /Page >> endobj\n"
        b"6 0 obj << /Pages 1 0 R /Type /Catalog >> endobj\n"
        b"xref 1 6\n"
        b"%010d 00000 n\n"
        b"%010d 00000 n\n"
        b"%010d 00000 n\n"
        b"%010d 00000 n\n"
        b"%010d 00000 n\n"
        b"%010d 00000 n\n"
        b"trailer << /Root 6 0 R /Size 6 >>\n"
        b"startxref\n%d\n"
        b"%%%%EOF"
    )
    startx_correction = -1
    pdf_data = pdf_data % (
        len(stream),
        pdf_data.find(b"1 0 obj") + startx_correction,
        pdf_data.find(b"2 0 obj") + startx_correction,
        pdf_data.find(b"3 0 obj") + startx_correction,
        pdf_data.find(b"4 0 obj") + startx_correction,
        pdf_data.find(b"5 0 obj") + startx_correction,
        pdf_data.find(b"6 0 obj") + startx_correction,
        # startx_correction should be -1 due to double % at the beginning inducing an error on startxref computation
        pdf_data.find(b"xref"),
    )
    print(pdf_data.decode())
    pdf_stream = BytesIO(pdf_data)

    reader = PdfReader(pdf_stream, strict=False)
    writer = PdfWriter()

    page = reader.pages[0]
    writer.insert_page(page, 0)
    writer.remove_text(ignore_byte_string_object=ignore_byte_string_object)

    # finally, write "output" to PyPDF2-output.pdf
    tmp_filename = "dont_commit_writer_removed_text.pdf"
    with open(tmp_filename, "wb") as output_stream:
        writer.write(output_stream)

    # Cleanup
    os.remove(tmp_filename)


def test_write_metadata():
    pdf_path = RESOURCE_ROOT / "crazyones.pdf"

    reader = PdfReader(pdf_path)
    writer = PdfWriter()

    for page in reader.pages:
        writer.add_page(page)

    metadata = reader.metadata
    writer.add_metadata(metadata)

    writer.add_metadata({"/Title": "The Crazy Ones"})

    # finally, write data to PyPDF2-output.pdf
    tmp_filename = "dont_commit_writer_added_metadata.pdf"
    with open(tmp_filename, "wb") as output_stream:
        writer.write(output_stream)

    # Check if the title was set
    reader = PdfReader(tmp_filename)
    metadata = reader.metadata
    assert metadata.get("/Title") == "The Crazy Ones"

    # Cleanup
    os.remove(tmp_filename)


def test_fill_form():
    reader = PdfReader(RESOURCE_ROOT / "form.pdf")
    writer = PdfWriter()

    page = reader.pages[0]

    writer.add_page(page)

    writer.update_page_form_field_values(
        writer.pages[0], {"foo": "some filled in text"}, flags=1
    )

    writer.update_page_form_field_values(
        writer.pages[0], {"foo": "some filled in text"}
    )

    # write "output" to PyPDF2-output.pdf
    tmp_filename = "dont_commit_filled_pdf.pdf"
    with open(tmp_filename, "wb") as output_stream:
        writer.write(output_stream)

    os.remove(tmp_filename)  # cleanup


@pytest.mark.parametrize(
    ("use_128bit", "user_pwd", "owner_pwd"),
    [(True, "userpwd", "ownerpwd"), (False, "userpwd", "ownerpwd")],
)
def test_encrypt(use_128bit, user_pwd, owner_pwd):
    reader = PdfReader(RESOURCE_ROOT / "form.pdf")
    writer = PdfWriter()

    page = reader.pages[0]
    orig_text = page.extract_text()

    writer.add_page(page)
    writer.encrypt(user_pwd=user_pwd, owner_pwd=owner_pwd, use_128bit=use_128bit)

    # write "output" to PyPDF2-output.pdf
    tmp_filename = "dont_commit_encrypted.pdf"
    with open(tmp_filename, "wb") as output_stream:
        writer.write(output_stream)

    # Test that the data is not there in clear text
    with open(tmp_filename, "rb") as input_stream:
        data = input_stream.read()
    assert b"foo" not in data

