








base

base-package

library(help = "base")

.bincode

.bincode(x, breaks, right = TRUE, include.lowest = FALSE)

X
breaks
right
include.lowest right = FALSE

cut.default(labels = FALSE)
cutbreaksinclude.lowest = TRUEright = FALSE

x1NaNNAxNAbreaks



cuttabulate

## An example with non-unique breaks:
x <- c(0, 0.01, 0.5, 0.99, 1)

b <- c(0, 0, 1, 1)

.bincode(x, b, TRUE)

.bincode(x, b, FALSE)

.bincode(x, b, TRUE, TRUE)
.bincode(x, b, FALSE, TRUE)

.Device

.Devicesdev.cur.Device

.Device
.Devices

.Device
.Devices”"null device"""

"filepath”

.Machine

.Machine

.Machine

MACHAR"integer""double”

.Machine$double.xmin5e-324



double.eps

double.neg.eps

double.xmin
double. xmax
double.base
double.digits

double.rounding

double.guard

x1 + x != 1ldouble.base * ulp.digitsdouble.basedouble.rounding
(double.base * double.ulp.digits) / 22.220446e-16

x1 - x != 1double.base * double.neg.ulp.digitsdouble.base
double.rounding(double.base A double.neg.ulp.digits) /
21.110223e-16double.neg.ulp.digits-(double.digits + 3)
double.neg.eps

double.base * double.min.exp2.225074e-308

(1 - double.neg.eps) * double.base * double.max.expl.797693e+308
2

53

5

double digitsdouble.base
0

double.ulp.digits

i1 + double.base * i != 1-(double.digits + 3)-52

double.neg.ulp.digits

double.exponent

double.min.exp
double.max.exp
integer.max

sizeof.long
sizeof.longlong

i1 - double.base * i != 1-(double.digits + 3)-53

double.basel1
idouble.base * i-1022
double.base1024

231 _ 1 = 2147483647
long48

long long8

sizeof.longdouble

sizeof.pointer
sizeof.time_t

long doublel216long doubledouble
SEXP48
time_ttime_t8--with-internal-tzcode

longdouble.epslongdouble.neg.epslongdouble.digits. ..

capabilities("long.double")"longdouble."long double"double.x"

capabilities("long.double”)long doublesumx %% ylong doublereadBin
.Machinelongdouble.eps*.neg.eps*.digits*.rounding*.guard*.ulp.digits
*.neg.ulp.digitsx.exponent*.min.exp*.max.expdouble.*

sizeof.longdouble

long doubledoublecapabilities(”long.double").Machine”longdouble."



.Platform

.Machine

## or for a neat printout
noquote(unlist(format(.Machine)))

.Platform
.Platform
.Platform
0S.type "unix""windows"
file.sep A
dynlib.ext ".dl1"".s0"".sl"dyn.loaddyn. load
GUI "unknown”-g"X11""Tk""AQUA"R. app”Rgui” "RTerm”
endian "big""little"readBin
pkgType options("pkgType")"source"”"mac.binary”""win.binary"”
path.sep "M "PATHTEXINPUTS
r_arch "

.Platform$GUI"AQUA"R. app

/usr/local/binPATH

quartz

graphics = TRUEmenuselect.list


https://doi.org/10.1145/50063.51907

R.versionSys.infoR.version$platformosVersion
.Machinesystem

capabilitiesextSoftVersion

## Note: this can be done in a system-independent way by dir.exists()
if(.Platform$0S. type == "unix") {
system.test <- function(...) system(paste(”"test”, ...)) == 0oL
dir.exists2 <- function(dir)
sapply(dir, function(d) system.test("-d”, d))
dir.exists2(c(R.home(), "/tmp", "~", "/NO")) # > T TTF

abbreviate

minlengthstrict = TRUE

abbreviate(names.arg, minlength = 4, use.classes = TRUE,
dot = FALSE, strict = FALSE,
method = c("left.kept”, "both.sides"”), named = TRUE)

names.arg as.character

minlength

use.classes

dot o

strict minlengthstrict = TRUE
method "left.kept”

named names

method = "left.kept"minlength
names.arg
NA

use.classesFALSE

names.argminlengthmethod = "both.sides"”abbreviate()strict = FALSEminlength
names.arg

namesnames. argnames

Encoding



use.classes

substr

x <- c("abcd", "efgh", "abce")
abbreviate(x, 2)
abbreviate(x, 2, strict = TRUE) # >> 1st and 3rd are == "ab"

(st.abb <- abbreviate(state.name, 2))
stopifnot(identical (unname(st.abb),

abbreviate(state.name, 2, named=FALSE)))
table(nchar(st.abb)) # out of 50, 3 need 4 letters :
as <- abbreviate(state.name, 3, strict = TRUE)
as[which(as == "Mss")]

## and without distinguishing vowels:
st.abb2 <- abbreviate(state.name, 2, FALSE)
chbind(st.abb, st.abb2)[st.abb2 != st.abb, 1]

## method = "both.sides” helps: no 4-letters, and only 4 3-letters:
st.ab2 <- abbreviate(state.name, 2, method = "both")
table(nchar(st.ab2))

## Compare the two methods:

cbind(st.abb, st.ab2)

agrep

patternx

, costs = NULL,

agrep(pattern, x, max.distance = 0.1
= FALSE, fixed = TRUE,

ignore.case = FALSE, value
useBytes = FALSE)

agrepl(pattern, x, max.distance = 0.1, costs = NULL,
ignore.case = FALSE, fixed = TRUE, useBytes = FALSE)
pattern fixed = FALSEas.character

X as.character
max.distance

cost
all
insertions



costs
ignore.case
value
fixed

useBytes

trehttps://github.com/laurikari/tre
useBytes = TRUE"bytes"Encoding

agrepvalueTRUE
agrepl

xgrepadist

deletions
substitutions

costallall

insertionsdeletionssubstitutionsNULLas.integer

FALSETRUE
FALSETRUE
TRUE
TRUE

grepadistaregexec()

agrep(”lasy”, "1 lazy 2")

agrep("lasy”, c(" 1 lazy 2", "
agrep("laysy”, c("1 lazy", "1",
agrep("laysy"”, c("1 lazy", "1",
agrep("laysy"”, c("1 lazy", "1",

lasy 2"), max.distance
"1 LAZY"), max.distance
"1 LAZY"), max.distance
"1 LAZY"), max.distance

list(sub = 9))

2)
2, value = TRUE)
2, ignore.case = TRUE)

all
all(..., na.rm = FALSE)
na.rm NA


https://github.com/laurikari/tre

Summary. ..

X...NAna.rm = TRUE
TRUEXTRUEFALSEXFALSENAna.rm = FALSE...FALSENA

Summaryx, ..., ha.rm

all(logical(@))

all(all(x), all(y)) == all(x, y)

anyallstopifnot(*)all(*)

range(x <- sort(round(stats::rnorm(10) - 1.2, 1)))
if(all(x < 0@)) cat("all x values are negative\n")

all(logical(@)) # true, as all zero of the elements are true.

all.equal

all.equal(x, y)xyall.equalifisTRUE(all.equal(....))identical

all.equal(target, current, ...)

## Default S3 method:
all.equal(target, current, ..., check.class = TRUE)

## S3 method for class 'numeric'

all.equal(target, current,
tolerance = sqgrt(.Machine$double.eps), scale = NULL,
countEQ = FALSE,
formatFUN = function(err, what) format(err),



., check.attributes = TRUE, check.class = TRUE, giveErr = FALSE)

## S3 method for class 'character'
all.equal(target, current, ...,
check.attributes = TRUE, check.class = TRUE)

## S3 method for class 'list'
all.equal(target, current, ...,
check.attributes = TRUE, use.names = TRUE)

## S3 method for class 'environment'
all.equal(target, current, all.names = TRUE,
evaluate = TRUE, ...)

## S3 method for class 'function'
all.equal(target, current, check.environment=TRUE, ...)

## S3 method for class 'POSIXt'
all.equal(target, current, ..., tolerance = le-3, scale,
check.tzone = TRUE)

attr.all.equal(target, current, ...,
check.attributes = TRUE, check.names = TRUE)

target

current target

tolerance >tolerancel.5e-8

scale NULLlength(target)

countEQ target == currentFALSEtargetcurrent
formatFUN functionerrwhat

check.attributes
attributestargetcurrent

check.class data.class()targetcurrent
giveErr logical”err”

use.names list...

all.names 1s

evaluate environmentlogicalnames

check.environment
environment()check.environment=FALSEnls()

check.tzone "tzone"targetcurrent

check.names names(.)targetcurrent



all.equaltargetmethods("all.equal"”)

scale = NULLtargettargettolerancetargetNAcurrentcountEQNA

scalescale

targetModall.equal.numerictolerancescale
listtargetcurrentis.vectoris.list

environmentlistall.equal
all.equal.numeric”POSIXct"”tolerancescaletargetcurrentcheck.tzone = FALSE

attr.all.equalattributesNULLcharacter

TRUENULLattr.all.equalmode”character”targetcurrent

identicalisTRUE==all

all.equal(pi, 355/113)
# not precise enough (default tol) > relative error

quarts <- 1/4 + 1:10 # exact
d45 <- pixquarts ; one <- rep(1, 10)
tan(d45) == one # mostly FALSE, as typically exact; embarrassingly,
tanpi(quarts) == one # (is always FALSE (Fedora 34; gcc 11.2.1))
stopifnot(all.equal(

tan(d45), one)) # TRUE, but not if we are picky:
all.equal(tan(d45), one, tolerance = Q) # to see difference
all.equal(tan(d45), one, tolerance = @, scale = 1)# "absolute diff.."
all.equal(tan(d45), one, tolerance = 0, scale = 1+(-2:2)/1e9) # "absolute”
all.equal(tan(d45), one, tolerance = @, scale = 1+(-2:2)/1e6) # "scaled”

## advanced: equality of environments
ae <- all.equal(as.environment("package:stats"),
asNamespace("stats"))
stopifnot(is.character(ae), length(ae) > 10,
## were incorrectly "considered equal” in R <= 3.1.1
all.equal(asNamespace("stats"”), asNamespace("stats")))

## A situation where 'countEQ = TRUE' makes sense:
x1 <= x2 <= (1:100)/10; x2[2] <- 1.1*x1[2]
## 99 out of 100 pairs (x1[i], x2[i]) are equal:

plot(x1,x2, main = "all.equal.numeric() -- not counting equal parts"”)
all.equal(x1,x2) ## "Mean relative difference: 0.1"
mtext(paste(”all.equal(x1,x2) :", all.equal(x1,x2)), line= -2)

##' extract the 'Mean relative difference' as number:

all.egNum <- function(...) as.numeric(sub(".*x:", '', all.equal(...)))

set.seed(17)



## When x2 is jittered, typically all pairs (x1[i],x2[i]) do differ:
summary (r <- replicate(100, all.egNum(x1, x2x(1+rnorm(x1)*1e-7))))
mtext(paste("mean(all.equal(x1, x2*(1 + eps_k))) {100 x} Mean rel.diff.=",
signif(mean(r), 3)), line = -4, adj=0)
## With argument countEQ=TRUE, get "the same” (w/o need for jittering):
mtext(paste(”all.equal(x1,x2, countEQ=TRUE) :",
signif(all.egNum(x1,x2, countEQ=TRUE), 3)), line= -6, col=2)

## Using giveErr=TRUE :

x1. <= x1 x (1+ Te-9*rnorm(x1))
str(all.equal(x1, x1., giveErr=TRUE))
## logi TRUE

## - attr(*, "err”)= num 8.66e-10
## - attr(x, "what”)= chr "relative”

## Used with stopifnot(), still xshowingx diff:
all.equalShow <- function (...) {

r <- all.equal(..., giveErr=TRUE)

cat(attr(r,"what"), "err:"”, attr(r,"err”), "\n")

c(r) # can drop attributes, as not used anymore
3
# checks, showing error in any case:
stopifnot(all.equalShow(x1, x1.)) # -> relative err: 8.66002e-10
tryCatch(error=identity, stopifnot(all.equalShow(x1, 2*x1))) -> eAe
stopifnot(inherits(eAe, "error"))
# stopifnot(all.equal....()) giving smart msg:
cat(conditionMessage(eAe), "\n")

two <- structure(2, foo = 1, class = "bar")

all.equal(two”20, 2720) # lots of diff

all.equal(two”20, 2%20, check.attributes = FALSE)# "target is bar, current is numeric”
all.equal(two”20, 2%20, check.attributes = FALSE, check.class = FALSE) # TRUE

## comparison of date-time objects

now <- Sys.time()

stopifnot(

all.equal(now, now + le-4) # TRUE (default tolerance = ©.001 seconds)
)

all.equal(now, now + 0.2)

all.equal(now, as.POSIXlt(now, "UTC"))

stopifnot(

all.equal(now, as.POSIX1t(now, "UTC"), check.tzone = FALSE) # TRUE

)

all.names

all.names(expr, functions = TRUE, max.names = -1L, unique = FALSE)

all.vars(expr, functions = FALSE, max.names = -1L, unique = TRUE)



expr
functions
max.names -1
unique

substitute

all.names(expression(sin(x+y)))
all.names(quote(sin(x+y))) # or a call
all.vars(expression(sin(x+y)))

any
any(..., na.rm = FALSE)
na.rm NA
Summary. ..

X...NAna.rm = TRUE
TRUEXTRUEFALSEXFALSENAna.rm = FALSE...TRUENA

Summaryx, ..., na.rm

allany

range(x <- sort(round(stats::rnorm(10) - 1.2, 1)))
if(any(x < @)) cat(”"x contains negative values\n")



aperm

aperm(a, perm, ...)
## Default S3 method:
aperm(a, perm = NULL, resize = TRUE, ...)

## S3 method for class 'table'

aperm(a, perm = NULL, resize = TRUE, keep.class = TRUE,

a
perm 1:nnaanperm
resize TRUE
keep.class a

apermresizeTRUEdimnamesresize = FALSEaa

t

<J.C.Rougier@durham.ac.uk>

# interchange the first two subscripts on a 3-way array x
X <- array(1:24, 2:4)
xt <- aperm(x, c(2,1,3))
stopifnot(t(xt[,,2]) == x[,,2],
t(xtl[,,3]) == x[,,3],
t(xtl[,,41) == x[,,41)

UCB <- aperm(UCBAdmissions, c(2,1,3))
ucBfl1,,1]
summary (UCB) # UCB is still a contingency table

.2



append

append(x, values, after = length(x))

X
values

after

xvaluesx

append(1:5, 0:1, after = 3)

apply
apply (X, MARGIN, FUN, ..., simplify = TRUE)
X
MARGIN 12¢(1, 2)X
FUN +%*%
FUN
simplify

Xdimapplyas.matrixas.array
FUNmatch. funapply
.. .MARGINFUN. . .MARGINFUNXMARGINFUN. . .



FUNnsimplifyTRUEapplyc(n, dim(X)[MARGINI)n > 1n1applyMARGINdim(X)[MARGININn®@
FUNsimplifyFALSEapplyprod(dim(X)[MARGIN])dimMARGIN

as.vector

lapplysimplify2arraytapplysweepaggregate

## Compute row and column sums for a matrix:

X <= cbind(x1 = 3, x2 = c(4:1, 2:5))

dimnames(x)[[1]] <- letters[1:8]

apply(x, 2, mean, trim = .2)

col.sums <- apply(x, 2, sum)

row.sums <- apply(x, 1, sum)

rbind(cbind(x, Rtot = row.sums), Ctot = c(col.sums, sum(col.sums)))

stopifnot( apply(x, 2, is.vector))

## Sort the columns of a matrix
apply(x, 2, sort)

## keeping named dimnames
names(dimnames(x)) <- c("row”, "col")
x3 <- array(x, dim = c(dim(x),3),
dimnames = c(dimnames(x), list(C = paste@("cop.",1:3))))
identical(x, apply( x, 2, identity))
identical (x3, apply(x3, 2:3, identity))

##- function with extra args:
cave <- function(x, c1, c2) c(mean(x[c1]), mean(x[c2]))
apply(x, 1, cave, c1 = "x1", c2 = c("x1","x2"))

ma <- matrix(c(1:4, 1, 6:8), nrow = 2)

ma

apply(ma, 1, table) #--> a list of length 2

apply(ma, 1, stats::quantile) # 5 x n matrix with rownames

stopifnot(dim(ma) == dim(apply(ma, 1:2, sum)))

## Example with different lengths for each call

z <- array(1:24, dim = 2:4)

zseq <- apply(z, 1:2, function(x) seqg_len(max(x)))
zseq ## a 2 x 3 matrix

typeof(zseq) ## list

dim(zseq) ## 2 3

zseq[1,]

apply(z, 3, function(x) seq_len(max(x)))

# a list without a dim attribute



args

args(name)

name name

formals

NULL
NULL
NULL

formalshelpstr

## "regular” (non-primitive) functions "print their arguments”

## (by returning another function with NULL body which you also see):
args(ls)

args(graphics: :plot.default)

utils::str(ls) # (just "prints”: does not show a NULL)

## You can also pass a string naming a function.

args("scan")

## ...but :: package specification doesn't work in this case.
tryCatch(args("graphics: :plot.default”), error = print)

## As explained above, args() gives a function with empty body:
list(is.f = is.function(args(scan)), body = body(args(scan)))

## Primitive functions mostly behave like non-primitive functions.
args(c)

args("+7)

## primitive functions without well-defined argument list return NULL:
args(Tif)



Arithmetic

+ X X

< K K K K

> NN %

%%y
%%y

X X X X X X X

OpsOps

FALSETRUE
1~ yy » 01x *» yInf-Inf

%HXY
%%X %/% Yyl %/% @.21 %/% ©.250.20.24
(-8)*(1/3)NaNpow”*man pow

+-X

warning+-*/*

%%x mod yr <- x %% y%/%q <- x %/% y := floor(x/y)sign(r) == sign(y)
X == (X %% y) +y* (X %%Yy)

y == Q%%NA_integer_NaNtypeofInf - Inf

/*4+(231 — 1)NA_integer_

tsp

ArithOpsc(el, e2)e2

.Machine
-0.01/xInf-Infxidentical(@, -@, num.eq = FALSE)



"&7(x, y)Ops
***Deprecated

https://docs.oracle.com/cd/E19957-01/806-3568/ncg_goldberg.html
https://www.iso.org/standard/57469.htmlhttps://en.wikipedia.org/wiki/IEEE_754
%%%/%https://en.wikipedia.org/wiki/Modulo_operation

sqrtSpecial
Syntax
%*%

<= -1:12

+1

* X + 3

%% 3 # is periodic 2 0 1
%% -3 # (ditto) -10 -2
%/% 5

%% Inf # now is defined by limit (gave NaN in earlier versions of R)

20 1 ...
-10 -2 ...

X X X X N X X

## Illustrating PR#18677, see above
1 %/% print(0.2, digits=19)

array

array(data = NA, dim = length(data), dimnames = NULL)
as.array(x, ...)
is.array(x)

data expressionas.vector
dim
dimnames NULLNULLdimNULL

X


https://doi.org/10.1145/103162.103163
https://docs.oracle.com/cd/E19957-01/806-3568/ncg_goldberg.html
https://www.iso.org/standard/57469.html
https://en.wikipedia.org/wiki/IEEE_754
https://en.wikipedia.org/wiki/Modulo_operation

"dim""dimnames”
matrix

str

"dim”
"dimnames"”NULL"dim"
is.array

printinteger,7

arraydimdimnamesdatadatadatadataNA@NULL
matrixarrayas.vectordata
as.arraydimdimnamesxnamesdim[names]
is.arrayTRUEFALSEdim

is.array

apermmatrixdimdimnames

dim(as.array(letters))

array(1:3, c(2,4)) # recycle 1:3 "2 2/3 times”
# [,11 0,21 [,3] [,4]

#01,] 1 3 2 1

#02,] 2 1 3 2

array2DF

array2DFtapply

array2DF (x, responseName = "Value”,

nn

sep = , base = 1ist(LETTERS),
simplify = TRUE, allowLong = TRUE)

X

responseName

sep

base X

simplify

allowLong xxsimplify = TRUE



array2DFtapply

simplify = FALSEas.data.frame.tabledimnamesresponseNamex
xdimnamesbasesep

simplify = TRUE

xrbinddimnamesresponseName

xallowLong = TRUEresponseName

simplify2arrayresponseNamesep

length(dim(x)) + 1length(dim(x))xdimnamesx

tapplyas.data.frame.tablesplitaggregate

s1 <- with(ToothGrowth,
tapply(len, list(dose, supp), mean, simplify = TRUE))

s2 <- with(ToothGrowth,
tapply(len, list(dose, supp), mean, simplify = FALSE))

str(s1) # atomic array
str(s2) # list array

str(array2DF(s1, simplify = FALSE)) # Value column is vector
str(array2DF(s2, simplify = FALSE)) # Value column is list
str(array2DF(s2, simplify = TRUE)) # simplified to vector

### The remaining examples use the default 'simplify = TRUE'
## List array with list components: columns are lists (no simplification)

with(ToothGrowth,
tapply(len, list(dose, supp),
function(x) t.test(x)[c("p.value”, "alternative")]1)) [|>
array2DF() |> str()

## List array with data frame components: columns are atomic (simplified)
with(ToothGrowth,

tapply(len, list(dose, supp),

function(x) with(t.test(x), data.frame(p.value, alternative)))) |>

array2DF() |> str()

## named vectors
with(ToothGrowth,

tapply(len, list(dose, supp),

quantile)) |> array2DF()

## unnamed vectors: long format



with(ToothGrowth,
tapply(len, list(dose, supp),
sample, size = 5)) |> array2DF()

## unnamed vectors: wide format

with(ToothGrowth,
tapply(len, list(dose, supp),
sample, size = 5)) |> array2DF(allowLong = FALSE)

## unnamed vectors of unequal length

with(ToothGrowth[-1, T,
tapply(len, list(dose, supp),
sample, replace = TRUE)) |>
array2DF (allowLong = FALSE)

## unnamed vectors of unequal length with allowLong = TRUE
## (within-group bootstrap)

with(ToothGrowth[-1, ],
tapply(len, list(dose, supp), sample, replace = TRUE)) [>
array2DF() |> str()

## data frame input
tapply(ToothGrowth, ~ dose + supp, FUN = with,

data.frame(n = length(len), mean = mean(len), sd = sd(len))) |>
array2DF ()

as.data.frame

as.data.frame(x, row.names = NULL, optional = FALSE, ...)

## S3 method for class 'character'
as.data.frame(x, ...,
stringsAsFactors = FALSE)

## S3 method for class 'list'
as.data.frame(x, row.names = NULL, optional = FALSE, ...,
cut.names = FALSE, col.names = names(x), fix.empty.names = TRUE,
new.names = !missing(col.names),
check.names = !optional,
stringsAsFactors = FALSE)

## S3 method for class 'matrix'
as.data.frame(x, row.names = NULL, optional = FALSE,



make.names = TRUE, ...,
stringsAsFactors = FALSE)

as.data.frame.vector(x, row.names = NULL, optional = FALSE, ...,
nm = deparsel(substitute(x)))

is.data.frame(x)

X

row.names NULL

optional TRUEmake .namesas.data.frame()optionaldata.frame(*, check.names =
loptional)make.namesmatrix

éééingsAsFactors

cut.names cut.names” "

col.names

fix.empty.names
""data.frame

new.names col.namesNA

check.names data.frame()

make.names logicalFALSE, NA, TRUEXTRUEmake . names (*, unique=TRUE)

make . names=NAFALSE

nm character

as.data.frameas.data.frame.vector
as.data.frame.vectoris.atomicx
as.data.frame.as.data.frame.vector
as.data.frame"”"model.matrix”"POSIX1t""POSIXct"

I

"data.frame"”

row.names = NULLxI

as.data.frame""optional = TRUE
is.data.frameTRUE"data.frame"FALSE

data.framemake.namesas.data.frame.tabletable



L@ <- list(LETTERS[1:7]1, c(4L, 2:3, 5:7, 1L))
L <- L@; names(L) <- nms <- c("nam”, "age")
do <- as.data.frame(L@, col.names = nms)

(d1 <- as.data.frame(L))
stopifnot(identical(de, d1))

## showing possibilities on how NA names are handled:
L <- list(A = 1:4); names(L) <- NA

names(dL <- as.data.frame(L)) # "NA."
names(dL1 <- as.data.frame(L, col.names = names(L))) # "NA."
#H#
names(dL1.<- as.data.frame(L, check.names=FALSE)) # "NA"
H#H#

names(dL2 <- as.data.frame(L, col.names = names(L), check.names=FALSE)) # NA
names(dLn <- as.data.frame(L, new.names = TRUE, check.names=FALSE)) # NA

as.Date

"Date”

as.Date(x, ...)

## S3 method for class 'character'

as.Date(x, format, tryFormats = c("%Y-%m-%d", "%Y/%m/%d"),
optional = FALSE, ...)

## S3 method for class 'numeric'

as.Date(x, origin, ...)

## S3 method for class 'POSIXct'

as.Date(x, tz = "UTC", ...)

## S3 method for class 'Date'’
format(x, format = "%Y-%m-%d", ...)

## S3 method for class 'Date'’

as.character(x, ...)

X

format charactertryFormatsNAstrptime()

tryFormats characterformatformat

optional logicalNA

origin Dateas.Date(origin, ...)missing"1970-01-01"

tz



xformat

as.DateNA"POSIX1t""POSIXct""date"”"dates”
as.Dateorigin

formatas.character

formatas.characterNANA_character_

as.Date"Date”

"2001-02-03"
NAglibc

https://www.qgsl.net/glsmd/isopdf.htm

locales

strftimestrptimestrptimeglibc

## locale-specific version of the date
format(Sys.Date(), "%a %b %d")

## read in date info in format 'ddmmmyyyy'

## This will give NA(s) in some locales; setting the C locale

## as in the commented lines will overcome this on most systems.
## lct <- Sys.getlocale("LC_TIME"); Sys.setlocale("LC_TIME", "C")
x <= ¢("1jan1960", "2jan1960", "31mar1960", "30jul1960")

z <- as.Date(x, "%d%b%Y")

## Sys.setlocale("LC_TIME", 1lct)

z

## read in date/time info in format 'm/d/y'
dates <- c("@2/27/92", "02/27/92", "01/14/92", "02/28/92", "02/01/92")
as.Date(dates, "%m/%d/%y")

## date given as number of days since 1900-01-01 (a date in 1989)
as.Date(32768, origin = "1900-01-01")


https://www.qsl.net/g1smd/isopdf.htm

## Excel is said to use 1900-01-01 as day 1 (Windows default) or

## 1904-01-01 as day @ (Mac default), but this is complicated by Excel
## incorrectly treating 1900 as a leap year.

## So for dates (post-1901) from Windows Excel

as.Date(35981, origin = "1899-12-30") # 1998-07-05

## and Mac Excel

as.Date(34519, origin = "1904-01-01") # 1998-07-05

## (these values come from http://support.microsoft.com/kb/214330)

## Experiment shows that Matlab's origin is 719529 days before ours,

## (it takes the non-existent 0000-01-01 as day 1)

## so Matlab day 734373 can be imported as

as.Date(734373) - 719529 # 2010-08-23

## (value from

## http://www.mathworks.de/de/help/matlab/matlab_prog/represent-date-and-times-in-MATLAB.html)

## Time zone effect

z <- ISOdate(2010, 04, 13, c(0,12)) # midnight and midday UTC
as.Date(z) # in UTC

## these time zone names are common

as.Date(z, tz = "NZ")

as.Date(z, tz = "HST") # Hawaii

as.environment

environment

as.environment(x)

X -1
list2env(x, parent = emptyenv())
is.object(x)classas.environment

environmentsearchlist2env

as.environment(1) ## the global environment

identical(globalenv(), as.environment(1)) ## is TRUE

try( ## <<- stats need not be attached
as.environment("package:stats"))

ee <- as.environment(list(a = "A", b = pi, ch = letters[1:8]))

1s(ee) # names of objects in ee

utils::1s.str(ee)



as.function

as.function

as.function.defaultx"”call”

as.function(x, ...)

## Default S3 method:
as.function(x, envir = parent.frame(), ...)

envir

functionalist

2, atb))
2, ath))(3)

as.function(alist(a , b
as.function(alist(a ,

1
[on
1

as.POSIX*

"POSIX1t""POSIXct”

as.POSIXct(x, tz ="", ...)
as.POSIX1t(x, tz = "", ...)

## S3 method for class 'character'
as.POSIX1t(x, tz = "", format,
tryFormats = c("%Y-%m-%d %H:%M:%0S",
"%Y/%m/%d %H:%M:%0S",
"%Y=%m=%d %H:%M"
"%Y/%m/%d %H:%M"
"%Y-%m-%d" ,



"%Y/%m/%d") ,
optional = FALSE, ...)
## Default S3 method:
as.POSIX1t(x, tz = "",

optional = FALSE, ...)
## S3 method for class 'numeric'
as.POSIX1t(x, tz = "", origin, ...)

## S3 method for class 'Date'’
as.POSIXct(x, tz = "UTC", ...)

## S3 method for class 'Date'’
as.POSIX1t(x, tz = "UTC", ...)

## S3 method for class 'numeric'
as.POSIXct(x, tz = "", origin, ...)

## S3 method for class 'POSIX1t'
as.double(x, ...)

X
tz nHrGMT"

format strptime

tryFormats characterformatformat

optional logicalNA

origin as.POSIXct(tz = "GMT")"1970-01-01"

as.POSIX*"Date”
"2001-02-03""2001/02/03""14:52""14:52:03""01/02/03"strptimeformatNA
formatLC_TIMESys.setlocale%a%A%b%B%p

NA

"POSIX1t"strptime"”POSIXct"”"POSIX1t""POSIXct"

as.POSIXct(strptime(”2011-03-27 01:30:00", "%Y-%m-%d %H:%M:%S"))
as.POSIXct(strptime(”2010-10-31 01:30:00", "%Y-%m-%d %H:%M:%S"))

NAstrftime

as.P0OSIXctas.POSIX1tPOSIXt
tzas.POSIX1t"tzone"NA

"POSIXct"”
"POSIX1t""POSIXct"”
"POSIX1t"format



strptime

Sys.timezone

(z <= Sys.time()) # the current datetime, as class "POSIXct”
unclass(z) # a large integer

floor(unclass(z)/86400) # the number of days since 1970-01-01 (UTC)
(now <- as.POSIX1t(Sys.time())) # the current datetime, as class "POSIX1t"
str(unclass(now)) # the internal list ; use now$hour, etc :
now$year + 1900 # see ?DateTimeClasses

months(now); weekdays(now) # see ?months; using LC_TIME locale

## suppose we have a time in seconds since 1960-01-01 00:00:00 GMT
## (the origin used by SAS)

z <- 1472562988

# ways to convert this

as.POSIXct(z, origin = "1960-01-01") # local
as.POSIXct(z, origin = "1960-01-01", tz = "GMT") # in UTC

## SPSS dates (R-help 2006-02-16)
z <- c(10485849600, 10477641600, 10561104000, 10562745600)
as.Date(as.POSIXct(z, origin = "1582-10-14", tz = "GMT"))

## Stata date-times: milliseconds since 1960-01-01 00:00:00 GMT
## format %tc excludes leap-seconds, assumed here

## For format %tC including leap seconds, see foreign::read.dta()
z <- 1579598122120

op <- options(digits.secs = 3)

# avoid rounding down: milliseconds are not exactly representable
as.POSIXct((z+0.1)/1000, origin = "1960-01-01")

options(op)

## Matlab 'serial day number' (days and fractional days)
z <- 7.343736909722223e5 # 2010-08-23 16:35:00
as.POSIXct((z - 719529)*86400, origin = "1970-01-01", tz = "UTC")

as.POSIX1t(Sys.time(), "GMT") # the current time in UTC

## These may not be correct names on your system
as.POSIX1t(Sys.time(), "America/New_York"”) # in New York
as.POSIX1t(Sys.time(), "EST5EDT") # alternative.
as.POSIX1t(Sys.time(), "EST" ) # somewhere in Eastern Canada
as.POSIX1t(Sys.time(), "HST") # in Hawaii
as.POSIX1t(Sys.time(), "Australia/Darwin")

tab <- file.path(R.home("share"), "zoneinfo"”, "zone1970.tab")
if(file.exists(tab)) { # typically on Windows; on Linux when ~configure --with-internal-tzcode~

cols <- c("code"”, "coordinates"”, "TZ", "comments")
tmp <- read.delim(tab,
header = FALSE, comment.char = "#", col.names = cols)

if(interactive()) View(tmp)
head(tmp, 10)



AsIs

I(x)

data.framel()data.framestringsAsFactors = TRUEIas.data.frame
"AsIs""AsIs"[as.data.frameprintformat

nn_nmngnnman
- * A

formula”+ terms.formula

”ASIS“

data.frameformula

asplit

asplit(x, MARGIN, drop = FALSE)

X
MARGIN 12¢(1, 2)x
drop

apply(x, MARGIN, identity, simplify = FALSE)split(x, slice.index(x, MARGIN))

dvdedropdvdexMARGIN



## A 3-dimensional array of dimension 2 x 3 x 4:
d<-2:4

x <- array(seq_len(prod(d)), d)

X

## Splitting by margin 2 gives a 1-d list array of length 3
## consisting of 2 x 4 arrays:

asplit(x, 2)

## Splitting by margins 1 and 2 gives a 2 x 3 list array
## consisting of 1-d arrays of length 4:

asplit(x, c(1, 2))

## Compare to

split(x, slice.index(x, c(1, 2)))

## A 2 x 3 matrix:

(x <= matrix(1 : 6, 2, 3))

## To split x by its rows, one can use
asplit(x, 1)

## or less efficiently

split(x, slice.index(x, 1))

split(x, row(x))

assign
assign(x, value, pos = -1, envir = as.environment(pos),
inherits = FALSE, immediate = TRUE)
X
value X
pos
envir environment
inherits
immediate

xmake.names
pos-T1searchenvironmentsys.frameenvir
assign

attachwith

valuexenvir
inheritsTRUExlockBinding

inheritsFALSEenvir



<-getassign()existsenvironment

for(i in 1:6) { #-- Create objects 'r.1', 'r.2', ... 'r.6' --
nam <- paste("r", i, sep = ".")
assign(nam, 1:i)

3

ls(pattern = "*r..$")

##-- Global assignment within a function:

myf <- function(x) {
innerf <- function(x) assign("Global.res", x*2, envir = .GlobalEnv)
innerf(x+1)

3

myf(3)

Global.res # 16

a<-1:4

assign("al1]", 2)

al1] == # FALSE
get("a[1]") == 2 # TRUE

assignOps

X <- value
X <<- value
value -> x
value ->> x

X = value

value X

<—-=<L-=
<L=-=->>

xz[[1]1]

<- = L-



valuea <- b <- c <- 6

assigngetx[i] <- v[<-environment

attach

attach(what, pos = 2L, name = deparsel(substitute(what), backtick=FALSE),
warn.conflicts = TRUE)

what data.framelistsaveNULL
pos search()
name package:library

warn.conflicts TRUEmessage()conflicts.conflicts.OK
warn.conflictswarning()message()

search
heightwomen$height
pospos = 1

<<-assignattach
what = NULLassignloadsys.source

"package:"libraryfile:namesearchas.environment

environment”name”

attachdetach
withattachdetachwhatsave()attach()load()
with

name

attachon.exitdetach

attach



librarydetachsearchobjectsenvironmentwith

require(utils)

summary (women$height)  #

attach(women)
summary (height) #
height <- height*x2.54 #

find("height”)

summary (height) #
rm(height)
summary (height) #

height <<- heightx25.4 #
find("height")
summary (height) #
detach("women")
summary (women$height)  #

refers to variable 'height' in the data frame
The same variable now available by name

Don't do this. It creates a new variable

in the user's workspace

The new variable in the workspace

The original variable.
Change the copy in the attached environment

The changed copy

unchanged

## Not run: ## create an environment on the search path and populate it
sys.source("myfuns.R", envir = attach(NULL, name = "myfuns"))

## End(Not run)

attr

attr(x, which, exact = FALSE)

attr(x, which) <- value

X
which

exact which
value NULL

NULLsymbolnameprimitive

whichxexact = TRUEoptions(warnPartialMatchAttr = TRUE)

classcommentdimdimnamesnamesrow.namestsplevelslevels

which
NULLattr



NULL

attributes

# create a 2 by 5 matrix
X <-1:10
attr(x,"dim") <- c(2, 5)

S <- sum
attr(S, "foo") <- NA # gives a warning, will become an error!
attributes(sum) <- NULL # revert to sanity

attributes

attributes(x)
attributes(x) <- value
mostattributes(x) <- value

X symbolnameprimitive
value listNULL
attrNULLlist

classcommentdimdimnamesnamesrow.namestsplevelslevels
attributes()identical()attrib.as.set = TRUENA"NA"
dimdimdimnames
mostattributesdimnamesdimnamesattributesrow.names
attributes

NULL

attributes

attrstructure



X <= cbind(a = 1:3, pi = pi) # simple matrix with dimnames
attributes(x)

## strip an object's attributes:
attributes(x) <- NULL
x # now just a vector of length 6

mostattributes(x) <- list(mycomment = "really special”, dim = 3:2,
dimnames = 1ist(LETTERS[1:3], letters[1:5]), names = paste(1:6))
x # dim(), but not {dim}names

autoload

autoloadautoloadername.AutoloadEnvnameautoloadernamepackage
.Autoloaded

autoload(name, package, reset = FALSE, ...)

autoloader(name, package, ...)