    # Test the user password (str):
    reader = PdfReader(tmp_filename, password="userpwd")
    new_text = reader.pages[0].extract_text()
    assert reader.metadata.get("/Producer") == "PyPDF2"
    assert new_text == orig_text

    # Test the owner password (str):
    reader = PdfReader(tmp_filename, password="ownerpwd")
    new_text = reader.pages[0].extract_text()
    assert reader.metadata.get("/Producer") == "PyPDF2"
    assert new_text == orig_text

    # Test the user password (bytes):
    reader = PdfReader(tmp_filename, password=b"userpwd")
    new_text = reader.pages[0].extract_text()
    assert reader.metadata.get("/Producer") == "PyPDF2"
    assert new_text == orig_text

    # Test the owner password (stbytesr):
    reader = PdfReader(tmp_filename, password=b"ownerpwd")
    new_text = reader.pages[0].extract_text()
    assert reader.metadata.get("/Producer") == "PyPDF2"
    assert new_text == orig_text

    # Cleanup
    os.remove(tmp_filename)


def test_add_outline_item():
    reader = PdfReader(RESOURCE_ROOT / "pdflatex-outline.pdf")
    writer = PdfWriter()

    for page in reader.pages:
        writer.add_page(page)

    outline_item = writer.add_outline_item(
        "An outline item", 1, None, (255, 0, 15), True, True, "/Fit", 200, 0, None
    )
    writer.add_outline_item(
        "Another", 2, outline_item, None, False, False, "/Fit", 0, 0, None
    )

    # write "output" to PyPDF2-output.pdf
    tmp_filename = "dont_commit_outline_item.pdf"
    with open(tmp_filename, "wb") as output_stream:
        writer.write(output_stream)

    # Cleanup
    os.remove(tmp_filename)


def test_add_named_destination():
    reader = PdfReader(RESOURCE_ROOT / "pdflatex-outline.pdf")
    writer = PdfWriter()
    assert writer.get_named_dest_root() == []

    for page in reader.pages:
        writer.add_page(page)

    assert writer.get_named_dest_root() == []

    writer.add_named_destination(NameObject("A named dest"), 2)
    writer.add_named_destination(NameObject("A named dest2"), 2)

    assert writer.get_named_dest_root() == [
        "A named dest",
        IndirectObject(9, 0, writer),
        "A named dest2",
        IndirectObject(10, 0, writer),
    ]

    # write "output" to PyPDF2-output.pdf
    tmp_filename = "dont_commit_named_destination.pdf"
    with open(tmp_filename, "wb") as output_stream:
        writer.write(output_stream)

    # Cleanup
    os.remove(tmp_filename)


def test_add_uri():
    reader = PdfReader(RESOURCE_ROOT / "pdflatex-outline.pdf")
    writer = PdfWriter()

    for page in reader.pages:
        writer.add_page(page)

    writer.add_uri(
        1,
        "http://www.example.com",
        RectangleObject([0, 0, 100, 100]),
        border=[1, 2, 3, [4]],
    )
    writer.add_uri(
        2,
        "https://pypdf2.readthedocs.io/en/latest/",
        RectangleObject([20, 30, 50, 80]),
        border=[1, 2, 3],
    )
    writer.add_uri(
        3,
        "https://pypdf2.readthedocs.io/en/latest/user/adding-pdf-annotations.html",
        "[ 200 300 250 350 ]",
        border=[0, 0, 0],
    )
    writer.add_uri(
        3,
        "https://pypdf2.readthedocs.io/en/latest/user/adding-pdf-annotations.html",
        [100, 200, 150, 250],
        border=[0, 0, 0],
    )

    # write "output" to PyPDF2-output.pdf
    tmp_filename = "dont_commit_uri.pdf"
    with open(tmp_filename, "wb") as output_stream:
        writer.write(output_stream)