.AutoloadEnv

.Autoloaded

name

package

reset autoloader
library

delayedAssignlibrary

require(stats)

autoload("interpSpline”, "splines")

search()

1s("Autoloads")

.Autoloaded

x <- sort(stats::rnorm(12))
y <= x*2

is <- interpSpline(x, y)
search() ## now has splines
detach("package:splines”)
search()

is2 <- interpSpline(x, y+x)
search() ## and again
detach("package:splines”)



backsolve

backsolve(r, x, k = ncol(r), upper.tri = TRUE,
transpose = FALSE)

forwardsolve(l, x, k = ncol(l), upper.tri = FALSE,
transpose = FALSE)

rl

X

k rx

upper.tri TRUEr

transpose TRUET * y = zyt(r) %*% y == x

x <- backsolve (R, b)Rx =1b
x <- forwardsolve(L, b)Lx =1b

rlkxk

dtrsm

XX

cholgrsolve

[}

## upper triangular matrix 'r':
r <- rbind(c(1,2,3),

c(0,1,1),

c(0,0,2))
( y <- backsolve(r, x <- c(8,4,2)) ) # -1 31
r %%y # ==x = (8,4,2)
backsolve(r, x, transpose = TRUE) # 8 -12 -5



balanceP0OSIX1t

"POSIX1t"

unCfillPOSIX1t(x)balancePOSIX1t(x, fill.only=TRUE, classed=FALSE)
unclass(balancePOSIX1t(x, fill.only=TRUE))

balancePOSIX1t(x, fill.only = FALSE, classed = TRUE)

unCfillPOSIX1t(x)

X "POSIX1t"POSIX1t

fill.only logicalbalancePOSIX1t(x, ..)x$wdayx$yday

classed logicalbalancePOSIX1t(x, classed = FALSE)

unclass(balancePOSIX1t(x))

"POSIX1t"xlength”POSIXct"length()"Date"[[<-
secminhourmdaymon
balancePOSIX1t(x)"POSIX1t"xas.POSIX1tfill.only = TRUEx
balancePOSIX1t()POSIX1tlogical"balanced"”NATRUE

POSIX1tas.POSIX1t

## FIXME: this should also work for regular (non-UTC) time zones.
TZ <-"UTC"
# Could be
# dl <- as.POSIX1t("2000-01-02 3:45", tz = TZ)
# on systems (almost all) which have tm_zone.
0ldTZ <- Sys.getenv('TZ', unset = "unset")
Sys.setenv(TZ = "UTC")
d1 <- as.POSIX1t("2000-01-02 3:45")
d1$min <- d1$min + (@:16)*20L
(f1 <= format(d1))
str(unclass(dl)) # only $min is of length > 1
df <- balancePOSIX1t(d1, fill.only = TRUE) # a "POSIX1t" object
str(unclass(df)) # all of length 17; 'min' unchanged
db <- balancePOSIX1t(d1l, classed = FALSE) # a list
stopifnot(identical(
unCfillPOSIX1t(d1),
balanceP0SIX1t(d1, fill.only = TRUE, classed = FALSE)))
str(db) # of length 17 *and* in range

if(0ldTZ == "unset"”) Sys.unsetenv('TZ') else Sys.setenv(TZ = 0ldTZ)



basename

basename

dirnamepath”.”

basename (path)
dirname(path)

path

dirname

path

non

dirname”.

pathNA

nn

\/dirname/\\

II/H n o n

file.pathpath.expand

basename(file.path("","p1","p2","p3", c("filel”, "file2")))
dirname (file.path("","p1","p2","p3", "filename"))



Bessel

LY LK,

besselI(x, nu, expon.scaled = FALSE)
besselK(x, nu, expon.scaled = FALSE)
besselJ(x, nu)
besselY(x, nu)

X >0
nu
expon.scaled TRUEI, K,

expon.scaled = TRUEe *],(z)e* K, (x)
v < ObesselKnu

nu

expon.scaled = TRUE

<maechler@stat.math.ethz.ch>

https://netlib.org/specfun/ribesl../rjbesl

bessell
besselJ bessell
besselK
besselY Y'Y, (z)


https://netlib.org/specfun/ribesl
https://doi.org/10.6028/jres.077B.012
https://doi.org/10.1145/357456.357462
https://doi.org/10.1145/355921.355928
https://doi.org/10.1016/0010-4655%2879%2990030-4
https://doi.org/10.1016/0021-9991%2876%2990032-2

I'(z)B(a,b)

require(graphics)
nus <- c(0:5, 10, 20)

x <- seq(@, 4, length.out = 501)
plot(x, x, ylim = c(@, 6), ylab = "", type = "n",
main = "Bessel Functions I_nu(x)")
for(nu in nus) lines(x, besselI(x, nu = nu), col = nu + 2)
legend(@, 6, legend = paste(”"nu=", nus), col = nus + 2, lwd = 1)

x <- seq(@, 40, length.out
plot(x, x, ylim = yl, ylab = , type = "n",
main = "Bessel Functions J_nu(x)")
abline(h=0, v=0, 1lty=3)
for(nu in nus) lines(x, besselJ(x, nu = nu), col = nu + 2)
legend("topright”, legend = paste("nu=", nus), col = nus + 2, lwd = 1, bty="n")

801); yl <- c(-.5, 1)

nn

## Negative nu's -----------—=--——---——--————

Xx <- 2:7

nu <- seq(-10, 9, length.out = 2001)

# ——- I() -—- -—= -—= -—

matplot(nu, t(outer(xx, nu, bessell)), type = "1", ylim = c(-50, 200),
main = expression(paste(”"Bessel ", I[nul(x), " for fixed ", x,

", as ", f(nuw)),
xlab = expression(nu))
abline(v = 0, col = "light gray”, 1ty = 3)
legend(5, 200, legend = paste(”x=", xx), col=seq(xx), 1lty=1:5)

H —== T === === === -
bJ <- t(outer(xx, nu, bessell))
matplot(nu, bJ, type = "1", ylim = c(-500, 200),
xlab = quote(nu), ylab = quote(J[nul(x)),
main = expression(paste("Bessel ", J[nul(x), " for fixed ", x)))
abline(v = @, col = "light gray”, lty = 3)
legend("topright”, legend = paste(”x=", xx), col=seq(xx), lty=1:5)

## ZO0OM into right part:
matplot(nulnu > -2], bJ[nu > -2,]1, type = "1",
xlab = quote(nu), ylab = quote(J[nul(x)),
main = expression(paste(”"Bessel ", J[nul(x), " for fixed ", x)))
abline(h=0, v = @, col = "gray60"”, 1ty = 3)
legend("topright”, legend = paste(”"x=", xx), col=seq(xx), lty=1:5)

Hpm—mm oo - X ==> @ mmmmmmmmm oo
X0 <- 2%seq(-16, 5, length.out=256)
plot(range(x@), c(le-40, 1), log = "xy", xlab = "x", ylab = "", type = "n",

main = "Bessel Functions J_nu(x) near @\n log - log scale”) ; axis(2, at=1)

for(nu in sort(c(nus, nus+0.5)))
lines(x@, besselJ(x@, nu = nu), col = nu + 2, 1ty= 1+ (nu%%l > 0))
legend("right”, legend = paste(”"nu=", paste(nus, nus+0.5, sep=", ")),
col = nus + 2, 1wd = 1, bty="n")



X0 <- 2”seq(-10, 8, length.out=256)
plot(range(x@), 10*c(-100, 80), log = "xy", xlab = "x", ylab = "", type = "n",
main = "Bessel Functions K_nu(x) near 0\n log - log scale”) ; axis(2, at=1)
for(nu in sort(c(nus, nus+0.5)))
lines(x@, besselK(x@, nu = nu), col = nu + 2, 1ty= 1+ (nu%%l > 0))
legend("topright”, legend = paste(”nu=", paste(nus, nus + 0.5, sep = ", ")),
col = nus + 2, 1wd = 1, bty="n")

x <= x[x > @]

plot(x, x, ylim = c(1e-18, 1el11), log = "y", ylab = "", type = "n",
main = "Bessel Functions K_nu(x)"); axis(2, at=1)

for(nu in nus) lines(x, besselK(x, nu = nu), col = nu + 2)

legend(@, 1e-5, legend=paste("nu=", nus), col = nus + 2, 1lwd = 1)

yl <- c(-1.6, .6)
plot(x, x, ylim = yl, ylab = , type = "n",
main = "Bessel Functions Y_nu(x)")
for(nu in nus){
xx <= x[x > .6*nu]
lines(xx, besselY(xx, nu=nu), col = nu+2)

nn

3
legend(25, -.5, legend = paste("nu=", nus), col = nus+2, lwd = 1)

## negative nu in bessel_Y -- was bogus for a long time
curve(besselY(x, -0.1), 0, 10, ylim = c(-3,1), ylab = "")
for(nu in c(seq(-90.2, -2, by = -0.1)))
curve(besselY(x, nu), add = TRUE)
title(expression(besselY(x, nu) * " "ok
{nu == list(-0.1, -0.2, ..., -2)}))

bindenv

lockEnvironment(env, bindings = FALSE)
environmentIsLocked(env)
lockBinding(sym, env)
unlockBinding(sym, env)
bindingIsLocked(sym, env)

makeActiveBinding(sym, fun, env)
bindingIsActive(sym, env)
activeBindingFunction(sym, env)

env
bindings
sym

fun



lockEnvironment
lockBinding

makeActiveBindingfunenvsymfunsymfunsetRefClass.onLoad

bindingIsLockedenvironmentIsLockedNULL

# locking environments

e <- new.env()

assign("x", 1, envir = e)

get("x", envir = e)

lockEnvironment(e)

get("x", envir = e)

assign("x", 2, envir = e)
try(assign("y", 2, envir = e)) # error

# locking bindings

e <- new.env()

assign("x", 1, envir = e)

get("x", envir = e)

lockBinding("x", e)

try(assign(”"x", 2, envir = e)) # error
unlockBinding("x", e)

assign("x", 2, envir = e)

get("x", envir = e)

# active bindings
f <- local( {
x <=1
function(v) {
if (missing(v))
cat("get\n")

else {
cat("set\n")
X <<- v

3

X

}
»
makeActiveBinding("fred”, f, .GlobalEnv)
bindingIsActive("fred"”, .GlobalEnv)
fred
fred <- 2
fred



bitwise

bitwNot(a)

bitwAnd(a, b)
bitwOr(a, b)
bitwXor(a, b)

bitwShiftL(a, n)
bitwShiftR(a, n)

ab

NA

NANA

1&| xorraw
"octmode"” "hexmode”
231

bitwNot(@:12) # -1 -2 ... -13
bitwAnd(15L, 7L) # 7
bitwOr (15L, 7L) # 15
bitwXor(15L, 7L) # 8
bitwXor(-1L, 1L) # -2

## The "same" for 'raw' instead of integer :
rr12 <- as.raw(@:12) ; rbind(rri12, !rri2)
c(r15 <- as.raw(15), r7 <- as.raw(7)) # of o7
ri5 & r7 # 07

ri5 | r7 # of

xor(r15, r7)# 08

bitwShiftR(-1, 1:31) # shifts of 2%32-1 = 4294967295


https://CRAN.R-project.org/package=bitops

body

formals

body(fun = sys.function(sys.parent()))
body(fun, envir = environment(fun)) <- value

fun
envir

value

funbody

body{symbolpi3"R"

environmentattributesvalue”expression”

formalsbodyenvironment

alistargsfunction

body (body)

f <- function(x) x*5

body (f) <- quote(5*x)

## or equivalently body(f) <- expression(5*x)
f(3) # =125

body ()

## creating a multi-expression body

e <- expression(y <- x*2, return(y)) # or a list

body(f) <- as.call(c(as.name("{"), e))

f

f(8)

## Using substitute() may be simpler than 'as.call(c(as.name("{",..)))":
stopifnot(identical (body(f), substitute({ y <- x*2; return(y) })))



bquote

bquote. ()wheresplice = TRUE.. ()

bquote(expr, where = parent.frame(), splice

expr
where

splice TRUE

quotesubstitute

require(graphics)
a<-2

bquote(a == a)
quote(a == a)

bquote(a == .(a))
substitute(a == A, list(A = a))
plot(1:10, a*(1:10), main = bquote(a == .(a)))

## to set a function default arg
default <- 1
bquote( function(x, y = .(default)) x+y )

exprs <- expression(x <- 1, y <= 2, x +y)
bquote(function() {..(exprs)}, splice = TRUE)

= FALSE)

browser

browser

nn

browser(text = "", condition = NULL, expr =

TRUE, skipCalls

oL)



text

condition

expr logical
skipCalls

browser
textconditionbrowserTextbrowserCondition
exprexprFALSEif

skipCallsbrowser()

C
cont ¢

f

help

n browsernc
S scC

where

nn

r "resume""resume”

Q
"browserNLdisabled”TRUEns
1sOn(n)

options(deparse.max.lines)

Browse[ ]>debug21debugger

repeat withRestarts(

withCallingHandlers(
readEvalPrint(),
error = function(cnd) {
cat("Error:", conditionMessage(cnd), "\n")

invokeRestart("browser")
3
)Y

browser = function(...) NULL

)

readEvalPrint <- function(env = parent.frame()) {
print(eval(parse(prompt = "Browse[n]> "), env))

}

"warning"



debugtracebackbrowserText

browserText

browserText(n = 1)
browserCondition(n = 1)
browserSetDebug(n = 1)

browserbrowserTextbrowserCondition

browserSetDebugsys. framebrowserSetDebugbrowserSetDebugnc

browserTextbrowserCondition

browserSetDebug

browser



builtins

builtins(internal = FALSE)

internal .Internal

builtins()1ls(baseenv(), all.names = TRUE)
builtins(TRUE).Internal((args ...))

by
bytapply
by(data, INDICES, FUN, ..., simplify = TRUE)
data
INDICES nrow(data) INDICESfsplit
FUN functiondata
FUN
simplify tapply
split()FUN
FUN

"by"simplifytapply

tapplysimplify2arrayarray2DFave



require(stats)
by (warpbreaks[, 1:2], warpbreaks[,"tension"], summary)
by (warpbreaks[, 1], warpbreaks[, -11, summary)
by (warpbreaks, warpbreaks[,"tension"],

function(x) 1lm(breaks ~ wool, data = x))

## now suppose we want to extract the coefficients by group
tmp1 <- with(warpbreaks,
by (warpbreaks, tension,
function(x) lm(breaks ~ wool, data = x)))
sapply(tmp1, coef)

## another way
by (warpbreaks, ~ tension,
with, coef(Im(breaks ~ wool))) |> array2DF(simplify = TRUE)

## S3 Generic function

c(...)

## Default S3 method:

c(..., recursive = FALSE, use.names = TRUE)
NULL

recursive recursive = TRUE

use.names names

namesymbolcalllistrecursive = TRUE
complexNANA_complex_NA
c.factor

carrayas.vectorc

NULLNULL



unlistas.vector

c(1, 7:9)
c(1:5, 10.5, "next")

## uses with a single argument to drop attributes
x <- 1:4

names(x) <- letters[1:4]

X

c(x) # has names

as.vector(x) # no names

dim(x) <- ¢c(2,2)

X

c(x)

as.vector(x)

## append to a list:

11 <- list(A =1, c ="C")

## do *notx use

c(11l, d = 1:3) # which is == c(11, as.list(c(d = 1:3)))
## but rather

c(ll, d = 1list(1:3)) # c() combining two lists

## descend through lists:
c(list(A = c¢(B = 1)), recursive = TRUE)
c(list(A =c(B =1, C=2), B=c(E=7)), recursive = TRUE)

call

mode”call”" ("

call(name, ...)
is.call(x)
as.call(x)

name



call name...
callnamename
is.call xmode”call”" ("
is.call(x)typeof(x) == "language"
is.language()symbolexpressionis.call()
is.call(cl)class(cl)"call"clifforwhile({<-=class(cl)

as.call(x) "list""call”
as.call()str2lang()parse(text=)call()as.call()parse()

as.call

call.Internal

do.callRecallis.languageexpressionfunction

callstr2langparse

is.call(call) #-> FALSE: Functions are NOT calls

## set up a function call to round with argument 10.5

cl <- call("round”, 10.5)

is.call(cl) # TRUE

cl

identical (quote(round(10.5)), # <- less functional, but the same
cl) # TRUE

## such a call can also be evaluated.

eval(cl) # [1] 10

class(cl) # "call”
typeof (cl)# "language"
is.call(cl) && is.language(cl) # always TRUE for "call"s

A <- 10.5

call("round”, A) # round(10.5)

call("round”, quote(A)) # round(A)

f <= "round”

call(f, quote(A)) # round(A)

## if we want to supply a function we need to use as.call or similar
f <- round

## Not run: call(f, quote(A)) # error: first arg must be character
(g <- as.call(list(f, quote(A))))

eval(g)

## alternatively but less transparently

g <- list(f, quote(A))

mode(g) <- "call”



g
eval(g)

## Special calls (and some regular ones):
L <- as.list(E <- setNames( , c("if", "for", "while"”, "repeat”, "function”,
G R GRS ST D D)\
for(i in seq_along(L)) L[[i]] <- call(E[[i]]) # instead of lapply(E, call) ..
list_ <- function (...) “names<-~(list(...), vapply(sys.call()[-1L], as.character, ""))
(Tab <- noquote(sapply(list_(is.call, typeof, class, mode), \(F) sapply(L, F))))
## The 7 exceptions:
Tab[ Tab[,"class"] != "call” , c(3:4, 1:2)]

## see also the examples in the help for do.call

callccC

callCC(fun)

fun

callCCcallCCfunfuncallCCcallCC

# The following all return the value 1
callCC(function(k) 1)
callCC(function(k) k(1))
callCC(function(k) {k(1); 2})
callCC(function(k) repeat k(1))

CallExternal

.Call(.NAME, ..., PACKAGE)
.External (.NAME, ..., PACKAGE)



.NAME "NativeSymbolInfo""RegisteredNativeSymbol"”"NativeSymbol”
.Call
PACKAGE .NAME.so.dll

.External

.NAME. .. .NAME

Rinternals.hRdefines.h

PACKAGE . NAME
PACKAGE = "base”
PACKAGE = ""

.Call

dyn.load.C.Fortran

capabilities
capabilities(what = NULL,
Xchk = any(nas %in% c("X11", "jpeg", "png"”, "tiff")))
what NULLNULL

Xchk logicalNA



jpeg jpeg

png png
tiff tiff
tcltk "X11"
X11 X11X11
aqua quartz
.Platform$GUI == "AQUA"R.app
http/ftp urldownload.filehttp://ftp://TRUE"libcurl”ftp://
sockets make . socketTRUE
libxml 1ibxmlTRUEFALSE
fifo
cledit readline--no-readline--interactive
iconv iconv
NLS
Rprof Rprof ()--enable-R-profiling
profmem tracemem
cairo svgcairo_pdfcairo_pstype = "cairo”"bmpjpegpngtiffX11X11
Icu icuSetCollate
long.double Clong doubledouble--disable-long-double
.Machine
libcurl libcurlcurlGetHeadersdownload.fileurl

nn

"jpeg""png""tiff"capabilities(”aqua”)type = "quartz"tiffcapabilities("aqua”) ||
capabilities("tiff")

.PlatformextSoftVersiongrSoftVersion

capabilities()

if(!capabilities("ICU"))
warning("ICU is not available")

## Does not call the internal X11-checking function:
capabilities(Xchk = FALSE)

## See also the examples for 'connections'.



cat

catprint

cat(...

, file = "", sep =

append = FALSE)

file
sep
fill
labels
append

catsep =

nn

catsink”|cmd"cmd

FALSE"\n"widthfillTRUEfillfillfill
fillFALSE
file"|cmd"TRUEfilefile

"\n"fil1TRUE

file"wt”

NULLprint.defaultencodeStringcatas.characterformatcat

nn

catprintas.characteroptions”"digits”"scipen”
NULL

sep

printformatpaste

iter <- stats::rpois(1, lambda = 10)

## print an informative message

cat("iteration = ", iter <- iter + 1, "\n")

## ' fill!

cat(paste(letters, 100x 1:26), fill = TRUE, labels = paste@("{", 1:10, "}:"))

and label lines:

" " fill = FALSE, labels

NULL,



chind

cbind(..., deparse.level = 1)

rbind(..., deparse.level = 1)

## S3 method for class 'data.frame'

rbind(..., deparse.level = 1, make.row.names = TRUE,

stringsAsFactors = FALSE, factor.exclude = TRUE)

"data.frame”cbinddata. framestringsAsFactors

deparse.level
deparse.level = 0
deparse.level = l1deparse.level = 2

make.row.names row.names
stringsAsFactors

as.data.frame...data.framecharacter
factor.exclude TRUENAfactor.exclude = NA

cbindrbindisS4(.)cbindrbindcbind2rbind2deparse.level
vector

warning

cbindrbindNULL
231

.. .NULLNULL

cbindrbindcolnamesrownamesdeparse.level > @deparse.level = 1is.symbol
cbind
rbind

cbinddata.frame(..., check.names = FALSE)
rbind
jfactor(., exclude = X(3j))

X(j) := if(isTRUE(factor.exclude)) {
if(INA.lev[j]) NA # else NULL
} else factor.exclude

NA.lev[jlfactorjNA


https://bugs.R-project.org/show_bug.cgi?id=17562

UseMethod()rbind.default

.../src/main/bind.c

cdata.frame

m <- cbind(1, 1:7) # the '1' (= shorter vector) is recycled
m

m <- cbind(m, 8:14)[, c(1, 3, 2)] # insert a column

m

cbind(1:7, diag(3)) # vector is subset -> warning

cbind(@, rbind(1, 1:3))

cbind(I = @, X = rbind(a = 1, b = 1:3)) # use some names
xx <- data.frame(I = rep(0,2))

cbind(xx, X = rbind(a =1, b = 1:3)) # named differently

cbind(@, matrix(1, nrow = @, ncol = 4)) #> Warning (making sense)
dim(cbind(@, matrix(1, nrow = 2, ncol = @))) #-> 2 x 1

## deparse.level

dd <- 10

rbind(1:4, ¢ = 2, "at++" 10, dd, deparse.level = @) # middle 2 rownames
rbind(1:4, ¢ = 2, "a++" = 10, dd, deparse.level = 1) # 3 rownames (default)
rbind(1:4, ¢ = 2, "a++" 10, dd, deparse.level = 2) # 4 rownames

## cheap row names:

b0 <- gl(3,4, labels=letters[1:3])

bf <- setNames(b@, paste@d(”"o"”, seq_along(b@)))

df <- data.frame(a =1, B = bo, f = gl(4,3))

df. <- data.frame(a = 1, B = bf, f = gl(4,3))

new <- data.frame(a = 8, B ="B", f = "1")

(df1 <= rbind(df , new))

(df.1 <= rbind(df., new))

stopifnot(identical(df1, rbind(df, new, make.row.names=FALSE)),
identical(df1, rbind(df., new, make.row.names=FALSE)))



char.expand

char.expand(input, target, nomatch = stop("no match"))

input

target

nomatch

targetnomatch

charmatchpmatch

locPars <- c("mean”, "median”, "mode")

char.expand("me"”, locPars, warning("Could not expand!"))
char.expand("mo", locPars)

character

"character”

character(length = 0)
as.character(x, )
is.character(x)

length

X

as.characteris.characteras.characteras.vectorif(is.object(x))as.character
as.vector

as.characterDBL_DIGformat



nn

character
as.characteras.vectorAbc

is.characterTRUEFALSE

as.character

optionsscipenOutDec
pastesubstrstrsplitchartrsubgrephelp.search(keyword = "character")
deparseas.character

Quotescharacter

form<-y ~a+b+c
as.character(form) ## length 3
deparse(form) ## like the input

ad <- 11/999 # has a repeating decimal representation
(al <- as.character(a0))

format(a@, digits = 16) # shows 1 to 2 more digit(s)

a2 <- as.numeric(al)

a2 - ao # normally around -l1e-17
as.character(a2) # possibly different from al

print(c(a@, a2), digits = 16)

as.character(list(A = "Abc”, xy = c("x", "y"))) # "Abc” "c(\"x\", \"y\")"
## i.e., "Abc" directly instead of deparsing to "\"Abc\""

charmatch

charmatch

charmatch(x, table, nomatch = NA_integer_)

X as.character
table

nomatch



@nomatch
NAHNAH

xtablenomatch

pmatchmatch

startsWithgrepregexpr

charmatch("", "") # returns 1

charmatch("m", c("mean”, "median”, "mode")) # returns @

charmatch("med”, c("mean”, "median”, "mode”)) # returns 2
chartr

chartr(old, new, x)
tolower(x)

toupper (x)

casefold(x, upper = FALSE)

X as.character
old
new

upper

chartrxoldnewoldnew
tolowertoupper

casefoldtolowertoupper

X

Encoding



subgsub

x <- "MiXeD cAsk 123"
chartr(”iXs", "why"”, x)
chartr("a-cX", "D-Fw", x)
tolower(x)

toupper (x)

## "Mixed Case” Capitalizing - toupper( every first letter of a word ) :

.simpleCap <- function(x) {

s <= strsplit(x, " ")L[1]1]
paste(toupper(substring(s, 1, 1)), substring(s, 2),
sep = "", collapse = " ")

}
.simpleCap("the quick red fox jumps over the lazy brown dog")
## -> [1] "The Quick Red Fox Jumps Over The Lazy Brown Dog"

## and the better, more sophisticated version:
capwords <- function(s, strict = FALSE) {
cap <- function(s) paste(toupper(substring(s, 1, 1)),
{s <- substring(s, 2); if(strict) tolower(s) else s},
sep = "", collapse =" ")
sapply(strsplit(s, split = " "), cap, USE.NAMES = !is.null(names(s)))
3
capwords(c("using AIC for model selection”))
## -> [1] "Using AIC For Model Selection”
capwords(c("using AIC", "for MODEL selection"”), strict = TRUE)
## -> [1] "Using Aic" "For Model Selection”

## AAA AAAAA

#it 'bad"’ 'good’

## -- Very simple insecure crypto --
rot <- function(ch, k = 13) {

p@ <- function(...) paste(c(...), collapse = "")

A <- c(letters, LETTERS, " '")

I <- seq_len(k); chartr(p@(A), po(c(AL-I], A[LI])), ch)
3

pw <- "my secret pass phrase”
(crypw <- rot(pw, 13)) #-> you can send this off

## now "~ “decrypt''
rot(crypw, 54 - 13) # -> the original:
stopifnot(identical(pw, rot(crypw, 54 - 13)))



chkDots

...... chkDots ()

chkDots(..., which.call = -1, allowed = character(@))
which.call sys.call()

allowed

warning. ..

seq.default ## <- you will see ' chkDots(...) '
seq(1,5, foo = "bar") # gives warning via chkDots()
## warning with more than one ...-entry:

density.f <- function(x, ...) NextMethod("density")
x <- density(structure(rnorm(10), class="f"), bar=TRUE, baz=TRUE)

chol

chol(x, ...)

## Default S3 method:
chol(x, pivot = FALSE, LINPACK = FALSE, tol = -1, ...)

pivot
LINPACK
tol pivot = TRUE



chol
xR'R = xzx
pivot = FALSExx

pivot = TRUExxattr(Q, "rank")attr(Q, "pivot")t(Q) %*% Qxpivot <- attr(Q, "pivot")
00 <- order(pivot)t(Q[, ool) %*% Q[, oolxt(Q) %*% Qx[pivot, pivot]

tolnrow(x) * .Machine$double.neg.eps * max(diag(x))tol

RR'R==x

nn

"pivot”"rank"”

pivot = TRUExpivot = TRUEx

DPOTRFDPSTRF
https://netlib.org/lapack/

https://netlib.org/lapack/lug/lapack_lug.html

chol2invbacksolve

grsvd

(m<-matrix(c(5,1,1,3),2,2) )
( cm <= chol(m) )

t(cm) %*% cm #-- = 'm'
crossprod(cm) #-- = 'm'

# now for something positive semi-definite
x <- matrix(c(1:5, (1:5)*2), 5, 2)

x <= cbind(x, x[, 11 + 3*xx[, 21)
colnames(x) <- letters[20:22]

m <- crossprod(x)

gr(m)$rank # is 2, as it should be

# chol() may fail, depending on numerical rounding:
# chol() unlike gqr() does not use a tolerance.
try(chol(m))

(Q <= chol(m, pivot = TRUE))
## we can use this by


https://netlib.org/lapack/
https://netlib.org/lapack/lug/lapack_lug.html

pivot <- attr(Q, "pivot")
crossprod(Q[, order(pivot)]) # recover m

## now for a non-positive-definite matrix
( m <- matrix(c(5,-5,-5,3), 2, 2) )
try(chol(m)) # fails

(Q <= chol(m, pivot = TRUE)) # warning
crossprod(Q) # not equal tom

chol2inv

(X'X)"'RX

chol2inv(x, size = NCOL(x), LINPACK = FALSE)

X size
size X
LINPACK

DPOTRIhttps://netlib.org/lapack/

https://netlib.org/lapack/lug/lapack_lug.html

cholsolve

cma <- chol(ma <- cbind(1, 1:3, c(1,3,7)))
ma %*% chol2inv(cma)


https://netlib.org/lapack/
https://netlib.org/lapack/lug/lapack_lug.html

chooseOpsMethod

chooseOpsMethodOps

reverse = FALSExychooseOpsMethod()FALSExchooseOpsMethodxymxmyreverse = TRUE

chooseOpsMethod(x, y, mx, my, cl, reverse)

Xy
mxmy Xy
cl

reverse Xy

TRUEFALSETRUEmx

Ops

# Create two objects with custom Ops methods
foo_obj <- structure(l, class = "foo")
bar_obj <- structure(l1, class = "bar")

“+.foo” <- function(el, e2) "foo”
Ops.bar <- function(el, e2) "bar”

invisible(foo_obj + bar_obj) # Warning: Incompatible methods
chooseOpsMethod.bar <- function(x, y, mx, my, cl, reverse) TRUE
stopifnot(exprs = {

identical(foo_obj + bar_obj, "bar")

identical(bar_obj + foo_obj, "bar")

b

# cleanup
rm(foo_obj, bar_obj, “+.foo™, Ops.bar, chooseOpsMethod.bar)



class

class(x)

class(x) <- value

unclass(x)

inherits(x, what, which = FALSE)
nameOfClass(x)

isa(x, what)

oldClass(x)

oldClass(x) <- value

.class2(x)

X

whatvalue valueNULLwhatnameOfClass ()
which

classoldClassoldClass<-

"matrix""array""function”"numeric"typeof (x)mode(x)"language”"mode”call”calliffor
while({<-=

xfoo(x)class(x)foo.numeric()characterUseMethod().class2(x)

.class2()

NULL"”NULL"class

func("first”, "second”)fun.firstfun.secondfun.default
classclass<-NULLoldClass<-NULLclass(x) <- setdiff(class(x), "ts")
unclass
inheritswhatwhichTRUEwhatclass(x)whatwhichFALSETRUEinheritswhatclass
nameOfClassinheritswhatwhatnameOfClass

isaxwhatisxTRUEclass(x)what

inheritsisa

classinherits
as(object, value)

inheritsisisinherits

UseMethodclassoldClassoldClassis.object



UseMethodNextMethod

x <- 10

class(x) # "numeric”

oldClass(x) # NULL

inherits(x, "a") #FALSE

class(x) <- c("a",

ubn)

inherits(x,"a") #TRUE
inherits(x, "a", TRUE) # 1

inherits(x, c("a",

class( quote(pi) )
## regular calls

"b", "c"), TRUE) # 1 2 @

# "name”

class( quote(sin(pi*x)) ) # "call”

## special calls

class( quote(x <= 1) ) # <"
class( quote((1 < 2)) ) # "
class( quote( if(8<3) pi ) ) # "if"

.class2(pi)

.class2(matrix(1:6,

# "double” "numeric”
2,3)) # "matrix” "array"” "i

integer

n on

numeric”

col

col(x, as.factor = FALSE)
.col(dim)

X dim

dim

as.factor

xijjj

rowslice.index



# extract an off-diagonal of a matrix
ma <- matrix(1:12, 3, 4)
ma[row(ma) == col(ma) + 1]

# create an identity 5-by-5 matrix more slowly than diag(n = 5):
x <- matrix(@, nrow = 5, ncol = 5)
x[row(x) == col(x)] <- 1

(i34 <- .col(3:4))
stopifnot(identical(i34, .col(c(3,4)))) # 'dim' maybe "double”

Colon

from:to
a:b

from
to
ab factor

:a:binteraction(a, b)

from:toseq(from, to)fromtol-1tofromle-7

J

integerfrom”double"mode"numeric’
la:1blb

seqgfrom:to
:interaction

:formula

1:4
pi:6 # real
6:pi # integer

f1 <- gl(2, 3); f1
f2 <- gl(3, 2); f2
f1:f2 # a factor, the "cross” f1 x f2



colSums

colSums (x, na.rm
rowSums (x, na.rm
colMeans(x, na.rm
rowMeans(x, na.rm

FALSE, dims = 1)
FALSE, dims = 1)
FALSE, dims = 1)
FALSE, dims = 1)

.colSums (x, m, n, na.rm = FALSE)
.rowSums (x, m, n, na.rm = FALSE)
.colMeans(x, m, n, na.rm = FALSE)
.rowMeans(x, m, n, na.rm = FALSE)

X .colSums()m * n

na.rm NaN

dims rowxdims+1, ...colx1:dims
mn x.colSums()

applyFUN = meanFUN = sumNaNNAna.rm = FALSENaNNANaNNA
na.omitcomplete.casesx

.colSums()

dimnamesnames

na.rm = TRUE@*SumsNaN*Meanssummean

applyrowsum

## Compute row and column sums for a matrix:

x <= cbind(x1 = 3, x2 = c(4:1, 2:5))

rowSums(x); colSums(x)

dimnames(x)[[1]] <- letters[1:8]

rowSums(x); colSums(x); rowMeans(x); colMeans(x)
x[] <- as.integer(x)

rowSums(x); colSums(x)

x[] <- x <3

rowSums(x); colSums(x)

X <= cbind(x1 = 3, x2 = c(4:1, 2:5))

x[3, 1 <= NA; x[4, 2] <- NA

rowSums(x); colSums(x); rowMeans(x); colMeans(x)
rowSums(x, na.rm = TRUE); colSums(x, na.rm = TRUE)



rowMeans(x, na.rm = TRUE); colMeans(x, na.rm = TRUE)

## an array

dim(UCBAdmissions)

rowSums (UCBAdmissions); rowSums(UCBAdmissions, dims
colSums (UCBAdmissions); colSums(UCBAdmissions, dims

## complex case

X <= cbind(x1 = 3 + 2i, x2 = c(4:1, 2:5) - 5i)

x[3, 1 <= NA; x[4, 2] <- NA

rowSums(x); colSums(x); rowMeans(x); colMeans(x)
rowSums(x, na.rm = TRUE); colSums(x, na.rm = TRUE)
rowMeans(x, na.rm = TRUE); colMeans(x, na.rm = TRUE)

commandArgs

commandArgs (trailingOnly = FALSE)

trailingOnly --args

--args

trailingOnly = TRUE--args

R.home()StartupBATCH

commandArgs ()

## Spawn a copy of this application as it was invoked,
## subject to shell quoting issues

## system(paste(commandArgs(), collapse = " "))



comment "comment"”

data.frame
attributescommentprintprint.default
NULL

comment (x)
comment(x) <- value

X
value characterNULL

attributesattr

x <- matrix(1:12, 3, 4)

comment(x) <- c("This is my very important data from experiment #0234",
"Jun 5, 1998")

X

comment (x)

Comparison

x <y
X >y

X <=y
>=y
==y

xX X X

Xy
OpsOps

localesen_USCZSTaazngg

Encoding

Xy

NANaNNA

==!=identical



CompareOpsc(el, e2)

==1=ifTRUEFALSEidentical
==!=3ll.equalidenticalisTRUE

T<T(x, y)Ops

https://en.wikipedia.org/wiki/Collating_sequencehttps://unicode.org/reports/
tr1@/https://icu.unicode.org/

Logic
factor
Syntax

capabilitiesicuSetCollate

x <- stats::rnorm(20)
x <1
x[x > 0]

x1 <- 0.5 - 0.
x2 <- 0.3 - 0.
x1 == x2 # FALSE on most machines
isTRUE(all.equal(x1, x2)) # TRUE everywhere

3
1

# range of most 8-bit charsets, as well as of Latin-1 in Unicode
z <- c(32:126, 160:255)
x <- if(l1@en_info()$MBCS) {
intToUtf8(z, multiple = TRUE)
} else rawToChar(as.raw(z), multiple = TRUE)
## by number
writeLines(strwrap(paste(x, collapse=" "), width = 60))
## by locale collation
writeLines(strwrap(paste(sort(x), collapse=" "), width = 60))


https://en.wikipedia.org/wiki/Collating_sequence
https://unicode.org/reports/tr10/
https://unicode.org/reports/tr10/
https://icu.unicode.org/

complex

+-%/"

complex(length.out = @, real = numeric(), imaginary = numeric(),
modulus = 1, argument = Q)

as.complex(x, ...)

is.complex(x)

Re(z)
Im(z)
Mod(z)

Arg(z)
Conj(z)

length.out

real

imaginary

modulus

argument

X complex

z complex

complex

as.complexas.vectoras.complex(x)x"logical”"integer"”"double”NANANaNNANA_complex_
NANANANaNNaNNANANaNis.na (. )NA_complex_

is.complexis.numericTRUE

ReImModArgConjz = x + iyxyr = Mod(z) = /2% + y2¢ = Arg(z)x = rcos(¢)y = rsin(¢p)
Complex

+-%/*
%*%crossprodtcrossprodmatrixsolveeigensvd
NaNNANA_complex_

as.complex

ReImModArgConjComplex

NaNdouble complexcomplex(re=NaN, im=NaN)+-
NANA_complex_NA_complex_

as.complex("1i")TiNA_complex_



Arithmeticpolyrootnn

require(graphics)
0i * (-3:3)

matrix(1i* (-6:5), nrow = 4) #- all columns are the same
@ ~ 11 # a complex NaN

## create a complex normal vector

z <- complex(real = stats::rnorm(100), imaginary = stats::rnorm(100))
## or also (less efficiently):

z2 <= 1:2 + 1i*%(8:9)

## The Arg(.) is an angle:

zz <- (rep(1:4, length.out = 9) + 1i*(9:1))/10

zz.shift <- complex(modulus = Mod(zz), argument = Arg(zz) + pi)
plot(zz, xlim = c(-1,1), ylim = c(-1,1), col = "red”, asp =1,

main = expression(paste(”Rotation by ",” ", pi == 180"0)))
abline(h = @, v = @0, col = "blue", 1ty = 3)
points(zz.shift, col = "orange")

## as.complex(<some NA>): numbers keep Im = 0:

NAs <- vapply(list(NA, NA_integer_, NA_real_, NA_character_, NA_complex_),
as.complex, 0+0i)

stopifnot(is.na(NAs), is.na(Re(NAs))) # has always been true

showC <- function(z) noquote(paste@(”("”, Re(z), ","”, Im(z), ")"))

showC(NAs)

Im(NAs) # [0 @ @ NA NA] \\ in R <= 4.3.x was [NA NA @ NA NA]

stopifnot(Im(NAs)[1:3] == Q)

stopifnot(Im(NA_real_ + Qi) == @) # has always been true

## The exact result of this *depends* on the platform, compiler, math-library:

(NpNA <- NaN + NA_complex_) ; str(NpNA) # xbehaves* as 'cplx NA'

stopifnot(is.na(NpNA), is.na(NA_complex_), is.na(Re(NA_complex_)), is.na(Im(NA_complex_)))
showC(NpNA)# but does not always show '(NaN,NA)'

## and this is not TRUE everywhere:

identical (NpNA, NA_complex_)

showC(NA_complex_) # always == (NA,NA)

conditions




tryCatch(expr, ..., finally)
withCallingHandlers(expr, ...)
globalCallingHandlers(...)

signalCondition(cond)

simpleCondition(message, call = NULL)

simpleError (message, call = NULL)

simpleWarning (message, call = NULL)

simpleMessage (message, call = NULL)
errorCondition(message, ..., class = NULL, call = NULL)
warningCondition(message, ..., class = NULL, call = NULL)

## S3 method for class 'condition'
as.character(x, ...)

## S3 method for class 'error'
as.character(x, ...)

## S3 method for class 'condition'
print(x, ...)

## S3 method for class 'restart'
print(x, ...)

conditionCall(c)

## S3 method for class 'condition'
conditionCall(c)
conditionMessage(c)

## S3 method for class 'condition'
conditionMessage(c)

withRestarts(expr, ...)

computeRestarts(cond = NULL)
findRestart(name, cond = NULL)
invokeRestart(r, ...)
tryInvokeRestart(r, ...)
invokeRestartInteractively(r)

isRestart(x)
restartDescription(r)
restartFormals(r)

suspendInterrupts(expr)
allowInterrupts(expr)

.signalSimpleWarning(msg, call)
.handleSimpleError(h, msg, call)
.tryResumelInterrupt()



call
cond
expr
finally
h
message
msg
name

r

X

class

conditionerrorwarningsimpleErrorstopsimpleWarningwarningsimpleMessagemessage
conditionMessageconditionCall

errorCondition...warningCondition

signalConditionstopwarning

tryCatch...finallytryCatchtryCatchfinally

...tryCatchexprexprtryCatch

exprtryCatchtryCatchtryCatch
withCallingHandlerssignalConditionsignalConditionNULL
globalCallingHandlerswithCallingHandlerserrorretry_loadNamespace
withCallingHandlerstryCatchglobalCallingHandlersoptionsglobalCallingHandlers
interruptcondition

withRestartsabort

findRestartcomputeRestartsfindRestartcomputeRestarts
invokeRestartinvokeRestartinvokeRestartfindRestart
tryInvokeRestartinvokeRestartfindRestart"muffleWarning”stopmessageinvokeRestart

withRestartsname = functionname = stringdescriptionfindRestartNULLhandler
descriptiontesttestTRUEFALSETRUE

interactiveinvokeRestartInteractivelyinteractive
suspendInterruptsallowInterrupts

.signalSimpleWarning.handleSimpleError.tryResumelInterrupt

tryCatch

stopwarningtrytryCatchassertCondition



tryCatch(1, finally = print(”"Hello"))

e <- simpleError("test error")

## Not run:
stop(e)
tryCatch(stop(e), finally = print("”Hello"))
tryCatch(stop("fred”), finally = print("Hello"))

## End(Not run)
tryCatch(stop(e), error = function(e) e, finally = print("Hello"))

tryCatch(stop(”"fred”), error = function(e) e, finally = print(”"Hello"))

withCallingHandlers({ warning("A"); 1+2 }, warning = function(w) {3})
## Not run:
{ withRestarts(stop("A"), abort = function() {3}); 1 }

## End(Not run)
withRestarts(invokeRestart("foo"”, 1, 2), foo = function(x, y) {x + y})

##--> More examples are part of
##-->  demo(error.catching)

conflicts

conflictssearch

conflicts(where = search(), detail = FALSE)

where

detail TRUE

detail = FALSEdetail = TRUE

Im <- 1:3

conflicts(, TRUE)

## gives something like
# $.GlobalEnv

# [11 "1m"”

#

# $package:base
# [11 "1m"”

## Remove things from your "workspace” that mask others:
remove(list = conflicts(detail = TRUE)$.GlobalEnv)



connections

file(description = "", open = "", blocking = TRUE,
encoding = getOption("encoding"”), raw = FALSE,
method = getOption("url.method”, "default"))

url(description, open = "", blocking = TRUE,
encoding = getOption(”encoding”),
method = getOption("url.method”, "default"),
headers = NULL)
gzfile(description, open = "", encoding = getOption("encoding"),
compression = 6)

nn

bzfile(description, open = , encoding = getOption("encoding"),

compression = 9)
xzfile(description, open = ""
compression = 6)

, encoding = getOption("encoding"),

nn

zstdfile(description, open = , encoding = getOption("encoding”),

compression = 9)

nn

unz(description, filename, open = , encoding = getOption("encoding”))

nn

pipe(description, open = , encoding = getOption("encoding"))

fifo(description, open = "", blocking = FALSE,
encoding = getOption(”encoding"))
socketConnection(host = "localhost”, port, server = FALSE,

blocking = FALSE, open = "at+",
encoding = getOption("encoding”),
timeout = getOption("timeout"),
options = getOption("socketOptions”))

serverSocket (port)

socketAccept (socket, blocking = FALSE, open = "a+",
encoding = getOption(”encoding"),
timeout = getOption("timeout”),
options = getOption("socketOptions"))

open(con, ...)
## S3 method for class 'connection'

n_n

open(con, open = "r", blocking = TRUE, ...)



close(con,

## S3 method for class 'connection'
close(con, type = "rw"”, ...)

flush(con)

isOpen(con, rw = "")
isIncomplete(con)

socketTimeout (socket, timeout = -1)

description
open
blocking
encoding
raw

method
headers
compression
timeout
options
filename
host

port

server
socket

con

type

rw

c("default”, "internal”, "wininet”, "libcurl")
User-AgentHTTPUserAgentoptions
zstdfilexzfilezstdfile

"no-delay”

"read""write”

socketConnectionsocketAcceptserverSocketopen
fileurl"""clipboard”"stdin"RGuistdin()stdinnullfile()

urlhttp://https://ftp://file://"internal”"wininet""libcurl”https://curl.se/
libcurl/"default”""internal”file://"libcurl”"internal”file://"wininet"file://

http://https://download.file
gzfilegzipbzip2xzlzmazstd

bzfilebzip2

xzfilexzhttps://en.wikipedia.org/wiki/Xzlzmahttps://en.wikipedia.org/wiki/LZMA

zstdfilezstdhttps://en.wikipedia.org/wiki/Zstd

unz.zip


https://curl.se/libcurl/
https://curl.se/libcurl/
https://en.wikipedia.org/wiki/Xz
https://en.wikipedia.org/wiki/LZMA
https://en.wikipedia.org/wiki/Zstd

pipeCOMSPEC

fifofifo
filegzfilehttp://https://
opencloseseek

openopen

close

flushstdoutstderr
filefifo"""w+"open = "w+b"

socketConnection(server=TRUE)serverSocketsocketAcceptclose
socketConnectionsocketAccept”no-delay”TCP_NODELAY

socketTimeouttimeout

filepipefifourlgzfilebzfilexzfilezstdfileunzsocketConnectionsocketAccept
serverSocket”connection”

openflushNULL
closeNULLon.exit()
isOpen
isIncompletereadLines

socketTimeout

urlfilefile://http://https://ftp://

method = "libcurl”libcurlVersionhttps://ftps://
ftp://"internal”

http://URLencode"wininet”
file://methodfile://host/path/to/filehost
file:///path/to/filepath/to/file//path/to/file
file:///d:/R/reposfile://path_to_file
file:URLdecode

download.file

open

"rrt”
"w"'wt”
"a""at"”
"rb"
"wb"

nabn



”r+””r+b”
”W+” ”W+b”

na+nna+bu

umaskSys.umask
readLinesscansourcepushBackreadBinloadsave
nn

open = ""open"r"gzfilebzfilexzfilezstdfile"rb"

gzfilebzfilexzfilezstdfile

gzipbzip2zstdxzlzma

file(raw = FALSE)open”""r""rt""rb"gzfile

openopen = "w"unlink

compressxzfile(compress = 9)xzfilecompressxz-eébxz
zstd--fast=
gzipbzip2xzbzip2gzipxzsave.rdaxzcompress = 9

zstdxz

nnn

iconv native.enc”

nnn

writeLineswritelLinesuseBytes=TRUEencoding”""native.enc”

encodingreadLinesscanencodingreadlLinesscanEncoding”UTF-8""""native.enc"encoding
"UTF-8""latin1"encodingreadlLinesscan

readLinesreadChar

"UCS-2LE""UTF-16LE"@xFEFFiconv"UCS-2"glibc"UTF-16""UCS-2"https://en.wikipedia.
org/wiki/UTF-16"UCS-2LE"

"UTF-8-BOM"writeChar("\ufeff”, con, eos = NULL)writeBin(as.raw(c(@xef, @xbb,
0xbf)), binary_con)

"utf8"”"mac"” "macroman”"UTF-8""macintosh”""utf8""UTF-8"

Sys.getlocale("LC_CTYPE")

readlLines

options("timeout”)http:ftp:

file()


https://en.wikipedia.org/wiki/UTF-16
https://en.wikipedia.org/wiki/UTF-16

filedescription = "clipboard""r"https://specifications.freedesktop.org/
clipboard-spec/latest”X11_primary""X11_secondary”"X11_clipboard”

xcliphttps://github.com/astrand/xclipxselhttps://www.vergenet.net/~conrad/
software/xsel/pipe("xclip -i", "w")

non

pipe("pbpaste”)pipe("pbcopy”, "w")

filepipedescription
ftp://

https://

libcurllibcurllibcurlVersion()

stdinstdoutstderr--max-connections=N
ulimit -ndyn.load
filegzfilebzfilexzfilezstdfilepipeurlunz

makeCluster

nrn nr.+n nyn

vsnprintffifogzfilebzfilexzfilezstdfile

https://www.r-project.org/doc/Rnews/Rnews_2001-1.pdf

textConnectionseekshowConnectionspushBack

readLineswritelLinescatsinkscanparseread.dcfdputdumpreadBinreadCharwriteBin
writeCharloadsave

capabilitiesfifo

gzcongzip
optionsHTTPUserAgentinternet.infotimeout
memCompress
extSoftVersionzlibgzfilebzip2xz

flush.console


https://specifications.freedesktop.org/clipboard-spec/latest
https://specifications.freedesktop.org/clipboard-spec/latest
https://github.com/astrand/xclip
https://www.vergenet.net/~conrad/software/xsel/
https://www.vergenet.net/~conrad/software/xsel/
https://www.r-project.org/doc/Rnews/Rnews_2001-1.pdf

zzfil <- tempfile(fileext=".data")

zz <- file(zzfil, "w") # open an output file connection

cat("TITLE extra line”, "2 35 7", "", "11 13 17", file = zz, sep = "\n")
cat("One more line\n", file = zz)

close(zz)

readLines(zzfil)

unlink(zzfil)

zzfil <- tempfile(fileext=".gz")

zz <- gzfile(zzfil, "w") # compressed file

cat("TITLE extra line”, "2 3 5 7", "", "11 13 17", file = zz, sep = "\n")
close(zz)

readLines(zz <- gzfile(zzfil))

close(zz)

unlink(zzfil)

zz # an invalid connection

zzfil <- tempfile(fileext=".bz2")

zz <- bzfile(zzfil, "w") # bzip2-ed file

cat("TITLE extra line”, "2 3 5 7", "", "11 13 17", file = zz, sep = "\n")

close(zz)

zz # print() method: invalid connection
print(readLines(zz <- bzfile(zzfil)))
close(zz)

unlink(zzfil)

## An example of a file open for reading and writing

Tpath <- tempfile("test")
Tfile <- file(Tpath, "w+")

c(isOpen(Tfile, "r"), isOpen(Tfile, "w")) # both TRUE

cat("abc\ndef\n", file = Tfile)
readLines(Tfile)

seek(Tfile, @, rw = "r") # reset to beginning
readLines(Tfile)

cat("ghi\n", file = Tfile)

readLines(Tfile)

Tfile # -> print() : "valid” connection
close(Tfile)

Tfile # -> print() : "invalid” connection
unlink(Tpath)

## We can do the same thing with an anonymous file.

Tfile <- file()
cat("abc\ndef\n", file = Tfile)
readLines(Tfile)

close(Tfile)

## Not run: ## fifo example -- may hang even with OS support for fifos

if(capabilities("fifo")) {
zzfil <- tempfile(fileext="-fifo")
zz <- fifo(zzfil, "w+")
writeLines("abc”, zz)
print(readLines(zz))
close(zz)
unlink(zzfil)



3
## End(Not run)

## Unix examples of use of pipes

# read listing of current directory
readLines(pipe(”ls -1"))

# remove trailing commas. Suppose

## Not run: % cat data2_

450, 390, 467, 654, 30, 542, 334, 432, 421,
357, 497, 493, 550, 549, 467, 575, 578, 342,
446, 547, 534, 495, 979, 479

## End(Not run)

# Then read this by

scan(pipe(”sed -e s/,$// data2_"), sep = ",")

# convert decimal point to comma in output: see also write.table
# both R strings and (probably) the shell need \ doubled

zzfil <- tempfile("outfile")

zz <- pipe(paste(”sed s/\\\\./,/ >", zzfil), "w")
cat(format(round(stats::rnorm(48), 4)), fill = 70, file = zz)
close(zz)

file.show(zzfil, delete.file = TRUE)

## Not run:
## example for a machine running a finger daemon

con <- socketConnection(port = 79, blocking = TRUE)
writeLines(paste@(system("whoami”, intern = TRUE), "\r"), con)
gsub(” *$", "", readlLines(con))

close(con)

## End(Not run)

## Not run:

## Two R processes communicating via non-blocking sockets
# R process 1

conl <- socketConnection(port = 6011, server = TRUE)
writeLines(LETTERS, conl)

close(con1)

# R process 2
con2 <- socketConnection(Sys.info()["nodename”], port = 6011)
# as non-blocking, may need to loop for input
readLines(con2)
while(isIncomplete(con2)) {
Sys.sleep(1)
z <- readlLines(con2)
if(length(z)) print(z)
3

close(con2)

## examples of use of encodings
# write a file in UTF-8



cat(x, file = (con <- file("foo"”, "w", encoding = "UTF-8"))); close(con)
# read a 'Windows Unicode' file
A <- read.table(con <- file("students"”, encoding = "UCS-2LE")); close(con)

## End(Not run)

Constants

LETTERS
letters
month.abb
month.name

p1

LETTERS
letters
month.abb

month.name

pi

dataDateTimeClasses

QuotesNumericConstants

## John Machin (ca 1706) computed pi to over 100 decimal places
## using the Taylor series expansion of the second term of
pi - 4x(4*xatan(1/5) - atan(1/239))

## months in English

month.name

## months in your current locale
format(ISOdate(2000, 1:12, 1), "%B")
format(ISOdate(2000, 1:12, 1), "%b")



contributors

contributors()

Control

if(cond) expr
if(cond) cons.expr else alt.expr

for(var in seq) expr
while(cond) expr
repeat expr

break

next

X %1%y

cond NA
var

seq NULL
exprcons.expralt.exprxy
{ exprl ; expr2 }

breakforwhilerepeatnextbreaknext
{ .. Jif(..)for(....)}elseif ... elsesourceif
seqforseqvarseqvarvar

Bl 1%x %1%y

if (is.null(x)) y else x
# or equivalently, of course,
if(lis.null(x)) x else y



ifNULLelse
forwhilerepeatNULLforvarsegNULL

breaknext

SyntaxParen

ifelseswitch

for(i in 1:5) print(1:i)
for(n in c(2,5,10,20,50)) {
x <- stats::rnorm(n)
cat(n, ": ", sum(x*2), "\n", sep = "")
3
f <- factor(sample(letters[1:5], 10, replace = TRUE))
for(i in unique(f)) print(i)

res <- {}
res %||% "alternative result”
x <- head(x) %||% stop("parsed, but *not* evaluated..")

res <- if(sum(x) > 7.5) mean(x) # may be NULL
res %||% "sum(x) <= 7.5"

copyright

licensecontributors

/COPYRIGHTS

crossprod

xyt(x) %*% ycrossprodx %x*% t(y)tcrossprod
matOps

crossprod(x, y = NULL, ...)
tcrossprod(x, y = NULL, ...)



Xy y = NULLx

dimnamesxy

xynamesdimnames
%%%
NaNInfoptions("matprod")

%*xHk0%

(z <- crossprod(1:4)) # = sum(1 + 22 + 372 + 4*2)
drop(z) # scalar
X <= 1:4; names(x) <- letters[1:4]; x
tcrossprod(as.matrix(x)) # is
identical (tcrossprod(as.matrix(x)),

crossprod(t(x)))
tcrossprod(x) # no dimnames

m <- matrix(1:6, 2,3) ; v <= 1:3; v2 <- 2:1

stopifnot(identical(tcrossprod(v, m), v %*% t(m)),
identical(tcrossprod(v, m), crossprod(v, t(m))),
identical(crossprod(m, v2), t(m) %x% v2))

Cstack_info

Cstack_info()

sizeNA
glibc

options("expressions”)



size NA

current NA
direction 1-1
eval_depth Cstack_info

Cstack_info()

cumsum

cumsum(x)
cumprod(x)
cummax (x)
cummin(x)

X cummincummax
Math

xcumprodx*

NAXNAcumsumNANAcumsum() Im(cumsum(x) )=cumsum(Im(x))
cumsumcumprodMathcummaxcummin
cumsum

cumsum(1:10)
cumprod(1:10)
cummin(c(3:1, 2:0, 4:2))
cummax(c(3:1, 2:0, 4:2))

’



curlGetHeaders

http://ftp://https://ftps://

curlGetHeaders(url, redirect = TRUE, verify = TRUE,

timeout = oL, TLS = "")
url
redirect
verify
timeout
TLS https://""libcurl”1.1""1.2"1libcurl”1.3"libcurl

curl -I -Lcurl -Iftp://

timeoutgetOption("timeout”)
options(internet.info = 1)
status405

download.file

"status”

https://en.wikipedia.org/wiki/List_of_HTTP_status_codeshttps://en.wikipedia.
org/wiki/List_of_FTP_server_return_codes

capabilities(”libcurl”)libcurlVersionlibcurl

optionsHTTPUserAgenttimeout

## needs Internet access, results vary
curlGetHeaders("http://bugs.r-project.org”) ## this redirects to https://
## 2023-04: replaces slow and unreliable https://httpbin.org/status/404
curlGetHeaders("https://developer.R-project.org/inet-tests/not-found")

## returns status


https://en.wikipedia.org/wiki/List_of_HTTP_status_codes
https://en.wikipedia.org/wiki/List_of_FTP_server_return_codes
https://en.wikipedia.org/wiki/List_of_FTP_server_return_codes

cut

cutxx

cut(x, ...)

## Default S3 method:
cut(x, breaks, labels = NULL,
include.lowest = FALSE, right = TRUE, dig.lab = 3,

ordered_result = FALSE, ...)
X
breaks X
labels "(a,b]"labels = FALSE
include.lowest right = FALSE
right
dig.lab

ordered_result

breaksbreaksx

labels” (b1, b2]""(b2, b3]"right = TRUE"[b1, b2)"right = FALSEdig.labb1b2"Range3"”
formatC

breakslabels
getOption("OutDec")labels = NULL

factorlabels = FALSE
breaksNANaNNA

table(cut(x, br))hist(x, br, plot = FALSE)cut(*, labels = FALSE)findInterval()

splitfactortabulatetablefindInterval
quantile

.bincode



Z <- stats::rnorm(10000)

table(cut(Z, breaks = -6:6))

sum(table(cut(Z, breaks = -6:6, labels = FALSE)))
sum(graphics::hist(Z, breaks = -6:6, plot = FALSE)$counts)

cut(rep(1,5), 4) #-- dummy

tx@ <- c(9, 4, 6, 5, 3, 10, 5, 3, 5)
X <- rep(0:8, tx0)
stopifnot(table(x) == tx0)

table( cut(x, breaks = 8))
table( cut(x, breaks = 3%x(-2:5)))
table( cut(x, breaks = 3x(-2:5), right = FALSE))

##--- some values OUTSIDE the breaks :

table(cx <- cut(x, breaks = 2%(0:4)))

table(cxl <- cut(x, breaks = 2%(0:4), right = FALSE))
which(is.na(cx)); x[is.na(cx)] #-- the first 9 values 0
which(is.na(cx1l)); x[is.na(cx1)] #-- the last 5 values 8

## Label construction:

y <- stats::rnorm(100)

table(cut(y, breaks = pi/3*(-3:3)))

table(cut(y, breaks = pi/3*(-3:3), dig.lab = 4))

table(cut(y, breaks = 1%(-3:3), dig.lab = 4))

# extra digits don't "harm” here

table(cut(y, breaks = 1x(-3:3), right = FALSE))
#- the same, since no exact INT!

## sometimes the default dig.lab is not enough to be avoid confusion:
aaa <- c¢(1,2,3,4,5,2,3,4,5,6,7)

cut(aaa, 3)

cut(aaa, 3, dig.lab = 4, ordered_result = TRUE)

## one way to extract the breakpoints
labs <- levels(cut(aaa, 3))
cbind(lower = as.numeric( sub("\\((.+),.*", "\\1", labs) ),
upper = as.numeric( sub("[*,Ix,([*11*)\\]1", "\\1", labs) ))

cut.POSIXt

cut

## S3 method for class 'POSIXt'
cut(x, breaks, labels = NULL, start.on.monday
right = FALSE, ...)

TRUE,

## S3 method for class 'Date'’
cut(x, breaks, labels = NULL, start.on.monday = TRUE,
right = FALSE, ...)



X "POSIXt""Date”

breaks x"sec”"min""hour""day""DSTday" "week" "month""quarter"”"year""s"
”Date” lldayll ”Week” ”monthll ”quarter””year”

labels rightlabels = FALSE

start.on.monday
breaks = "weeks"”

right...

rightinclude.lowest = TRUE
breaks = "quarter"min(x)

breakslabels

labels = FALSE
breaksNANA

seq.POSIXtseq.Datecut

## random dates in a 10-week period
cut(ISOdate(2001, 1, 1) + 70%x86400*stats::runif(100), "weeks")
cut(as.Date("2001/1/1") + 70xstats::runif(100), "weeks")

# The standards all have midnight as the start of the day, but some

# people incorrectly interpret it at the end of the previous day ...

tm <- seq(as.POSIXct("2012-06-01 06:00"), by = "6 hours”, length.out = 24)
aggregate(1:24, list(day = cut(tm, "days")), mean)

# and a version with midnight included in the previous day:
aggregate(1:24, list(day = cut(tm, "days"”, right = TRUE)), mean)

data.class

data.class(x)

X
classNULLdimNULLmode (x)

data.class(x)



xintegerdata.class(x)"numeric”x

class

x <- LETTERS

data.class(factor(x)) # has a class attribute

data.class(matrix(x, ncol = 13)) # has a dim attribute

data.class(list(x)) # the same as mode(x)

data.class(x) # the same as mode(x)

stopifnot(data.class(1:2) == "numeric") # compatibility "rule”
data.frame

data.frame()

data.frame(..., row.names = NULL, check.rows = FALSE,
check.names = TRUE, fix.empty.names = TRUE,
stringsAsFactors = FALSE)

valuetag = value

row.names NULL
check.rows TRUE
check.names TRUEmake . names

fix.empty.names

someName = arg""FALSEcheck.names""
stringsAsFactors

TRUEFALSE

"data.frame”

check.names = FALSEdata.frame

data.frameas.data.frame(optional = TRUE)data.framelstringsAsFactorsdata.framel
data.frameis.vectorl

data.framerow.namesNULLas.matrix

row.names

I

I(...)check.names = FALSE



row.namesrow.names

Iplot.data.frameprint.data.framerow.namesnames[.data.frameI(matrix(.

Math.data.framedata.frameread. tablemake.nameslist2DF

L3 <- LETTERS[1:3]

char <- sample(L3, 10, replace = TRUE)

(d <- data.frame(x = 1, y = 1:10, char = char))

## The "same” with automatic column names:
data.frame(1, 1:10, sample(L3, 10, replace = TRUE))

is.data.frame(d)

## enable automatic conversion of character arguments to factor columns:
(dd <- data.frame(d, fac = letters[1:10], stringsAsFactors = TRUE))
rbind(class = sapply(dd, class), mode = sapply(dd, mode))
stopifnot(1:10 == row.names(d)) # {coercion}

(do <- d[, FALSE]) # data frame with @ columns and 10 rows

(d.@ <- d[FALSE, 1) # <@ rows> data frame (3 named cols)
(d0@ <- dO[FALSE, 1) # data frame with @ columns and @ rows

)

data.matrix

data.matrix(frame, rownames.force = NA)

frame

rownames.force NULLrownamesNANULL

is.numericas.numericas(, "numeric")

frame”data.frame”framerow.namesNULLrownames. forcenames

as.matrix



as.matrixdata.framematrix

DF <- data.frame(a = 1:3, b = letters[10:12],
c = seq(as.Date("2004-01-01"), by = "week”, length.out = 3),
stringsAsFactors = TRUE)

data.matrix(DF[1:2])

data.matrix(DF)

date

date()

"Fri Aug 20 11:11:00 1999"ctime

Sys.DateSys.timeDateDateTimeClasses

(d <- date())
nchar(d) == 24

## something similar in the current locale
##  depending on ctime; e.g. %e could be %d:
format(Sys.time(), "%a %b %e %H:%M:%S %Y")



Dates

"Date”

## S3 method for class 'Date’
summary(object, digits = 12, ...)

## S3 method for class 'Date'’

print(x, max = NULL, ...)

objectx Date

digits

max NULLNULLgetOption("max.print")

meanOps.Date
as.POSIXctas.POSIX1t
"POSIX1t"NA

methods(class = "Date”)

nns

identical()"Date"storage.mode"double""integer”

Sys.Date

weekdays

Ops.Date "Date”
format.Date
axis.Date hist.Date

seq.Date cut.Dateround.Date

DateTimeClasses



(today <- Sys.Date())

format(today, "%d %b %Y") # with month as a word

(tenweeks <- seq(today, length.out=10, by="1 week”)) # next ten weeks
weekdays (today)

months (tenweeks)

(D1s <- as.Date(.leap.seconds))

## Show use of year zero:

(z <- as.Date("01-01-01")) # how it is printed depends on the 0S

z - 365 # so year zero was a leap year.

as.Date("00-02-29")

# if you want a different format, consider something like (if supported)
## Not run: format(z, "%0Q4Y-%m-%d") # "0001-01-01"

format(z, "%_4Y-%m-%d") # " 1-01-01"

format(z, "%_Y-%m-%d") # "1-01-01"

## End(Not run)

## length(<Date>) <- n  now works

1ls <- D1s; length(ls) <- 12

12 <- D1s; length(l2) <- 5 + length(Dls)

stopifnot(exprs = {
## length(.) <- * is compatible to subsetting/indexing:
identical(ls, Dls[seq_along(ls)])
identical (12, Dls[seq_along(12)1)
## has filled with NA's
is.na(12[(length(D1s)+1):1ength(12)1)

»

DateTimeClasses

"POSIX1t""POSIXct"

## S3 method for class 'POSIXct'

print(x, tz = , usetz = TRUE, max = NULL,
digits = getOption("digits.secs”), ...)

## S3 method for class 'POSIXct'
summary(object, digits = 15, ...)

time + z
z + time
time - z
timel lop time2

.leap.seconds



xobject

tzusetz format.POSIXct

max NULLNULLgetOption("max.print")
digits print()

time

timeltime2 as.POSIXct

z

lop ==l=<<=>>=

"POSIXct""POSIX1t"listsecminhourmdaymonyearwdayydayisdstzonegmtoff
time_tstruct tm

"POSIXct""POSIX1t""POSIXt"

difftime"POSIX1t"

meansummaryuniqueis.finitelength<-prettyhistAxismethods(class =  "POSIXt")..
class = "POSIX1t""POSIXct"”

"tzone"
.leap.seconds”POSIXct"”
c"POSIX1t""POSIXct""tzone"

"2005-12-31 23:59:60""1969-12-31 23:59:59 UTC"-1as.POSIXct("1969-12-31
23:59:59", format = "%Y-%m-%d %H:%M:%S", tz = "UTC")NAas.POSIXct("1969-12-31
23:59:59", tz = "UTC")"1969-12-31 23:59:00"

options("max.print”)

"POSIX1t""tzone"TZtz"POSIX1t"""
"POSIXct"”"”tzone""POSIX1t""tzone”

"POSIX1t"list

sec
min
hour
mday
mon
year
wday
yday
isdst

nnnn

zone



gmtoff NAQ@

gmtoffglibctzcode
length()print()str()"POSIXct"[
"POSIX1t"integersecdoublezonecharacterzone
wdayydayformat()as.character()

isdstisdst1

"POSIX1t"balancePOSIX1t()

"POSIXct""POSIX1t"

options("digits.secs”)strftime

"POSIX1t"”

POSIXctlong
isdst-1

TZTZSys.timezone
"POSIX1t"
"POSIX1t"

identical()"P0SIXct"==all.equalstorage.mode”"double""integer"

https://www.r-project.org/doc/Rnews/Rnews_2001-2.pdf

as.POSIXctas.POSIX1t

strptime

Sys.time"POSIXct"

difftime

balancePOSIX1t()
cut.POSIXtseq.POSIXtround.POSIXttrunc.POSIXt

weekdaysmonths()quarters()julian()


https://www.r-project.org/doc/Rnews/Rnews_2001-2.pdf

(z <~ Sys.time()) # the current date, as class "POSIXct”
Sys.time() - 3600 # an hour ago

as.POSIX1t(Sys.time(), "GMT") # the current time in GMT
format(.leap.seconds) # the leap seconds in your time zone
print(.leap.seconds, tz = "America/Los_Angeles”) # and in Seattle's

## look at xinternal* representation of "POSIX1t" :
leapS <- as.POSIX1t(.leap.seconds)
names(unclass(leapS)) ; is.list(leapS)

## str() on inner structure needs unclass(.):
utils::str(unclass(leapS), vec.len = 7)

## show all (apart from "tzone" attr):
data.frame(unclass(leapS))

## Extracting xsingle* components of POSIX1t objects:
leapS[1 : 5, "year"]
leapS[17:22, "mon" ]

dcf

read.dcf(file, fields = NULL, all = FALSE, keep.white = NULL)

write.dcf(x, file = "", append = FALSE, useBytes = FALSE,
indent = 0.1 x getOption("width"),
width = 0.9 * getOption("width"),
keep.white = NULL)

file ""read.dcfgzfile

fields

all all

keep.white NULLread.dcfwrite.dcfstrwrap
X X

append TRUEFALSE

useBytes writeLines()

indent

width



tag:value::

read.dcf(all
write.dcfNA

FALSE)DESCRIPTIONEncoding

read.dcf(all
read.dcf(all
fileread.dcf

FALSE)keep.whitefieldsNA
TRUE)

write.dcfNULL

https://www.debian.org/doc/debian-policy/ch-controlfields.html
#

write.table

available.packagesread.dcf

## Create a reduced version of the DESCRIPTION file in package 'splines'

X <- read.dcf(file = system.file("DESCRIPTION", package = "splines"),
fields = c("Package", "Version”, "Title"))

write.dcf(x)

## An online DCF file with multiple records

con <- url("https://cran.r-project.org/src/contrib/PACKAGES")
y <- read.dcf(con, all = TRUE)

close(con)

utils::str(y)


https://www.debian.org/doc/debian-policy/ch-controlfields.html

debug

textconditionbrowser
debug(fun, text = "", condition = NULL, signature = NULL)
debugonce(fun, text = "", condition = NULL, signature = NULL)

undebug(fun, signature = NULL)
isdebugged(fun, signature = NULL)
debuggingState(on = NULL)

fun

text
condition
signature

on debuggingStateTRUEFALSEFALSEbrowser

browser

browser

debug

trace(..., at = *x)setBreakpoint

debugdebugonce ()
signaturefuntextconditionsignature.local.localisRematched
isdebuggedTRUEsignatureNULLfunsignatureNULLfunfunFALSE

options(deparse.max.lines)

debugundebugNULL
isdebuggedTRUE
FALSE

debugcallbrowsertracetracebackError: ...recover



## Not run:
debug(library)
library(methods)

## End(Not run)

## Not run:

debugonce(sample)

## only the first call will be debugged
sample(10, 1)

sample(10, 1)

## End(Not run)

declare
declare(...)
declare()NULL

Defunct
.Defunct

.Defunct(new, package = NULL, msg)

new
package
msg

.Defuncthelp(”-defunct")

.Defunct”defunctError”oldnewpackage

Deprecated
help("base-defunct”)



delayedAssign

delayedAssign

delayedAssign(x, value, eval.env = parent.frame(1),
assign.env = parent.frame(1))

X
value X
eval.env value
assign.env X

eval.envassign.env
delayedAssign

eval.env

valuex

substituteassign.env.GlobalEnv

msg <- "old"

delayedAssign("”x", msg)

substitute(x) # shows only 'x', as it is in the global env.
msg <- "new!"”

x # new!

delayedAssign("x", {
for(i in 1:3)
cat("yippee!\n")
10
»

x"2 #- yippee
x"2 #- simple number

ne <- new.env()
delayedAssign(”x", pi + 2, assign.env = ne)
## See the promise {without "forcing” (i.e. evaluating) it}:

substitute(x, ne) # 'pi + 2'

### Promises in an environment [for advanced users]: ----------—-————————-



e <- (function(x, y =1, z) environment())(cos, "y", {cat(" HO!\n"); pi+2})
## How can we look at all promises in an env (w/o forcing them)?
gete <- function(e_) {

ne <- names(e_)

names(ne) <- ne

lapply(lapply(ne, as.name),

function(n) eval(substitute(substitute(X, e_), list(X=n))))

3
(exps <- gete(e))
sapply(exps, typeof)

(le <- as.list(e)) # evaluates ("force"s) the promises
stopifnot(identical(le, lapply(exps, eval))) # and another "Ho!"

deparse

deparse(expr, width.cutoff = 60L,

backtick = mode(expr) %in% c("call”, "expression”, "(", "function"),
control = c("keepNA", "keepInteger"”, "niceNames”, "showAttributes”),
nlines = -1L)

deparsel(expr, collapse = " ", width.cutoff = 500L, ...)

expr

width.cutoff  [20, 500

backtick

control NULLcontrol = "all".deparseOpts

nlines

collapse paste()

deparse()

modetypeof”expression”expressionparse
deparsesubstitutemyplot

backtick

width.cutoffwidth.cutoffarg = value
deparsel()characterdeparsel(substitute(.))

recordPlot.Internal



.deparseOptscontroldput ()dump()
substituteparseexpression

Quotes

require(stats); require(graphics)

deparse(args(1lm))
deparse(args(lm), width.cutoff = 500)

myplot <- function(x, y) {
plot(x, y, xlab = deparsel(substitute(x)),
ylab = deparsel(substitute(y)))
3

e <- quote( foo bar™)

deparse(e)

deparse(e, backtick = TRUE)

e <- quote( foo bar +1)

deparse(e)

deparse(e, control = "all") # wraps it w/ quote( . )

deparseOpts

deparsedputdump

.deparseOpts(control)

. .deparseOpts

control

. .deparseQptscharacter.deparseOpts()
.deparseOpts()deparsedputdumpcontrol

control. .deparseOpts

"keepInteger"” as.integer()LNANA_integer_NA"S_compatible”
"quoteExpressions” formulaquote()

"showAttributes"” attributessourcesrcrefstructure()names”niceNames”
"showAttributes"deparsedput



"useSource" sourcesrcref
"warnIncomplete”

"keepNA" NANA_real_S_compatible

"niceNames"” listNAnamesc(A = 1)structure(l, names = "A")"showAttributes”
"all” "digits17"dump”"digits17"edit
"delayPromises”

"S_compatible”

"hexNumeric" "%a"sprintf

"digits17” "%.17g"

"exact"” control = c("all”, "hexNumeric")

control = NULLdeparsedumpcontrol = "all”"c("keepInteger”, "keepNA™)
"warnIncomplete”

control = "exact"control = c("all”, "hexNumeric")deparse()parse()"”all”"digits17"

"hexNumeric""digits17"”

control

stopifnot(.deparseOpts(”exact”) == .deparseOpts(c(”all”, "hexNumeric")))
(iOpt.all <- .deparseOpts(”all”)) # a four digit integer

## one integer --> vector binary bits
int2bits <- function(x, base = 2L,
ndigits = 1 + floor(le-9 + log(max(x,1), base))) {
r <- numeric(ndigits)
for (i in ndigits:1) {
rfil] <- x%%base
if (i > 1L)
x <- x%/%base
}
rev(r) # smallest bit at left
3
int2bits(iOpt.all)
## What options does "all"” contain ? =========
(dep0.indiv <- setdiff(..deparseOpts, c(”all”, "exact")))
(oa <- dep0.indiv[int2bits(iOpt.all) == 1]1)# 8 strings
stopifnot(identical (iOpt.all, .deparseOpts(oa)))

## ditto for "exact” instead of "all":
(i0pt.X <- .deparseOpts("exact”))
data.frame(opts = depO.indiv,
all = int2bits(iOpt.all),
exact= int2bits(iOpt.X))
(oX <- dep0.indiv[int2bits(iOpt.X) == 1]) # 8 strings, too
diffXall <- oa != oX
stopifnot(identical (iOpt.X, .deparseOpts(oX)),
identical (oX[diffXall], "hexNumeric"),
identical(oal[diffXall], "digits17"))



Deprecated

.Deprecated

.Deprecated(new, package = NULL, msg,
old = as.character(sys.call(sys.parent()))[1L])

new
package
msg
old

.Deprecated("")help("-deprecated”)help("-deprecated”)

.Deprecated"deprecatedWarning”oldnewpackage

Defunct

help("base-deprecated")

det

detdeterminant

det(x, ...)
determinant(x, logarithm = TRUE, ...)

X
logarithm TRUE

determinantdetdeterminant

detxdeterminant

modulus logarithmFALSE
sign +1-1



(x <= matrix(1:4, ncol = 2))
unlist(determinant(x))
det(x)

det(print(cbind(1, 1:3, c(2,0,1))))

detach

search()data.frameattachlibrary

detach(name, pos = 2L, unload = FALSE, character.only = FALSE,
force = FALSE)

name search() [pos]pos
pos search()namepos = name
unload unloadTRUEdetachunloadNamespaceunloadFALSE

character.only name

force

package:tools

unload = TRUEgetLoadedDLLslibrary.dynam.unloadlibrary

NULLattach

detach()attach
attachdetachattach

attachlibrarysearchobjectsunloadNamespacelibrary.dynam.unload



require(splines) # package
detach(package:splines)

## or also
library(splines)

pkg <- "package:splines”

detach(pkg, character.only = TRUE)

## careful: do not do this unless 'splines' is not already attached.
library(splines)
detach(2) # 'pos' used for 'name'

## an example of the name argument to attach
## and of detaching a database named by a character vector
attach_and_detach <- function(db, pos = 2)

{
name <- deparsel(substitute(db))
attach(db, pos = pos, name = name)
print(search()[pos])
detach(name, character.only = TRUE)
3

attach_and_detach(women, pos = 3)

diag

diag(x = 1, nrow, ncol, names = TRUE)
diag(x) <- value

X array
nrowncol X
names xxnamesdimnames (x)
value X
diag
X
Xnrow
X

xcomplexnumericintegerlogicalraw

nrowncol



xdiag(x)xnamesnamesx
X
nrowncolncolnrowxnrowncolnrow = as.integer(x)

X

diag(x)xdiag(x, nrow = length(x))

upper.trilower.trimatrix

dim(diag(3))
diag(10, 3, 4) # guess what?
all(diag(1:3) == {m <- matrix(9,3,3); diag(m) <- 1:3; m})

## other "numeric"-like diagonal matrices :
diag(c(1i,2i)) # complex

diag(TRUE, 3) # logical
diag(as.raw(1:3)) # raw

(D2 <- diag(2:1, 4)); typeof(D2) # "integer"

require(stats)

## diag(<var-cov-matrix>) = variances
diag(var(M <- cbind(X = 1:5, Y = rnorm(5))))
#-> vector with names "X" and "Y"
rownames(M) <- c(colnames(M), rep("", 3))

M; diag(M) # named as well

diag(M, names = FALSE) # w/o names

diff

diff(x, ...)

## Default S3 method:
diff(x, lag = 1, differences = 1, ...)

## S3 method for class 'POSIXt'
diff(x, lag = 1, differences =1, ...)

## S3 method for class 'Date'’
diff(x, lag = 1, differences =1, ...)



X
lag

differences

diff"ts”""POSIXt""Date”
NA

xndifferences = 1x[(1+lag):n] - x[1:(n-lag)]
differencexx

X

diff.tsdiffinv

diff(1:10, 2)

diff(1:10, 2, 2)

x <= cumsum(cumsum(1:10))
diff(x, lag = 2)

diff(x, differences = 2)

diff(.leap.seconds)

## allows to pass units via ... to difftime()

diff(.leap.seconds, units = "weeks")

diff(as.Date(.leap.seconds), units = "weeks")
difftime

print()

timel - time2
difftime(timel, time2, tz,
units = c("auto”, "secs”, "mins”, "hours",
Ildayslly Ilweeksll))

as.difftime(tim, format = "%X", units = "auto"”, tz = "UTC")

## S3 method for class 'difftime'



format(x, ..., with.units = TRUE)

## S3 method for class 'difftime’

units(x)

## S3 replacement method for class 'difftime'’
units(x) <- value

## S3 method for class 'difftime’
as.double(x, units = "auto”, ...)

## Group methods, notably for round(), signif(), floor(),

## ceiling(), trunc(), abs(); called directly, *notx as Math():
## S3 method for class 'difftime’

Math(x, ...)

timeltime2

tz "POSIX1t"
units

value units

tim

format timstrptime
X "difftime”
with.units format()

difftimetimeltime2"difftime"MathroundsigniffloorceilingtruncabssignOps

nn

units = "auto""weeks"”
difftimeunits = "auto”as.difftime()format

"difftime""difftime""difftime""difftime"meansumSummarydiffdiff.default
"difftime"”-

"difftime"units

units = "days""Date”
as.doubleunits = "auto”
format

z <- as.POSIXct(c("2016-12-31 23:59:59", "2017-01-01 00:00:01"))
z[21 - z[1]

Time difference of 2 secs

"months"”seq.Dateseq.POSIXt



DateTimeClasses

(z <- Sys.time() - 3600)
Sys.time() - z # just over 3600 seconds.

## time interval between release days of R 1.2.2 and 1.2.3.
ISOdate (2001, 4, 26) - ISOdate(2001, 2, 26)

as.difftime(c("0:3:20", "11:23:15"))
as.difftime(c(”3:20", "23:15", "2:"), format = "%H:%M") # 3rd gives NA
(z <- as.difftime(c(@,30,60), units = "mins"))

as.numeric(z, units = "secs")
as.numeric(z, units = "hours")
format(z)

dim
dim(x)

dim(x) <- value

value NULL

dimdim<-

dimdata.framerow.namesxx

dimdimNULLinteger

nn

"dim""dimnames" "names"”

ncolnrowdimnames

X <= 1:12 ; dim(x) <- c(3,4)
X

# simple versions of nrow and ncol could be defined as follows
nrowd <- function(x) dim(x)[1]
ncol@® <- function(x) dim(x)[2]



dimnames

dimnames(x)
dimnames(x) <- value

provideDimnames(x, sep = "", base = 1list(LETTERS), unique = TRUE)
X

value dimnames(x)

sep base

base list

unique make.unique

dimnamesdimnames<-

arraymatrixdimnamesvalue
valueas.characterNULLNULLvalueNULL
row.namesnamesvalueas.character

namesdimnames

provideDimnames(x)dimnamescharacteruniquemake.unique(*, sep=sep)

NULLdim(x)NULLXNULLNULL
"data.frame”

provideDimnames (x)xNULLdimnames

dimnames(A)[[1]] <- valueNULLrownames

rownamescolnamesarraymatrixdata. frame



## simple versions of rownames and colnames
## could be defined as follows

rownames@ <- function(x) dimnames(x)[[1]]
colnames@ <- function(x) dimnames(x)[[2]]

(dn <- dimnames(A <- provideDimnames(N <- array(1:24, dim = 2:4))))

AQ <- A; dimnames(A)[2:3] <- list(NULL)

stopifnot(identical (A@, provideDimnames(A)))

strd <- function(x) utils::str(dimnames(x))

strd(provideDimnames (A, base= list(letters[-(1:9)]1, tail(LETTERS))))
strd(provideDimnames(N, base= list(letters[-(1:9)], tail(LETTERS)))) # recycling
strd(provideDimnames (A, base= list(c("AA","BB")))) # recycling on both levels

## set "empty dimnames”:

provideDimnames(rbind(1, 2:3), base = list(""), unique=FALSE)

do.call

do.call

do.call(what, args, quote = FALSE, envir = parent.frame())

what

args namesargs
quote

envir what

quoteFALSEenvirquoteTRUEquote
substitutedo.call

.Internal

call



do.call("complex”, list(imaginary = 1:3))

## if we already have a list (e.g., a data frame)
## we need c() to add further arguments

tmp <- expand.grid(letters[1:2], 1:3, c("+", "=-"))
do.call("paste”, c(tmp, sep = ""))

do.call(paste, list(as.name("A"), as.name(”B")), quote = TRUE)

## examples of where objects will be found.
A<-2

f <- function(x) print(x*2)

env <- new.env()

assign("A", 10, envir = env)

assign("f", f, envir = env)

f <- function(x) print(x)

f(A) # 2
do.call("f", list(A)) # 2
do.call("f", list(A), envir = env) # 4
do.call( f, 1list(A), envir = env) # 2

do.call("f", list(quote(A)), envir = env) # 100
do.call( f, 1list(quote(A)), envir = env) # 10
do.call("f”, list(as.name("A")), envir = env) # 100

eval(call("f", A)) # 2
eval(call("f", quote(A))) # 2
eval(call("f", A), envir = env) # 4

eval(call("f", quote(A)), envir = env) # 100

dontCheck

dontCheckidentityR CMD checkxcheckFF(registration = TRUE).NAME

dontCheck(x)

suppressForeignCheckdontCheck



dots ]

..elt(n)..eval(pasted(”.."”, n))switch(n, ...)NULLn

.length()
...names()
..elt(n)

n ...length()length(list(...))...

..... 1..2Reserved

tst <- function(n, ...) ...elt(n)
tst(1, pi=pi*0:1, 2:4) ## [1] 0.000000 3.141593
tst(2, pizpi*@:1, 2:4) ## [1] 2 3 4

try(tst(1)) # -> Error about '...' not containing an element.
tst.dl <- function(x, ...) ...length()
tst.dns <- function(x, ...) ...names()

tst.dl(1:10) # @ (because the first argument is 'x')
tst.dl(4, 5) #1
tst.dl(4, 5, 6) # 2 namely '5, 6'

tst.dl(4, 5, 6, 7, sin(1:10), "foo"/"bar") # 5. Note: no evaluation!
tst.dns(4, foo=5, 6, bar=7, sini = sin(1:10), "foo"/"bar")

it 100" MM "har"  Msini” wn

## From R 4.1.0 to 4.1.2, ...names() sometimes did not match names(list(...));

## check and show (these examples all would've failed):

chk.n2 <- function(...) stopifnot(identical(print(...names()), names(list(...))))
chk.n2(4, foo=5, 6, bar=7, sini = sin(1:10@), "bar")

chk.n2()

chk.n2(1,2)



double

double(length = @)
as.double(x, ...)
is.double(x)

single(length = @)
as.single(x, ...)

length

X

double@numeric
as.doubleas.numeric”double”
is.double

as.singlesingleas.doubledoubleCsingle.C.Fortran

double®
as.doubleas.vectorstorage.mode@x@X"NA""NaN""Inf""infinity"
as.doublefactor

is.doubleTRUEFALSE

2 x 1073982 x 10398NaN

.Machine

doublenumericreal
doublenumeric”numeric”

"numeric”is.numericas.numericas.double

https://en.wikipedia.org/wiki/IEEE_754-1985https://en.wikipedia.org/wiki/IEEE_
754-2008https://en.wikipedia.org/wiki/IEEE_754-2019https://en.wikipedia.org/
wiki/Double_precisionhttps://en.wikipedia.org/wiki/Denormal_number


https://en.wikipedia.org/wiki/IEEE_754-1985
https://en.wikipedia.org/wiki/IEEE_754-2008
https://en.wikipedia.org/wiki/IEEE_754-2008
https://en.wikipedia.org/wiki/IEEE_754-2019
https://en.wikipedia.org/wiki/Double_precision
https://en.wikipedia.org/wiki/Double_precision
https://en.wikipedia.org/wiki/Denormal_number

integernumericstorage.mode

is.double(1)
all(double(3) == 0)

dput

dput(x, file = "",
control = c("keepNA", "keepInteger”, "niceNames"”, "showAttributes"))

dget(file, keep.source = FALSE)

X
file "
control NULLcontrol = "all".deparseOpts

keep.source

dputfilexdumpx
controldput()dumpcontrol = "all"control = NULL
dput

"useSource"controloptions(keep.source = FALSEsource

dput
dget

dumpsavesaveRDSdput

deparse.deparseOptsdumpwrite



fil <- tempfile()

## Write an ASCII version of the 'base' function mean() to our temp file,
dput(base: :mean, fil)

## ... read it back into 'bar' and confirm it is the same

bar <- dget(fil)

stopifnot(all.equal(bar, base::mean, check.environment = FALSE))

## Create a function with comments
baz <- function(x) {
# Subtract from one

1-x
3
## and display it
dput (baz)
## and now display the saved source
dput(baz, control = "useSource")

## Numeric values:
xx <= pi*(1:3)

dput (xx)
dput(xx, control = "digits17")
dput(xx, control = "hexNumeric")

dput(xx, fil); dget(fil) - xx # slight rounding on all platforms
dput(xx, fil, control = "digits17")

dget(fil) - xx # slight rounding on some platforms

dput(xx, fil, control = "hexNumeric"); dget(fil) - xx
unlink(fil)

xn <- setNames(xx, paste@("pi*",1:3))

dput(xn) # nicer, now "niceNames" being part of default 'control'
dput(xn, control = "S_compat”) # no names

## explicitly asking for output as in R < 3.5.0:

dput(xn, control = c("keepNA", "keepInteger"”, "showAttributes"))

drop

drop(x)

xdimarraydropxdimnamesxnamesdimnamesnamesdimnamesNULL
[drop = FALSEdrop

dropldroplevelsfactor



dim(drop(array(1:12, dim = ¢(1,3,1,1,2,1,2)))) # =3 2 2
drop(1:3 %*% 2:4) # scalar product - w/o drop(.), would return 1x1 matrix

# Behavior when result is length-1 vector:

(x <= x1 <= x2 <- array(@, c(1L, 1L), list("a", "b")))
colnames(x1) <- rownames(x2) <- NULL

names(drop(x )) # NULL

names(drop(x1)) # "a
names(drop(x2)) # "b"

droplevels

droplevelsfactor

droplevels(x, ...)

## S3 method for class 'factor'

droplevels(x, exclude = if(anyNA(levels(x))) NULL else NA, ...)
## S3 method for class 'data.frame'

droplevels(x, except, exclude, ...)

X

exclude factor ONANAxx[ , drop=TRUE]
except

"factor"factor(x, exclude=exclude)excludeexclude

except

droplevelsx

except

subsetfactordropdropl[.factor

aq <- transform(airquality, Month = factor(Month, labels = month.abb[5:91))
aq <- subset(aq, Month != "Jul")

table( aq $Month)

table(droplevels(aq)$Month)



dump

dumpsource

dump(list, file = "dumpdata.R", append = FALSE,

control = "all”, envir = parent.frame(), evaluate = TRUE)
list NULL
file "
append TRUEfilefilefile
control NULL .deparseOpts
envir
evaluate
file
sourcedump
dump
dumpsourcesavesaveRDSdumpcontrol = "exact”

control = NULLsource.deparseOpts
control = c("keepInteger”, "warnIncomplete”, "keepNA")
evaluate = TRUEdelayedAssignevaluate = FALSE

dumpdumpenvir

S4sourcecontrol

.deparseOptscontroldput()dget()deparse()
writewrite.table

savesaveRDS

Xx <= 1; y<-1:10

fil <- tempfile(fileext=".Rdmped")
dump(ls(pattern = '*[xyz]'), fil)
print(.Last.value)

unlink(fil)



duplicated

duplicated()
anyDuplicated(.)any(duplicated(.))TRUE

duplicated(x, incomparables = FALSE, ...)

## Default S3 method:

duplicated(x, incomparables = FALSE,
fromLast = FALSE, nmax = NA, ...)

## S3 method for class 'array'
duplicated(x, incomparables = FALSE, MARGIN = 1,
fromLast = FALSE, ...)

anyDuplicated(x, incomparables = FALSE, ...)

## Default S3 method:

anyDuplicated(x, incomparables
fromLast = FALSE, ...)