    # Cleanup
    os.remove(tmp_filename)


def test_add_link():
    reader = PdfReader(RESOURCE_ROOT / "pdflatex-outline.pdf")
    writer = PdfWriter()

    for page in reader.pages:
        writer.add_page(page)

    with pytest.warns(
        PendingDeprecationWarning,
        match="add_link is deprecated and will be removed in PyPDF2",
    ):
        writer.add_link(
            1,
            2,
            RectangleObject([0, 0, 100, 100]),
            border=[1, 2, 3, [4]],
            fit="/Fit",
        )
        writer.add_link(
            2, 3, RectangleObject([20, 30, 50, 80]), [1, 2, 3], "/FitH", None
        )
        writer.add_link(
            3,
            0,
            "[ 200 300 250 350 ]",
            [0, 0, 0],
            "/XYZ",
            0,
            0,
            2,
        )
        writer.add_link(
            3,
            0,
            [100, 200, 150, 250],
            border=[0, 0, 0],
        )

    # write "output" to PyPDF2-output.pdf
    tmp_filename = "dont_commit_link.pdf"
    with open(tmp_filename, "wb") as output_stream:
        writer.write(output_stream)

    # Cleanup
    os.remove(tmp_filename)


def test_io_streams():
    """This is the example from the docs ("Streaming data")."""

    filepath = RESOURCE_ROOT / "pdflatex-outline.pdf"
    with open(filepath, "rb") as fh:
        bytes_stream = BytesIO(fh.read())

    # Read from bytes stream
    reader = PdfReader(bytes_stream)
    assert len(reader.pages) == 4

    # Write to bytes stream
    writer = PdfWriter()
    with BytesIO() as output_stream:
        writer.write(output_stream)


def test_regression_issue670():
    tmp_file = "dont_commit_issue670.pdf"
    filepath = RESOURCE_ROOT / "crazyones.pdf"
    reader = PdfReader(filepath, strict=False)
    for _ in range(2):
        writer = PdfWriter()
        writer.add_page(reader.pages[0])
        with open(tmp_file, "wb") as f_pdf:
            writer.write(f_pdf)

    # cleanup
    os.remove(tmp_file)


def test_issue301():
    """
    Test with invalid stream length object
    """
    with open(RESOURCE_ROOT / "issue-301.pdf", "rb") as f:
        reader = PdfReader(f)
        writer = PdfWriter()
        writer.append_pages_from_reader(reader)
        o = BytesIO()
        writer.write(o)


def test_append_pages_from_reader_append():
    """use append_pages_from_reader with a callable"""
    with open(RESOURCE_ROOT / "issue-301.pdf", "rb") as f:
        reader = PdfReader(f)
        writer = PdfWriter()
        writer.append_pages_from_reader(reader, callable)
        o = BytesIO()
        writer.write(o)


def test_sweep_indirect_references_nullobject_exception():
    # TODO: Check this more closely... this looks weird
    url = "https://corpora.tika.apache.org/base/docs/govdocs1/924/924666.pdf"
    name = "tika-924666.pdf"
    reader = PdfReader(BytesIO(get_pdf_from_url(url, name=name)))
    merger = PdfMerger()
    merger.append(reader)
    merger.write("tmp-merger-do-not-commit.pdf")

    # cleanup
    os.remove("tmp-merger-do-not-commit.pdf")


def test_write_outline_item_on_page_fitv():
    url = "https://corpora.tika.apache.org/base/docs/govdocs1/922/922840.pdf"
    name = "tika-922840.pdf"
    reader = PdfReader(BytesIO(get_pdf_from_url(url, name=name)))
    merger = PdfMerger()
    merger.append(reader)
    merger.write("tmp-merger-do-not-commit.pdf")