## S3 method for class 'array'

anyDuplicated(x, incomparables = FALSE,
MARGIN = 1, fromLast = FALSE, ...)

FALSE,

X is.vectorNULL

incomparables FALSEXx

fromLast duplicated = FALSE

nmax

MARGIN applyMARGIN =

duplicatedanyDuplicatedanyDuplicated(x, ...)any(duplicated(x, ...))ix[i]e

duplicatedanyDuplicated

duplicated(x, fromLast = TRUE)rev(duplicated(rev(x)))
MARGINfromLast = TRUEMARGIN = 2MARGIN = 0x
"NA"NaNmatchunique

incomparables

nmax = NAnmax = length(x)8*nmaxnmaxlength(x)NAnmaxnmax = 1

duplicatednmax



duplicated()xMARGIN = @
anyDuplicated()@

vectorO(n?)

unique

X <- c(9:20, 1:5, 3:7, 0:8)

## extract unique elements

(xu <- x[!duplicated(x)])

## similar, same elements but different order:
(xu2 <- x[!duplicated(x, fromLast = TRUE)])

## xu == unique(x) but unique(x) is more efficient
stopifnot(identical(xu, unique(x)),
identical(xu2, unique(x, fromLast = TRUE)))

which(duplicated(warpbreaks))

## for 3d array, MARGIN = -1 <==> MARGIN = 2:3

duplicated(gait, MARGIN = -1) # boy26 duplicates boy19, see help(gait).
anyDuplicated(warpbreaks)

anyDuplicated(x)
anyDuplicated(x, fromLast = TRUE)

dyn.load

dyn.load(x, local = TRUE, now = TRUE, ...)
dyn.unload(x)

is.loaded(symbol, PACKAGE = "", type = "")

local

now

symbol

PACKAGE name.so.sl.dll.C.Call.Fortran.External
type """Fortran""Call""External”



dyn.load

PACKAGE
dyn.loaddlopen()
local

now = FALSETRUEFALSE
_init()
verbosewarnoptions

https://www.stat.ucdavis.edu/~duncan/R/dynload/

dyn.load.C.Call.Fortran.Externaldyn.loadDLLInfogetlLoadedDLLs
dyn.unload
is.loaded.NAME.C.Fortran.Call.Externaltype.Fortran

dyn.unloadlibrary.dynamlibrary.dynam.unload

is.loaded.C

R_MAX_NUM_DLLSulimit -nshbashlimit descriptorscshR_MAX_NUM_DLLS
R_MAX_NUM_DLLS

dlopendyn.loaddlopenLoadlLibrary

library.dynam.onLoad
SHLIB
.C.Fortran.External.Call

## expect all of these to be false in R >= 3.0.0 as these can only be
## used via registered symbols.

is.loaded("supsmu”) # Fortran entry point in stats
is.loaded("supsmu”, "stats"”, "Fortran")

is.loaded("PDF", type = "External”) # pdf() device in grDevices


https://www.stat.ucdavis.edu/~duncan/R/dynload/

eapply

eapplyFUNenvironment
eapply(env, FUN, ..., all.names = FALSE, USE.NAMES = TRUE)
env
FUN match. fun+%x%
FUN
all.names
USE.NAMES names

USE.NAMES = FALSE

environmentlapply

require(stats)

env <- new.env(hash = FALSE) # so the order is fixed
env$a <- 1:10

env$beta <- exp(-3:3)

env$logic <- c(TRUE, FALSE, FALSE, TRUE)

# what have we there?

utils::1s.str(env)

# compute the mean for each list element
eapply(env, mean)
unlist(eapply(env, mean, USE.NAMES = FALSE))
# median and quartiles for each element (making use of "..."
eapply(env, quantile, probs = 1:3/4)
eapply(env, quantile)

passing):

eigen

eigen(x, symmetric, only.values = FALSE, EISPACK = FALSE)



X
symmetric TRUEsymmetricisSymmetric(x)
only.values TRUE

EISPACK

symmetricisSymmetric(x)

XX
1

NaNx

X

values pxMod(values)

vectors p X pxNULLonly.valuesTRUE

only.values"”eigen”

r <- eigen(A)V <- r$vectors; lam <- r$values
A=VAV~!

A =diag(lam)

eigenDSYEVRDGEEVZHEEVZGEEV
https://netlib.org/lapack/

https://netlib.org/lapack/lug/lapack_lug.html

svdeigengrchol
grdet

eigen(cbind(c(1,-1), c(-1,1)))
eigen(cbind(c(1,-1), c(-1,1)), symmetric = FALSE)
# same (different algorithm).

eigen(cbind(1, c(1,-1)), only.values = TRUE)

eigen(cbind(-1, 2:1)) # complex values

eigen(print(cbind(c(@, 1i), c(-1i, @)))) # Hermite ==> real Eigenvalues
## 3 x 3:

eigen(cbind( 1, 3:1, 1:3))

eigen(cbind(-1, c(1:2,0), 0:2)) # complex values


https://netlib.org/lapack/
https://netlib.org/lapack/lug/lapack_lug.html

encodeString

encodeStringprint.default

nn

encodeString(x, width = @, quote = , nha.encode = TRUE,
justify = c("left”, "right”, "centre”, "none"))

X as.character

width NULLNAX

quote

na.encode NA

justify justify == "none"width = @format.default
\a\b\f\n\r\t\v\xyz

print.default

quote

X

widthformat.default

print.default

x <= "ab\bc\ndef"”

print(x)

cat(x) # interprets escapes
cat(encodeString(x), "\n", sep =

nn

) # similar to print()
factor(x) # makes use of this to print the levels

x <- c("a", "ab", "abcde")

encodeString(x) # width = 0: use as little as possible
encodeString(x, 2) # use two or more (left justified)
encodeString(x, width = NA) # left justification
encodeString(x, width = NA, justify = "c")
encodeString(x, width = NA, justify = "r")
encodeString(x, width = NA, quote = "'", justify = "r")



Encoding

Encoding(x)
Encoding(x) <- value

enc2native(x)
enc2utf8(x)

value

"latin1""UTF-8""bytes"Encoding”latin1"”"UTF-8""bytes" "unknown"”value"”unknown”
"bytes"writeLines(useBytes = TRUE)

enc2nativeenc2utf8

\u\Uscanread. tablereadLinesparseencodingiconvtointToUtf8"UTF-8"textConnection
source(encoding=)

chartrstrsplit(useBytes = FALSE)tolowertouppersub(useBytes = FALSE)gsub(useBytes
= FALSE)

substrchartrtolowertoupperfixedperlstrsplitsubgsub
pastesprintf
matchpmatchcharmatchduplicatedunique

Sys.setlocale

enc2utf8enc2native

## x is intended to be in latini

X. <= x <= "fran\xE7ais"

Encoding(x.) # "unknown" (UTF-8 loc.) | "latin1" (8859-1/CP-1252 loc.) |
Encoding(x) <- "latinl”

X
xx <- iconv(x, "latin1", "UTF-8")
Encoding(c(x., x, xx))

c(x, xx)

xb <- xx; Encoding(xb) <- "bytes”

xb # will be encoded in hex

cat("x =", x, ", xx =", xx, ", xb =", xb, "\n", sep ="")

(Ex <- Encoding(c(x.,x,xx,xb)))

stopifnot(identical (Ex, c(Encoding(x.), Encoding(x),
Encoding(xx), Encoding(xb))))



environment

environment(fun = NULL)
environment(fun) <- value

is.environment(x)

.GlobalEnv
globalenv()
.BaseNamespaceEnv

emptyenv()
baseenv()

new.env(hash = TRUE, parent = parent.frame(), size = 29L)

parent.env(env)
parent.env(env) <- value

environmentName(env)

env.profile(env)

fun functionformulaNULL
value

X

hash TRUE

parent

env

size sizeNAhashFALSE

parent.frameparent.env

getexistsinherits = TRUE

.GlobalEnvglobalenv()

.BaseNamespaceEnvbaseenv ()

parent.envemptyenv()

parent.env<-
environmentis.environmentbaseenvemptyenvglobalenv

attach()"name”



funenvironment (fun)funNULL
funvalueprimitivefunNULL
is.environment(obj)TRUEobjenvironment
new.env

parent.env

parent.env<-

environmentName

env.profilesizenchainsHASHPRIcountsenvNULL

https://en.wikipedia.org/wiki/Hash_table
envirevalgetexists
1sls.str

Sys.source

f <- function() "top level function”
##-- all three give the same:
environment()

environment (f)

.GlobalEnv

ls(envir = environment(stats: :approxfun(1:2, 1:2, method = "const")))

is.environment(.GlobalEnv) # TRUE

el <- new.env(parent = baseenv()) # this one has enclosure package:base.
e2 <- new.env(parent = el)

assign("a", 3, envir = el)

1s(el)

1s(e2)

exists("a", envir = e2) # this succeeds by inheritance

exists("a", envir = e2, inherits = FALSE)

exists("+", envir = e2) # this succeeds by inheritance

eh <- new.env(hash = TRUE, size = NA)
with(env.profile(eh), stopifnot(size == length(counts)))

EnvVar



https://en.wikipedia.org/wiki/Hash_table

HOME

LANGUAGE

LC_ALL Sys.getlocale

MAKEINDEX makeindextexi2dvitexi2pdf
R_BATCH R CMD BATCH""!is.na(Sys.getenv("R_BATCH", NA))
R_BROWSER options("browser")
R_COMPLETION FALSE

R_DEFAULT_PACKAGES options

R_DOC_DIR doc

R_ENVIRON

R_GSCMD dev2bitmapbitmapembedFontssystem
R_HISTFILE

R_HISTSIZE

readlinesavehistory
RguiRconsole

R_HOME R.home

R_INCLUDE_DIR include

R_LIBS .libPaths

R_LIBS_SITE .libPaths
R_LIBS_USER .libPaths
R_PAPERSIZE options("papersize")pdfpostscript
R_PCRE_JIT_STACK_MAXSIZE grep
R_PDFVIEWER R CMD Rd2pdf
R_PLATFORM "--"R.Version
R_PROFILE

R_RD4PDF pdflatexRdR CMD Rd2pdf
R_SHARE_DIR share

R_TEXI2DVICMD texi2dviTEXI2DVI

options("texi2dvi")texi2dvitexi2pdf
R_TIDYCMD tidyR CMD check_R_CHECK_RD_VALIDATE_RD2HTML_--as-cran
R_UNZIPCMD unzipoptions("unzip")
R_ZIPCMD zipzipR CMD INSTALL --build
TMPDIRTMPTEMP tempdirTMPDIRbuild
TZ Sys.timezone
TZDIR Sys.timezone
no_proxyhttp_proxyftp_proxy download.file



DISPLAY X11

EDITOR options("editor")

PAGER options("pager")less

R_PRINTCMD options("printcmd”)postscript
R_SUPPORT_OLD_TARS support_old_tarsuntarTRUEtarxz

GSC R_GSCMD
R_USER HOME

Sys.getenvSys.setenv

gctorture

eval

eval(expr, envir = parent.frame(),

enclos = if(is.list(envir) || is.pairlist(envir))

parent.frame() else baseenv())
evalg(expr, envir, enclos)
eval.parent(expr, n = 1)
local(expr, envir = new.env())

expr
envir environmentexprNULLsys.call
enclos envirenvirNULLbaseenv()

n

evalexprenvirenvirparent.frame()eval
callexpression

evalgeval (quote(expr), ...)evalevalq
eval.parent(expr, n)eval(expr, parent.frame(n))
envirenclosexpr

envirNULLenvirenclos

localevalq



eval(x, data, parent.frame())
eval

expressionquotesys. frameparent.frameenvironment

force

eval(2 » 2 * 3)
mEx <- expression(2*2”3); mEx; 1 + eval(mEx)
eval({ xx <- pi; xx*2}) ; xx

a <- 3 ; aa <- 4 ; evalq(evalq(atbtaa, list(a = 1)), list(b =5)) # == 10
a <- 3 ; aa <- 4 ; evalq(evalq(atb+aa, -1), list(b = 5)) #==12

ev <- function() {
el <- parent.frame()
## Evaluate a in el
aa <- eval(expression(a), el)
## evaluate the expression bound to a in el
a <- expression(x+y)
list(aa = aa, eval = eval(a, el))
3
tst.ev <- function(a =7) { x <- pi; y <-1; ev() }
tst.ev() #->aa : 7, eval : 4.14

a <- list(a =3, b = 4)
with(a, a <- 5) # alters the copy of a from the list, discarded.

##

## Example of evalq()
##

N <-3

env <- new.env()

assign("N", 27, envir = env)

## this version changes the visible copy of N only, since the argument
## passed to eval is '4'.

eval(N <- 4, env)

N

get("N", envir = env)

## this version does the assignment in env, and changes N only there.
evalgq(N <- 5, env)

N

get("N", envir = env)



##
## Uses of local()
#H#

# Mutually recursive.
# gg gets value of last assignment, an anonymous version of f.

gg <- local({
k <= function(y)f(y)
f <= function(x) if(x) x*k(x-1) else 1
»
gg(10)
sapply(1:5, gg)

# Nesting locals: a is private storage accessible to k
gg <- local({
k <- local({
a<-1
function(y){print(a <<- a+1);f(y)}
»
f <= function(x) if(x) x*k(x-1) else 1
»
sapply(1:5, gg)

ls(envir = environment(gg))
ls(envir = environment(get("k"”, envir = environment(gg))))

exists

exists(x, where = -1, envir = , frame, mode = "any",
inherits = TRUE)

getd(x, envir = pos.to.env(-1L), mode = "any"”, inherits = TRUE,
ifnotfound = NULL)

X
where

envir where

frame wheresys. frame(frame)
mode

inherits

ifnotfound getd(x, *)x



wheresearchenvironmentsys. frameenvir
xinheritsTRUExxenvironment
inherits = TRUE

modemode”"numeric””function”modemode = "special”

exists():

getd():get(x, *)exists(x, x)ifnotfound

geto()

if (exists(myVarName, envir = myEnvir)) {
r <- get(myVarName, envir = myEnvir)
## ... deal with r ...

if (lis.null(r <- get@(myVarName, envir = myEnvir))) {
# ... deal with r ...

gethasNamemissingfile.exists

## Define a substitute function if necessary:
if(lexists("some.fun", mode = "function"))

some. fun <- function(x) { cat(”some.fun(x)\n"); x }
search()
exists("1ls", 2) # true even though 1ls is in pos = 3
exists("1ls"”, 2, inherits = FALSE) # false

## These are true (in most circumstances):
identical(ls, geto("ls"))
identical (NULL, get@(".foo.bar.")) # default ifnotfound = NULL (!)



expand.grid

expand.grid(..., KEEP.OUT.ATTRS = TRUE, stringsAsFactors = TRUE)

KEEP.OUT.ATTRS "out.attrs”
stringsAsFactors

"out.attrs"predict

combn(n, m)nm

require(utils)

expand.grid(height = seq(60, 80, 5), weight = seq(100, 300, 50),
sex = c("Male”,"Female"))

x <- seq(@, 10, length.out = 100)

y <- seq(-1, 1, length.out = 20)

dl <- expand.grid(x = x, y =y)

d2 <- expand.grid(x = x, y =y, KEEP.OUT.ATTRS = FALSE)
object.size(d1) - object.size(d2)

##-> 5992 or 8832 (on 32- / 64-bit platform)



expression

"expression”

expression(...)

is.expression(x)
as.expression(x, ...)

expression
as.expression

callparse
"expression”[[[$

expressionis.expressionexpression

expression”expression”
is.expressionTRUEexprFALSE

as.expressionas.vector(type = "expression”)as.vectorNULLas.symbollisttypeof

callevalfunctiontextlegendplotmath

length(ex1 <- expression(l + 0:9)) # 1
ex1
eval(ex1) # 1:10

length(ex3 <- expression(u, 2, u + 0:9)) # 3
mode(ex3 [3]) # expression

mode (ex3[[3]]) # call

## but not all components are 'call's :
sapply(ex3, mode ) # name numeric call
sapply(ex3, typeof) # symbol double language
rm(ex3)



Extract

x[i]

x[i, j, ... , drop = TRUE]
x[[i, exact = TRUE]]

x[[i, j, ..., exact = TRUE]]
x$name

getElement (object, name)

x[i] <- value

x[i, j, ...]1 <= value
x[[i]] <- value
x$name <- value

xobject

ij... numericcharacterNULLas.integertruncnamesdimnames
[ij...ij...
[ixi
NULLinteger (@)

name names

drop TRUEdrop

exact [[NAFALSE

value X

[.data.framel.factor[<-[[<-$<-
[LIsC

x[[]1]

is.recursive$NULL
namesdimdimnames

xxvaluenamesdimdimnames

[[Lnames[c(abc = 123)[1]
ifactor[as.character(i)]

attributes



X
kkL
drop
NANANA
NANA™"

X

L

[[$$L[x$namex[["name”, exact = FALSE]][[exact
getElement(x, name)x[[name, exact = TRUE]Islot(x, name)
[LLC

[[ipalist[[i]Jalist[[i1]1]...[[ip]]

NULL

NULLNULLx[i] <- list(NULL)

$<-NULLxx1list()[[<-

$[[get(i, env = x, inherits = FALSE)NULL$<-[[<-assign(i, value, env = x, inherits
= FALSE)x

NANANULL Q@
NANAvalue

m(j =2, i =1Im[2, 1Im[1, 2]
data.frame[.data.frameij

dropexact

X

$$<-namename

pmatch[[[exact
$options(warnPartialMatchDollar = TRUE)
n ”NA” n

notSubsettableErrorobject

subscriptOutOfBoundsErrorobjectsubscriptindex



namespmatch
listarraymatrix
[.data.frame[.factor
Syntax

NULL

x <= 1:12

m <- matrix(1:6, nrow = 2, dimnames = list(c("a", "b"), LETTERS[1:3]))

1li <- list(pi = pi, e = exp(1))

x[10] # the tenth element of x

x <= x[-1] # delete the 1st element of x
m[1,] # the first row of matrix m
m[1, , drop = FALSE] # is a 1-row matrix

m[,c(TRUE,FALSE, TRUE) J# logical indexing
mLcbind(c(1,2,1),3:1)1# matrix numeric index
ci <_ cbind(c(llall, Ilbll’ llall)’ C(”A”, NCII’ IIBII))

mfci] # matrix character index

m <- m[,-1] # delete the first column of m

1i[[1]] # the first element of list 1li

y <- list(1, 2, a = 4, 5)

ylc(3, 4)] # a list containing elements 3 and 4 of y
y$a # the element of y named a

## non-integer indices are truncated:
(i <- 3.999999999) # "4" is printed
(1:5)[i] # 3

## named atomic vectors, compare "[" and "[[" :
nx <- c(Abc = 123, pi = pi)
nx[1] ; nx["pi"] # keeps names, whereas "[[" does not:

nx[[111 5 nx[["pi”]]

## recursive indexing into lists

z <- list(a = list(b = 9, ¢ = "hello"”), d = 1:5)
unlist(z)

z[[c(1, 2)]1]

z[[c(1, 2, 1)1]1 # both "hello”

z[[c("a", "b")1] <= "new"

unlist(z)

## check $ and [[ for environments
el <- new.env()

el$a <- 10

el[["a"]]

el[["b"]] <- 20

el$b

1s(el)

## partial matching - possibly with warning :



stopifnot(identical(li$p, pi))

op <- options(warnPartialMatchDollar = TRUE)

stopifnot( identical(li$p, pi), #-- a warning
inherits(tryCatch (li$p, warning = identity), "warning"))

## revert the warning option:

options(op)

Extract.data.frame

## S3 method for class 'data.frame'

x[i, j, drop =]

## S3 replacement method for class 'data.frame'
x[i, j1 <- value

## S3 method for class 'data.frame'

x[[..., exact = TRUE]]

## S3 replacement method for class 'data.frame'
x[[i, j11 <- value

## S3 replacement method for class 'data.frame'
x$name <- value

X
ij... [[[numericcharacter[logicalas.integer[
name

drop TRUE

value NULL

exact L

[[Cx[iIx[CiJldrop

data.frame$x$namexExtract$value
[LOxCi, jIxCCi, jIICCxjxjrill

[make.unique

drop = TRUE
[NULL
x[i]il[xx

[[[[[exact = FALSEexact = NAmatch

[NULL
CLNULL
$NULL
[<-[[<-$<-



[[Lvaluerep
L
[LC

data.frameas.data.frame

drop = FALSEdrop = TRUE

dropexact

subsetdata.frameExtract

sw <- swiss[1:5, 1:4] # select a manageable subset

swl[1:3] # select columns

sw[, 1:3] # same

sw[4:5, 1:3] # select rows and columns

swl[1] # a one-column data frame

sw[, 1, drop = FALSE] # the same

swl, 1] # a (unnamed) vector

swl[1]] # the same

sw$Fert # the same (possibly w/ warning, see ?Extract)
swl1,] # a one-row data frame

sw[1,, drop = TRUE] # a list

sw["C", ] # partially matches
swlmatch("C", row.names(sw)), 1 # no exact match
try(sw[, "Ferti”]) # column names must match exactly

sw[sw$Fertility > 90,] # logical indexing, see also ?subset
swlc(1, 1:2), 1 # duplicate row, unique row names are created

swlsw <= 6] <- 6 # logical matrix indexing
sw

## adding a column

sw["new1"] <- LETTERS[1:5] # adds a character column
swl[["new2"]] <- letters[1:5] # ditto

sw[, "new3"] <- LETTERS[1:5] # ditto

sw$new4d <- 1:5

sapply(sw, class)

sw$new # -> NULL: no unique partial match
sw$newd <- NULL # delete the column
sw

sw[6:8] <- list(letters[10:14], NULL, aa = 1:5)
# update col. 6, delete 7, append

sw



## matrices in a data frame
A <- data.frame(x = 1:3, y = I(matrix(4:9, 3, 2)),
z = I(matrix(letters[1:91, 3, 3)))
A[1:3, "y"] # a matrix
A[1:3, "z"] # a matrix
AL, "y"] # a matrix
stopifnot(identical (colnames(A), c("x", "y", "z")), ncol(A) == 3L,
identical (AL, "y"1, A[1:3, "y"1),
inherits (AL,"y"1, "AsIs"))

## keeping special attributes: use a class with a

## "as.data.frame” and "[" method;

## "avector” := vector that keeps attributes. Could provide a constructor
## avector <- function(x) { class(x) <- c("avector”, class(x)); x }
as.data.frame.avector <- as.data.frame.vector

“[.avector™ <- function(x,i,...) {
r <- NextMethod("[")
mostattributes(r) <- attributes(x)
r

}

d <- data.frame(i = 0:7, f = gl(2,4),
u = structure(11:18, unit = "kg", class = "avector”))
str(d[2:4, -1]1) # 'u' keeps its "unit”

Extract.factor

## S3 method for class 'factor'

x[..., drop = FALSE]
## S3 method for class 'factor'
x[[...1]

## S3 replacement method for class 'factor'
x[...] <- value

## S3 replacement method for class 'factor'
x[[...1] <- value

Extract
drop
value

valuelevels(x)
contrastsdrop = TRUE

[[exact



xdrop = TRUE

factorExtract

## following example(factor)

(ff <- factor(substring(”statistics”, 1:10, 1:10), levels = letters))
ff[, drop = TRUE]

factor(letters[7:10]1)[2:3, drop = TRUE]

Extremes
pmaxx () pmin* ()
max(..., na.rm = FALSE)
min(..., na.rm = FALSE)
pmax(..., na.rm = FALSE)
pmin(..., na.rm = FALSE)
pmax.int(..., na.rm = FALSE)
pmin.int(..., na.rm = FALSE)
na.rm TRUEFALSE

maxminintegerlogicalintegerdouble
na.rmFALSENANANA

+Inf-Infmin(x1, min(x2)) == min(x1, x2)xmax(x) == -Infmin(x) == +Inflength(x) ==
@pmaxpminNANAna.rm = TRUE

pmaxpminattributesnamesdimS4
pmax.intpmin.int

maxminSummary. . .
NaNNaNNANANaNmax (NA, Inf) == NAInf
NA" """

minmaxpminpmax

minmaxNAInf-Inf



maxminSummaryx, ..., na.rm

NULLinteger (0)

pmaxpminis.narep

rangewhich.minwhich.max

min

require(stats); require(graphics)
min(5:1, pi) #-> one number
pmin(5:1, pi) #-> 5 numbers

x <= sort(rnorm(100)); cH <- 1.35
pmin(cH, quantile(x)) # no names
pmin(quantile(x), cH) # has names

plot(x, pmin(cH, pmax(-cH, x)), type = "b", main =

cut@1l <- function(x) pmax(pmin(x, 1), @)
curve( x*2 - 1/4, -1.4, 1.5, col = 2)

"Huber's function")

curve(cut@1(x*2 - 1/4), col = "blue”, add = TRUE, n = 500)
## pmax(), pmin() preserve attributes of *firstx argument

D <- diag(x = (3:1)/4) ; n@ <- numeric()

stopifnot(identical(D, cut@1(D) ),
identical(n@, cut@1(ne)),
identical(n@, cut@1(NULL)),
identical(n@, pmax(3:1, n@, 2)),
identical(n@, pmax(n@, 4)))

extSoftVersion

extSoftVersion()



z1lib zlib

bzlib bzlibbzip2

Xz liblzmaxz

libdeflate libdeflate"”

PCRE PCRE

Icu cy"”

TRE libtre

iconv iconv

readline readline”"libediteditline"EditLine wrapper”readline
BLAS BLAS""

bzlibpcretre

iconv”GNU libiconv 1.14""glibc 2.18""win_iconv"”

BLAS1ibR.solibR.dylibR1ibRblas.solibRblas.dyliblibRblas.solibRblas.dylib

libcurlVersionlibCurl
La_version

La_library
grSoftVersion
tclVersion

pcre_config

extSoftVersion()
## the PCRE version
sub(" .x", "" extSoftVersion()["PCRE"])

factor

factororderedTRUEordered

is.factoris.orderedas.factoras.ordered



factor(x = character(), levels, labels = levels,
exclude = NA, ordered = is.ordered(x), nmax = NA)

ordered(x = character(), ...)

is.factor(x)
is.ordered(x)

as.factor(x)
as.ordered(x)

addNA(x, ifany = FALSE)

.valid.factor(object)

X
levels xas.character(x)xsort(unique(x))
labels levelsexcludelabelsx

exclude xcharacter

ordered

nmax

- ordered(.)ordered

ifany NAany(is.na(x))

object

xas.characterorder

options("contrasts”)

excludelevelsx[illevels[jlijx[illevelsiNA

excludelabels

factor(x, exclude = NULL)NAexcludeexcludecharacterxexcludexexclude
NAxexclude = NULLNA<NA>

NAis.nais.na(f)[i] <- TRUEis.na<NA>NA

is.factor

levelsuniquexnmax

cunlist

factor”factor”x"levels"character!anyDuplicated(.)orderedordered()c("ordered”,
"factor")factor(x)attributes(x)"names”""levels"”"class"

factor[.factor

is.factorTRUEFALSEis.orderedTRUEFALSE

as.factorfactor

as.ordered(x)xordered(x)

addNANANA

.valid.factor(object)levels(object)TRUEvalidObject(<factor>)



"levels"as.numericfas.numeric(levels(f))[flas.numeric(as.character(f))

NA

nn

"factor""ordered"”OpsminmaxrangeSummary"ordered”Math

===

[.factor

glClevelsnlevelsunclass

(ff <- factor(substring(”statistics”, 1:10, 1:10), levels = letters))
as.integer(ff) # the internal codes

(f. <~ factor(ff)) # drops the levels that do not occur

ff[, drop = TRUE] # the same, more transparently

factor(letters[1:20], labels = "letter")

class(ordered(4:1)) # "ordered”, inheriting from "factor”
z <- factor(LETTERS[3:1], ordered = TRUE)

## and "relational” methods work:
stopifnot(sort(z)[c(1,3)] == range(z), min(z) < max(z))

## suppose you want "NA" as a level, and to allow missing values.
(x <= factor(c(1, 2, NA), exclude = NULL))

is.na(x)[2] <- TRUE

x # [1]11 <NA> <NA>

is.na(x)

# [1] FALSE TRUE FALSE

## More rational, since R 3.4.0 :

factor(c(1:2, NA), exclude = "" ) # keeps <NA> | as
factor(c(1:2, NA), exclude = NULL) # always did

## exclude = <character>

z # ordered levels 'A < B < C'

factor(z, exclude = "C") # does exclude

factor(z, exclude = "B") # ditto

## Now, labels maybe duplicated:
## factor() with duplicated labels allowing to "merge levels”
x <= c("Man”, "Male", "Man”, "Lady", "Female")



## Map from 4 different values to only two levels:

(xf <- factor(x, levels = c("Male”, "Man" , "Lady", "Female"),
labels = c(”"Male”, "Male”, "Female"”, "Female")))

#> [1] Male Male Male Female Female

#> Levels: Male Female

## Using addNA()

Month <- airquality$Month
table(addNA(Month))
table(addNA(Month, ifany = TRUE))

file.access

file.access(names, mode = @)

names path.expand

mode

modexorQ:7

file.access()try

0-1

access

file.infoSys.chmodtry
file_test

fa <- file.access(dir("."))

table(fa) # count successes & failures



file.choose

file.choose(new = FALSE)

new

list.files

file.info

file.info(..., extra_cols = TRUE)

file.mode(...)
file.mtime(...)
file.size(...)

path.expand

extra_cols

file.exists

.exe.com.cmd.batfile.access



file.info()

size
isdir
mode "octmode" 644
mtimectimeatime
"POSIXct"”
uid
gidNA
"no""msdos""win16""win32""win64" "unknown"”
NA
extra_cols
NA

uidgidunamegrnameuname

ctime

"POSIXct"strftime
file.mode()file.mtime()file.size()

stat

Sys.readlinkfilesfile.accesslist.filesDateTimeClasses

Sys.chmod

ncol(finf <- file.info(dir())) # at least six

finf # the whole list

## Those that are more than 100 days old :

finf <- file.info(dir(), extra_cols = FALSE)

finf[difftime(Sys.time(), finf[,"mtime"”], units = "days") > 100 , 1:4]

file.info("no-such-file-exists")

## E.g., for R-core, in a R-devel version:

if(Sys.info()[["sysname"]] == "Linux")
sort(file.mtime(file.path(R.home("bin"),
NG
file.path(c("", "exec"), "R™)))

)



file.path

file.path(..., fsep = .Platform$file.sep)

fsep

paste
PATHR_LIBSfsep = .Platform$path.sep
/d://\

fseppaste

Encoding

/\

basenamenormalizePathpath.expand

file.show
file.show(..., header = rep("", nfiles),
title = "R Information”,
delete.file = FALSE, pager = getOption("pager"”),
encoding = "")
header
title title

delete.file
pager

encoding



page

pagerPATHR_HOME/bin/pagerPAGER1essmorepager
"internal""console"pager(files, header, title, delete.file)file.show

R.apppager
delete.file

file.existslist.files
helpRShowDocfile.show
getOption("pdfviewer"”)system
file.edit

file.show(file.path(R.home("doc"), "COPYRIGHTS"))

files

file.create(..., showWarnings = TRUE)

file.exists(...)

file.remove(...)

file.rename(from, to)

file.append(filel, file2)

file.copy(from, to, overwrite = recursive, recursive = FALSE,
copy.mode = TRUE, copy.date = FALSE)

file.symlink(from, to)

file.link(from, to)

...filel1file2

fromto file.copyfile.symlinkto
overwrite

showWarnings

recursive tofromecp -R

copy . mode

copy.date Sys.setFileTime



...path.expandfile.exists

file.create

file.existsstatstatfile.accessfile.accessexists

file.remove

file.renamefromtotoman 2 renamefile.renamefromtoto

file.append

file.copyfile.appendoverwrite = TRUEtocopy.mode = TRUEcopy.date = TRUE
file.symlinkfile.linkfile.symlinkto

Encoding

showWarnings = TRUEfile.create

file.renamefile.rename

file.infofile.accessfile.pathfile.showlist.filesunlinkbasenamepath.expand
dir.create

Sys.glob

file_testSys.readlink

https://en.wikipedia.org/wiki/Hard_linkhttps://en.wikipedia.org/wiki/Symbolic_
link

cat("file A\n", file = "A")
cat("file B\n", file = "B")
file.append("A", "B")
file.create("A") # (trashing previous)
file.append("A", rep("B", 10))
if(interactive()) file.show("A") # -> the 10 lines from 'B'
file.copy("A", "C")
dir.create("tmp")
file.copy(c("A", "B"), "tmp")
list.files("tmp”) # -> "A" and "B"
setwd("tmp")
file.remove("A") # the tmp/A file
file.symlink(file.path("..", c("A", "B")), ".")
# |--> (TRUE,FALSE) : ok for A but not B as it exists already

setwd(”..")
unlink("tmp"”, recursive = TRUE)
file.remove("A", "B", "C")


https://en.wikipedia.org/wiki/Hard_link
https://en.wikipedia.org/wiki/Symbolic_link
https://en.wikipedia.org/wiki/Symbolic_link

files2

dir.exists(paths)

dir.create(path, showWarnings = TRUE, recursive = FALSE, mode = "Q@777")
Sys.chmod(paths, mode = "@777", use_umask = TRUE)

Sys.umask(mode = NA)

path path.expand

paths path.expand

showWarnings

recursive mkdir -p

mode as.octmodeSys.chmodpaths
use_umask umask

dir.existsfile.exists

dir.createrecursive = TRUEumaskmkdirmkdirman 2 mkdir
dir.create("G.S.")"G.S"

Sys.chmoddir.createchmodman 2 chmod

Sys.umaskumaskmode = NA"@"umaskman 2 umask

dir.existsTRUEFALSE
dir.createSys.chmoddir.createshowWarnings = TRUEdir.createrecursive = TRUE
Sys.umaskumask"”octmode"modeNA

file.existspathpaths

file.infofile.existsfile.pathlist.filesunlinkbasenamepath.expand

## Not run:

## Fix up maximal allowed permissions in a file tree
Sys.chmod(list.dirs("."), "777")

f <- list.files(".”, all.files = TRUE, full.names = TRUE, recursive = TRUE)
Sys.chmod(f, (file.mode(f) | "664"))

## End(Not run)



find.package

find.package(package, lib.loc = NULL, quiet = FALSE,
verbose = getOption("verbose"))

path.package(package, quiet = FALSE)

packageNotFoundError(package, lib.loc, call = NULL)

package

lib.loc NULLNULL.1libPaths()
quiet

verbose TRUE

call

find.packagelib.locNULLquiet = TRUEverboseMetaDESCRIPTIONversionlib.loc
find.packagerequire
path.packagequiet = TRUE

packageNotFoundErrorpackageNotFoundErrorpackagelib.loc

path.expandnormalizePath

try(find.package("knitr"))
## will not give an error, maybe a warning about *all* locations it is found:
find.package("kitty"”, quiet=TRUE, verbose=TRUE)

## Find all .libPaths() entries a package is found:
findPkgAll <- function(pkg)
unlist(lapply(.libPaths(), function(lib)
find.package(pkg, lib, quiet=TRUE, verbose=FALSE)))

findPkgAll("MASS")
findPkgAll("knitr")



findInterval

vecxi <- findInterval(x,v)jxv;; < x; < v;41v9 = —00UN41 := +ooN <- length(v)
rightmost.closedall.inside

findInterval(x, vec, rightmost.closed = FALSE, all.inside = FALSE,
left.open = FALSE, checkSorted = TRUE, checkNA = TRUE)

X

vec N
rightmost.closed
vec[N-1] .. vec[N]

all.inside 1,...,N-TOTNN-1

left.open <<>>rightmost.closed
checkSorted vecis.unsorted(vec)FALSEvec
checkNA x[ilis.na(.)FALSENAX[]

findIntervalxvecapply( outer(x, vec, ~>="), 1, sum)O(nlog N)n <- length(x)N <-
length(vec)xO(n)

findInterval(t, sortO))nF,(t; X1,..., Xn)FnX1,. .., Xn
rightmost.closed = TRUEx[j] = vec[N]= maxwvecN - 1
left.open = TRUE

identical(
findInterval( x, v, left.open= TRUE,
N - findInterval(-x, -v[N:1], left.open=FALSE,

N
-

N <- length(vec)

length(x)@:NNAN <- length(vec)1:(N-1)all.inside = TRUENAxInfxvec

approx(x, method = "constant”)findInterval()ecdfnfindInterval(.)



X <- 2:18
v <- c(5, 10, 15) # create two bins [5,10) and [10,15)
cbind(x, findInterval(x, v))

N <- 100

X <- sort(round(stats::rt(N, df = 2), 2))

tt <- c(-100, seq(-2, 2, length.out = 201), +100)

it <- findInterval(tt, X)

ttfit < 1 | it >= N] # only first and last are outside range(X)

stopifnot(identical(it, ## suppressing the checks is faster *BUT* dangerous, unless
#i# you *know* that X is sorted and tt contains no NA's
findInterval(tt, X, checkSorted=FALSE, checkNA=FALSE)))

## 'left.open = TRUE' means "mirroring"” :
N <- length(v)
stopifnot(identical(
findInterval( x, v, left.open=TRUE) ,
N - findInterval(-x, -v[N:11)))

force

force(x)

force

force

f <- function(y) function() y

1f <- vector("list”, 5)

for (i in seq_along(lf)) 1f[[i]] <- f(i)
1fL[1]11() # returns 5

g <- function(y) { force(y); function() y }
lg <- vector("list"”, 5)

for (i in seq_along(lg)) 1gl[[il]l <- g(i)
1g[[111() # returns 1

## This is identical to
g <- function(y) { y; function() y }



forceAndCall

forceAndCall(n, FUN, ...)

FUN
FUN

forceAndCallFUN. . .FUNNFUNFUNC(...)

forceAndCallapply
forcepromiseclosure
Foreign
.C(.NAME, ..., NAOK = FALSE, DUP = TRUE, PACKAGE, ENCODING)
.Fortran(.NAME, ..., NAOK = FALSE, DUP = TRUE, PACKAGE, ENCODING)
.NAME "NativeSymbolInfo""RegisteredNativeSymbol"”"NativeSymbol”
NAOK TRUENANaNInfFALSENANaNInf
PACKAGE .NAME.so.dll
DUPENCODING

.Call.External



integer int * integer

numeric double * double precision
float * real
complex Rcomplex * double complex
logical int * integer
character char **
raw unsigned char *
list SEXP %
SEXP

integerlogicalintlongintlong

logicalintegerlogical

double *double precisionCsingleTRUEas.singlesingle
RcomplexComplex.htypedef struct {double r; double ij;}double complex
QFALSETTRUEINT_MIN = -2147483648NANAOK = TRUEINT_MINTRUE
NA.Cchar”NA".Call

.Fortrancharacter*255

.C.Call

.Fortran
.Fortran.Fortran

.Fortran.Ciso_c_binding

options(CBoundsCheck = TRUE).C

PACKAGE . NAME
PACKAGE = "base"

dyn.load.Call



formals

function

formals(fun = sys.function(sys.parent()), envir = parent.frame())
formals(fun, envir = environment(fun)) <- value

fun function

envir environmentget () fun
value listpairlistNULL
funenvirformals

formals(args(f))f
formalspairlistNULL

attributes

formalArgsnames(formals(.))args
alistvalue

functionformalsbodyenvironment

require(stats)
formals(1lm)

## If you just want the names of the arguments, use formalArgs instead.
names(formals(1lm))
methods:: formalArgs(lm) # same

## formals returns a pairlist. Arguments with no default have type symbol (aka name).
str(formals(lm))

## formals returns NULL for primitive functions. Use it in combination with
## args for this case.

is.primitive("+7)

formals("+7)

formals(args("+7))

## You can overwrite the formal arguments of a function (though this is
## advanced, dangerous coding).

f <- function(x) a + b

formals(f) <- alist(a =, b = 3)

f # function(a, b =3) a +b

f(2) # result =5



format

format(x, ...)

## Default S3 method:

format(x, trim = FALSE, digits = NULL, nsmall = oL,
justify = c("left”, "right"”, "centre”, "none"),
width = NULL, na.encode = TRUE, scientific = NA,

big.mark = "", big.interval = 3L,
small.mark = "", small.interval = 5L,
decimal.mark = getOption("OutDec"),

zero.print = NULL, drop@trailing = FALSE, ...)

## S3 method for class 'data.frame'
format(x, ..., justify = "none”, cut.names = TRUE)

## S3 method for class 'factor'
format(x, ...)

## S3 method for class 'AsIs'

format(x, width =12, ...)
X
trim FALSETRUE
digits xNULLgetOption("digits”)nsmallsignif
nsmall 0@ <= nsmall <= 20
justify
cut.names logicallistas.data.frame()
width defaultNULL®@
AsIsNULL12
na.encode NANA"NA"
scientific options("scipen")

big.markbig.intervalsmall.marksmall.intervaldecimal.markzero.printdrop@trailing
prettyNum

formatformat.Dateformat.POSIXctformat.octmodeformat.dist
format.data.frameformatas.character”AsIs”
format.factorjustify

format.AsIswidthtoString



ncharprint.defaultprint(quote = FALSE)catna.encode = FALSE
digitsbig.*small.*print.defaultdigits >= 16

as.character

format.default(x)isS4(x)

getOption("OutDec”)decimal.markscientificgetOption("scipen”)

XX

X

n

xformat.default(x, ...)unlistpaste(collapse = ", ")trim = TRUE, justify = "none”

format.info

formatCpasteas.charactersprintfprintprettyNumtoStringencodeString

format(1:10)
format(1:10, trim = TRUE)

zz <- data.frame(”(row names)”= c("aaaaa", "b"), check.names = FALSE)
format(zz)
format(zz, justify = "left")

## use of nsmall
format(13.7)

format(13.7, nsmall = 3)
format(c(6.0, 13.1), digits
format(c(6.0, 13.1), digits

2)
2, nsmall = 1)

## use of scientific
format(2*31-1)
format(2”31-1, scientific = TRUE)
## scientific = numeric scipen (= {sci}entific notation {penl}alty) :
x <- c(1e5, 1000, 10, 0.1, .001, .123)
t(sapply(setNames(,-4:1),
\(sci) sapply(x, format, scientific=sci)))

## a list

z <- list(a = letters[1:3], b = (-pi+@i)*((-2:2)/2), c = c(1,10,100,1000),
d = c("a", "longer"”, "character”, "string"),
g = quote( a + b ), e = expression(1+x))

## can you find the "2" small differences?

(f1 <- format(z, digits = 2))

(f2 <- format(z, digits = 2, justify = "left”, trim = FALSE))

f1 == f2 ## 2 FALSE, 4 TRUE

## A "minimal” format() for S4 objects without their own format() method:
cc <- methods: :getClassDef ("standardGeneric")
format(cc) ## "<S4 class ...... >"



format.info

format(x, digits, nsmall)

format.info(x, digits = NULL, nsmall = )

X format(x, ...)

digits xNULLgetOption("digits")
nsmall format(..., nsmall)
integervectorr

formatwidth = NULL

ri1] format(x)
rf2]
ri3] 0:2>1r[3]+1

formatdigits >= 16formatC

dd <- options("digits"”) ; options(digits = 7) #-- for the following
format.info(123) #3000
format.info(pi) # 860
format.info(1e8) # 50 1
format.info(1e222) # 6 @ 2

- exponential "1e+@8"
- exponential "1e+222"

X <- pi*10*c(-10,-2,0:2,8,20)

names(x) <- formatC(x, width = 1, digits = 3, format = "g")
cbind(sapply(x, format))

t(sapply(x, format.info))

## using at least 8 digits right of ".”
t(sapply(x, format.info, nsmall = 8))

# Reset old options:
options(dd)



format.pval

format.pval

format.pval(pv, digits = max(1, getOption("digits”) - 2),

eps = .Machine$double.eps, na.form = "NA", ...)
pv
digits
eps
na.form NA
formatnsmall

format.pvalprint.summary.lmeps”< [eps]”"format(eps, digits)

format.pval(c(stats::runif(5), pi*-100, NA))
format.pval(c(0.1, 0.0001, 1e-27))

formatC

formatC()C
prettyNum()format.default

.format.zeros(x)prettyNum()x

formatC(x, digits = NULL, width = NULL,

format = NULL, flag = "", mode = NULL,
big.mark = "", big.interval = 3L,
small.mark = "", small.interval = 5L,
decimal.mark = getOption("OutDec"),
preserve.width = "individual”,
zero.print = NULL, replace.zero = TRUE,

drop@trailing = FALSE)

prettyNum(x, big.mark = "", big.interval = 3L,
small.mark ""  small.interval = 5L,



decimal.mark = getOption("OutDec”), input.d.mark = decimal.mark,
preserve.width = c("common”, "individual”, "none"),

zero.print = NULL, replace.zero = FALSE,

drop@trailing = FALSE, is.cmplx = NA,

)

.format.zeros(x, zero.print, nx = suppressWarnings(as.numeric(x)),

digits

width

format

flag

mode

big.mark
big.interval
small.mark
small.interval
decimal.mark
input.d.mark
preserve.width

zero.print

replace = FALSE, warn.non.fitting = TRUE)

complexprettyNum()

format = "f"format = "g"= "e"= "fg"

format = "f"

digitswidthwidthdigits + 1width = @width = digitswidth < @flag =
"="width

"grrfrte" g g G fg" s "d""g"
"frxxx.xxx"e""E"n.ddde+nnn.dddE+nn"g""G"x[i]flag"#""g", "G"

"fg" u.F"dj_gitSSignifdigitsflagn#u

formatC

n 0 n

n_mn

H+ll H+ll

n n n n
"#" format
nyn

"T" glibc
character

nn

"double""real”"integer""character"x
big.intervalbig

big.mark

small.intervalsmall

small.mark

xcharacterx
big.marksmall.mark"”common"format"individual"formatC()
NULL

replace.zeroreplace

zero.printxzero.printzero.print” "replace[.zero]zero.print
warn.non.fitting

prettyNum().format.zeros(*, replace=replace.zero)

warn.non.fitting

drop@trailing

is.cmplx

nx

replace[.zero]zero.printwarning
"0""e+00"prettyNum()
x"character”complexNAx

format

XX



formatC()prettyNum().format.zeros(*, replace=replace.zero)zero.printNULL
drop@trailingbig.marksmall.markdecimal.mark

formatmodeformatC(123.45, mode = "double", format = "d")123
n.ddde+nnnn.dddennn.ddde+nn
formatCformatC(c(6.11, 13.1), digits = 2, format = "fg")c("6.1", " 13")format

prettyNumxxformat(<complex>)xformat(x[i], ...)input.d.markprettyNum(x)x
characterformat (<number>)

gsubbig.marksmall.mark”\\\\"
formatC-0-0.000

big.markdecimal.mark

X
formatxsprintf(...)str_signif

formatCx

decimal.markformatC()printdecimal.mark = getOption("OutDec")

formatC

format

sprintf

xx <- pi * 10*(-5:4)

cbind(format(xx, digits = 4), formatC(xx))

cbind(formatC(xx, width = 9, flag = "-"))

cbind(formatC(xx, digits = 5, width = 8, format = "f", flag = "0"))
cbind(format(xx, digits = 4), formatC(xx, digits = 4, format = "fg"))

f <= (-2:4); f <- fx16"f

# Default ("g") format:

formatC(pix*f)

# Fixed ("f") format, more than one flag ('width' partly "enlarged"):
cbind(formatC(pi*f, digits = 3, width=9, format = "f", flag = "0+"))

formatC( c("a", "Abc", "no way"), width = -7) # <=> flag = "-"
formatC(c((-1:1)/0,c(1,100)*pi), width = 8, digits = 1)

## note that some of the results here depend on the implementation



## of long-double arithmetic, which is platform-specific.
xx <- c(1e-12,-3.98765e-10,1.45645e-69,1e-70,pi*1e37,3.44e4)

#H# 1 2 3 4 5 6
formatC(xx)
formatC(xx, format = "fg") # special "fixed"” format.

formatC(xx[1:4], format = "f", digits = 75) #>> even longer strings

formatC(c(3.24, 2.3e-6), format = "f", digits = 11)
formatC(c(3.24, 2.3e-6), format = "f", digits = 11, drop@trailing = TRUE)

r <- c("76491283764.97430", "29.12345678901", "-7.1234", "-100.1","1123")
## American:

prettyNum(r, big.mark = ",")

## Some Europeans:

prettyNum(r, big.mark = "'", decimal.mark = ",")
(dd <- sapply(1:10@, function(i) paste((9:0)[1:1], collapse = "")))
prettyNum(dd, big.mark = "'")

## examples of 'small.mark'
pN <- stats::pnorm(1:7, lower.tail = FALSE)

cbind(format (pN, small.mark = " ", digits = 15))
cbind(formatC(pN, small.mark = " ", digits = 17, format = "f"))
cbind(ff <- format(1.2345 + 10%(@:5), width = 11, big.mark = "'"))

## all with same width (one more than the specified minimum)

## individual formatting to common width:

fc <- formatC(1.234 + 10%(0:8), format = "fg", width = 11, big.mark = "'")
cbind(fc)

## Powers of two, stored exactly, formatted individually:

pow.2 <- formatC(2*-(1:32), digits = 24, width = 1, format = "fg")

## nicely printed (the last line showing 5732 exactly):
noquote(cbind(pow.2))

## complex numbers:
r <- 10.0000001; rv <- (r/10)*(1:10)
(zv <= (rv + 1i*rv))
op <- options(digits = 7) ## (system default)
(pnv <- prettyNum(zv))
stopifnot(pnv == "1+1i", pnv == format(zv),
pnv == prettyNum(zv, drop@trailing = TRUE))
## more digits change the picture:
options(digits = 8)
head(fv <- format(zv), 3)
prettyNum(fv)
prettyNum(fv, drop@trailing = TRUE) # a bit nicer
options(op)

## The ' flag :
doLC <- FALSE # <= R warns, so change to TRUE manually if you want see the effect
if(doLC) {

oldLC <- Sys.getlocale("LC_NUMERIC")

Sys.setlocale("LC_NUMERIC", "de_CH.UTF-8")

}
formatC(1.234 + 10~(0:4), format = "fg", width = 11, flag = "'")
#H --> ... " 1'001" " 10'001"  on supported platforms



if(doLC) ## revert, typically to "C"
Sys.setlocale("LC_NUMERIC", oldLC)

formatDL

formatDL(x, y, style = c("table”, "list"),
width = 0.9 * getOption("width"), indent = NULL)

X
y XX

style "table"@table"list"
width

indent width/2width/3width/9
indent - 3

## Provide a nice summary of the numerical characteristics of the

## machine R is running on:

writeLines(formatDL(unlist(.Machine)))

## Inspect Sys.getenv() results in "list” style (by default, these are
## printed in "table"” style):

writeLines(formatDL(Sys.getenv(), style = "list"”))

function

function( arglist ) expr
\( arglist ) expr
return(value)

arglist namename = expression...
expr

value



valueNULLreturnon.exit
return

\(x) x + 1function(x) x + 1

formalsbodyexprenvironment

args
formalsbodyenvironment

debuginvisiblereturn(.)

norm <- function(x) sqrt(x%*%x)
norm(1:4)

## An anonymous function:
(function(x, y){ z <= x*2 + y*2; x+y+z })(0:7, 1)

funprog

Reduce
Filter
FindPosition
Map

Negate

Reduce(f, x, init, right = FALSE, accumulate = FALSE, simplify = TRUE)
Filter(f, x)

Find(f, x, right = FALSE, nomatch = NULL)

Map(f, ...)

Negate(f)

Position(f, x, right = FALSE, nomatch = NA_integer_)



f ReduceFilterFindPositionkMapkNegate
X

init X

right

accumulate

simplify

nomatch

Map()mapplyMoreArgs

initReducexvn > 1Reducefuvl; = f(v1,v2)le = f(l1,v3)ln-1 = f(lu—a,vn)Tn—1 =
fn—1,92)rn—2 = f(Up_2,mn_1)r1 = f(v1,7m2)vf(2/3)/4 =1/62/(3/4) = 8/3vNULLF

Reducereduce
FilterfxxNANAFilterfilterremove-if-not
FindPositionfind-ifposition-ifrightnomatch
Mapmapplymapcar

Negatecomplementff

clusterMapmcmapplyMap

## A general-purpose adder:

add <- function(x) Reduce(*+7, x)

add(list(1, 2, 3))

## Like sum(), but can also used for adding matrices etc., as it will
## use the appropriate '+' method in each reduction step.

## More generally, many generics meant to work on arbitrarily many
## arguments can be defined via reduction:

FOO <- function(...) Reduce(F002, list(...))

FO02 <- function(x, y) UseMethod("F002")

## FOO() methods can then be provided via F002() methods.

## A general-purpose cumulative adder:
cadd <- function(x) Reduce( +~, x, accumulate = TRUE)
cadd(seqg_len(7))

## A simple function to compute continued fractions:

cfrac <- function(x) Reduce(function(u, v) u + 1 / v, x, right = TRUE)
## Continued fraction approximation for pi:

cfrac(c(3, 7, 15, 1, 292))

## Continued fraction approximation for Euler's number (e):

cfrac(c(2, 1, 2, 1, 1, 4, 1, 1, 6, 1, 1, 8))

## Map() now recycles similar to basic Ops:
Map("+7, 1, 1:3); 1+ 1:3
Map("+~, numeric(), 1 : 3) ; numeric() + 1:3



## Iterative function application:
Funcall <- function(f, ...) f(...)
## Compute log(exp(acos(cos(0))))
Reduce(Funcall, list(log, exp, acos, cos), @, right = TRUE)
## n-fold iterate of a function, functional style:
Iterate <- function(f, n = 1)

function(x) Reduce(Funcall, rep.int(list(f), n), x, right = TRUE)
## Continued fraction approximation to the golden ratio:
Iterate(function(x) 1 + 1 / x, 30)(1)
## which is the same as
cfrac(rep.int(1, 31))
## Computing square root approximations for x as fixed points of the
## function t |-> (t + x / t) / 2, as a function of the initial value:
asgrt <- function(x, n) Iterate(function(t) (t +x / t) / 2, n)
asqrt(2, 30)(10) # Starting from a positive value => +sqrt(2)
asqrt(2, 30)(-1) # Starting from a negative value => -sqrt(2)

## A list of all functions in the base environment:

funs <- Filter(is.function, sapply(ls(baseenv()), get, baseenv()))
## Functions in base with more than 10 arguments:
names(Filter(function(f) length(formals(f)) > 10, funs))

## Number of functions in base with a '...' argument:
length(Filter(function(f)
any(names(formals(f)) %in% "..."),

funs))

## Find all objects in the base environment which are xnot* functions:
Filter(Negate(is.function), sapply(ls(baseenv()), get, baseenv()))

gc

gcgcinfoverbose = FALSEverbose = TRUE

gc(verbose = getOption("verbose”), reset = FALSE, full = TRUE)
gcinfo(verbose)

verbose TRUE
reset TRUE
full TRUE

gcgcfull = TRUE
gc
"Vcells"
gcinfo(TRUE)
Garbage collection 12 = 10+0+2 (level @) ...

6.4 Mbytes of cons cells used (58%)
2.0 Mbytes of vectors used (32%)



gc"Ncells""Vcells""used""gc trigger"”
"Ncells""Vcells"NA
gc(reset = TRUE)

gcinfo

Memorygctorture
gc.time()

reg.finalizer

gc() #- do it now

gcinfo(TRUE) #-- in the future, show when R does it
#it vvvvv use larger to *show* something
X <- integer(100000); for(i in 1:18) x <- c(x, 1i)
gcinfo(verbose = FALSE) #-- don't show it anymore

gc(TRUE)

gc(reset = TRUE)

gc.time

gc.time(on = TRUE)

on TRUE

NA

gcproc.time

gc.time()



gctorture

gctorture(on = TRUE)
gctorture2(step, wait = step, inhibit_release = FALSE)

on
step stepstep = 0

wait
inhibit_release

gctorture(TRUE)gctorture2step
gctorture2inhibit_release

gctorture2R_GCTORTUREstepR_GCTORTURE_WAITwaitR_GCTORTURE _INHIBIT_RELEASE
inhibit_release

get
getmget
get(x, pos = -1, envir = as.environment(pos), mode = "any",
inherits = TRUE)
mget(x, envir = as.environment(-1), mode = "any"”, ifnotfound,

inherits = FALSE)

dynGet(x, ifnotfound = , minframe = 1L, inherits = FALSE)



X get

mget
posenvir
mode
inherits
ifnotfound mgetlist
dynGetstop()
minframe

possearchenvironmentsys. frame-1getenvir

xinheritsTRUExxenvironment

nn nns

modemodetypeofmode” function”"numeric”"integer"”"double"”"symbol"”"name"”"language”
"call""("mode = "S4"mode = "object”

mgetmodeifnotfoundxifnotfound

dynGet()sys.frame()

getR_MissingArg"getMissingError”
mgetifnotfound

a <- get(nam)assign(nam, a)anam
inherits = TRUEget

existsget®
assignget()

getAnywheregetFromNamespace

get("%0%")

## test mget
el <- new.env()
mget(letters, el, ifnotfound = as.list(LETTERS))

## very low-level: get()ing the "missing argument”, e.g., inside browser()
1s.str(E <- environment((\(m) \O{}))) # m : <missing>

str(E$m) # (empty) symbol

ee <- tryCatch(get("m”,E), error = function(e) e)

str(ee)

ee



stopifnot(exprs = {
inherits(ee, "missingArgError"”) # and
inherits(ee, "getMissingError")
##
inherits(tryCatch(geto("m", E), error=identity), "getMissingError")
is.symbol (E$m) # => valid argument to get(), and *also* gets 'missing arg':
inherits(tryCatch(get ( E$m ) , error=identity), "getMissingError")

»

getDLLRegisteredRoutines

.C.Call.Fortran.External

getDLLRegisteredRoutines(dll, addNames = TRUE)

dll DLLInfo.dll.soMyPackage/libs/MyPackage.soMyPackage
DLLInfodyn.loadlibrary.dynamgetlLoadedDLLsDLLInfo
DLLInfo

addNames TRUEFALSENativeSymbolInfo

print

"DLLRegisteredRoutines”.C.Call.Fortran.External”NativeRoutineList”

"NativeSymbolInfo”
name

address NULL
dll DLLINnfo
numParameters

<duncan@wald.ucdavis.edu>

https://www.r-project.org/doc/Rnews/Rnews_2001-3.pdf
getlLoadedDLLsgetNativeSymbolInfo
dlls <- getlLoadedDLLs()

getDLLRegisteredRoutines(dlls[["base”]])

getDLLRegisteredRoutines("”stats")


https://www.r-project.org/doc/Rnews/Rnews_2001-3.pdf

getlLoadedDLLs

dyn.load

getLoadedDLLs ()

"DLLInfolList"list"DLLInfo"

name
path

dynamiclLookup

handle "DLLHandle”

DLLINfo$[[x[["name”]11x[["handle"]]

handle

<duncan@wald.ucdavis.edu>

getDLLRegisteredRoutinesgetNativeSymbolInfo

getLoadedDLLs ()

utils::tail(getLoadedDLLs(), 2) # the last 2 loaded ones, still a DLLInfolList

getNativeSymbolInfo

.Call.C.Fortran.External

getNativeSymbolInfo(name, PACKAGE, unlist = TRUE,
withRegistrationInfo = FALSE)



name

PACKAGE "base”
unlist unlistTRUEnameNativeSymbolInfoFALSENativeSymbolInfonameTRUE
withRegistrationInfo
TRUEFALSE
.Call

NativeSymbolInfonameNativeSymbolInfo

name name

address withRegistrationInfoFALSENativeSymbolwithRegistrationInfoTRUE
RegisteredNativeSymbol.Call.C.Fortran.External

dll
PACKAGE

numParameters

CRoutineCallRoutineFortranRoutineExternalRoutine

nameunlistTRUENativeSymbolInfo

NativeSymbolInfopackagedllNativeSymbolInfogetDLLRegisteredRoutines()

nls

https://www.r-project.org/doc/Rnews/Rnews_2001-3.pdf

getDLLRegisteredRoutinesis.loaded.C.Fortran.External.Calldyn.load


https://www.r-project.org/doc/Rnews/Rnews_2001-3.pdf

gettext

stop()warning()message()bindtextdomain()

gettext(..., domain = NULL, trim = TRUE)

ngettext(n, msgl, msg2, domain = NULL)

bindtextdomain(domain, dirname = NULL)
Sys.setlLanguage(lang, unset = "en")
trim gettext()trim = FALSE\n
domain characterNULL

n

msgl n =1

msg2 n=20, 2, 3,

dirname

lang character

unset Sys.getenv("LANGUAGE")

domainNULLgettextngettextgettextngettextstop()warning()message()evalq()"R-pkg"
domain = NAgettextngettext

nn

gettextngettextdomain = ""domain = NA

Sys.getlocale()LANGUAGESys.setlLanguage()
"R-pkg""pkg"

gettexttrim
ngettextgettext%dsprintfmsgin == Tmsg2

bindtextdomainmanNULLdirnamedirname = NULLbindtextdomain(*,*)NULL
bindtextdomain(NULL)textdomain(textdomain(NULL))TRUE

Sys.setLanguage(lang) LANGUAGEbindtextdomain (NULL)

gettext. ..
ngettext

bindtextdomainNULL

Sys.setlLanguage ()LANGUAGEattr(*, "ok")logicallangmessage



LANGUAGElibintlgettextmusl

stopwarninggettext

xgettext

bindtextdomain("R") # non-null if and only if NLS is enabled

for(n in 0:3)
print(sprintf(ngettext(n, "%d variable has missing values”,
"%d variables have missing values"),

n))
## Not run: ## for translation, those strings should appear in R-pkg.pot as
msgid "%d variable has missing values”
msgid_plural "%d variables have missing values”
msgstr[o] ""
msgstr[1] ""

## End(Not run)

miss <- "One only” # this line, or the next for the ngettext() below

miss <- c("one", "or", "another")

cat(ngettext(length(miss), "variable”, "variables"),
paste(sQuote(miss), collapse =", "),
ngettext(length(miss), "contains”, "contain"”), "missing values\n")

## better for translators would be to use
cat(sprintf(ngettext(length(miss),
"variable %s contains missing values\n",
"variables %s contain missing values\n"),
paste(sQuote(miss), collapse = ", ")))

thisLang <- Sys.getenv("LANGUAGE"”, unset = NA) # so we can reset it
if(is.na(thisLang) || !nzchar(thisLang)) thisLang <- "en" # "factory” default
enT <- "empty model supplied”

Sys.setenv(LANGUAGE = "de") # may not always 'work'

gettext(enT, domain="R-stats"”)# "leeres Modell angegeben” (if translation works)
tget <- function() gettext(enT)

tget() # not translated as fn tget() is not from "stats” pkg/namespace
evalg(function() gettext(enT), asNamespace("stats”))() # *is* translated

## Sys.setlLanguage() -- typical usage --

Sys.setlLanguage(”en") -> oldSet # does set LANGUAGE env.var
errMsg <- function(expr) tryCatch(expr, error=conditionMessage)
(errMsg(1 + "2") -> err)

Sys.setLanguage("fr")

errMsg(1 + "2")

Sys.setlLanguage("de")

errMsg(1 + "2")

## Usually, you would reset the language to "previous” via
Sys.setlLanguage(oldSet)



## A show off of translations -- platform (font etc) dependent:
## The translation languages available for "base” R in this version of R:
if(capabilities("”NLS")) withAutoprint({

langs <- list.files(bindtextdomain("R"),

pattern = "*[a-z]{2}(_[A-Z1{2}|@quot)?$")

langs

txts <- sapply(setNames(,langs),

function(lang) { Sys.setlLanguage(lang)

gettext("incompatible dimensions”, domain="R-stats"”) })

cbind(txts)

(nTrans <- length(unique(txts)))

(not_translated <- names(txts[txts == txts[["en"]11]))
»

## Here, we reset to the *originalx setting before the full example started:
if(nzchar(thisLang)) { ## reset to previous and check
Sys.setlLanguage(thisLang)
stopifnot(identical(errMsg(1 + "2"), err))
} # else staying at 'de’

getwd

getwdsetwd(dir)dir

getwd()
setwd(dir)

dir

getwdNULL//
setwdgetwd

list.files

normalizePath

(WD <- getwd())
if ('is.null(WD)) setwd(WD)



gl

gl(n, k, length = nxk, labels = seq_len(n), ordered = FALSE)

n
k

length
labels

ordered

Tnklength
gl

factor()

## First control, then treatment:

gl(2, 8, labels = c("Control”, "Treat"))
## 20 alternating 1s and 2s

gl(2, 1, 20)

## alternating pairs of 1s and 2s

gl(2, 2, 20)

grep

grepgrepvgreplregexprgregexprregexecgregexecpattern

subgsub

grep(pattern, x, ignore.case = FALSE, perl = FALSE, value = FALSE,
fixed = FALSE, useBytes = FALSE, invert = FALSE)

grepv(pattern, x, ignore.case = FALSE, perl = FALSE, value = TRUE,
fixed = FALSE, useBytes = FALSE, invert = FALSE)

grepl(pattern, x, ignore.case = FALSE, perl = FALSE,
fixed = FALSE, useBytes = FALSE)



sub(pattern, replacement, x, ignore.case = FALSE, perl = FALSE,
fixed = FALSE, useBytes = FALSE)

gsub(pattern, replacement, x, ignore.case = FALSE, perl = FALSE,
fixed = FALSE, useBytes = FALSE)

regexpr(pattern, text, ignore.case = FALSE, perl = FALSE,
fixed = FALSE, useBytes = FALSE)

gregexpr(pattern, text, ignore.case = FALSE, perl = FALSE,
fixed = FALSE, useBytes = FALSE)

regexec(pattern, text, ignore.case = FALSE, perl = FALSE,
fixed = FALSE, useBytes = FALSE)

gregexec(pattern, text, ignore.case = FALSE, perl = FALSE,
fixed = FALSE, useBytes = FALSE)

pattern fixed = TRUEas.characterregexprgregexprregexec
xtext as.character

ignore.case FALSETRUE

perl

value FALSEintegergrepTRUE

fixed TRUEpattern

useBytes TRUE

invert TRUE

replacement subgsubfixed = FALSE”\1""\9"patternperl = TRUE"\U""\L""\E"NANA

fixed = TRUE
perl = TRUE
fixed = FALSE, perl = FALSE

nn

*subsubpatterngsubreplacementpattern
regexprgregexprregexecgregexecpatternNANANA
grepgrepvvalue

grepgreplxpattern

useBytes = TRUEregexpr"bytes”Encoding
useBytes = TRUE

regexprgregexprperl = TRUE

perl = TRUE



grep(value = FALSE)xinvert = TRUE
grep(value = TRUE)x
greplx

subgsubxxuseBytes = FALSEuseBytes = FALSEfixed = TRUEenc2native"”bytes”x"bytes”
"bytes"useBytes = TRUE"bytes""unknown"”"bytes"iconv

regexprtext—1"match.length”—1useBytes = TRUEuseBytesTRUE"capture.start”
"capture.length""capture.names”

gregexprtextregexpr
regexectext—1pattern”match.length” —1regexpr
gregexecregexectexttext

perl = TRUE

gsubgregexprpattern = "\b"perl = TRUE

perl = TRUEfixed = TRUE

3 X
useBytes = TRUEfixed = TRUEuseBytes = FALSEuseBytes = TRUE

xtextpcre_configextSoftVersionoptionsPCRE_studyPCRE_use_JITtests/PCRE.R
R_PCRE_JIT_STACK_MAXSIZE1100064PCRE_limit_recursion

ignore.caseperlvaluefixeduseBytesinvertxtext

[:digit:][:xdigit:]

https://github.com/laurikari/tre
https://www.pcre.org

grep

regexp
regmatchesregexprgregexprregexec

glob2rx

agrep

charmatchpmatchmatchstartsWith
tolowertoupperchartr

apropos

grepRaw
PCRE_limit_recursionPCRE_studyPCRE_use_JIT

extSoftVersionpcre_config


https://github.com/laurikari/tre
https://www.pcre.org

grep("[a-z]", letters)

txt <- c("arm”,"foot"”,"lefroo”, "bafoobar")
if(length(i <- grep(”"foo”, txt)))
cat("'foo' appears at least once in\n\t”, txt, "\n")
i# 2 and 4
txt[i]

## Double all 'a' or 'b's; "\"” must be escaped, i.e., 'doubled'

gsub("(LabI)", "\\1_\\1_", "abc and ABC")

txt <- c("The", "licenses”, "for"”, "most"”, "software”, "are",
"designed”, "to", "take", "away"”, "your"”, "freedom”,
"to", "share", "and”, "change"”, "it.",
" "By", "contrast,”, "the"”, "GNU", "General"”, "Public”, "License",
"is", "intended”, "to", "guarantee”, "your", "freedom”, "to",
"share"”, "and", "change", "free"”, "software", "--",
"to", "make", "sure", "the", "software"”, "is",
"free", "for", "all"”, "its", "users")

(i <- grep("[gul”, txt) ) # indices
stopifnot( txt[i] == grep("[gul”, txt, value = TRUE) )

## Note that for some implementations character ranges are

## locale-dependent (but not currently). Then [b-e] in locales such as
## en_US may include B as the collation order is aAbBcCdDe ...

(ot <= sub("[b-el”,".", txt))

txt[ot != gsub("[b-e]”,"”."”, txt)]#- gsub does "global” substitution

## In caseless matching, ranges include both cases:

a <- grep("[b-e]", txt, value = TRUE)

b <- grep("[b-e]"”, txt, ignore.case = TRUE, value = TRUE)

setdiff(b, a)

txt[gsub("g","#", txt) !=
gsub("g","#", txt, ignore.case = TRUE)] # the "G" words

regexpr("en”, txt)
gregexpr("e”, txt)

## Using grepl() for filtering
## Find functions with argument names matching "warn”:
findArgs <- function(env, pattern) {
nms <- ls(envir = as.environment(env))
nms <- nms[is.na(match(nms, c("F","T")))] # <-- work around "checking hack”
aa <- sapply(nms, function(.) { o <- get(.)
if(is.function(o)) names(formals(o)) 3})
iw <- sapply(aa, function(a) any(grepl(pattern, a, ignore.case=TRUE)))
aaliw]
3

findArgs("package:base”, "warn")

## trim trailing white space
str <- "Now is the time
sub(" +$", "", str) ## spaces only

## what is considered 'white space' depends on the locale.
sub("[[:space:]1]+$", "", str) ## white space, POSIX-style

"



## what PCRE considered white space changed in version 8.34: see ?regex
sub("\\s+$", "", str, perl = TRUE) ## PCRE-style white space

## capitalizing

txt <- "a test of capitalizing”

gsub (" (\\w) (\\w*) " "\\UNNVINNLAN2", txt, perl=TRUE)
gsub("\\b(\\w)", "N\UNNTT, txt, perl=TRUE)

txt2 <- "useRs may fly into JFK or laGuardia”
gsub (" (\\w) (\\w#) (\\w) ", "N\AUNNTANNENA2\NUN\3", txt2, perl=TRUE)
sub (" (O\\w) (\\wx) (\\w) 7, "NAUNNTANENN2N\NUNN3Y, txt2, perl=TRUE)

## named capture
notables <- c("” Ben Franklin and Jefferson Davis",
"\tMillard Fillmore")
# name groups 'first' and 'last'
name.rex <- "(?<first>[[:upper:]1][[:1lower:1]1+) (?<last>[[:upper:J1][[:lower:]1]+)"
(parsed <- regexpr(name.rex, notables, perl = TRUE))
gregexpr(name.rex, notables, perl = TRUE)[[2]1]
parse.one <- function(res, result) {
m <- do.call(rbind, lapply(seq_along(res), function(i) {
if(result[i] == -1) return("")
st <- attr(result, "capture.start”)[i, 1]
substring(res[i], st, st + attr(result, "capture.length”)[i, 1 - 1)
19
colnames(m) <- attr(result, "capture.names")
m

3

parse.one(notables, parsed)

## Decompose a URL into its components.
## Example by LT (http://www.cs.uiowa.edu/~1luke/R/regexp.html).
x <- "http://stat.umn.edu:80/xyz"
m <- regexec("*(([*:1+)://)2(L*:/1+) (: ([0-91+))?(/.*)", X)
m
regmatches(x, m)
## Element 3 is the protocol, 4 is the host, 6 is the port, and 7
## is the path. We can use this to make a function for extracting the
## parts of a URL:
URL_parts <- function(x) {
m <- regexec("*((L*:1+)://)?2(L*:/1+) (: ([O-91+))?(/.%)", x)
parts <- do.call(rbind,
lapply(regmatches(x, m), [, c(3L, 4L, 6L, 7L)))
colnames(parts) <- c("protocol”,"host”,"port”,"path”)
parts
}
URL_parts(x)

## gregexec() may match multiple times within a single string.
pattern <- "([[:alpha:]1]+)([[:digit:J]1+)"

s <- "Test: A1 BC23 DEF456"

m <- gregexec(pattern, s)

m

regmatches(s, m)

## Before gregexec() was implemented, one could emulate it by running
## regexec() on the regmatches obtained via gregexpr(). E.g.:



lapply(regmatches(s, gregexpr(pattern, s)),
function(e) regmatches(e, regexec(pattern, e)))

grepRaw

grepRawpatternx

grepRaw(pattern, x, offset = 1L, ignore.case = FALSE,
value = FALSE, fixed = FALSE, all = FALSE, invert = FALSE)

pattern fixed = TRUEcharToRaw
X charToRaw

ignore.case FALSETRUE

offset nat

value

fixed TRUEpattern

all TRUE

invert TRUEvalue = TRUE

grepxall = TRUE
invertvalue = TRUEoffsetinvert = TRUEall = TRUEx"*""$"
fixed = TRUEvalue = TRUE

grepRaw(value = FALSE)all = FALSE
grepRaw(value = TRUE, all = FALSE)x
grepRaw(value = TRUE, all = TRUE)

ignore.casevaluefixedallinvert

https://github.com/laurikari/tre/fixed = TRUE

regexp

grep

grepRaw(”no match”, "textText”) # integer(@): no match
grepRaw("adf"”, "adadfadfdfadadf”) # 3 - the first match
grepRaw("adf"”, "adadfadfdfadadf”, all=TRUE, fixed=TRUE)
## [1] 3 6 13 -- three matches


https://github.com/laurikari/tre/

groupGeneric

MathOpsmatrixOpsSummaryComplex

## S3 methods for group generics have prototypes:
Math(x, ...)

Ops(el, e2)

Complex(z)

Summary(..., na.rm = FALSE)

matrixOps(x, y)

xyzele2

na.rm

nn

"Math""Ops""Summary""matrixOps"”"Complex"factordata. framedifftimeorderedOps
POSIXtDateMathOpspackage_versionOpsSummarytsOps

”Math"

abssignsqrt
floorceilingtrunc
roundsignif
explogexpmllogip
cossintan
cospisinpitanpi
acosasinatan
coshsinhtanh
acoshasinhatanh

lgammagammadigammatrigamma
cumsumcumprodcummaxcummin

xlogroundsigniftrunc

Ilopsll
II+” n_n H*II H/Il nan Il%%” Il%/%ll
II&” n | nn ‘ n

”::H n ! :H ”<H H<:H H>:” H>H
+-10pse2
OpschooseOpsMethod () ?chooseOpsMethodchooseOpsMethod ()
data.frame"Compare"==<"Logic"&]| !matrix

"matrixOps”



”%*% n
%*%crossprod()tcrossprod()Ops
"Summary"”

allany
sumprod
minmax
range

data.frame”Summary"”"Math"x
is.numeric(x) || is.logical(x) || is.complex(x)
"Complex"”
ArgConjImModRe

z

"class"oldClassclassOps.integer

”Math”

.GenericUseMethod

Ops.Method""”

nn

.Group

methods

require(utils)

d.fr <- data.frame(x = 1:9, y = stats::rnorm(9))
class(1 + d.fr) == "data.frame” ##-- add to d.f.

methods("Math")

methods("0Ops")

methods (" Summary")
methods("Complex"”) # none in base R



grouping

grouping

grouping(...)

NA
"radix"order23!

orderxtfrm

"grouping”

ends

maxgrpn

orderxtfrm

(ii <- grouping(x <- c(1, 1, 3:1, 1:4, 3), y <- c(9, 9:1), z <- c(2, 1:9)))
#6 5 2 1 7 410 8 3 9
rbind(x, y, z)[, ii]

gzcon

gzcongzip

gzcon(con, level = 6, allowNonCompressed = TRUE, text = FALSE)

con

level
allowNonCompressed

text TRUEpushBackreadBin



con

gzipallowNonCompressed

non

contextConnectionopen = "w"rawConnection

"connection”

gzfile

## Uncompress a data file from a URL

z <- gzcon(url("https://www.stats.ox.ac.uk/pub/datasets/csb/ch12.dat.gz"))
# read.table can only read from a text-mode connection.

raw <- textConnection(readlLines(z))

close(z)

dat <- read.table(raw)

close(raw)

dat[1:4, 1]

## gzfile and gzcon can inter-work.
## Of course here one would use gzfile, but file() can be replaced by
## any other connection generator.

zzfil <- tempfile(fileext = ".gz")

zz <- gzfile(zzfil, "w")

cat("TITLE extra line”, "2 3 57", "", "11 13 17", file = zz, sep = "\n")
close(zz)

readLines(zz <- gzcon(file(zzfil, "rb")))

close(zz)

unlink(zzfil)

zzfil2 <- tempfile(fileext = ".gz")

zz <- gzcon(file(zzfil2, "wb"))

cat("TITLE extra line”, "2 3 5 7", "", "11 13 17", file = zz, sep = "\n")
close(zz)

readLines(zz <- gzfile(zzfil2))

close(zz)

unlink(zzfil2)

hexmode




as.hexmode (x)

## S3 method for class 'hexmode'
as.character(x, keepStr = FALSE, ...)

## S3 method for class 'hexmode'
format(x, width = NULL, upper.case = FALSE, ...)

## S3 method for class 'hexmode'

print(x, ...)

X "hexmode”
keepStr logicalTRUE
width NULL
upper.case

"hexmode" [

as.character(x)attributeskeepStr=TRUEdimdimnamesnamesformat()width = NULL
as.hexmode”integer"”"double"0-9a-fA-FNA"hexmode"
&

octmodesprintfstrtoi

i <- as.hexmode("7fffffff")
i; class(i)
identical(as.integer(i), .Machine$integer.max)

hm <- as.hexmode(c(NA, 1)); hm
as.integer(hm)

Xm <- as.hexmode(1:16)

Xm # print()s via format()
stopifnot(nchar(format(Xm)) == 2)

Xm[-16] # *nox leading zeroes!
stopifnot(format(Xm[-16]) == c(1:9, letters[1:6]))

## Integer arithmetic (remaining "hexmode"):

16*xXm

Xm*2

-Xm

(fac <- factorial(Xm[1:12])) # !1, !2, 13, 14 .. in hexadecimals
as.integer(fac) # indeed the same as factorial(1:12)



Hyperbolic

cosh(x)
sinh(x)
tanh(x)
acosh(x)
asinh(x)
atanh(x)

Math

asin

Math

cossintanacosasinatan

plogistanh()x

iconv

iconv(x, from = "", to = "", sub = NA, mark = TRUE, toRaw = FALSE)

iconvlist()

X as.characterNULLrawiconv(toRaw = TRUE)

from

to

sub NA"byte""<xx>""Unicode""<U+xxxx>"c99" \uxxxx" " \UXXxxxxxx"
mark

toRaw



""M"latin1""UTF-8"

iconvlistmusliconv(5)iconv

XNANULLtoRaw = TRUEsub

iconv//TRANSLITto

"ASCII""C""POSIX""ASCII//TRANSLIT""ASCII"sub = "c99"sub = "?""ASCII"*
xEncodingfrom = ""from

iconvfrom

sub = "Unicode"”sub = "c99"sub = "byte”

toRaw = FALSExXNA_character_NA_character_NA_character_
mark = TRUEto"latin1""UTF-8"to = ""
toRaw = TRUEXNULLNA_character_

iconvlist()

iconvglibclibiconvwin_iconviconvlist//TRANSLITwin_iconvto = "ASCII”
libiconvlibiconv?NA

iconvlibiconv

muslglibc//TRANSLIT*

//TRANSLIT

to = "ASCII"

libiconvto = "C99"\uxxxXx \UUXXXXXXXX

U+FEFFconnectionx

from”UCS-2""UTF-16""UTF-32"xfromU+FEFF

"1s0885915""1atin-9""1atin9"1libiconv

"utf8""mac""macroman”"utf8"”"UTF-8"fromtoiconvfileEncoding"macintosh"https:
//en.wikipedia.org/wiki/Mac_0OS_Roman

subsub = "c99"sub = "Unicode”

localeToCharsetfile


https://en.wikipedia.org/wiki/Mac_OS_Roman
https://en.wikipedia.org/wiki/Mac_OS_Roman

## In principle, as not all systems have iconvlist
try(utils::head(iconvlist(), n = 50))

## Not run:

## convert from Latin-2 to UTF-8: two of the glibc iconv variants.
iconv(x, "ISO_8859-2", "UTF-8")

iconv(x, "LATIN2", "UTF-8")

## End(Not run)

## Both x below are in latinl and will only display correctly in a
## locale that can represent and display latini.

x <- "fran\xE7ais"

Encoding(x) <- "latinl”

X

charToRaw(xx <- iconv(x, "latin1"”, "UTF-8"))

XX

## The results in the comments are those from glibc and GNU libiconv

iconv(x, "latin1", "ASCII") # NA
iconv(x, "latin1", "ASCII", "?") # "fran?ais”
iconv(x, "latin1”, "ASCII", "") # "franais”

iconv(x, "latin1", "ASCII", "byte") # "fran<e7>ais"”
iconv(xx, "UTF-8", "ASCII", "Unicode")# "fran<U+QQE7>ais”
iconv(xx, "UTF-8", "ASCII", "c99") # "fran\\u@oe7ais”

## Extracts from old R help files (they are nowadays in UTF-8)

x <= c("Ekstr\xf8m", "J\xf6reskog”, "bi\xdfchen Z\xfcrcher")
Encoding(x) <- "latinl”

X

try(iconv(x, "latin1", "ASCII//TRANSLIT")) # platform-dependent
## glibc gives "Ekstroem” "Joreskog"” "bisschen Zurcher”

## macOS 14 gives "Ekstrom” "J\"oreskog"” "bisschen Z\"urcher”

## musl gives "Ekstr*m” "Jxreskog" "bi*chen Z*rcher”

iconv(x, "latin1", "ASCII", sub = "byte")

## and for Windows' 'Unicode'
str(xx <- iconv(x, "latin1"”, "UTF-16LE", toRaw = TRUE))
iconv(xx, "UTF-16LE", "UTF-8")

emoji <- "\U00o1f604"

iconv(emoji,, "latin1”, sub = "Unicode”) # "<U+1F604>"
iconv(emoji,, "latin1", sub = "c99")
icuSetCollate

icuSetCollate(...)

icuGetCollate(type = c("actual”, "valid"))



type "actual”"valid"

https://icu.unicode.org/icuSetCollate

locale "da_DK"
case_first "upper”"lower"”"default”

alternate_handling "non_ignorable""shifted”

nn nn nn

strength "primary”"secondary”"tertiary"”"quaternary”""identical”
french_collation "on""off""default”

normalization "on""off"

case_level "on""off"

hiragana_quaternary "on""off"

locale

"none”
"ASCII" strcmp
"default” R_ICU_LOCALELC_ALLLC_COLLATE

nnn

root” https://www.unicode.org/reports/tr35/tr35-collation.html#Root_
Collation

https://unicode-org.github.io/icu/userguide/locale/icuGetCollate("actual”)
"root""root""en_GB""C"R_ICU_LOCALE"C"

n n

case_level = "on", strength = "primary"alternate_handling = "shifted”

CR_ICU_LOCALElocalelocale = "none"Sys.setlocale”C"LC_ALLLC_COLLATER_ICU_LOCALE
R_ICU_LOCALESys.setlocalelLC_ALLLC_COLLATER_ICU_LOCALER_ICU_LOCALE

localeSys.setlocale

icuGetCollate”ICU not in use""da""da_DK""root"”

R_ICU_LOCALEicuSetCollateicuSetCollate(locale = "default”)LC_COLLATE

sort
capabilitiesextSoftVersion

https://unicode-org.github.io/icu/userguide/collation/


https://icu.unicode.org/
https://www.unicode.org/reports/tr35/tr35-collation.html#Root_Collation
https://www.unicode.org/reports/tr35/tr35-collation.html#Root_Collation
https://unicode-org.github.io/icu/userguide/locale/
https://unicode-org.github.io/icu/userguide/collation/

## These examples depend on having ICU available, and on the locale.
## As we don't know the current settings, we can only reset to the default.
if(capabilities("ICU")) withAutoprint({

icuGetCollate()

icuGetCollate("valid")

x <= c("Aarhus”, "aarhus", "safe"”, "test", "Zoo")
sort(x)

icuSetCollate(case_first = "upper"); sort(x)
icuSetCollate(case_first = "lower"); sort(x)

## Danish collates upper-case-first and with 'aa' as a single letter
icuSetCollate(locale = "da_DK", case_first = "default”); sort(x)
## Estonian collates Z between S and T
icuSetCollate(locale = "et_EE"); sort(x)
icuSetCollate(locale = "default”); icuGetCollate("valid")
»

identical

TRUEFALSE

identical(x, y, num.eq = TRUE, single.NA = TRUE, attrib.as.set = TRUE,
ignore.bytecode = TRUE, ignore.environment = FALSE,
ignore.srcref = TRUE, extptr.as.ref = FALSE)

Xy
num.eq doublecomplexNA==-0+0
single.NA NANaNsingle.NA = FALSE

attrib.as.set attributesxyslotattrib.as.set = FALSE
ignore.bytecode

ignore.environment

ignore.srcref "srcref”

extptr.as.ref

identicalifwhile&&] |
==1=xyFALSENANAif(x == y)....
all.equal

identicalidentical
single.NAidenticalNaNNA_real_NaNNA
"bytes""bytes”



attrib.as.set
ignore.bytecodecmpfundisassemble()
identical”POSIX1t"

identical(x, vy,
num.eq = FALSE, single.NA = FALSE, attrib.as.set = FALSE,
ignore.bytecode = FALSE, ignore.environment = FALSE,
ignore.srcref = FALSE, extptr.as.ref = TRUE)

TRUEFALSENA

all.equalComparisonLogic

identical (1, NULL) ## FALSE -- don't try this with ==
identical(1, 1.) ## TRUE in R (both are stored as doubles)
identical(1, as.integer(1)) ## FALSE, stored as different types