    # cleanup
    os.remove("tmp-merger-do-not-commit.pdf")


def test_pdf_header():
    writer = PdfWriter()
    assert writer.pdf_header == b"%PDF-1.3"

    reader = PdfReader(RESOURCE_ROOT / "crazyones.pdf")
    writer.add_page(reader.pages[0])
    assert writer.pdf_header == b"%PDF-1.5"

    writer.pdf_header = b"%PDF-1.6"
    assert writer.pdf_header == b"%PDF-1.6"


def test_write_dict_stream_object():
    stream = (
        b"BT "
        b"/F0 36 Tf "
        b"50 706 Td "
        b"36 TL "
        b"(The Tj operator) Tj "
        b'1 2 (The double quote operator) " '
        b"(The single quote operator) ' "
        b"ET"
    )

    stream_object = StreamObject()
    stream_object[NameObject("/Type")] = NameObject("/Text")
    stream_object._data = stream

    writer = PdfWriter()

    page_object = PageObject.create_blank_page(writer, 1000, 1000)
    # Construct dictionary object (PageObject) with stream object
    # Writer will replace this stream object with indirect object
    page_object[NameObject("/Test")] = stream_object

    writer.add_page(page_object)

    for k, v in page_object.items():
        if k == "/Test":
            assert str(v) == str(stream_object)
            break
    else:
        assert False, "/Test not found"

    with open("tmp-writer-do-not-commit.pdf", "wb") as fp:
        writer.write(fp)

    for k, v in page_object.items():
        if k == "/Test":
            assert str(v) != str(stream_object)
            assert isinstance(v, IndirectObject)
            assert str(v.get_object()) == str(stream_object)
            break
    else:
        assert False, "/Test not found"

    # Check that every key in _idnum_hash is correct
    objects_hash = [o.hash_value() for o in writer._objects]
    for k, v in writer._idnum_hash.items():
        assert v.pdf == writer
        assert k in objects_hash, "Missing %s" % v

    os.remove("tmp-writer-do-not-commit.pdf")


def test_add_single_annotation():
    pdf_path = RESOURCE_ROOT / "crazyones.pdf"
    reader = PdfReader(pdf_path)
    page = reader.pages[0]
    writer = PdfWriter()
    writer.add_page(page)

    annot_dict = {
        "/Type": "/Annot",
        "/Subtype": "/Text",
        "/Rect": [270.75, 596.25, 294.75, 620.25],
        "/Contents": "Note in second paragraph",
        "/C": [1, 1, 0],
        "/M": "D:20220406191858+02'00",
        "/Popup": {
            "/Type": "/Annot",
            "/Subtype": "/Popup",
            "/Rect": [294.75, 446.25, 494.75, 596.25],
            "/M": "D:20220406191847+02'00",
        },
        "/T": "moose",
    }
    writer.add_annotation(0, annot_dict)
    # Assert manually
    target = "annot-single-out.pdf"
    with open(target, "wb") as fp:
        writer.write(fp)

    # Cleanup
    os.remove(target)  # remove for testing


def test_deprecate_bookmark_decorator():
    reader = PdfReader(RESOURCE_ROOT / "outlines-with-invalid-destinations.pdf")
    page = reader.pages[0]
    outline_item = reader.outline[0]
    writer = PdfWriter()
    writer.add_page(page)
    with pytest.warns(
        UserWarning,
        match="bookmark is deprecated as an argument. Use outline_item instead",
    ):
        writer.add_outline_item_dict(bookmark=outline_item)


def test_colors_in_outline_item():
    reader = PdfReader(EXTERNAL_ROOT / "004-pdflatex-4-pages/pdflatex-4-pages.pdf")
    writer = PdfWriter()
    writer.clone_document_from_reader(reader)
    purple_rgb = (0.50196, 0, 0.50196)
    writer.add_outline_item("First Outline Item", pagenum=2, color="800080")
    writer.add_outline_item("Second Outline Item", pagenum=3, color="#800080")
    writer.add_outline_item("Third Outline Item", pagenum=4, color=purple_rgb)

    target = "tmp-named-color-outline.pdf"
    with open(target, "wb") as f:
        writer.write(f)

    reader2 = PdfReader(target)
    for outline_item in reader2.outline:
        # convert float to string because of mutability
        assert [str(c) for c in outline_item.color] == [str(p) for p in purple_rgb]

    # Cleanup
    os.remove(target)  # remove for testing


def test_write_empty_stream():
    reader = PdfReader(EXTERNAL_ROOT / "004-pdflatex-4-pages/pdflatex-4-pages.pdf")
    writer = PdfWriter()
    writer.clone_document_from_reader(reader)

    with pytest.raises(ValueError) as exc:
        writer.write("")
    assert exc.value.args[0] == "Output(stream=) is empty."