X <= 1.0; y <- 0.99999999999

## how to test for object equality allowing for numeric fuzz :
(E <- all.equal(x, y))

identical (TRUE, E)

isTRUE(E) # alternative test

## If all.equal thinks the objects are different, it returns a
## character string, and the above expression evaluates to FALSE

## even for unusual R objects :
identical(.GlobalEnv, environment())

- Pickyness Flags : --—---——=---—---——---——--———-

## the infamous example:

identical(@., -0.) # TRUE, i.e. not differentiated
identical(@., -0., num.eq = FALSE)

## similar:

identical(NaN, -NaN) # TRUE

identical(NaN, -NaN, single.NA = FALSE) # differ on bit-level

### For functions ("closure”s): ———=—=——=—————— - -
HH

f <- function(x) x

f

g <- compiler::cmpfun(f)

g



identical(f, g) # TRUE, as bytecode is ignored by default
identical(f, g, ignore.bytecode=FALSE) # FALSE: bytecode differs

## GLM families contain several functions, some of which share an environment:
p1 <- poisson() ; p2 <- poisson()

identical(p1, p2) # FALSE

identical(p1, p2, ignore.environment=TRUE) # TRUE

## in interactive use, the 'keep.source' option is typically true:

op <- options(keep.source = TRUE) # and so, these have differing "srcref” :
f1 <= function() {3}

f2 <- function() {3}

identical (f1,f2)# ignore.srcref= TRUE : TRUE

identical(f1,f2, ignore.srcref=FALSE)# FALSE

options(op) # revert to previous state

identity

identity(x)

diag

ifelse

ifelsetestyesnotestTRUEFALSE

ifelse(test, yes, no)

test

yes test
no test
yeshoyestestno

test



"class"testyesnoyesno

testoldClasstestyesno

(tmp <- yes; tmp[!test] <- no[!test]; tmp)

test
if(test) yes else noifelse(test, yes, no)testlength(test) == 1

srcreftestyessrcrefifelseyestestnoif(test) yes else noyesno

if

X <- c(6:-4)
sqrt(x) #- gives warning
sqrt(ifelse(x >= @, x, NA)) # no warning

## Note: the following also gives the warning !
ifelse(x >= 0, sqrt(x), NA)

## ifelse() strips attributes

## This is important when working with Dates and factors

x <- seq(as.Date("2000-02-29"), as.Date("2004-10-04"), by = "1 month")
## has many "yyyy-mm-29", but a few "yyyy-03-01" in the non-leap years
y <- ifelse(as.POSIX1t(x)$mday == 29, x, NA)

head(y) # not what you expected ... ==> need restore the class attribute:
class(y) <- class(x)
y

## This is a (not atypical) case where it is better *not* to use ifelse(),
## but rather the more efficient and still clear:

y2 <- X

y2[as.POSIX1t(x)$mday != 29] <- NA

## which gives the same as ifelse()+class() hack:

stopifnot(identical(y2, y))

## example of different return modes (and 'test' alone determining length):
yes <- 1:3

no <- pi*(1:4)

utils::str( ifelse(NA, yes, no) ) # logical, length 1

utils::str( ifelse(TRUE, yes, no) ) # integer, length 1

utils::str( ifelse(FALSE, yes, no) ) # double, 1length 1



integer

"integer"”

integer(length = 0)
as.integer(x, ...)
is.integer(x)

length

X

+2 x 10°double

integero
as.integerNANAas. integer (x)trunc(x)0x0Xas.vectorxstorage.mode(x) <- "integer"
is.integerTRUEFALSEFALSE

is.integer(x)xroundis.wholenumber (x)

numericstorage.mode

roundceilingfloor

## as.integer() truncates:
X <= pi * c(-1:1, 10)
as.integer(x)

is.integer(1) # is FALSE !

is.wholenumber <-
function(x, tol = .Machine$double.eps”@.5) abs(x - round(x)) < tol
is.wholenumber (1) # is TRUE
(x <- seq(1, 5, by = 0.5) )
is.wholenumber( x ) #--> TRUE FALSE TRUE ...



interaction

interactioninteraction

interaction(..., drop = FALSE, sep = ".", lex.order = FALSE)
drop dropTRUE

sep

lex.order

sep.

lex.order = FALSElex.order = TRUE:

factor:f:ginteraction(f, g, sep = ":")fg

a <- gl(2, 4, 8)

b <- gl(2, 2, 8, labels = c("ctrl”, "treat"))
s <- gl(2, 1, 8, labels = c("M", "F"))
interaction(a, b)

interaction(a, b, s, sep = ":")
stopifnot(identical(a:s,
interaction(a, s, sep = ":", lex.order = TRUE)),
identical(a:s:b,
interaction(a, s, b, sep = ":", lex.order = TRUE)))
interactive
TRUEFALSE

interactive()



Rterm.exestdinstdin--interactive--essRterm.exereadline--interactive

stopoptions("”showWarnCalls")
--save--no-save--vanilla

dev.newoptions("device")

interactive()helpdebuggerinstall.packages

source.First

.First <- function() if(interactive()) x11()

Internal

.Internal

.Internal(call)

call

.Primitive.External



InternalMethods

methods

[LL$L<-[[<-$<-
lengthlength<-lengthsdimnamesdimnames<-dimdim<-namesnames<-levels<-@@<-
cunlistcbindrbind

as.characteras.complexas.doubleas.integeras.logicalas.rawas.vectoras.call
as.environmentis.arrayis.matrixis.naanyNAis.nanis.finiteis.infiniteis.numeric
ncharreprep.intrep_lenseq.int"”"seq"is.unsortedxtfrm

is.nameis.symbolas.numericas.doubleas.doubleas.numeric

.S3PrimitiveGenerics.internalGenerics.Internal(..)

is.object

methods

invisible

invisible(x = NULL)

X NULL

withVisiblereturnfunction

# These functions both return their argument
f1 <= function(x) x

f2 <- function(x) invisible(x)

f1(1) # prints

f2(1) # does not



is.finite

is.finiteis.infinitex

Inf-InfNaNInfNaNNA

is.finite(x)
is.infinite(x)
is.nan(x)

Inf
NaN

is.finitexTRUEx[ jINANaNInf-InfFALSE
is.infinitexTRUEX[j]1Inf-InfFALSEX
is.nanNaNNaNidenticalNAis.nanNaNNaNNA
NULLFALSEFALSE

xdimdimnamesnames

Arithmetic+/- InfNaN
Inf
NaNNaNNA

https://en.wikipedia.org/wiki/NaN
https://docs.oracle.com/cd/E19957-01/806-3568/ncg_goldberg.html

isfiniteis.finite

NA
Arithmeticdouble


https://en.wikipedia.org/wiki/NaN
https://doi.org/10.1145/103162.103163
https://docs.oracle.com/cd/E19957-01/806-3568/ncg_goldberg.html

pi / @ ## = Inf a non-zero number divided by zero creates infinity
0/ @ ## = NaN

1/0 + 1/@ # Inf
1/@ - 1/@ # NaN

stopifnot(
1/0 == Inf,
1/Inf ==
)
sin(Inf)
cos(Inf)
tan(Inf)

is.function

is.function(x)
is.primitive(x)

is.primitive(x)xtypeof(x)"builtin""special”

TRUEXFALSE

is.function(1) # FALSE

is.function (is.primitive) # TRUE: it is a function, but ..
is.primitive(is.primitive) # FALSE: it's not a primitive one, whereas
is.primitive(is.function) # TRUE: that one *isx

is.language

is.languageTRUExnamecallexpression

is.language(x)



nametypeofis.symbol

typeof (x) == "language"is.language(x)yis.language(y)

11 <- list(a = expression(x*2 - 2*x + 1), b = as.name("Jim"),
c = as.expression(exp(1)), d = call("sin", pi))

sapply(1ll, typeof)

sapply (11, mode)

stopifnot(sapply(ll, is.language))

is.object

TRUEXOBJECTFALSEOBJECT"class”

is.atomicxattributes(x)"class”

is.object(x)

classmethods

isS4

is.object(1) # FALSE
is.object(as.factor(1:3)) # TRUE



is.recursive

is.atomicTRUEXFALSEis.atomic(NULL)FALSE
is.recursiveTRUEXFALSE

is.atomic(x)
is.recursive(x)

nn nn nn n

is.atomic"logical”"integer""numeric”""complex""character”"raw
NULLas.nameS4typeof

is.vector

is.listis.languagedemo("is.things")

require(stats)

is.a.r <- function(x) c(is.atomic(x), is.recursive(x))

is.a.r(c(a =1, b = 3)) # TRUE FALSE
is.a.r(list()) # FALSE TRUE - a list is a list
is.a.r(list(2)) # FALSE TRUE
is.a.r(1m) # FALSE TRUE
is.a.r(y ~ x) # FALSE TRUE
is.a.r(expression(x+1)) # FALSE TRUE
is.a.r(quote(exp)) # FALSE FALSE
is.a.r(NULL) # FALSE FALSE

# Reproduce pre-4.4 behavior of is.atomic()
is.atomicN <- function(x) is.atomic(x) || is.null(x)
is.atomicN(NULL) # TRUE



is.single

is.single

is.single(x)

is.unsorted

is.unsorted(x, na.rm = FALSE, strictly = FALSE)

X
na.rm

strictly

is.unsorted

NA>=>x[i]x[i-1]Ji2:1ength(x)is.unsorted()

sortorder



ISOdatetime

ISOdatetime(year, month, day, hour, min, sec, tz = "")
ISOdate(year, month, day, hour = 12, min = @, sec = 0, tz

yearmonthday
hourminsec
tZ nn "GMT"

ISOdatetimeISOdatestrptimeISOdate”Date”

strptime@:9999

"POSIXct”

strptime

n GMT u)

isS4

isS4(object)

asS4(object, flag = TRUE, complete = TRUE)
asS3(object, flag = TRUE, complete = TRUE)

object
flag

complete

isS4require

asS3completeobjectcompleteTRUES3PartarraymatrixNULL

isS4



isS4TRUEFALSE
asS4asS3asS3.S53ClassasS3"S4"completeFALSE

is.object

isS4(pi) # FALSE
isS4(getClass("MethodDefinition”)) # TRUE

isSymmetric
objectcomplexZisSymmetric(Z)isSymmetric(Z, trans = "T")
isSymmetric(object, ...)

## S3 method for class 'matrix’
isSymmetric(object, tol = 100 * .Machine$double.eps,

toll = 8 * tol, trans = "C", ...)
object matrix
tol all.equal.numeric
tol1 isSymmetric.matrix()
trans charactercomplexZ”C"Conj(t(2))Z2"T"t(Z)Z

all.equalobjectcheck.attributes = FALSE

matrixeigenall.equal

mrownamescolnamesunname (m)

object

eigenisSymmetricsymmetric



isSymmetric(D3 <- diag(3)) # -> TRUE

D3[2, 1] <- 1e-100

D3

isSymmetric(D3) # TRUE

isSymmetric(D3, tol = @) # FALSE for zero-tolerance

## Complex Matrices - Hermitian or not
z <- sqrt(matrix(-1:2 + @i, 2)); Z <- t(Conj(z)) %*% z
7t7 <- t(z) %*% z

Z; 7tz

isSymmetric(Z) # TRUE

isSymmetric(Z + 1) # TRUE

isSymmetric(Z + 1i) # FALSE -- a Hermitian matrix has a *real* diagonal

colnames(D3) <- c("X", "Y", "Z")
isSymmetric(D3) # FALSE (as row and column names differ)
isSymmetric(D3, check.attributes=FALSE) # TRUE (as names are not checked)

jitter

jitter(x, factor = 1, amount = NULL)

X
factor

amount = @factor * z/50
NULLfactor * d/5dx

rr <- x + runif(n, -a, a)n <- length(x)aamount
z <- max(x) - min(x)aamountz
amount == Qa <- factor * z/50
amountNULLa <- factor x d/5x

jitter(x, ...)xamount



rugjitter

round(jitter(c(rep(1, 3), rep(1.2, 4), rep(3, 3))), 3)
## These two 'fail' with S-plus 3.x:

jitter(rep(Q, 7))

jitter(rep(10000, 5))

kappa

kappa() RQR

rcond()

kappa(z, ...)

## Default S3 method:

kappa(z, exact = FALSE,
norm = NULL, method = c("gr"”, "direct"),
inv_z = solve(z),
triangular = FALSE, uplo = "U", ...)

## S3 method for class '1m'

kappa(z, ...)

## S3 method for class 'qr'

kappa(z, ...)

.kappa_tri(z, exact = FALSE, LINPACK = TRUE, norm = NULL, uplo = "U", ...)

rcond(x, norm = c("0","I","1"), triangular = FALSE, uplo = "U", ...)

ZX gr”"lm”

exact

norm norm()kappa()"”2"rcond()"0" .kappa_tri()exact”2""0"exact=FALSE"I"
exact=TRUE"2"typenorm(., type = *)

method "gr"

inv_z exact=TRUE, norm != "2"solve(z)zsolve(z)exact

triangular ZX

uplo "U""L"triangular = TRUE

LINPACK zdtrco()

kappa.*()LINPACKnorm"2"



kappa()exact = FALSERqr(x)z = QRsvd
method = "direct”rcond()kappa*()exact
kapparcond

.kappa_trikappa.qgrkappa.defaulttriuplo = "U""L""U"

kappaexact = FALSE

DTRCONZTRCONDTRCO
https://netlib.org/lapack/https://netlib.org/linpack/

https://netlib.org/lapack/lug/lapack_lug.html

normsvdqrQR

kappa(x1 <- cbind(1, 1:10)) # 15.71
kappa(x1, exact = TRUE) # 13.68
kappa(x2 <- cbind(x1, 2:11)) # high! [x2 is singular!]

hilbert <- function(n) { i <- 1:n; 1 / outer(i - 1, i, ~+7) }
sv9 <- svd(h9 <- hilbert(9))$ d
kappa(h9) # pretty high; by default {exact=FALSE, method="qr"} :
kappa(h9) == kappa(gr.R(qr(h9)), norm = "1")
all.equal(kappa(h9, exact = TRUE), # its definition:

max(sv9) / min(sv9),

tolerance = 1e-12) ## the same (typically down to 2.22e-16)
kappa(h9, exact = TRUE) / kappa(h9) # 0.677 (i.e., rel.error = 32%)

## Exact kappa for rectangular matrix

## panmagic.6npml(7) :

pm7 <- rbind(c( 1, 13, 18, 23, 35, 40, 45),
c(37, 49, 5, 10, 15, 27, 32),
c(24, 29, 41, 46, 2, 14, 19),
c(11, 16, 28, 33, 38, 43, 6),
c(47, 3, 8, 20, 25, 30, 42),
c(34, 39, 44, 7, 12, 17, 22),
c(21, 26, 31, 36, 48, 4, 9))


https://netlib.org/lapack/
https://netlib.org/linpack/
https://netlib.org/lapack/lug/lapack_lug.html

kappa(pm7, exact=TRUE, norm="1") # no problem for square matrix

m76 <- pm7[,1:6]
(m79 <- cbind(pm7, 50:56, 63:57))

## Moore-Penrose inverse { ~= MASS::ginv(); differing tol (value & meaning)}:
## pinv := p(seudo) inv(erse)
pinv <- function(X, s = svd(X), tol = 64*.Machine$double.eps) {
if (is.complex(X))
s$u <- Conj(s$u)
dx <= dim(X)
# X =UD V' ==>Result = V {1/D} U’
pI <- function(u,d,v) tcrossprod(v, u / rep(d, each = dx[1L]))
pos <- (d <- s$d) > max(tol * max(dx) * d[1L], @)
if (all(pos))
pI(s$u, d, s$v)
else if (lany(pos))
array (@, dX[2L:1L1)
else { # some pos, some not:
i <- which(pos)
pI(s$ul, i, drop = FALSE], d[il,
s$v[, i, drop = FALSE])

}

## rectangular
kappa(m76, norm="1")
try( kappa(m76, exact=TRUE, norm="1") )# error in solve().. must be square

## ==> use pseudo-inverse instead of solve() for rectangular {and norm != "2"}:
iZ <- pinv(m76)

kappa(m76, exact=TRUE, norm="1", inv_z = iZ)

kappa(m76, exact=TRUE, norm="M", inv_z = iZ)

kappa(m76, exact=TRUE, norm="I1", inv_z = iZ)

iX <= pinv(m79)

kappa(m79, exact=TRUE, norm="1", inv_z = iX)
kappa(m79, exact=TRUE, norm="M", inv_z = iX)
kappa(m79, exact=TRUE, norm="I", inv_z = iX)

## Using a more "accurate” than default inv_z [example by Cleve Moler]:
A <- rbind(c(4.1, 2.8),
c(9.676, 6.608))
kappa(A) # -> Inf
kappa(A, exact=TRUE) # 8.675057e+15 ( 2-norm )

## now for the 1-norm :
try(kappa(A, exact=TRUE, norm = "1")) #-> Error: computationally singular
try(kappa(A, exact=TRUE, norm = "1",

inv_z = solve(A, tol = 1e-19))) # 5.22057e16 on x86_64 Linux with GCC

kronecker

XY



kronecker(X, Y, FUN = "x" make.dimnames = FALSE, ...)
X %x% Y

X

Y

FUN

make.dimnames XY

FUN

XYXFUN(x, Y, ...)

%x%kroneckerFUN"x"

Adim(X) * dim(Y)

outerkronecker%*%

# simple scalar multiplication
( M <-matrix(1:6, ncol = 2) )
kronecker(4, M)

# Block diagonal matrix:
kronecker(diag(1, 3), M)

# ask for dimnames
fred <- matrix(1:12, 3, 4, dimnames = 1ist(LETTERS[1:3], LETTERS[4:71))
bill <- c("happy” = 100, "sad” = 1000)

kronecker(fred, bill, make.dimnames = TRUE)

bill <- outer(bill, c("cat” = 3, "dog" = 4))
kronecker(fred, bill, make.dimnames = TRUE)



110n_info

110n_info()

codepagesystem. codepage

MBCS
UTF-8
Latin-1

nn

codeset

codepage
system. codepage

Sys.getlocalelocaleconv

110n_info()

labels

labels(object, ...)

object

seq_along(x)NULLseqg_len(d[i])



lapply

lapplyXFUNX

sapplylapplysimplify = "array”simplify2array()sapply(x, f, simplify = FALSE,
USE.NAMES = FALSE)lapply(x, f)

vapplysapply

replicatesapply

simplify2array()sapply()simplifymapply()

lapply(X, FUN, ...)

sapply(X, FUN, ..., simplify = TRUE, USE.NAMES = TRUE)
vapply(X, FUN, FUN.VALUE, ..., USE.NAMES = TRUE)
replicate(n, expr, simplify = "array")

simplify2array(x, higher = TRUE, except = c(OL, 1L))

X expressionbase::as.list

FUN X+%%%
FUN

simplify sapplyTRUEsimplify = "array"array=length(dim(.))FUN(X[[i]l])

USE . NAMES TRUEXXnames. . .

FUN. VALUE

n

expr

X lapply ()

higher simplify2array(Ohigher = FALSEsapply(*, simplify = "array")
simplify = TRUE

except NULLc(QL, 1L)sapply@:1NULL

FUNmatch. funlapply
FUNXFUNX

.. .FUNXFUN. . .FUNXFUN. ..
sapplyXXX

vapplyFUNFUN. VALUE
lapplyvapplyas.list



lapplysapply(simplify = FALSE)replicate(simplify = FALSE)
sapply(simplify = TRUE)replicate(simplify = TRUE)Xn = @Xnreplicate

vapplyFUN.VALUElength(FUN.VALUE) == 1XFUN.VALUEarraylength(FUN.VALUE)length(X)a
dim(a) == c(dim(FUN.VALUE), length(X))

FUN.VALUEXsapply

sapply(*, simplify = FALSE, USE.NAMES = FALSE)lapply(*)

lapplybquoteFUN(X[[i]], ...)iFUNsys.callmatch.calllapply(11, function(x)
is.numeric(x))is.numeric

expr...replicate

applytapplymapplyrapplylapply()eapplyenvironment

require(stats); require(graphics)

x <- list(a = 1:10, beta = exp(-3:3), logic = c(TRUE,FALSE,FALSE,TRUE))
# compute the list mean for each list element
lapply(x, mean)
# median and quartiles for each list element
lapply(x, quantile, probs = 1:3/4)
sapply(x, quantile)
i39 <- sapply(3:9, seq) # list of vectors
sapply(i39, fivenum)
vapply(i39, fivenum,
c(Min. = @, "1st Qu."” = 0, Median = @, "3rd Qu."” = @, Max. = 0))

## sapply(*, "array") -- artificial example

(v <= structure(10x(5:8), names = LETTERS[1:41]))

f2 <- function(x, y) outer(rep(x, length.out = 3), y)

(a2 <- sapply(v, f2, y = 2x(1:5), simplify = "array"))

a.2 <- vapply(v, f2, outer(1:3, 1:5), y = 2%(1:5))

stopifnot(dim(a2) == c(3,5,4), all.equal(a2, a.2),
identical(dimnames(a2), list(NULL,NULL,LETTERS[1:41)))

hist(replicate(100, mean(rexp(10))))

## use of replicate() with parameters:

foo <- function(x =1, y = 2) c(x, y)

# does not work: bar <- function(n, ...) replicate(n, foo(...))
bar <- function(n, x) replicate(n, foo(x = x))

bar(5, x = 3)



Last.value

.Last.valuepackage:base

.Last.value

.Last.value

.Last.valuepackage:base

eval

## These will not work correctly from example(),

## but they will in make check or if pasted in,

## as example() does not run them at the top level
gamma(1:15) # think of some intensive calculation...
fac14 <- .Last.value # keep them

library(”splines”) # returns invisibly
.Last.value # shows what library(.) above returned

La_library

LAPACK

La_library()

""LAPACKLAPACK1libRlapack.solibRlapack.dyliblibRlapack.solibRlapack.dylibLAPACK

ILAVER

extSoftVersionBLAS

La_version

La_library()



La_version

La_version()

DLARTG DLASSQ ZLARTG ZLASSQ

extSoftVersion

La_library

La_version()

length

length(x)
length(x) <- value

value

length<-"factor"”
NAnulNULL

lengthinteger23! —1
NULL

nn

X



double

ncharlengths

length(diag(4)) # =16 (4 x 4)
length(options()) # 12 or more
length(y ~ x1 + x2 + x3) # 3

length(expression(x, {y <- x*2; y+23}, x*y)) # 3

## from example(warpbreaks)
require(stats)

fm1 <- 1m(breaks ~ wool * tension, data = warpbreaks)
length(fm1$call) # 3, Im() and two arguments.
length(formula(fm1)) # 3, ~ lhs rhs

lengths

listis.atomic

lengths(x, use.names = TRUE)

X listexpressionNULL

use.names namesx

xxlength(x[[i]])ilength
lengths

integerlength(x)23! — luse.namesx

lengths(x)sapply(x, length)*applylengthxlengths(x)

length


https://CRAN.R-project.org/package=Formula
https://CRAN.R-project.org/package=Matrix
https://CRAN.R-project.org/package=sets

require(stats)

## summarize by month

1 <- split(airquality$0zone, airquality$Month)
avg0Oz <- lapply(l, mean, na.rm=TRUE)

## merge result

airquality$avgOz <- rep(unlist(avgOz, use.names=FALSE), lengths(l))

## but this is safer and cleaner, but can be slower
airquality$avgOz <- unsplit(avgOz, airquality$Month)

## should always be true, except when a length does not fit in 32 bits
stopifnot(identical(lengths(l), vapply(l, length, integer(1L))))

## empty lists are not a problem
x <- list()
stopifnot(identical (lengths(x), integer()))

## nor are "list-like" expressions:
lengths(expression(u, v, 1+ 0:9))

## and we should dispatch to length methods
f <= c(rep(1, 3), rep(2, 6), 3)
dates <- split(as.POSIX1t(Sys.time() + 1:10), f)

stopifnot(identical(lengths(dates), vapply(dates, length, integer(1L))))

levels

levels

levels(x)
levels(x) <- value

value levels(x)NULLfactorx

factor
NAvalueNA

levels(x) <- valueattr(x, "levels") <- value

nlevelsrelevelreorder



## assign individual levels
x <- gl(2, 4, 8)
levels(x)[1] <- "low"
levels(x)[2] <- "high”

X

## or as a group

y <- gl(2, 4, 8

levels(y) <- c("low”, "high")
y

## combine some levels

z <- gl(3, 2, 12, labels = c("apple”, "salad”, "orange"))
z

levels(z) <- c("fruit", "veg", "fruit")

z

## same, using a named list
z <- gl(3, 2, 12, labels = c("apple”, "salad”, "orange"))
z
levels(z) <- list("fruit” = c("apple”,"orange"),
"veg” "salad”)

## we can add levels this way:
f <- factor(c("a","b"))
1evels(f’) <_ C("C"’ Hall, Ilbll)
.F

f <- factor(c("a","b"))
levels(f) <- list(C = "C", A ="a", B ="b")
f

libcurlVersion

libcurl

libcurlVersion()

libcurl”""libcurl

ssl_version "none"libcurl”SecureTranspart”

libssh_version libsshscpsftp”libssh2/1.5.0"

protocols

libcurllibcurllibcurl-featurelibcurlVersion



extSoftVersion
curlGetHeadersdownload.fileurllibcurl

https://curl.se/docs/sslcerts.htmlhttps://curl.se/docs/ssl-compared.html
libcurl

libcurlVersion()

libPaths

.1libPaths

.libPaths(new, include.site = TRUE)

.Library
.Library.site

new path.expand*?[Sys.glob
include.site .Library.siteTRUE.libPathsnew

.Librarylibrary
.Library.site

.libPathsnewunique(c(new, .Library.site, .Library))include.siteFALSEnew
.Library.sitenew

new
R_LIBSR_LIBS_USERR_LIBS_SITENULLR_LIBS_USER

.Library.siteR_LIBS_SITEsite-libraryR_HOME.libPaths()R_LIBSR_LIBS_USERR_LIBS
R_LIBS_USERR/-library/Library/R///1librarySys.info()["machine"”"]R/win-1library/
LOCALAPPDATA

R_LIBS_USERR_LIBS_SITE%%%%

%N 2.5.0

%V 2.5

%p R.version$platform
%0 R.version$os

%a R.version$arch

version%U%SR_LIBS_USERR_LIBS_SITE
.libPaths.Library.Library.site.Library.siteRprofile.site.libPaths(.1libPaths())
normalizePath(winslash = "/")

LOCALAPPDATAC: \Users\username\AppData\Localshell.exec(Sys.getenv("LOCALAPPDATA"))


https://curl.se/docs/sslcerts.html
https://curl.se/docs/ssl-compared.html

library

.libPaths() # all library trees R knows about

library

libraryrequire

library(package, help, pos = 2, lib.loc = NULL,
character.only = FALSE, logical.return = FALSE,
warn.conflicts, quietly = FALSE,
verbose = getOption("verbose"),
mask.ok, exclude, include.only,
attach.required = missing(include.only))

require(package, lib.loc = NULL, quietly = FALSE,
warn.conflicts,
character.only = FALSE,
mask .ok, exclude, include.only,
attach.required = missing(include.only))

conflictRules(pkg, mask.ok = NULL, exclude = NULL)

packagehelp character.onlyFALSETRUE

pos search()

lib.loc NULLNULL.1ibPaths()

character.only packagehelp

logical.return TRUEFALSETRUE

warn.conflicts TRUEconflictsTRUEFALSEconflicts.policy
verbose TRUE

quietly TRUE

pkg

mask. ok

excludeinclude.only
libraryrequire

attach.required
DependsDESCRIPTION



library(package)require(package)packagerequireFALSElibrary()detach(unload
TRUE)unloadNamespacerequireNamespace

suppressPackageStartupMessages
librarypackagehelplib.loc"libraryIQR".packages(all = TRUE)installed.packages()
library(help = )"packageInfo”NULLlib.loc

libraryTRUEFALSElogical.returnTRUELlibrary()"libraryIQR"”1library(help=)
"packageInfo”

require

conflicts.policywarn.conflictsTRUE"strict"”mask.okexcludeinclude.onlylibrary
requiremask.okexcludeconflictRules

conflicts.policy”depends.ok"

conflicts.policy

error TRUE
warn FALSE
generics.ok TRUE
depends.ok TRUE

can.mask

getOption("”checkPackagelLicense"”) == TRUE~/.R/licensed
https://en.wikipedia.org/wiki/FOSSavailable.packages
R_HOME/etc/licensed.site

library.noGenerics

libraryrequireDESCRIPTIONBuilt:
R.version$platformi386-pc-linux-gnux86_64-unknown-1linux-gnu
libraryrequireDESCRIPTION

.libPaths.packages

attachdetachsearchobjectsautoloadrequireNamespacelibrary.dynamdata
install.packagesinstalled.packagesINSTALLREMOVE

options(defaultPackages=)Startup


https://en.wikipedia.org/wiki/FOSS

library() # list all available packages
library(lib.loc = .Library) # list all packages in the default library
library(help = splines) # documentation on package 'splines'
library(splines) # attach package 'splines'
require(splines) # the same

search() # "splines”, too

detach("package:splines”)

# if the package name is in a character vector, use

pkg <- "splines”

library(pkg, character.only = TRUE)

detach(pos = match(paste("package”, pkg, sep = ":"), search()))

require(pkg, character.only = TRUE)

detach(pos = match(paste("package”, pkg, sep = ":"), search()))
require(nonexistent) # FALSE
## Not run:

## if you want to mask as little as possible, use
library(mypkg, pos = "package:base")

## End(Not run)

library.dynam

library.dynam(chname, package, lib.loc,
verbose = getOption("”verbose"),
file.ext = .Platform$dynlib.ext, ...)

library.dynam.unload(chname, libpath,
verbose = getOption("verbose"),
file.ext = .Platform$dynlib.ext)

.dynLibs(new)

chname
package
lib.loc
libpath
verbose options
file.ext
dyn.load
new "DLLInfo"



dyn.load

library.dynam.onLoad.so.sl.dll
library.dynam.unload.onUnload.dynLibs ()
.dynLibslibrary.dynam

chnamelibrary.dynam”"DLLInfolList"”
chname”"DLLINfo""DLLInfo"$
library.dynam.unload”"DLLInfo"
.dynLibs"DLLInfolList"

dyn.unloadlibrary.dynamlibrary.dynam.unload.dynLibslibrary.dynam
dyn.unload

getlLoadedDLLs"DLLInfo""DLLInfolList”
.onLoadlibrarydyn.load.packages.libPaths
SHLIB

## Which DLLs were dynamically loaded by packages?
library.dynam()

## More on library.dynam.unload() :

require(nlme)

nlme:::.onUnload # shows library.dynam.unload() call
detach("package:nlme"”) # by default, unload=FALSE , so,
tail(library.dynam(), 2)# nlme still there

## How to unload the DLL ?

## Best is to unload the namespace, unloadNamespace(”nlme")

## If we need to do it separately which should be exceptional:
pd.file <- attr(packageDescription("nlme"”), "file")
library.dynam.unload("nlme”, libpath = sub(”"/Meta.x", '', pd.file))
tail(library.dynam(), 2)# 'nlme' is gone now
unloadNamespace("nlme”) # now gives warning



license

license()
licence()

/doc/COPYINGRShowDoc ("COPYING”)RShowDoc ("GPL-3")
/licenses/LGPL-2.1RShowDoc ("LGPL-2.1")RShowDoc ("LGPL-3")

list

list(...)
pairlist(...)

as.list(x, ...)
## S3 method for class 'environment'
as.list(x, all.names = FALSE, sorted = FALSE, ...)

as.pairlist(x)

is.list(x)
is.pairlist(x)

alist(...)

X
all.names

sorted names

formals

listpairlistvaluetag = value

alistlistalistformals

as.listas.listas.vector(mode = "list")as.vectoras.listnamesas.character
is.listTRUElistpairlistlength> Ois.pairlistTRUENULL
"environment”as.listsorted = TRUEas.environment()

pairlist(ONULL1list()

as.pairlistas.vector(x, "pairlist")as.vector

listis.listis.pairlist



vector("list”, length)cformalsunlistas.list()

list

require(graphics)

# create a plotting structure

pts <- list(x = cars[,1], y = cars[,2])
plot(pts)

is.pairlist(.Options) # a user-level pairlist

## "pre-allocate” an empty list of length 5
vector("list"”, 5)

# Argument lists
f <= function() x

# Note the specification of a "..." argument:

formals(f) <- al <- alist(x =, y =2+3, ... =)

f

al

## environment->list coercion

el <- new.env()

el$a <- 10

elsh <- 20

as.list(el)

list.files

list.files(path = ".", pattern = NULL, all.files = FALSE,
full.names = FALSE, recursive = FALSE,
ignore.case = FALSE, include.dirs = FALSE, no.. = FALSE)

dir(path = ".", pattern = NULL, all.files = FALSE,

full.names = FALSE, recursive = FALSE,
ignore.case = FALSE, include.dirs = FALSE, no.. = FALSE)

list.dirs(path = ".", full.names = TRUE, recursive = TRUE)



path getwd()path.expand

pattern

all.files FALSETRUE
full.names TRUEFALSE
recursive

ignore.case
include.dirs

n o nn n

no..

full.names = TRUE
list.dirsall.files = TRUErecursive = TRUEpath

dirlist.files

file.infofile.accessfilesfile.choose
glob2rx

Sys.globbasenamedirname

list.files(R.home())

## Only files starting with a-1 or r

## Note that a-1 is locale-dependent, but using case-insensitive

## matching makes it unambiguous in English locales

dir("../..", pattern = "*[a-1r]", full.names = TRUE, ignore.case = TRUE)

list.dirs(R.home("doc"))
list.dirs(R.home("doc"”), full.names = FALSE)



list2DF

list2DF(x = list(), nrow = @)

nrow X

data.frame

## Create a data frame holding a list of character vectors and the
## corresponding lengths:

x <- list(character(), "A", c("B", "C"))

n <- lengths(x)

list2DF(list(x = x, n = n))

## Create data frames with no variables and the desired number of rows:
1list2DF ()
list2DF(nrow = 3L)

list2env

list xenvironmentx

list2env(x, envir = NULL, parent = parent.frame(),
hash = (length(x) > 100), size = max(29L, length(x)))

X listnames(x)""
envir environmentNULL
parent envir = NULLnew.env
hash envir = NULLnew.env

size envir = NULL, hash = TRUEnew.env



environmentnew.envenvirNULLenvirenvir

environmentnew.envas.environmentassign

as.list.environment

L <- list(a=1, b =2:4, p=pi, ff = gl(3, 4, labels = LETTERS[1:31))
e <- list2env(L)
1s(e)
stopifnot(ls(e) == sort(names(L)),
identical(L$b, e$b)) # "$" working for environments as for lists

## consistency, when we do the inverse:
11 <- as.list(e) # -> dispatching to the as.list.environment() method
rbind(names(L), names(l1l)) # not in the same order, typically,
# but the same content:
stopifnot(identical(L [sort.list(names(L ))1],
11[sort.list(names(11))1))

## now add to e -- can be seen as a fast "multi-assign”:
list2env(list(abc = LETTERS, note = "just an example”,
df = data.frame(x = rnorm(20), y = rbinom(20, 1, prob = 0.2))),
envir = e)
utils::1s.str(e)

load

save

load(file, envir = parent.frame(), verbose = FALSE)

file
envir

verbose



loadsaveurl

"rb"gzfilegzcongzcon

1971:1977RD[ABX]1

verboseTRUEverbose

ascii = TRUEload
load().GlobalEnvenvir = attach()load()search

savedownload. fileattachload()

unserializereadRDS

## save all data

xx <- pi # to ensure there is some data

save(list = 1s(all.names = TRUE), file= "all.rda")
rm(xx)

## restore the saved values to the current environment
local({

load("all.rda")

1s()
»

xx <- exp(1:3)

## restore the saved values to the user's workspace

load("”all.rda") ## which is here *equivalentx to

## load("all.rda"”, .GlobalEnv)

## This however annihilates all objects in .GlobalEnv with the same names !
xx # no longer exp(1:3)

rm(xx)
attach("all.rda") # safer and will warn about masked objects w/ same name in .GlobalEnv
ls(pos = 2)

## also typically need to cleanup the search path:
detach("file:all.rda")

## clean up (the example):
unlink("”all.rda")

## Not run:
con <- url("http://some.where.net/R/data/example.rda")
## print the value to see what objects were created.



print(load(con))
close(con) # url() always opens the connection

## End(Not run)

locales

Sys.getlocale (category = "LC_ALL")
Sys.setlocale (category = "LC_ALL", locale = "")
.LC.categories

category "LC_ALL""LC_COLLATE""LC_CTYPE""LC_MONETARY""LC_NUMERIC"
"LC_TIME""LC_MESSAGES""LC_PAPER""LC_MEASUREMENT".LC.categories
Sys.getlocale(.)"""LC_PAPER"

nn

locale

"C""POSIX""LC_CTYPE""LC_COLLATE"sort"LC_MONETARY"Sys.localeconv"LC_TIME"
as.POSIX1ltstrptimedate

"LC_MESSAGES""C"LANGUAGESys. setlLanguage()Sys.setlocale
"LC_ALL""LC_COLLATE""LC_CTYPE""LC_MONETARY""LC_TIME"

Sys.setlocale("LC_CTYPE", )
LANGUAGE"LC_MESSAGES"
icuSetCollate”LC_COLLATE"Sys.setlocale

Sys.setlocaleNULL

category = "LC_ALL""/"";"foo <- Sys.getlocale()Sys.setlocale("LC_ALL", locale =
foo)

locale -alocale-genlocale -a

110n_info() $codepagelion_info() $system.codepage” .UTF-8""C"""

"LC_NUMERIC""C"save
options(OutDec)
"LC_NUMERIC"



Sys.getlocale("LC_CTYPE") .UTF-8.utf8UTF-81S08859-15is0885915150885915R@euro
1S08859-15@eurol1@n_info

strptimecategory = "LC_TIME"Sys.localeconv
110n_info

Sys.setlLanguage

Sys.getlocale()

## Date-time related :
Sys.getlocale("LC_TIME") -> olcT
then <- as.POSIX1t("2001-01-01 @1:01:01", tz = "UTC")

## Not run:
c(m = months(then), wd = weekdays(then)) # locale specific
Sys.setlocale("LC_TIME"”, "de") # Solaris: details are 0S-dependent

Sys.setlocale("LC_TIME", "de_DE") # Many Unix-alikes

Sys.setlocale("LC_TIME", "de_DE.UTF-8") # Linux, macQS, other Unix-alikes
Sys.setlocale("LC_TIME", "de_DE.utf8") # some Linux versions
Sys.setlocale("LC_TIME", "German.UTF-8") # Windows

Sys.getlocale("LC_TIME") # the last one successfully set above

c(m = months(then), wd = weekdays(then)) # in C_TIME locale 'cT' ; typically German

|~ -

## End(Not run)

Sys.setlocale("LC_TIME", "C")

c(m = months(then), wd = weekdays(then)) # "standard” (still platform specific ?)
Sys.setlocale("LC_TIME"”, olcT) # reset to previous

## Other locales
Sys.getlocale("LC_PAPER") # may or may not be set
.LC.categories # of length 9 on all platforms

## Not run: Sys.setlocale(”"LC_COLLATE", "C") # turn off locale-specific sorting,
# usually (but not on all platforms)
Sys.setenv("LANGUAGE" = "es") # set the language for error/warning messages

## End(Not run)
## some nice formatting; should work on most platforms,
## macOS does not name the entries.
sep <- switch(Sys.info()[["sysname"]1],
"Darwin”"=, "Sun0S" = "/",
"Linux" =, "Windows" = ";")
##' named vector from a "full” Sys.getlocale() :
asNvec <- function(loc) {
sl <- strsplit(strsplit(loc, sep)[[1L]1], "=")
if(all(lengths(sl) == 2L))
setNames(sapply(sl, “[[*, 2L), sapply(sl, “[[*, 1L))
else
setNames(as.character(sl), .LC.categories[1+seq_along(sl)])



print.Dlist(lloc <- asNvec(Sys.getlocale()))
## R-supported ones (but LC_ALL):
lloc[.LC.categories[-1]]

log

loglogl1@log2log(x, base)base
loglp(x)log(l + z)|z| < 1
exp

expml (x)exp(z) — 1]z| < 1

log(x, base = exp(1))
logb(x, base = exp(1))
logl0(x)
log2(x)

log1p(x)

exp(x)
expm1(x)

base eexp(1)

logbMath
log10log2loglog
logblogloglogh
log

xlog(@)-Inflog(x)xNaNexp(-Inf)0@

[_7(7 77]

expexpmlloglogl@log2loglipMath
logxbaseMathbaselog

logipexpmidlnrelhttps://netlib.org/slatec/fnlib/dlnrel.floglp(y) = x


https://netlib.org/slatec/fnlib/dlnrel.f

loglog1@exp
logb

TrigsqrtArithmetic

log(exp(3))
loglo(le7) # = 7

X <= 107-(1+2%1:9)
cbind(deparse.level=2, # to get nice column names
x, log(1+x), loglp(x), exp(x)-1, expml(x))

Logic

I x

&y

&& 'y
|y
Iy
xor(x, y)

X X X X

isTRUE (x)
isFALSE(x)

Xy rawlogicaldoublenumericintegercomplex

!
&8&| | |if
&& |1

xor

isTRUE(x){ is.logical(x) && length(x) == 1 && !is.na(x) && x }isFALSE()
if (isTRUE(cond))if (cond)NA
isTRUE <- function(x) identical(x, TRUE)x <- c(val = TRUE)

1&|xor!
1&|OpsLogicOps
NAXYNANANA & TRUENANA & FALSEFALSE



I XXX
| &xorwarningtsp

| |&&1sTRUE

1&|Logicel, e2

“& (x, y)Ops

TRUElogical
anyall

Syntax

L %||% R LNULLR
bitwAnd

y <= 1 + (x <~ stats::rpois(50, lambda = 1.5) / 4 - 1)
x[(x >0) & (x < 1] # all x values between @ and 1
if (any(x == 0) || any(y == 0)) "zero encountered”

## construct truth tables :

x <- c(NA, FALSE, TRUE)
names(x) <- as.character(x)
outer(x, x, &) ## AND table
outer(x, x, ~|7) ## OR table

logical

"logical”

TRUE
FALSE
T, F

logical(length = @)
as.logical(x, ...)
is.logical(x)



length

TRUEFALSETFlogical(1)
as.logical”logical”
TRUETLFALSEQLNANA_integer_

logicalFALSE

as.logicalFALSETRUEfactorlevelsas.vectorc("T”, "TRUE", "True", "true")c("F",
"FALSE", "False", "false")NA

is.logical TRUEFALSE

NALogic

## non-zero values are TRUE
as.logical(c(pi,b@))
if (length(letters)) cat("”26 is TRUE\n")

## logical interpretation of particular strings

charvec <- c("FALSE", "F", "False", "false", "fAlse", "0",
"TRUE", "T", "True”, "true”, "tRue”, "1")

as.logical(charvec)

## factors are converted via their levels, so string conversion is used
as.logical (factor(charvec))
as.logical(factor(c(@,1))) # "0" and "1" give NA