py-pdf-PyPDF2-95cd474/tests/test_xmp.py

from datetime import datetime
from io import BytesIO
from pathlib import Path

import pytest

import PyPDF2.generic
import PyPDF2.xmp
from PyPDF2 import PdfReader
from PyPDF2.errors import PdfReadError

from . import get_pdf_from_url

TESTS_ROOT = Path(__file__).parent.resolve()
PROJECT_ROOT = TESTS_ROOT.parent
RESOURCE_ROOT = PROJECT_ROOT / "resources"


@pytest.mark.parametrize(
    ("src", "has_xmp"),
    [
        (RESOURCE_ROOT / "commented-xmp.pdf", True),
        (RESOURCE_ROOT / "crazyones.pdf", False),
    ],
)
def test_read_xmp(src, has_xmp):
    reader = PdfReader(src)
    xmp = reader.xmp_metadata
    assert (xmp is None) == (not has_xmp)
    if has_xmp:
        for el in xmp.get_element(
            about_uri="", namespace=PyPDF2.xmp.RDF_NAMESPACE, name="Artist"
        ):
            print(f"el={el}")

        assert get_all_tiff(xmp) == {"tiff:Artist": ["me"]}
        assert xmp.dc_contributor == []


def get_all_tiff(xmp: PyPDF2.xmp.XmpInformation):
    data = {}
    tiff_ns = xmp.get_nodes_in_namespace(
        about_uri="", namespace="http://ns.adobe.com/tiff/1.0/"
    )
    for tag in tiff_ns:
        contents = []
        for content in tag.childNodes:
            contents.append(content.data)
        data[tag.tagName] = contents
    return data


def test_regression_issue774():
    date = PyPDF2.xmp._converter_date("2021-04-28T12:23:34.123Z")
    assert date.year == 2021
    assert date.month == 4
    assert date.day == 28
    assert date.hour == 12
    assert date.minute == 23
    assert date.second == 34
    assert date.microsecond == 123000
    with pytest.raises(ValueError) as exc:
        PyPDF2.xmp._converter_date("today")
    assert exc.value.args[0].startswith("Invalid date format")

    date = PyPDF2.xmp._converter_date("2021-04-28T12:23:01-03:00")
    assert date.year == 2021
    assert date.month == 4
    assert date.day == 28
    assert date.hour == 15
    assert date.minute == 23
    assert date.second == 1
    assert date.microsecond == 0


def test_regression_issue914():
    path = RESOURCE_ROOT / "issue-914-xmp-data.pdf"
    reader = PdfReader(path)
    assert reader.xmp_metadata.xmp_modify_date == datetime(2022, 4, 9, 15, 22, 43)


@pytest.mark.parametrize(
    "x",
    ["a", 42, 3.141, False, True],
)
def test_identity(x):
    assert PyPDF2.xmp._identity(x) == x


@pytest.mark.parametrize(
    ("url", "name", "xmpmm_instance_id"),
    [
        (
            "https://corpora.tika.apache.org/base/docs/govdocs1/955/955562.pdf",
            "tika-955562.pdf",
            "uuid:ca96e032-c2af-49bd-a71c-95889bafbf1d",
        )
    ],
)
def test_xmpmm(url, name, xmpmm_instance_id):
    reader = PdfReader(BytesIO(get_pdf_from_url(url, name=name)))
    xmp_metadata = reader.xmp_metadata
    assert xmp_metadata.xmpmm_instance_id == xmpmm_instance_id
    # cache hit:
    assert xmp_metadata.xmpmm_instance_id == xmpmm_instance_id


def test_dc_description():
    url = "https://corpora.tika.apache.org/base/docs/govdocs1/953/953770.pdf"
    name = "tika-953770.pdf"
    reader = PdfReader(BytesIO(get_pdf_from_url(url, name=name)))
    xmp_metadata = reader.xmp_metadata
    assert xmp_metadata.dc_description == {
        "x-default": "U.S. Title 50 Certification Form"
    }
    # cache hit:
    assert xmp_metadata.dc_description == {
        "x-default": "U.S. Title 50 Certification Form"
    }


def test_dc_creator():
    url = "https://corpora.tika.apache.org/base/docs/govdocs1/953/953770.pdf"
    name = "tika-953770.pdf"
    reader = PdfReader(BytesIO(get_pdf_from_url(url, name=name)))
    xmp_metadata = reader.xmp_metadata
    assert xmp_metadata.dc_creator == ["U.S. Fish and Wildlife Service"]
    # cache hit:
    assert xmp_metadata.dc_creator == ["U.S. Fish and Wildlife Service"]


def test_custom_properties():
    url = "https://corpora.tika.apache.org/base/docs/govdocs1/986/986065.pdf"
    name = "tika-986065.pdf"
    reader = PdfReader(BytesIO(get_pdf_from_url(url, name=name)))
    xmp_metadata = reader.xmp_metadata
    assert xmp_metadata.custom_properties == {"Style": "Searchable Image (Exact)"}
    # cache hit:
    assert xmp_metadata.custom_properties == {"Style": "Searchable Image (Exact)"}


def test_dc_subject():
    url = "https://corpora.tika.apache.org/base/docs/govdocs1/959/959519.pdf"
    name = "tika-959519.pdf"
    reader = PdfReader(BytesIO(get_pdf_from_url(url, name=name)))
    xmp_metadata = reader.xmp_metadata
    assert xmp_metadata.dc_subject == [
        "P&P",
        "manual",
        "1240.2325",
        "CVM",
        "PROCEDURES ON MEDIA INQUIRIES",
        "animal",
        "media",
        "procedures",
        "inquiries",
    ]
    # Cache hit:
    assert xmp_metadata.dc_subject == [
        "P&P",
        "manual",
        "1240.2325",
        "CVM",
        "PROCEDURES ON MEDIA INQUIRIES",
        "animal",
        "media",
        "procedures",
        "inquiries",
    ]


def test_issue585():
    url = "https://github.com/mstamy2/PyPDF2/files/5536984/test.pdf"
    name = "mstamy2-5536984.pdf"
    reader = PdfReader(BytesIO(get_pdf_from_url(url, name=name)))
    with pytest.raises(PdfReadError) as exc:
        reader.xmp_metadata
    assert exc.value.args[0].startswith("XML in XmpInformation was invalid")


# def test_getter_bag():
#     f = PyPDF2.xmp._getter_bag("namespace", "name")
#     class Tst:  # to replace pdf
#         strict = False

#     reader = PdfReader(RESOURCE_ROOT / "commented-xmp.pdf")
#     xmp_info = reader.xmp_metadata
#     # <?xpacket begin='ï»¿' id='W5M0MpCehiHzreSzNTczkc9d'?>
#     # <x:xmpmeta xmlns:x='adobe:ns:meta/' x:xmptk='Image::ExifTool 11.88'>
#     # <rdf:RDF xmlns:rdf='http://www.w3.org/1999/02/22-rdf-syntax-ns#'>

#     # <rdf:Description rdf:about=''
#     # xmlns:tiff='http://ns.adobe.com/tiff/1.0/'>
#     # <tiff:Artist>me</tiff:Artist>
#     # </rdf:Description>
#     # </rdf:RDF>
#     # </x:xmpmeta>

#     assert xmp_info is not None
#     f(xmp_info)







py-pdf-PyPDF2-95cd474/tox.ini

[tox]
envlist =
	py{36,37,38,39,310,py3},cov

[testenv]
setenv=
    py{36,37,38,39,310,py3}: COVERAGE_FILE={envdir}/.coverage
deps =
	pillow
	pytest
	pytest-cov
	pycryptodome
commands =
	py{36,37,38,39,310,py3}: pytest tests --cov --cov-report term-missing -vv --no-cov-on-fail {posargs}
	cov: /usr/bin/env bash -c '{envpython} -m coverage combine {toxworkdir}/py*/.coverage'
	cov: coverage html --fail-under=85