LongVectors
231
231 1
252
231 1

as.integer.C.Fortran.Call

m X nk*%crossprodsvdqrsolveeigen
chol



lower.tri

TRUE

lower.tri(x, diag = FALSE)
upper.tri(x, diag = FALSE)
X length(dim(x)) == 2as.matrix(x)

diag

diagmatrixrowcollower.tri(upper.tri()

(m2 <- matrix(1:20, 4, 5))
lower.tri(m2)
m2[lower.tri(m2)] <- NA
m2

1s

lsobjectslslsbrowser

ls(name, pos = -1L, envir = as.environment(pos),
all.names = FALSE, pattern, sorted = TRUE)
objects(name, pos= -1L, envir = as.environment(pos),
all.names = FALSE, pattern, sorted = TRUE)

name name

pos name

envir name

all.names TRUEFALSE.
pattern patternglob2rx
sorted characterls()

namesearchenvironmentsys. framelsobjectsposenvir

sorted = TRUESys.getlocalesorted = FALSE



glob2rx

1s.strstraproposfindgrepclassmethods

.0b <- 1
ls(pattern = "0")
ls(pattern= "0", all.names = TRUE) # also shows ".[foo]"

# shows an empty list because inside myfunc no variables are defined
myfunc <- function() {1s()}
myfunc()

# define a local variable inside myfunc
myfunc <- function() {y <- 1; 1s(Q)}

non

myfunc() # shows "y

make.names

make.names(names, unique = FALSE, allow_ = TRUE)
names

unique TRUE

allow_

", 2way"

X" ""NA"make.unique

names

allow_ = FALSE
allow_ = FALSE



make.uniquenamescharacterdata. frame

make.names(c("a and b", "a-and-b"), unique = TRUE)

# "a.and.b"” "a.and.b.1”

make.names(c("a and b", "a_and_b"), unique = TRUE)

# "a.and.b” "a_and_b"

make.names(c("a and b", "a_and_b"), unique = TRUE, allow_ = FALSE)
# "a.and.b"” "a.and.b.1”

make.names(c("", "X"), unique = TRUE)

# "X.1" "X" currently; R up to 3.0.2 gave "X" "X.1"

state.name[make.names(state.name) != state.name] # those 10 with a space

make.unique

make.unique(names, sep = ".")

names

sep

make.uniquemake.unique(c(A, B)) == make.unique(c(make.unique(A), B))

make.unique

Amake.unique(c(A, B))A

names

make . names



make.unique(c("a", "a", "a"))

make.unique(c(make.unique(c("a", "a")), "a"))
make.unique(c("a", "a", "a.2", "a"))
make.unique(c(make.unique(c("a", "a")), "a.2", "a"))

## Now show a bit where this is used :
trace(make.unique)
## Applied in data.frame() constructions:
(d1 <- data.frame(x =1, x = 2, x = 3)) # direct
d2 <- data.frame(data.frame(x = 1, x = 2), x = 3) # pairwise
stopifnot(identical(dl, d2),
colnames(dl) == c("x", "x.1", "x.2"))
untrace(make.unique)

mapply

mapplysapplymapplyFUN
.mapply Omapply ()

mapply(FUN, ..., MoreArgs = NULL, SIMPLIFY = TRUE,
USE.NAMES = TRUE)
.mapply (FUN, dots, MoreArgs)

FUN match. fun

dots listpairlist...
MoreArgs FUN

SIMPLIFY simplifysapply
USE . NAMES

mapplyFUN. ..list()MoreArgs. . .MoreArgs
...dots[length

1istSIMPLIFY = TRUE

sapplymapply ()

outer



mapply(rep, 1:4, 4:1)
mapply(rep, times = 1:4, x = 4:1)
mapply(rep, times = 1:4, MoreArgs = list(x = 42))
mapply(function(x, y) seg_len(x) + vy,

c(a= 1, b=2, c=3), # names from first

c(A =10, B=20, C=-10))
word <- function(C, k) paste(rep.int(C, k), collapse = "")
## names from the first, too:

utils::str(L <- mapply(word, LETTERS[1:6], 6:1, SIMPLIFY = FALSE))

mapply(word, "A", integer()) # gave Error, now list()

marginSums

marginSums(x, margin = NULL)
margin.table(x, margin = NULL)

X table
margin 12c(1, 2)xdimnames
marginxmargin

margin.table

rowSumscolSums

proportionsaddmargins

m <- matrix(1:4, 2)
marginSums(m, 1) # = rowSums(m)
marginSums(m, 2) # = colSums(m)

DF <- as.data.frame(UCBAdmissions)

tbl <- xtabs(Freq ~ Gender + Admit, DF)

tbl

marginSums(tbl, "Gender”) # a 1-dim "table”
rowSums (tbl) # a numeric vector



mat.or.vec

mat.or.vecnrncncnrnc

mat.or.vec(nr, nc)

nrnc

mat.or.vec(3, 1)
mat.or.vec(3, 2)

match

match

%in%

match(x, table, nomatch = NA_integer_, incomparables = NULL)

X %in% table

X NULL
table NULL
nomatch integer

incomparables  xnomatchFALSENULL

%in%
"%in%" <- function(x, table) match(x, table, nomatch = @) > 0

mtfrmxtableincomparables

NANANaNNaNNAxNA
"bytes"Encoding
%in%NAif

X
matchtablenomatch
x[iJtable[jlijjnomatch
%1in%xTRUEFALSENA



pmatchcharmatchmatch.argfindInterval
is.element%in%

uniqueduplicatedmatch()==NANaN

## The intersection of two sets can be defined via match():
## Simple version:

## intersect <- function(x, y) y[match(x, y, nomatch = 0)]

intersect # the R function in base is slightly more careful
intersect(1:10, 7:20)

1:10 %in% c(1,3,5,9)
SStI” <_ C(IICN,Ilabﬁ’IIBII’IIbbaII’HCII,NA,II@H’llblall,llall’llBall,II%H)
sstrsstr %in% c(letters, LETTERS)]

"%w/0%" <- function(x, y) x[!x %in% y] #-- x without y

(1:10) %w/0% c(3,7,12)

## Note that setdiff() is very similar and typically makes more sense:
c(1:6,7:2) %w/0o% c(3,7,12) # -> keeps duplicates

setdiff(c(1:6,7:2), c(3,7,12)) # -> unique values

## Illuminating example about NA matching

r <- c(1, NA, NaN)

zN <- c(complex(real = NA , imaginary = r ), complex(real r , imaginary = NA ),
complex(real = r , imaginary = NaN), complex(real = NaN, imaginary = r ))

zM <- cbind(Re=Re(zN), Im=Im(zN), match = match(zN, zN))

rownames (zM) <- format(zN)

zM ##--> many "NA's"” (= 1) and the four non-NA's (3 different ones, at 7,9,10)

length(zN) # 12
unique(zN) # the "NA" and the 3 different non-NA NaN's
stopifnot(identical (unique(zN), zN[c(1, 7,9,10)1))

## very strict equality would have 4 duplicates (of 12):
symnum(outer(zN, zN, Vectorize(identical,c("x","y")),
FALSE, FALSE,FALSE,FALSE))
## removing "(very strictly) duplicates”,
i <- ¢(5,8,11,12) # we get 8 pairwise non-identicals :
Ixy <- outer(zN[-i], zN[-i], Vectorize(identical,c("x","y")),
FALSE,FALSE, FALSE,FALSE)
stopifnot(identical (Ixy, diag(8) == 1))

match.arg

match.argargchoices

match.arg(arg, choices, several.ok = FALSE)



arg several.okTRUENULLchoices[1]
choices

several .ok arg

match.arg(arg)argmatch.argargchoicesseveral.okTRUE

nn

pmatcharg”"pmatch

several.okseveral.okarg

pmatchmatch. funmatch.call

require(stats)

## Extends the example for 'switch'

center <- function(x, type = c("mean”, "median”, "trimmed")) {
type <- match.arg(type)
switch(type,

mean = mean(x),
median = median(x),

trimmed = mean(x, trim = .1))
}
x <- rcauchy(10)
center(x, "t") # Works
center(x, "med") # Works
try(center(x, "m")) # Error
stopifnot(identical(center(x), center(x, "mean")),

identical(center(x, NULL), center(x, "mean”)) )

## Allowing more than one 'arg' and hence more than one match:

match.arg(c("gauss”, "rect”, "ep"),
c("gaussian”, "epanechnikov"”, "rectangular", "triangular"),
several.ok = TRUE)
match.arg(c("a", ""), c("", NA, "bb", "abc"), several.ok=TRUE) # |--> "abc"
match.call
match.call

match.call(definition = sys.function(sys.parent()),
call = sys.call(sys.parent()),
expand.dots = TRUE,
envir = parent.frame(2L))



definition match.call
call definitioncall
expand.dots  ......

envir ...call

match.call

match.call

callexpand.dots = TRUE
model . frameexpand.dots = FALSE...1lm

match.calldefinition

call

sys.call()callpmatchmatch.argmatch.fun

match.call(get, call("get", "abc", i = FALSE, p

## -> get(x = "abc"”, pos = 3, inherits = FALSE)

fun <- function(x, lower = @, upper = 1) {
structure((x - lower) / (upper - lower), CALL = match.call())

}
fun(4 x atan(1), u = pi)

ED))

match. fun

match.fun(FUN, descend = TRUE)

FUN

descend

match.fun

FUNgetsubstitute

descend = TRUEmatch. funFUN
applylapplyoutersweep



FUN

descend
attach

match.argget

# Same as get("x"):

match. fun("x"

# Overwrite outer with a vector

outer <- 1:5

try(match.fun(outer, descend = FALSE)) #-> Error: not a function
match.fun(outer) # finds it anyway
is.function(match.fun("outer")) # as well

MathFun
abs(x)sart(x)v/z
abs(x)
sqrt(x)
X complex

Mathzabs(z) == Mod(z)sqrt(z) == z"0.5
abs(x)integerxintegerlogical

Math

ArithmeticlogsinSpecial

sqrt

require(stats) # for spline

require(graphics)

xx <= -9:9

plot(xx, sqrt(abs(xx)), col = "red")
lines(spline(xx, sqrt(abs(xx)), n=101), col = "pink")



matmult

X %*% Yy

Xy

as.matrix
Xy
matOpsxy

drop

options("matprod”)

crossprod()tcrossprod()matrixArithmeticdiag

x <- 1:4
(z <= x %*% x) # scalar ("inner") product (1 x 1 matrix)
drop(z) # as scalar

<- diag(x)

<- matrix(1:12, ncol = 3, nrow = 4)
%*% z

%*% X

%*% z

X K <K N K



matrix

matrix
as.matrix

is.matrix

matrix(data = NA, nrow = 1, ncol = 1, byrow = FALSE,
dimnames = NULL)

as.matrix(x, ...)
## S3 method for class 'data.frame'
as.matrix(x, rownames.force = NA, ...)

is.matrix(x)

data expressionas.vector
nrow

ncol

byrow FALSE

dimnames dimnamesNULL1istNULL
X

rownames. force NULLrownamesNANULL

nrowncoldata

datadatadataNAONULL
is.matrixTRUEx"dim"FALSEdata. frame
as.matrixas.vectorformat

as.matrixas.vector(x)

is.matrix

printinteger,7

dim(x) <- c(nx, ny)
dimnames(x) <- list(row_names, col_names)

xclass(x)Date



data.matrix

arrayinherits(m, "array")matrixm

is.matrix(as.matrix(1:10))

lis.matrix(warpbreaks) # data.frame, NOT matrix!

warpbreaks[1:10, ]

as.matrix(warpbreaks[1:10,]1) # using as.matrix.data.frame(.) method

## Example of setting row and column names
mdat <- matrix(c(1,2,3, 11,12,13), nrow = 2, ncol = 3, byrow = TRUE,
dimnames = list(c("rowl”, "row2"),
c("c.1", "c.2", "C.3")))

mdat
maxCol
max.col(m, ties.method = c("random”, "first”, "last"))
m
ties.method "random”
ties.method = "random"10~°

ties.method = "first”max.colunname(apply(m, 1, which.max))m
ties.method = "last”

nrow(m)

which.max



table(mc <- max.col(swiss)) # mostly "1” and "5", 5 x "2" and once "4"
swiss[unique(print(mr <- max.col(t(swiss)))) , 1 # 3 33 45 45 33 6

set.seed(1) # reproducible example:
(mm <- rbind(x = round(2*stats::runif(12)),

y = round(5*stats::runif(12)),
z = round(8*stats::runif(12))))
## Not run:
[,11 0,21 0,31 C,41¢C,51¢LC,610C,71¢C,8]1 0,91 ¢C,10] [,11] [,12]
X 1 1 1 2 Q 2 2 1 1 ] (] Q
y 3 2 4 2 4 5 2 4 5 1 3 1
z 2 3 Q 3 7 3 4 5 4 1 7 5

## End(Not run)

## column indices of all row maxima :

utils::str(lapply(1:3, function(i) which(mm[i,] == max(mm[i,]))))
max.col(mm) ; max.col(mm) # "random”

max.col(mm, "first") # -> 46 5

max.col(mm, "last") # ->7 9 11

mean

mean(x, ...)

## Default S3 method:

mean(x, trim = @, na.rm = FALSE, ...)
X trim = @

trim X

na.rm TRUEFALSENA

trimxxNA_real_

trimtrim

weighted.meanmean.POSIXctcolMeans

x <- c(0:10, 50)
xm <- mean(x)
c(xm, mean(x, trim = 0.10))



memCompress

n n

memCompress(from, type = c("gzip", "bzip2", "xz", "zstd", "none"))

memDecompress (from,
type = c("unknown"”, "gzip", "bzip2",
"none"), asChar = FALSE)

n

qu, "Zstd”,

from memCompress”\n""bzip2"
type
asChar 231 1

type = "none"type

type = "unknown"bzip2type = "none”
gzip6

bzip2"Bzh"23! — 1bzip2 -9

zstd

type = "xz"xz -9exzlzma

"gzip""bzip2"memCompress”xz"

asChar = TRUE
libdeflate

libdeflatetype = "gzip"
https://github.com/ebiggers/libdeflate

extSoftVersion()

extSoftVersionzliblibdeflatebzip2xz

https://en.wikipedia.org/wiki/Data_compressionhttps://zlib.net/https://en.
wikipedia.org/wiki/Gziphttp://www.bzip.org/https://en.wikipedia.org/wiki/Bzip2
https://en.wikipedia.org/wiki/XZ_Utils


https://github.com/ebiggers/libdeflate
https://en.wikipedia.org/wiki/Data_compression
https://zlib.net/
https://en.wikipedia.org/wiki/Gzip
https://en.wikipedia.org/wiki/Gzip
http://www.bzip.org/
https://en.wikipedia.org/wiki/Bzip2
https://en.wikipedia.org/wiki/XZ_Utils

txt <- readLines(file.path(R.home("doc"), "COPYING"))

sum(nchar(txt))

txt.gz <- memCompress(txt, "g") # "gzip"”, the default

length(txt.gz)

txt2 <- strsplit(memDecompress(txt.gz, "g", asChar = TRUE), "\n")[[1]]
stopifnot(identical (txt, txt2))

## as from R 4.4.0 this is detected if not specified.

txt2b <- strsplit(memDecompress(txt.gz, asChar = TRUE), "\n")[[1]1]
stopifnot(identical (txt2b, txt2))

txt.bz2 <- memCompress(txt, "b")

length(txt.bz2)

## can auto-detect bzip2:

txt3 <- strsplit(memDecompress(txt.bz2, asChar = TRUE), "\n")[[1]1]
stopifnot(identical (txt, txt3))

## xz compression is only worthwhile for large objects

txt.xz <- memCompress(txt, "x")

length(txt.xz)

txt3 <- strsplit(memDecompress(txt.xz, asChar = TRUE), "\n")[[1]]
stopifnot(identical (txt, txt3))

## test decompressing a gzip-ed file

tf <- tempfile(fileext = ".gz")

con <- gzfile(tf, "w")

writeLines(txt, con)

close(con)

(nf <- file.size(tf))

# if (nzchar(Sys.which("file"))) system2("file"”, tf)
foo <- readBin(tf, "raw”, n = nf)

unlink(tf)

## will detect the gzip header and choose type = "gzip”
txt3 <- strsplit(memDecompress(foo, asChar = TRUE), "\n")[[1]1]
stopifnot(identical (txt, txt3))

memlimits

mem.maxVSize(vsize = 0)
mem.maxNSize(nsize = Q)

vsize

nsize

Inf

Memory



mem.maxVSizeInf

Memory

Memory

--min-nsize--min-vsizeR_NSIZER_VSIZER_MAX_VSIZE
R_GC_MEM_GROW
gc()gcinfo(TRUE)

--max-ppsize

Memory-limits

gcobject.size(a)amemory.profile

Memory-limits

Memory

cannot allocate vector of size

cannot allocate vector of length23! —1 ~ 210°



limitulimitbash

ulimit -t 600 -v 4000000

csh

limit cputime 10m
limit vmemoryuse 4096m

https://learn.microsoft.com/en-gb/windows/desktop/Memory/
physical-address-extensionhttps://learn.microsoft.com/en-gh/windows/desktop/
Memory/4-gigabyte-tuning

object.size(a)a

memory.profile

SEXPREC

memory.profile()

Rinternals.h

typeof

gcRprofmemtracemem

memory.profile()


https://learn.microsoft.com/en-gb/windows/desktop/Memory/physical-address-extension
https://learn.microsoft.com/en-gb/windows/desktop/Memory/physical-address-extension
https://learn.microsoft.com/en-gb/windows/desktop/Memory/4-gigabyte-tuning
https://learn.microsoft.com/en-gb/windows/desktop/Memory/4-gigabyte-tuning

merge

merge(x, y, ...)

## Default S3 method:
merge(x, y, ...)

## S3 method for class 'data.frame'
merge(x, y, by = intersect(names(x), names(y)),

by.x = by, by.y = by, all = FALSE, all.x = all, all.y = all,

sort = TRUE, suffixes = c(”".x",".y"), no.dups = TRUE,

incomparables = NULL, ...)
xy
byby.xby.y
all all = Lall.x = Lall.y = LLTRUEFALSE
all.x TRUExyNAYFALSExy
all.y all.x
sort by
suffixes by
no.dups suffixes

incomparables match

merge"”data.frame”

by.xby.ymatch

"row.names"@

byby.xby.yNULLrxydim(r) = c(nrow(x)*nrow(y), ncol(x) + ncol(y))
all.xxNAyall.y

nn n

suffixes”.x"".y

by.xyno.dups

all = FALSEall.x = TRUEall.y = TRUEall = TRUENULLincomparables

sort = FALSExyRow.names

NA



data.framebycbind

dendrogrammerge

authors <- data.frame(
surname = c("Tukey”, "Venables", "Tierney"”, "Ripley”, "McNeil"),
nationality = c("US", "Australia”, "US", "UK", "Australia"),
deceased = c("yes", rep("no", 4)))
authorN <- within(authors, { name <- surname; rm(surname) })
books <- data.frame(
name = c("Tukey"”, "Venables", "Tierney”,
"Ripley”, "Ripley"”, "McNeil”, "R Core"),
title = c("Exploratory Data Analysis”,
"Modern Applied Statistics ...",
"LISP-STAT",
"Spatial Statistics”, "Stochastic Simulation”,
"Interactive Data Analysis”,
"An Introduction to R"),
other.author = c(NA, "Ripley"”, NA, NA, NA, NA,
"Venables & Smith"))

(m@ <- merge(authorN, books))
(m1 <- merge(authors, books, by.x = "surname”, by.y = "name"))
m2 <- merge(books, authors, by.x = "name”, by.y = "surname")
stopifnot(exprs = {
identical(m@, m2[, names(m@)])
as.character(m1[, 1]) == as.character(m2[, 11)
all.equal(mi[, -1], m2[, -1][ names(m1)[-1] 1)
identical(dim(merge(m1, m2, by = NULL)),
c(nrow(m1)*nrow(m2), ncol(ml)+ncol(m2)))

»

## "R core” is missing from authors and appears only here :
merge (authors, books, by.x = "surname”, by.y = "name”, all = TRUE)

## example of using 'incomparables'

x <- data.frame(kl = c(NA,NA,3,4,5), k2 = c(1,NA,NA,4,5), data
y <- data.frame(kl = c(NA,2,NA,4,5), k2 = c(NA,NA,3,4,5), data
merge(x, y, by = c("k1","k2")) # NA's match

merge(x, y, by = "k1") # NA's match, so 6 rows

merge(x, y, by = "k2", incomparables = NA) # 2 rows

I n
—_
a1 o1
N

message




message(..., domain = NULL, appendLF = TRUE)
suppressMessages(expr, classes = "message”)

packageStartupMessage(..., domain = NULL, appendLF = TRUE)
suppressPackageStartupMessages(expr)

.makeMessage(..., domain = NULL, appendLF = FALSE)

message
domain gettextNAstop
appendLF

expr

classes

messagestderr()

message

muffleMessage

suppressMessages
packageStartupMessagesuppressPackageStartupMessagessuppressMessages

.makeMessagemessagewarningstop. . .gettext

warningstopconditions

gettext

message("ABC", "DEF")
suppressMessages(message("ABC"))

testit <- function() {
message("testing package startup messages")
packageStartupMessage("initializing ...", appendLF = FALSE)
Sys.sleep(1)
packageStartupMessage(" done")

3

testit()
suppressPackageStartupMessages(testit())
suppressMessages(testit())



missing

missing

missing(x)

missing(x)xx <- match.arg(x)

missinglocal

substituteNA

myplot <- function(x, y) {
if(missing(y)) {
y <= X
x <= T1:length(y)
3
plot(x, y)

mode

mode (x)

mode(x) <- value
storage.mode(x)
storage.mode(x) <- value

value



modestorage.modetypeof (x)

mode(x) <- "newmode"modexnewmodeas.newmode”logical”"integer""double”"complex”
n nn
raw

nn nn

character”"list""expression”"name""symbol""function”
storage.mode(x) <- "newmode"mode<-"newmode"typeof"”single”

"single"modestorage.modeattr(object, "Csingle”)mode<-"single""double""Csingle”
TRUE

Ca].]_“("

typeof

"integer”"double""numeric”

nn ]

"special”"builtin""closure”""function’

"symbol”"name"”

ulanguagen n (n "Call”

typeoftype.convertattributes

require(stats)
sapply(options(), mode)

cex3 <- c(”"NULL", "1™, "1:1", "1i", "list(1)", "data.frame(x = 1)",

"pairlist(pi)”, "c", "1m", "formals(Im)[[1]1]", "formals(Ilm)[[2]1]",

"y ~ x","expression((1))CL111", "(y ~ x)C[1]1]1",

"expression(x <- pi)[[11ILL111™M)
lex3 <- sapply(cex3, function(x) eval(str2lang(x)))
mex3 <- t(sapply(lex3,

function(x) c(typeof(x), storage.mode(x), mode(x))))

dimnames(mex3) <- list(cex3, c("typeof(.)","storage.mode(.)","mode(.)"))
mex3

## This also makes a local copy of 'pi':
storage.mode(pi) <- "complex”
storage.mode(pi)

rm(pi)



mtfrm

match()-> "mtfrm”"default"POSIXct""POSIX1t"

mtfrm(x)

matchmtfrmis.objectas.character

mtfrmmatchduplicatedunique==!=

NA

NANANA_integer_NA_real _NA_complex_NA_character_
is.na
is.na<-NA

anyNAany(is.na(x))

NA
is.na(x)
anyNA(x, recursive = FALSE)

## S3 method for class 'data.frame'
is.na(x)

is.na(x) <- value

X is.naanyNANULL
recursive anyNA
value X

NA"NA"NA_character_"NA"NAis.na<-
is.naanyNA

is.na<-

NANANaNNANaNNaN

NATRUE/FALSETRUEFALSENA
anyNANULLany(is.na(x))recursive = FALSE



is.naxTRUENANaNFALSENANANaNdimdimnamesnames

is.naNANaNis.na
anyNA(recursive = FALSE)is.naanyNA(recursive = TRUE)anyNA

is.na
anyNA(NULL)is.na(NULL)logical (@)

NaNis.nancomplete.cases

na.actionna.omitna.fail

is.na(c(1, NA)) #> FALSE TRUE
is.na(paste(c(1, NA))) #> FALSE FALSE

(xx <= c(0:4))

is.na(xx) <- c(2, 4)

XX #> O NA 2 NA 4
anyNA(xx) # TRUE

# Some logical operations do not return NA
c(TRUE, FALSE) & NA
c(TRUE, FALSE) | NA

## Measure speed difference in a favourable case:
## the difference depends on the platform, on most ca 3x.
X <- 1:10000; x[5000] <- NaN # coerces x to be double
if(require("microbenchmark”)) { # does not work reliably on all platforms
print(microbenchmark(any(is.na(x)), anyNA(x)))
} else {
nSim <- 2”13
print(rbind(is.na = system.time(replicate(nSim, any(is.na(x)))),
anyNA = system.time(replicate(nSim, anyNA(x)))))

## anyNA() can work recursively with list()s:

LL <- 1list(1:5, c(NA, 5:8), c("A","NA"), c("a", NA_character_))
L2 <= LL[c(1,3)]

sapply(LL, anyNA); c(anyNA(LL), anyNA(LL, TRUE))

sapply(L2, anyNA); c(anyNA(L2), anyNA(L2, TRUE))

## ... lists, and hence data frames, too:
dN <- dd <- USJudgeRatings; dN[3,6] <- NA
anyNA(dd) # FALSE
anyNA(dN) # TRUE



name

as.nameas.symbol

is.symbolis.nameTRUEFALSE

as.symbol(x)
is.symbol(x)

as.name(x)
is.name(x)

as.nameas.character”"”NA_character_"NA"
as.nameas.vector(x, "symbol")as.vector

is.nameis.symbol

as.nameas.symbol”symbol"typeof

is.nameis.symbolTRUEFALSE

callis.languagetypeof
plotmath

an <- as.name("arrg")
is.name(an) # TRUE
mode(an)  # name
typeof(an) # symbol



names

names (x)
names(x) <- value

value xNULL

namesnames<-"names"

environmentenvnames(env)names(as.list(env, all.names = TRUE))ls(env, all.names
= TRUE, sorted = FALSE)names(env)

valuexNAx

z <- "names<-"(z, "[<-"(names(z), 3, "c2"))

nnnn

NA

namesNULLxNULL

names<-names(x) <- valuevalue

namesdimnames[[1]]

slotNames()names()

slotNamesdimnames



# print the names attribute of the islands data set
names(islands)

# remove the names attribute
names(islands) <- NULL

islands

rm(islands) # remove the copy made

z <- list(a=1, b="c", c =1:3)

names(z)

# change just the name of the third element.
names(z)[3] <- "c2"

z
z <-1:3
names(z)

## assign just one name
names(z)[2] <- "b"
z

nargs

nargs

nargs()

foo(x,,z)x[]1 [.some_method™ (x, )

argsformalssys.call

tst <- function(a, b = 3, ...) {nargs()}
tst() # 0

tst(clicketyclack) # 1 (even non-existing)
tst(cl, a2, rr3) # 3

foo <- function(x, y, z, w) {
cat("call was ", deparse(match.call()), "\n", sep = "")
nargs()



foo()
foo(, ,

#
3) #
foo(z = 3) #

- w e

, even though this is the same call

nargs() # not really meaningful

nchar

ncharx

nzchar

nchar(x, type = "chars”, allowNA = FALSE, keepNA = NA)

nzchar(x, keepNA = FALSE)

X

type c("bytes"”, "chars", "width")

allowNA NA"bytes”

keepNA NAXNAnchar () 2nzchar () TRUEnchar ()NAkeepNA = TRUEtype"width”

type
bytes
chars

width catchars

typekeepNA

as.characterxdeparse

ncharNANA_character_nchar(ONA_integer_keepNA2
type = "width”

allowNA = TRUENA!is.na(nchar(x, "chars"”, TRUE))
"bytes”"EncodingNAallowNA = TRUE

nzcharxNAnzchar () keepNANANA

print()encodeString<u+2642>
"y\u306""\u200b"

nchar



https://www.unicode.org/reports/tril/

strwidthpastesubstrstrsplit

x <- c("asfef”, "qwerty"”, "yuiop["”, "b", "stuff.blah.yech”)
nchar(x)
#5 6 6 115

nchar (deparse(mean))
# 18 17 <-- unless mean differs from base::mean

## NA behaviour as function of keepNA=x :

logi <- setNames(, c(FALSE, NA, TRUE))

sapply(logi, \(k) data.frame(nchar = nchar (NA, keepNA=k),
nzchar = nzchar(NA, keepNA=k)))

x[3] <= NA; x

nchar(x, keepNA= TRUE) # 5 6 NA 1 15

nchar(x, keepNA=FALSE) # 5 6 2 1 15

stopifnot(identical (nchar(x ), nchar(x, keepNA= TRUE)),
identical(nchar(x, "w"), nchar(x, keepNA=FALSE)),
identical(is.na(x), is.na(nchar(x))))

##' nchar() for all three types :

nchars <- function(x, ...)
vapply(c("chars”, "bytes”, "width"),
function(tp) nchar(x, tp, ...), integer(length(x)))

nchars(”\u200b") # in R versions (>= 2015-09-xx):
## chars bytes width
## 1 3 Q

data.frame(x, nchars(x)) ## all three types : same unless for NA

## force the same by forcing 'keepNA':

(ncT <- nchars(x, keepNA = TRUE)) ## .... NA NA NA ....

(ncF <- nchars(x, keepNA = FALSE))## .... 2 2 2 ....

stopifnot(apply(ncT, 1, function(.) length(unique(.))) == 1,
apply(ncF, 1, function(.) length(unique(.))) == 1)

nlevels

nlevels(x)


https://www.unicode.org/reports/tr11/

levels

levels(x)x

levelsfactor

nlevels(gl(3, 7)) # = 3

noquote

noquote(obj, right = FALSE)

## S3 method for class 'noquote'
print(x, quote = FALSE, right = FALSE, ...)

## S3 method for class 'noquote'

c(..., recursive = FALSE)

obj character

right logicalprint()print.default()
X "noquote”

quote. .. print

recursive C

n

noquote”noquote”c()"[.noquote”print.noquote”. ...
rightprint(x, right=x)rightxx <- noquote(*, right=TRUE)

class

<maechler@stat.math.ethz.ch>

methodsclassprint



letters

ngl <- noquote(letters)
nql

ngl[1:4] <- "oh"
ngql[1:12]

cmp.logical <- function(log.v)
{
## Purpose: compact printing of logicals
log.v <- as.logical(log.v)
noquote(if(length(log.v) == 0)"()" else c(".","|")[1 + log.vl)
3
cmp.logical(stats::runif(20) > 0.8)

chmat <- as.matrix(format(stackloss)) # a "typical” character matrix
## noquote(*, right=TRUE) so it prints exactly like a data frame
chmat <- noquote(chmat, right = TRUE)

chmat

norm

Xuon nIn nFu nMu ”2”type

norm(x, type = C("O", ”I”, "F", "M”, 11211))

X norm()

type
"0""o""1"
npmngn
MEUUHFUME" " X
"M""m" x
"2" svdx
"0"typel[1]

norm()dlange

g

norm = "2"DLANGE
https://netlib.org/lapack/


https://CRAN.R-project.org/package=Matrix
https://netlib.org/lapack/

rcond

(x1 <= cbind(1, 1:10))

norm(x1)

norm(x1, "I")

norm(x1, "M")

stopifnot(all.equal(norm(x1, "F"),
sqrt(sum(x12))))

hilbert <- function(n) { i <- 1:n; 1 / outer(i - 1, i, “+7) }
h9 <- hilbert(9)
## all 5 (4 different) types of norm:
(nTyp <- eval(formals(base::norm)$type))
sapply(nTyp, norm, x = h9)
stopifnot(exprs = { # 0-extent matrices:
sapply(nTyp, norm, x = matrix(, 1,0)) ==
sapply(nTyp, norm, x = matrix(, 0,0)) ==
1)

normalizePath

normalizePath(path, winslash = "\\", mustWork = NA)

path
winslash c("/", "\\")
mustWork TRUENA

path.expandpaths
./../realpathrealpath

winslashGetFinalPathNameByHandleGetFullPathNameGetLongPathName
GetFinalPathNameByHandleGetLongPathName

mustWork = FALSE



mustWork = TRUE

/tmp/var/proc/fd/63path

cat(normalizePath(c(R.home(), tempdir())), sep = "\n")

NotYet

.NotYetImplemented()
.NotYetUsed(arg, error = TRUE)

arg

error TRUEFALSE

DeprecatedDefunct

require(graphics)
barplot(1:5, inside = TRUE) # 'inside' is not yet used



nrow

nrowncolxNCOLNROWas.matrix()cbind()

nrow(x)
ncol(x)
NCOL (x)
NROW(x)

X NULL

integerNULLncolnrow

ncolnrow

dimlengthdim()NULLnrow()ncol ()NULLarraymatrix

ma <- matrix(1:12, 3, 4)
nrow(ma) # 3
ncol(ma) # 4

ncol(array(1:24, dim = 2:4)) # 3, the second dimension
NCOL(1:12) # 1
NROW(1:12) # 12, the length() of the vector

## as.matrix() produces 1-column matrices from @-length vectors,

## and so does cbind() :

dim(as.matrix(numeric())) # 0 1

dim( cbind(numeric())) # ditto

NCOL (numeric()) # 1

## However, as.matrix(NULL) fails and cbind(NULL) gives NULL, hence for
## consistency:

NCOL (NULL) # 0

## (This gave 1 in R < 4.4.0.)



ns-dblcolon

pkg: :name
pkg: : :name
pkg
name

pkg: :namenamepkgpkg: : : namename

pkg: :namepackage: pkg

:::maintainer

getloadNamespaceasNamespace

base::log

base::"+"

## Beware -- wuse ':::' at your own risk! (see "Details")
stats:::coef.default

ns-hooks

.onLoad(libname, pkgname)
.onAttach(libname, pkgname)
.onUnload(libpath)
.onDetach(libpath)
.Last.lib(libpath)

libname
pkgname
libpath



loadNamespace.onlLoad
libraryattachNamespace.onAttach
.onDetach.Last.libdetach.onAttachtryCatch
unloadNamespace.onUnload

.onLoad.onUnload
.onLoad.onUnload.onAttach.onDetach.Last.lib
.Last

.onLoad.onUnloaduseDynLibNAMESPACE . onLoad.onUnload.onAttach

.onAttach.onLoadpackageStartupMessage
libraryrequireDependsDESCRIPTION
libraryhelpformatpackageStartupMessage
installed.packages

library.dynam.onLoaduseDynLibNAMESPACE.onAttachlibrary.dynam.unload.Last.lib
.onDetach.onUnload

setHook
reg.finalizer

loadNamespace

ns-load

attachNamespace(ns, pos = 2L, depends = NULL, exclude, include.only)
loadNamespace(package, lib.loc = NULL,

keep.source = getOption("keep.source.pkgs"),

partial = FALSE, versionCheck = NULL,

keep.parse.data = getOption("keep.parse.data.pkgs"))
requireNamespace(package, ..., quietly = FALSE)
loadedNamespaces()
unloadNamespace(ns)
isNamespacelLoaded(name)



ns
pos

depends NULL .Depends
package

lib.loc

keep.source
keep.parse.data

partial
versionCheck NULLopversion
quietly
name as.symbol”stats”
excludeinclude.only
library
loadNamespace

loadNamespaceattachNamespacelibrary
loadNamespacelibraryloadNamespace.onLoad

library
loadNamespaceattachNamespacelibrary.onAttach
requireNamespaceloadNamespacerequire
loadedNamespaces

isNamespacelLoaded(pkg)pkg %in% loadedNamespaces()
unloadNamespacedetach.onDetach.Last.1lib.onUnload
detach

attachNamespace
loadNamespace
requireNamespaceTRUEFALSE
loadedNamespacescharacter

unloadNamespaceNULL

loadNamespaceloadNamespace: : load_R_TRACE_LOADNAMESPACE_124



getNamespaceasNamespacetopenv.onLoadenvironment

(Ins <- loadedNamespaces())
statL <- isNamespacelLoaded("stats")
stopifnot( identical(statL, "stats” %in% lns) )

## The string "foo" and the symbol 'foo' can be used interchangeably here:
stopifnot( identical(isNamespaceLoaded( "foo" ), FALSE),

identical (isNamespacelLoaded(quote(foo)), FALSE),

identical (isNamespacelLoaded(quote(stats)), statlL))

hasS <- isNamespacelLoaded(”splines”) # (to restore if needed)

Sns <- asNamespace("splines”) # loads it if not already

stopifnot(  isNamespacelLoaded("”splines”))

if (is.null(try(unloadNamespace(Sns)))) # try unloading the NS 'object'
stopifnot( ! isNamespacelLoaded("”splines"”))

if (hasS) loadNamespace("splines”) # (restoring previous state)

ns-topenv

environmentenvir

topenv(envir = parent.frame(),
matchThisEnv = getOption("topLevelEnvironment”))

envir

matchThisEnv topLevelEnvironmentsys.sourceNULLemptyenv ()

topenvenvironmentenvir.GlobalEnvsearch.GlobalEnv

environmentparent.env()loadNamespace

topenv(.GlobalEnv)

topenv(new.env()) # also global env
topenv(environment(ls))# namespace:base
topenv(environment(1lm))# namespace:stats



NULL

NULLNULL

NULL
as.null(x, ...)
is.null(x)

NULLNULLCLIINULLNULL
NULLNULL

NULLattrattributesstructure

as.nullNULL
is.nullTRUENULLFALSE

is.null

%1% %] 1% R if(!is.null(L)) L else R

is.null(list()) # FALSE (on purpose!)
is.null(pairlist()) # TRUE
is.null(integer(@)) # FALSE
is.null(logical(@)) # FALSE
as.null(list(a =1, b = "c"))



numeric

"numeric”is.numeric

numeric(length = @)
as.numeric(x, ...)
is.numeric(x)

length

X

numericdouble@
as.numericas.doubleas.double

is.numericprimitiveis.double”"complex”"Date”"POSIXt""difftime"is.numericdouble
integer

numericas.numericdouble

nmns

is.numericTRUE"numeric”"double”"integer"FALSEis.integer(x) |l is.double(x)
(mode(x) == "numeric"”) && !is.factor(x)

xfactoras.numericfactorlevelsfactor

as.numericis.numericsetMethod

as.numericas.doubleas.numeric

doublenumericreal
doublenumeric”numeric”

"numeric”is.numericas.numericas.double

doubleintegerstorage.mode



## Conversion does trim whitespace; non-numeric strings give NA + warning
as.numeric(c("-.1"," 2.7 ","B"))

## Numeric values are sometimes accidentally converted to factors.

## Converting them back to numeric is trickier than you'd expect.

f <- factor(5:10)

as.numeric(f) # not what you might expect, probably not what you want
## what you typically meant and want:

as.numeric(as.character(f))

## the same, considerably more efficient (for long vectors):
as.numeric(levels(f))[f]

NumericConstants

InfNaNtypeof(.) "double"”scanas.doubleinfinityInfNA_real_NA_integer_"double”
"integer"L

0x0X0-9 a-f A-F .Pp@x123p456291 x 2456
Ee

Inf0.0

i

non

Linteger”.

.Machine$double.xminscan

SyntaxcomplexQuotesReserved

## You can create numbers using fixed or scientific formatting.
2.1

2.1e10

-2.1E-10

## The resulting objects have class numeric and type double.
class(2.1)
typeof(2.1)

## This holds even if what you typed looked like an integer.



class(2)
typeof (2)

## If you actually wanted integers, use an "L" suffix.
class(2L)
typeof (2L)

## These are equal but not identical
2 == 2L
identical(2, 2L)

## You can write numbers between @ and 1 without a leading "@"
## (but typically this makes code harder to read)
L1234

sqrt(1i) # remember elementary math?
utils::str(0xAQ)
identical (1L, as.integer(1))

## You can combine the "0x" prefix with the "L" suffix :
identical (0xFL, as.integer(15))

numeric_version

numeric_version(x, strict = TRUE)
package_version(x, strict = TRUE)
R_system_version(x, strict = TRUE)
getRversion()
as.numeric_version(x)
as.package_version(x)
is.numeric_version(x)
is.package_version(x)

X package_versionR.versionas.numeric_versionas.package_version
is.numeric_versionis.package_version

strict

DESCRIPTION. -

numeric_versionpackage_versionR_system_version

getRversion

(L

compareVersionpackageVersionR.versiongetRversion()



x <- package_version(c("1.2-4", "1.2-3", "2.1"))
X < "1.4-2.3"

c(min(x), max(x))

x[2, 2]

x$major

x$minor

if(getRversion() <= "2.5.0") { ## work around missing feature
cat("Your version of R, ", as.character(getRversion()),
", is outdated.\n",
"Now trying to work around that ...\n"”, sep = "")

}

x[[1]]

x[Lc(1, 3)J]1 # '4' as a numeric version
x[1, 3] # same

x[[1, 311 # 4 as an integer

x[[2, 3]] <- 0 # zero the patchlevel
x[[c(2, 3)]1] <- @ # same
X

x[[31] <- "2.2.3"
X

x <- c(x, package_version("0.0"))

is.na(x)[4] <- TRUE

stopifnot(identical(is.na(x), c(rep(FALSE,3), TRUE)),
anyNA(x))

octmode

as.octmode (x)

## S3 method for class 'octmode'
as.character(x, keepStr = FALSE, ...)

## S3 method for class 'octmode'
format(x, width = NULL, ...)

## S3 method for class 'octmode'

print(x, ...)
X "octmode”
keepStr logicalTRUE

width NULL



"octmode"755[
as.character(x)attributeskeepStr=TRUEdimdimnamesnamesformat()width = NULL
as.octmode”integer”""double"”@-7NA"octmode"”

'&

file.info

hexmodesprintfstrtoi

(on <- as.octmode(c(16, 32, 127:129))) # "020" "040" "177" "200" "201"
unclass(on[3:4]) # subsetting

## manipulate file modes
fmode <- as.octmode("170")
(fmode | "644") & "755"

(umask <- Sys.umask()) # depends on platform
c(fmode, "666", "755") & !umask

om <- as.octmode(1:12)

om # print()s via format()
stopifnot(nchar(format(om)) == 2)

om[1:7] # *nox leading zeroes!
stopifnot(format(om[1:7]) == as.character(1:7))
om2 <- as.octmode(c(1:10, 60:70))

om2 # prints via format() -> with 3 octals
stopifnot(nchar(format(om2)) == 3)
as.character(om2) # strings of length 1, 2, 3

## Integer arithmetic (remaining "octmode"):

om*2

om * 64

-om

(fac <- factorial(om)) # !1, '2, 13, 14 .. in hexadecimals
as.integer(fac) # indeed the same as factorial(1:12)

on.exit

on.exit

on.exit()on.exit

on.exit(expr = NULL, add = FALSE, after = TRUE)



expr
add exprafterexpr
after addafterexpr

expron.exiton.exitexprsubstitute
on.exitadd = TRUE
addafter

NULL

sys.on.exiton.exit()sys.on.exit()

require(graphics)

opar <- par(mai = c(1,1,1,1))
on.exit(par(opar))

Ops.Date

"Date”
Ops+-Date

date + x
x + date
date - x
datel lop date2

date "Date”
dateldate2 as.Date

X "difftime"”
]_op == =<<=>>
xDates

(z <- Sys.Date())
z + 10
z < c("2009-06-01", "2010-01-01", "2015-01-01")



options

options(...)
getOption(x, default = NULL)

.Options

name = value

X

default

options()getOption("width")options("width")

getOptionxdefaul tNULL
options()options(name)NULL

add.smooth TRUEplot.lm

askYesNo askYesNo

browserNLdisabled "n"

catch.script.errors interactive()R CMD BATCH <script>.Rtraceback()
checkPackagelLicense loadNamespace

check.bounds FALSElistx <- 1:3; x[5] <- 6

CBoundsCheck .C.Fortran
R_C_BOUNDS_CHECKyes

conflicts.policy libraryrequirelibrary
continue

defaultPackages R_DEFAULT_PACKAGESc("datasets”, "utils”, "grDevices”,
"graphics”, "stats"”, "methods”)R_DEFAULT_PACKAGESNULL.Rprofile

deparse.cutoff deparse6@

deparse.max.lines browsertraceback.max.linestraceback()
traceback.max.lines traceback

digits signifprint.default

digits.secs NULLstrftime



download.file.extra download.file

download.file.method download.file"internal”"wininet”"libcurl”"wget""curl”
method = "auto"download.file

echo --no-echoFALSETRUE

encoding "native.enc”connections

error stopstopdump.framesrecoveroptions(error = utils::recover).Rprofile
expressions --max-ppsizeMemoryCstack_info

interrupt

keep.parse.data keep.sourcegetParseData()keep.sourceTRUE
keep.parse.data.pkgs keep.parse.dataFALSER_KEEP_PKG_PARSE_DATAyes

keep.source TRUEdeparse(fn, control = "useSource")
interactive () TRUE

keep.source.pkgs keep.sourceFALSER_KEEP_PKG_SOURCEyes
matprod %*%crossprodtcrossprod

"internal” NaNInfsumcolSumslong doublecapabilities
"default” NaNInfNaNInf"default”NaNInfdouble

"blas” NaNInfNaNInf

"default.simd” "default”NaNInf"default”

max.print 99999printshowmax.print
OutDec formatformatCas.charactersprintf
pager file.show

/bin/pagerPAGERless
"internal”"console”

(files, header,title, delete.file)file.show
papersize postscriptR_PAPERSIZE

LC_PAPER
"a4""letter"”

PCRE_limit_recursion grep(perl = TRUE)
pcre_confighttps://www.pcre.org/original/doc/html/pcrestack.htmlNA

PCRE_study grep(perl = TRUE)10@
PCRE_use_JIT grep(perl = TRUE)strsplit(perl = TRUE)
pdfviewer R_PDFVIEWER

open.exe

printcmd postscriptR_PRINTCMDstdin"lpr”
prompt " "

rl_word_breaks " \t\n\"\\'“><=%;,|&{()}"

TNEAN\N\N T ><=4-2%;, 1&{O Y
save.defaultssave.image.defaults save
scipen scipen@-6:319warning
setWidthOnResize TRUEreadlinewidth


https://www.pcre.org/original/doc/html/pcrestack.html

showWarnCallsshowErrorCalls warningstopconditionCallNULL

showNCalls

show.error.locations TRUE"top”

show.error.messages try

texi2dvi texi2dvitexi2pdf
R_TEXI2DVICMDTEXI2DVItexi2dvi"emulation”

timeout R_DEFAULT_INTERNET_TIMEOUTdownload.fileconnections

topLevelEnvironment topenvsys.source

url.method url”default””internal”

useFancyQuotes sQuotedQuoteRd2txtTRUEFALSE"TeX""UTF-8"

verbose TRUE--verbose

warn warnwarnlast.warningwarningswarnwarn

warnPartialMatchArgs

warnPartialMatchAttr attr

warnPartialMatchDollar $

warning.expression warn

warning.length

nwarnings warn = @

width cat

Print.h

add. smooth TRUE
check.bounds FALSE
continue i

digits 7

echo TRUE
encoding "native.enc”
error NULL
expressions 5000
keep.source interactive()
keep.source.pkgs FALSE
max.print 99999

OutDec n

prompt ">

scipen 0
show.error.messages TRUE

timeout 60

verbose FALSE

warn 0
warning.length 1000

width 80



nn

bitmapType png”cairo”"quartz"

device X11windowsquartzpdf
R_INTERACTIVE_DEVICER_DEFAULT_DEVICE
windowsquartzX11DISPLAY

device.ask.default devAskNewPage("ask")
locatorBell locatoridentifyTRUEX11windows

windowsTimeouts windows

max.contour.segments 25000contourcontourlLines

contrasts contrastsaovlmc("unordered”, "ordered”)
na.action NAna.actionna.pass

show.coef.Pvalues printCoefmat
show.nls.convergence nlsTRUE

show.signif.stars printCoefmat
str.dendrogram.last str.dendrogram

ts.eps tsle-05

ts.S.compat logplot.spec

BioC_mirror setRepositories”https://bioconductor.org”
"https://bioconductor.statistik.tu-dortmund.de"chooseBioCmirror

browser browseURLbrowseURL

ccaddress create.postbug.reporthelp.requestFALSE""
citation.bibtex.max bibentrycitation
de.cellwidth dataentryNA

demo.ask askdemo

editor editfile.editEDITORVISUALVi

example.ask askexample

help.ports startDynamicHelp

help.search.types help.search??
help.try.all.packages help

help_type help?

help.htmlmath texmathRd2HTML"katex"NULL"mathjax"
help.htmltoc tocRd2HTML



HTTPUserAgent download.fileurlcurlGetHeadersNULL"R ( )"libcurl”libcurl/"libcurl
install.lock install.packagesR CMD INSTALL"pkglock”
internet.info "internal”"libcurl”"internal”

install.packages.check.source install.packagesupdate.packages”yes""no""yes"

install.packages.compile.from.source install.packages(type =

nns nn nn

"both")update.packages”never”"interactive”"never""always"”
R_COMPILE_AND_INSTALL_PACKAGES"interactive"install.packages”never"make
MAKE

mailer create.postbug.reporthelp.request

menu.graphics TRUEselect.listchooseCRANmirrorsetRepositorieshelp
Ncpus n > linstall.packagesNcpus = getOption(”"Ncpus”, 1L)
pkgType install.packages

nn

"win.binary"”"source""both”

nn nn

"source""mac.binary""mac.binary.big-sur-armé4""both”
"binary”"both"install.packages

repos available.packagesrepositoriesR_REPOSITORIESNULLR.home("etc")
c (CRAN="@CRAN@")

local ({
r <- getOption("repos")
r["CRAN"] <- "https://my.local.cran”
options(repos = r)

b))

.Rprofilerepositories
setRepositories

str strstrOptions()
SweaveHooksSweaveSyntax Sweave
unzip unzipunzip"internal”

R_UNZIPCMDetc/Renvironunzip™”
"internal”

mc.cores MC_CORES2

dvipscmd "dvips”

warn.FPU

.Optionsoptions()options()
NULL



op <- options(); utils::str(op) # op is a named list

getOption("width"”) == options()$width # the latter needs more memory
options(digits = 15)
pi

# set the editor, and save previous value
old.o <- options(editor = "nedit")
old.o

options(check.bounds = TRUE, warn = 1)
x <= NULL; x[4] <- "yes" # gives a warning

options(digits
print(1e5)
options(scipen = 3); print(1e5)

5)

options(op) # reset (all) initial options
options("digits")

## Not run: ## set contrast handling to be like S
options(contrasts = c("contr.helmert”, "contr.poly”))

## End(Not run)

## Not run: ## on error, terminate the R session with error status 66
options(error = quote(q(”"no”, status = 66, runLast = FALSE)))
stop("test it")

## End(Not run)

## Not run: ## Set error actions for debugging:

## enter browser on error, see ?recover:

options(error = recover)

## allows to call debugger() afterwards, see ?debugger:
options(error = dump.frames)

## A possible setting for non-interactive sessions
options(error = quote({dump.frames(to.file = TRUE); q()}))

## End(Not run)

# Compare the two ways to get an option and use it
# accounting for the possibility it might not be set.
if(as.logical(getOption("performCleanup”, TRUE)))
cat("do cleanup\n")

## Not run:
# a clumsier way of expressing the above w/o the default.
tmp <- getOption("performCleanup”)
if(is.null(tmp))
tmp <- TRUE
if (tmp)



cat("do cleanup\n")

## End(Not run)

order

ordersort.list

order(..., na.last = TRUE, decreasing = FALSE,
method = c("auto”, "shell”, "radix"))

sort.list(x, partial = NULL, na.last = TRUE, decreasing = FALSE,
method = c("auto”, "shell”, "quick"”, "radix"))

X method"”shell”"quick"x"auto"”"radix"order(x,..)
partial NULL

decreasing "radix”...

na.last NATRUEFALSENA

method "auto”"radix"231"shell”"shell""quick”"radix"sort

method = "quick”

"radix"Comparison
"shell”"radix""radix"sort"quick”sort.listxna.last = NA"radix"
partial = NULL

xtfrmis.numeric(x)

231

...decreasingdo.call('order', df_obj)df_objdf_objunname

sort.listsortx
na.last = NAsort.listNAorderNA

x[order(x, na.last = NA)]
zz <- x[!is.na(x)1; zz[sort.list(x, na.last = NA)]

NAX

method = "radix”



sortrankxtfrm

require(stats)

(ii <- order(x <- ¢(1,1,3:1,1:4,3), y <- ¢(9,9:1), z <- ¢c(2,1:9)))
# 6 5 2 1 7 410 8 3 9
rbind(x, y, z)[,ii] # shows the reordering (ties via 2nd & 3rd arg)

## Suppose we wanted descending order on y.

## A simple solution for numeric 'y' is

rbind(x, y, z)[, order(x, -y, z)]

## More generally we can make use of xtfrm

cy <- as.character(y)

rbind(x, y, z)[, order(x, -xtfrm(cy), z)]

## The radix sort supports multiple 'decreasing' values:

rbind(x, y, z)[, order(x, cy, z, decreasing = c(FALSE, TRUE, FALSE),
method="radix")]

## Sorting data frames:
dd <- transform(data.frame(x, y, z),
z = factor(z, labels = LETTERS[9:11]))

## Either as above {for factor 'z' : using internal coding}:
dd[ order(x, -y, z), 1
## or along 1st column, ties along 2nd, ... *arbitrary* no.{columns}:

dd[ do.call(order, dd), 1]

set.seed(1) # reproducible example:

d4 <- data.frame(x = round( rnorm(100)), y = round(10xrunif(100)),
z = round( 8*rnorm(100)), u = round(50*runif(100)))

(d4s <- d4[ do.call(order, d4), 1)

(i <= which(diff(d4s[, 3]1) == 0))

# in 2 places, needed 3 cols to break ties:

d4s[ rbind(i, i+1), 1]

## rearrange matched vectors so that the first is in ascending order
x <= c¢(5:1, 6:8, 12:9)

y <= (x - 5)*2

o <- order(x)

rbind(x[o], y[ol)

## tests of na.last

a<-c(4, 3, 2, NA, 1)

b <- c(4, NA, 2, 7, 1)

z <- cbind(a, b)

(o <- order(a, b)); zlo, 1

(o <- order(a, b, na.last = FALSE)); z[o, 1]
(o <- order(a, b, na.last = NA)); z[o, 1]



## speed examples on an average laptop for long vectors:

## factor/small-valued integers:

x <- factor(sample(letters, 1e7, replace = TRUE))

system.time(o <- sort.list(x, method = "quick”, na.last = NA)) # 0.1 sec
stopifnot(!is.unsorted(x[o]))

system.time(o <- sort.list(x, method = "radix")) # 0.05 sec, 2X faster
stopifnot(!is.unsorted(x[o]))

## large-valued integers:

XX <- sample(1:200000, 1e7, replace = TRUE)

system.time(o <- sort.list(xx, method = "quick”, na.last = NA)) # 0.3 sec
system.time(o <- sort.list(xx, method = "radix")) # 0.2 sec

## character vectors:

xx <- sample(state.name, 1e6, replace = TRUE)

system.time(o <- sort.list(xx, method = "shell”)) # 2 sec

system.time(o <- sort.list(xx, method = "radix")) # 0.007 sec, 300X faster
## double vectors:

xx <= rnorm(1e6)

system.time(o <- sort.list(xx, method = "shell”)) # 0.4 sec

system.time(o <- sort.list(xx, method = "quick”, na.last = NA)) # 0.1 sec

system.time(o <- sort.list(xx, method = "radix")) # 0.05 sec, 2X faster
outer

XYAc(dim(X), dim(Y))A[c(arrayindex.x, arrayindex.y)] = FUN(X[arrayindex.x],

Y[arrayindex.y], ...)

outer(X, Y, FUN = "%x" .. .)

X %0% Y

XY FUN

FUN match. fun"*"

FUN

XYFUNrepXYFUN

FUN. ..

XYXY

FUN = "x"as.vector(X) %*x% t(as.vector(Y))

%o%outer(x, y, "*"



%*%kroneckerouterVectorize

X <= 1:9; names(x) <- X

# Multiplication & Power Tables
X %0% X

y <- 2:8; names(y) <- paste(y,
outer(y, x, “*7)

n,n

, sep = ")

outer(month.abb, 1999:2003, FUN = paste)

## three way multiplication table:
X %0% X %0% y[1:3]

Paren

({.Primitive
(function(x) x{

C...)

{ ...}

(

{

ifreturn
Syntax

f <= get("(")

e <- expression(3 + 2 * 4)
identical(f(e), e)

do <- get("{")
do(x <- 3, y <= 2%x-3, 6-Xx-y); X; VY

## note the differences
(2+3)

{2+3; 4+5}
(invisible(2+3))
{invisible(2+3)}



parse

parse()expressioncall

str2expression(s)str2lang(s)parse(text=s, keep.source=FALSE)s

parse(file = "", n = NULL, text = NULL, prompt = "?",
keep.source = getOption("keep.source”), srcfile,
encoding = "unknown”)

str2lang(s)

str2expression(text)

file file""textNULL

n NNULLNA

text

prompt NULLgetOption("prompt")

keep.source TRUE

srcfile NULLsrcfile

encoding "latin1""UTF-8"conoptions(encoding=)fileencoding = "latin1”

encoding = "UTF-8"

S character1

parse(....) textfile

n = NULLh = 1Tn < @
srcfilekeep.sourceTRUEsrcfile”"<text>"filekeep.sourceTRUEtextsrcfile
srcfilecopyfilesrcfile

srcfilesrcfilesrcfile

str2expression(s) charactersstr2expression(s)parse(text = s, keep.source=FALSE)
typeofclassexpression

str2lang(s) charactersstr2lang(s)parse(text = s, keep.source=FALSE)[[1]1]s
parse(x)callsymbolnameNULL21LTRUEstr2lang(.)

str2lang()str2expression()

parse()str2expression()"expression”parse()n
str2lang(s)scall

srcfileNULL"srcref”srcref”srcfile”srcfile”wholeSrcref”srcref”srcfile”
getParseData

encoding”latin1"”"UTF-8"text



parsesrcfilesrcfiletext

getParseDatasrcfile”parent”

parse(text = *, ..)str2lang()str2expression()call(..)as.call()

scansourceevaldeparse

setBreakpointRprofgetSrcrefgetParseData

fil <- tempfile(fileext = ".Rdmped")

cat("x <= c(1, 4)\n x * 3 -10 ; outer(1:7, 5:9)\n", file = fil)
# parse 3 statements from our temp file

parse(file = fil, n = 3)

unlink(fil)

## str2lang(<string>) || str2expression(<character>) :
stopifnot(exprs = {
identical( str2lang(”x[3] <- 1+4"), quote(x[3] <- 1+4))

identical( str2lang(”log(y)"), quote(log(y)) )
identical( str2lang(”abc” ), quote(abc) -> qa)
is.symbol(ga) & !is.call(qga) # a symbol/name, not a call
identical( str2lang(”1.375" ), 1.375) # just a number, not a call
identical( str2expression(c("# a comment”, "", "42")), expression(42) )
»
# A partial parse with a syntax error
txt <= "
x <-1
an error

n

sf <~ srcfile("txt")
tryCatch(parse(text = txt, srcfile = sf), error = function(e) "Syntax error.”)
getParseData(sf)

paste
collapse
paste (..., sep = " ", collapse = NULL, recycle@ = FALSE)
pasteo(..., collapse = NULL, recycle® = FALSE)


https://doi.org/10.32614/RJ-2010-010

sep NA_character_
collapse NA_character_collapsecharacter

recycleo logicalcharacter(@)collapserecycled"”

pasteas.charactersep
""recycle@TRUEcollapseNULL

paste(ONA_character_"NA"paste("the value of p is ", p)

paste@(..., collapse)paste(..., sep = "", collapse)

collapsecollapse

collapse"”

"bytes"Encoding

"bytes""bytes"”collapse

toStringpaste(*, collapse=", ")as.charactersubstrncharstrsplitcatsprintf

paste

## When passing a single vector, paste@ and paste work like as.character.
paste@(1:12)

paste(1:12) # same

as.character(1:12) # same

## If you pass several vectors to paste@, they are concatenated in a
## vectorized way.
(nth <- paste@(1:12, c("st"”, "nd", "rd"”, rep(”"th", 9))))

## paste works the same, but separates each input with a space.

## Notice that the recycling rules make every input as long as the longest input.
paste(month.abb, "is the"”, nth, "month of the year.")

paste(month.abb, letters)

## You can change the separator by passing a sep argument
## which can be multiple characters.
paste(month.abb, "is the”, nth, "month of the year.”, sep = "_x_")

## To collapse the output into a single string, pass a collapse argument.
paste@(nth, collapse =", ")

## For inputs of length 1, use the sep argument rather than collapse
paste("1st”, "2nd"”, "3rd", collapse = ", ") # probably not what you wanted



paste(”"1st”, "2nd”, "3rd", sep = ", ")

## You can combine the sep and collapse arguments together.
paste(month.abb, nth, sep = ": ", collapse = "; ")

## Using paste() in combination with strwrap() can be useful

## for dealing with long strings.

(title <- paste(strwrap(
"Stopping distance of cars (ft) vs. speed (mph) from Ezekiel (1930)",
width = 30), collapse = "\n"))

plot(dist ~ speed, cars, main = title)

## zero length arguments recycled as ~""~ -- NB: “{}° <==> character(@) here
paste({}, 1:2)

## 'recycle@ = TRUE' allows standard vectorized behaviour, i.e., zero-length
## recycling resulting in zero-length result character(9):
valid <- FALSE

val <- pi

paste("The value is”, val[valid],
paste("The value is", val[valid],

n " ”

-- not so good!") # —-> . value is -- not ..
-- good: empty!”, recycle@=TRUE) # -> character (@)

n

## When 'collapse = <string>', result is (length 1) string in all cases
paste("foo”, {3}, "bar"”, collapse = "|") # |--> "foo bar”
paste("foo"”, {3}, collapse = "|", recycled = TRUE) # |--> ""

## If all arguments are empty (and collapse a string), "" results always
paste( collapse = "|")

paste( collapse = "|", recycled = TRUE)

paste({}, collapse = "|")

paste({}, collapse = "|", recycled = TRUE)

path.expand

path.expand(path)

path

~useruser
HOME

rw-FAQR_USERHOMER_USERpath.expand



basenamenormalizePathfile.path

path.expand("~/foo")

pcre_config

pcre_config()

UTF-8
Unicode properties
\p{xxF\P{xx}

JIT armé4
stack TRUEhttps://www.pcre.org/original/doc/html/pcrestack.htmlFALSE

extSoftVersion

pcre_config()

pipeOp

lhs |> rhs

lhs

rhs


https://www.pcre.org/original/doc/html/pcrestack.html

lhsrhs

lhsx [> f(y)f(x, y)
rhs+if

_rhslhsrhs
_$coef_$coef[[2]1]$[[[e

x |> f(y)f(x, y)rhs

# simple uses:

mtcars |> head() # same as head(mtcars)
mtcars |> head(2) # same as head(mtcars, 2)
mtcars |> subset(cyl == 4) |> nrow() # same as nrow(subset(mtcars, cyl == 4))

# to pass the lhs into an argument other than the first, either

# use the _ placeholder with a named argument:

mtcars |> subset(cyl == 4) |> lm(mpg ~ disp, data = _)

# or use an anonymous function:

mtcars |> subset(cyl == 4) |> (function(d) 1lm(mpg ~ disp, data = d))()
mtcars |> subset(cyl == 4) |> (\(d) Im(mpg ~ disp, data = d))()

# or explicitly name the argument(s) before the "one":

mtcars |> subset(cyl == 4) |> lm(formula = mpg ~ disp)

# using the placeholder as the head of an extraction chain:
mtcars |> subset(cyl == 4) |> 1lm(formula = mpg ~ disp) |> _$coef[[2]]

# the pipe operator is implemented as a syntax transformation:
quote(mtcars |> subset(cyl == 4) |> nrow())

# regular R evaluation semantics apply
stop() |> (function(...) {})() # stop() is not used on RHS so is not evaluated

plot

plot.defaultplotfunctiondata.framedensitymethods(plot)

par


https://CRAN.R-project.org/package=magrittr

plot(x, vy, ...)

X plot

par

type

p
0y
npy
nennpn
non
"y
g
ngn
"
typetype = "punkte”type = "p"plot.factor
main title
sub title
xlab title
ylab title

asp y/xzplot.window

(x1,y1)(22,y2)zl < z2type = "s"type = "S"

plot

plot.defaultplot.formulapointslinesparsmoothScatter()plot()

contourperspimage

require(stats) # for lowess, rpois, rnorm
require(graphics) # for plot methods
plot(cars)

lines(lowess(cars))

plot(sin, -pi, 2*pi) # see ?plot.function

## Discrete Distribution Plot:
plot(table(rpois(100, 5)), type = "h", col = "red”, lwd = 10,
main = "rpois(100, lambda = 5)")

## Simple quantiles/ECDF, see ecdf() {library(stats)} for a better one:

plot(x <- sort(rnorm(47)), type = "s”, main = "plot(x, type = \"s\")")
points(x, cex = .5, col = "dark red")



pmatch

pmatch

pmatch(x, table, nomatch = NA_integer_, duplicates.ok = FALSE)

X as.character
table
nomatch integer

duplicates.ok table

duplicates.okxtablex
duplicates.okFALSEtable
charmatchpmatchduplicates.ok

NA”NAH

NAnomatch = NAxtablenomatch

matchcharmatchmatch.argmatch. funmatch.callstartsWithgrep

pmatch("", "") # returns NA
pmatch("m", c("mean”, "median”, "mode")) # returns NA
pmatch("med”, c("mean”, "median”, "mode")) # returns 2
pmatch(c(""”, "ab", "ab"), c("abc"”, "ab"), duplicates.ok = FALSE)
pmatch(c("", "ab", "ab"), c("abc", "ab"), duplicates.ok = TRUE)
## compare

charmatch(c(""”, "ab", "ab"), c("abc", "ab"))



polyroot

polyroot(z)
z
n—1

p(x) = 21+ 2w + -+ 2z

z[1:n]polyrootn — 1p(x)

z
n —1nz
unirootcomplexzero

polyroot(c(1, 2, 1))

round(polyroot(choose(8, 0:8)), 11) # guess what!
for (n1 in 1:4) print(polyroot(1:n1), digits = 4)
polyroot(c(1, 2, 1, @, @)) # same as the first


https://doi.org/10.1145/361254.361262

pos.to.env

pos.to.env(x)

X 1length(search())-1

getlspos.to.env

-1

pos.to.env(1) # R_GlobalEnv
# the next returns the base environment
pos.to.env(length(search()))

pretty

n+1x

pretty(x, ...)

## Default S3 method:

pretty(x, n =5, min.n = n %/% 3, shrink.sml = 0.75,
high.u.bias = 1.5, u5.bias = .5 + 1.5%high.u.bias,
eps.correct = @0, f.min = 2%-20, ...)

.pretty(x, n = 5L, min.n = n %/% 3, shrink.sml = 0.75,
high.u.bias = 1.5, u5.bias = .5 + 1.5%high.u.bias,
eps.correct = OL, f.min = 2%-20, bounds = TRUE)

X as.numeric

n

min.n min.n == Qpretty(.)

shrink.sml range(x)

high.u.bias > lbhigh.u.bias

u5.bias u5.bias = .5 + 1.5%high.u.bias

eps.correct range(x)eps.correct >= 2eps.correct = 2

f.min .Machine$double.xmincellc,,unitcellc,warningf.min = 20

bounds logicalrange(x)xbounds=FALSE.pretty()



prettyx

d <= max(x) - min(x)> Odc <- d/nc <- max(abs(range(x)))*shrink.sml / min.nb
100210 < ¢ < 10b

u{1,2,5,10}bc/b € [1,10)h =high.u.biasf =u5.bias
GEPretty(OR_pretty()

(min.n = 1, shrink.sml = 0.25, high.u.bias = 0.8, u5.bias = 1.7,
f.min = 1.125, eps.correct = 2, bounds = FALSE)

pretty(Onpretty(..)R_pretty().pretty()listbounds=TRUElunbounds=FALSEnsnununitnx
ninteger

axTicks

pretty(1:15) #0 2 4 6 81012 14 16
pretty(1:15, high.u.bias =2) # 0 5 10 15
pretty(1:15, n = 4) #0 510 15
pretty(1:15 % 2) #0 510 15 20 25 30
pretty(1:20) #0 510 15 20
pretty(1:20, n = 2) # 0 10 20
pretty(1:20, n = 10) #0 2 4 ... 20
for(k in 5:11) {
cat("k=", k, ": "); print(diff(range(pretty(100 + c(0, pix10*-k)))))}
##-- more bizarre, when min(x) == max(x):

pretty(pi)

add.names <- function(v) { names(v) <- paste(v); v}
utils::str(lapply(add.names(-10:20), pretty))

## min.n = @ returns a length-1 vector "if pretty”:
utils::str(lapply(add.names(@:20), pretty, min.n = 0))
sapply( add.names(0:20), pretty, min.n = 4)

pretty(1.234e100)
pretty(1001.1001)
pretty(1001.1001, shrink.sml = 0.2)
for(k in -7:3)
cat("shrink=", formatC(2*k, width = 9),":",
formatC(pretty(1001.1001, shrink.sml = 2%k), width = 6),"\n")


https://CRAN.R-project.org/package=lattice
https://CRAN.R-project.org/package=ggplot2

Primitive

.Primitive

.Primitive(name)

name

.Primitive.Internalswitch

attributeswarning

“name”get(name, envir = baseenv())

is.primitivetypeof.Internal

mysqrt <- .Primitive("sqrt")
## be careful, this changes base R's sqrt() {until restarting R} !
try(structure(mysqrt, comment = "primitive function”)) # deprecation warning; soon an error

.Internal # this one *must* be primitive!
Tif* # need backticks

print

printinvisible(x)class

print(x, ...)

## S3 method for class 'factor'
print(x, quote = FALSE, max.levels = NULL,
width = getOption("width"), ...)

## S3 method for class 'table'’
print(x, digits = getOption("digits"), quote = FALSE,

na.print = "", zero.print = "0",
right = is.numeric(x) || is.complex(x),
justify = "none”, ...)

## S3 method for class 'function'
print(x, useSource = TRUE, ...)



quote

max.levels ONULLmax.levelswidth

width max.levels

digits print.default

na.print NULLNAprint.default
zero.print o"."

right

justify format

useSource options(keep.source = TRUE)

print.defaultmethods("print”)print
print.factorordered
print.tabletable

noquoteprint

print.defaultoptionsnoquote

catformatwrite.print.via.format

require(stats)

ts(1:20) #-- print is the "Default function” --> print.ts(.) is called
for(i in 1:3) print(1:i)

## Printing of factors
attenu$station ## 117 levels -> 'max.levels' depending on width

## ordered factors: levels "11 <12 < .."
esoph$agegp[1:12]
esoph$alcgpl[1:12]

## Printing of sparse (contingency) tables
set.seed(521)

t1 <- round(abs(rt(200, df = 1.8)))

t2 <- round(abs(rt(200, df = 1.4)))

table(t1, t2) # simple

print(table(t1, t2), zero.print = ".") # nicer to read

## same for non-integer "table":
T <- table(t2,t1)


https://CRAN.R-project.org/package=Matrix

T <= T *x (1+round(rlnorm(length(T)))/4)
print(T, zero.print = ".") # quite nicer,
print.table(T[,2:8] * 1e9, digits=3, zero.print = ".")

## still slightly inferior to Matrix::Matrix(T) for larger T

## Corner cases with empty extents:
table(1, NA) # < table of extent 1 x @ >

print.data.frame

## S3 method for class 'data.frame'
print(x, ..., digits = NULL,
quote = FALSE, right = TRUE, row.names = TRUE, max = NULL)

X data.frame
print

digits print.default

quote

right

row.names

max NULLNULLgetOption("max.print")

formatprint

quote = TRUE

data.frame

(dd <- data.frame(x = 1:8, f = gl(2,4), ch = letters[1:81))
# print() with defaults

print(dd, quote = TRUE, row.names = FALSE)
# suppresses row.names and quotes all entries



print.default

print.defaultprint

## Default S3 method:
print(x, digits = NULL, quote = TRUE,
na.print = NULL, print.gap = NULL, right = FALSE,

max = NULL, width = NULL, useSource = TRUE, ...)
X
digits digitsNULLgetOption("digits")signif
quote character
na.print NANULL
print.gap < 1024NULL
right
max maxNULLgetOption("max.print")
width NULLgetOption("width")
useSource

NANANAquote = FALSE<NA>na.printNULLNAquote

digits

scientificxformat(., scientific=FALSE)prI()scipenoptions(scipen = 12)
digitsprint.default

widthdeparse.cutoff

printshow

digitsdigits >= 16sprintf()

\a\b\fAn\r\t\v\\\o\243

0x000x7f
AUXXXXAUXXXXXXXX

\xab



printoptions”noquote”

encodeString

pi

print(pi, digits = 16)
LETTERS[1:16]

print(LETTERS, quote = FALSE)

M <- cbind(I = 1, matrix(1:10000, ncol = 10,

dimnames = 1list(NULL, LETTERS[1:101)))
utils::head(M) # makes more sense than
print(M, max = 1000) # prints 90 rows and a message about omitting 910

(x <= 2*seq(-8, 30, by=1/4)) # auto-prints; by default all in "exponential” format
prI <- function(x) noquote(format(x, scientific = FALSE))
prI(x) # prints more "nicely” (using a bit more space)

prmatrix
prmatrix(x, rowlab =, collab =,
quote = TRUE, right = FALSE, na.print = NULL, ...)
X

rowlabcollab dimnames(x)

quote TRUEx"character"”
right TRUEx"character”
na.print NANA

print

prmatrixprint.matrix

print.defaultprint



prmatrix(mé <- diag(6), rowlab = rep(""”, 6), collab = rep("", 6))

chm <- matrix(scan(system.file("help”, "AnIndex”, package = "splines"),
what = ""), , 2, byrow = TRUE)

chm # uses print.matrix()

prmatrix(chm, collab = paste(”Column”, 1:3), right = TRUE, quote = FALSE)

proc.time

proc.time

proc.time()

proc.timeprint

"proc_time"printsummary

NA

system.timegc.time

setTimeLimit

## a way to time an R expression: system.time is preferred
ptm <- proc.time()

for (i in 1:50) mad(stats::runif(500))

proc.time() - ptm



prod

prod
prod(..., na.rm = FALSE)
na.rm TRUEFALSE

na.rmFALSENANANA
Summary. ..
NULLnumeric(@)

"double”

Summaryx, ..., ha.rm

sumcumprodcumsum

prod

print(prod(1:7)) == print(gamma(8))

proportions

marginsx

proportions(x, margin = NULL)
prop.table(x, margin = NULL)

X table

margin 12c(1, 2)xdimnames



xmargin

prop.table

marginSums

applysweep

m <- matrix(1:4, 2)
m
proportions(m, 1)

DF <- as.data.frame(UCBAdmissions)

tbl <- xtabs(Freq ~ Gender + Admit, DF)
tbl

proportions(tbl, "Gender")

pushBack

pushBack(data, connection, newLine = TRUE,
encoding = c("", "bytes"”, "UTF-8"))

pushBackLength(connection)

clearPushBack(connection)

data
connection
newlLine

encoding

pushBackreadLinesscan

scan("")stdin

nn

Encodingencoding = ""<U+xxxx>encoding = "UTF-8"encoding = "bytes"



pushBackclearPushBack ()
pushBackLength

connectionsreadlLines

zz <- textConnection(LETTERS)
readLines(zz, 2)
pushBack(c("aa", "bb"), zz)
pushBackLength(zz)
readLines(zz, 1)
pushBackLength(zz)
readLines(zz, 1)
readLines(zz, 1)

close(zz)

qr

qr

ar(x, ...)
## Default S3 method:
ar(x, tol = 1e-07 , LAPACK = FALSE,

gr.coef(qr, y)

ar.ay(ar, y)

ar.qty(qr, y)

gr.resid(qr, y)

gr.fitted(gr, y, k = gr$rank)
gr.solve(a, b, tol = 1e-7)
## S3 method for class 'qr'
solve(a, b, ...)

is.qr(x)
as.qr(x)

tol XLAPACKx
qr qr

yb

a gr.solve
k

LAPACK X



Az = bAb

gr.coefqr.residqgr.fittedyqrNAgr.qyqr.qtyQ %*% yt(Q) %*% yQQ
dimnamesnamesxy

solve.qrsolvegrgr.solveasolve.qgra

is.qrTRUExlistinherits"qr”

"qr”

%231

gr.fittedqgr.resid

qr xRQ

graux ncol (x)min(dim(x))@Q
rank X

pivot

"useLAPACK"TRUE
*)dqrdc2

LAPACK = FALSEqr()dgrdc2tol

eigendet

grDQRDCdqrdc2DGEQP3ZGEQP3qr. coefqr.qyqr.qty
https://netlib.org/lapack/https://netlib.org/linpack/

https://netlib.org/lapack/lug/lapack_lug.html

gr.Qgr.Rgr.X1lm.fitlsfiteigensvd
detqr


https://netlib.org/lapack/
https://netlib.org/linpack/
https://netlib.org/lapack/lug/lapack_lug.html

hilbert <- function(n) { i <- 1:n; 1 / outer(i - 1, i, “+7) }
h9 <- hilbert(9); h9

gr(h9)$rank #--> only 7

grh9 <- gr(h9, tol = 1e-10)

grh9s$rank #--> 9

##-- Solve linear equation system H %x% x =y :
y <= 1:9/10

x <- gr.solve(h9, y, tol = 1e-10) # or equivalently :

X <- gr.coef(qrh9, y) #-- is == but much better than
#-- solve(h9) %*% y

h9 %% x #=y

## overdetermined system

A <- matrix(runif(12), 4)

b <-1:4

gr.solve(A, b) # or solve(qr(A), b)

solve(qr(A, LAPACK = TRUE), b)

# this is a least-squares solution, cf. lm(b ~ @ + A)

## underdetermined system

A <= matrix(runif(12), 3)

b <-1:3

gr.solve(A, b)

solve(gr(A, LAPACK = TRUE), b)

# solutions will have one zero, not necessarily the same one

QR.Auxiliaries

gr.X(qr, complete = FALSE, ncol =)
gr.Q(gr, complete = FALSE, Dvec =)

gr.R(gr, complete = FALSE)

qr grlsfit

complete QXR

ncol 1:nrow(gr$qr) X completeFALSEmin(ncol(X), nrow(X))XcompleteTRUE
Xncol(X)

Dvec Q1

gr.XXncol(X) <= nrow(X)completeTRUEncolncol (X)X
gr.Qnrow(X)qrcompleteTRUENnrow(X)completeFALSEncol (X)DvecDvec

ar.Q(ar, *)qr.ay(qr, y)yar.X(ar, *)qr.qy(qr, R)dimnames
gr.Ra <- gr(x)x[, a$pivotInrow(X)ncol (X)completeTRUEFALSE



qrar.qy

p <- ncol(x <- LifeCycleSavings[, -1]) # not the 'sr'
grstr <- gr(x) # dim(x) == c(n,p)
grstr $ rank # =4 =p
Q <- gr.Q(grstr) # dim(Q) == dim(x)
R <- gr.R(grstr) # dim(R) == ncol(x)
X <- gr.X(grstr) # X == x
range(X - as.matrix(x)) # ~ < 6e-12
## X == Q %*x% R if there has been no pivoting, as here:
all.equal (unname(X),
unname (Q %*% R))

# example of pivoting
X <= cbind(int =1,

b1 rep(1:0, each = 3), b2 = rep(@:1, each = 3),

cl = rep(c(1,0,0), 2), c2 = rep(c(0,1,0), 2), c3 = rep(c(90,0,1),2))
x # is singular, columns "b2" and "c3" are "extra”

a <- gr(x)

zapsmall(gr.R(a)) # columns are int b1 c1 c2 b2 c3

a$pivot

pivl <- sort.list(a$pivot) # the inverse permutation

all.equal (x, gr.Q(a) %*% gr.R(a)) # no, no

stopifnot(

all.equal(x[, a$pivotl, qr.Q(a) %*% qr.R(a)), # TRUE

all.equal(x , gr.Q(a) %*% gr.R(a)[, pivI])) # TRUE too!

quit

quitq

quit(save = "default”, status = @, runLast = TRUE)
g(save = "default”, status = @, runLast = TRUE)

save "no""yes""ask""default"”

status Q

runLast .Last()

save"no""yes""ask""default”

.Last().LastrunLast.Last.Last.sys().Last()runLast
.Last().Last.sys()runLastsavehistoryreg.finalizer.Last()
g("no", 1, FALSE)

status@:255



.Lastreg.finalizer

R.appsave

.First

## Not run: ## Unix-flavour example

.Last <- function() {
graphics.off() # close devices before printing
cat("Now sending PDF graphics to the printer:\n")
system("1lpr Rplots.pdf")
cat("bye bye...\n")

3

quit("yes")

## End(Not run)

Quotes

\n

\r

\t

\b

\a

\f

\v

\\ \
\) ’
\" "
\1 3
\nnn



\xnn
\unnnn
\Unnnnnnnn

\u{nnnn}\U{nnnnnnnn}scanread.tableallowEscapes = TRUE\nNnn\377\xff
\U\U1QFFFF

print.default
\0
r'C...)". . O)"LI{3Rr

“deparseformula

\unnnn\uoooo\uD834\uDD1E\UTD11E"abc\uD834de"

Syntax
sQuote
shQuote

'single quotes can be used more-or-less interchangeably'
"with double quotes to create character vectors”

## Single quotes inside single-quoted strings need backslash-escaping.
## Ditto double quotes inside double-quoted strings.
#H#
identical('"It\'s alive!"”, he screamed.',
"\"It's alive!\"”, he screamed.”) # same

## Backslashes need doubling, or they have a special meaning.
x <= "In ALGOL, you could do logical AND with /\\."

print(x) # shows it as above ("input-like")
writeLines(x) # shows it as you like it ;-)

## Single backslashes followed by a letter are used to denote
## special characters like tab(ulator)s and newlines:

x <= "long\tlines can be\nbroken with newlines”

writeLines(x) # see also ?strwrap

## Backticks are used for non-standard variable names.
## (See make.names and ?Reserved for what counts as
## non-standard.)

Xy <= 1:5



Xy
d <- data.frame(~1st column™ = rchisq(5, 2), check.names = FALSE)
d$1st column”

## Backslashes followed by up to three numbers are interpreted as
## octal notation for ASCII characters.
"\110\145\154\154\157\40\127\157\162\154\144\41"

## \x followed by up to two numbers is interpreted as
## hexadecimal notation for ASCII characters.
(hwl <= "\x48\x65\x6c\x6c\x6f\x20\x57\x6f\x72\x6c\x64\x21")

## Mixing octal and hexadecimal in the same string is OK
(hw2 <= "\110\x65\154\x6c\157\x20\127\x6f\162\x6c\144\x21")

## \u is also hexadecimal, but supports up to 4 digits,

## using Unicode specification. In the previous example,
## you can simply replace \x with \u.

(hw3 <= "\u48\u65\ubc\ubc\ubf\u20\us57\u6f\u72\ubc\u64\u21")

## The last three are all identical to
hw <- "Hello World!"
stopifnot(identical(hw, hwl), identical(hwl, hw2), identical(hw2, hw3))

## Using Unicode makes more sense for non-latin characters.
(nn <= "\u@126\u@119\u1114\u022d\u2001\ud3e2\u@954\u0df3f\u13d3\ul47b\u203c”)

## Mixing \x and \u throws a _parse_ error (which is not catchable!)
## Not run:
"\x48\u65\x6c\ubc\x6f\u20\x57\u6f\x72\ubc\x64\u21"

## End(Not run)
## --> Error: mixing Unicode and octal/hex escapes .....

## \U works like \u, but supports up to six hex digits.

## So we can replace \u with \U in the previous example.

n2 <- "\U@126\U0119\U1114\U022d\U2001\U03e2\U0954\U0f3f\U13d3\UT147b\U203c"
stopifnot(identical(nn, n2))

## Under systems supporting multi-byte locales (and not Windows),

## \U also supports the rarer characters outside the usual 16”4 range.

## See the R language manual,

## https://cran.r-project.org/doc/manuals/r-release/R-lang.html#Literal-constants
## and bug 16098 https://bugs.r-project.org/show_bug.cgi?id=16098

## This character may or not be printable (the platform decides)

## and if it is, may not have a glyph in the font used.

"\U1d4d7" # On Windows this used to give the incorrect value of "\Ud4d7"

## nul characters (for terminating strings in C) are not allowed (parse errors)
## Not run:

"foo\@bar” # Error: nul character not allowed (line 1)

"foo\uooodbar" # same error

## End(Not run)

## A Windows path written as a raw string constant:
r"(c:\Program files\R)"



## More raw strings:

r'{(\1\2)}"

r"(use both "double” and 'single' quotes)”
rl?___(\1 __)_)___Il

.Version

R.Version()

R.versionlistversion

R.Version()
R.version
R.version.string
version

R_compiled_by()

Sys.info
darwinl3.3.0linux-gnusolaris2.10mingw32

nn

R.version$crt”"ucrt”"msvert”

R.Version

nns

platform "1686-unknown-1linux-gnu""i386-pc-mingw32"
arch

0s

crt

system

status "alpha"
major

minor

year

month

day

svn rev "unknown"MS
language "R"

version.string character

R.versionversion”simple.list"print

R_compiled_by



R.version$os.Platform$0S. typeR.version$ososVersion

R.version.stringR.version$version.string

sessionInfogetRversionosVersion.PlatformSys.info

require(graphics)

R.version$os # to check how lucky you are ...
plot(@) # any plot
mtext(R.version.string, side = 1, line = 4, adj = 1) # a useful bottom-right note

## a good way to detect macOS:
if(grepl(”"*darwin”, R.version$os)) message("running on mac0S")

## Short R version string, ("space free"”, useful in file/directory names;
#i also fine for unreleased versions of R):
shortRversion <- function() {
rvs <- R.version.string
if(grepl(”"devel”, (st <- R.version$status)))
rvs <- sub(pasteo@(” ",st,” "), "-devel_"”, rvs, fixed=TRUE)

gsub("[()]”, un’ gSUb(” n’ n_n’ sub(n version n’ n_n’ rVS)))

}

shortRversion()

Random

.Random. seed
RNGkind
RNGversion

set.seed

.Random.seed <- c(rng.kind, n1, n2, ...)

RNGkind(kind = NULL, normal.kind = NULL, sample.kind = NULL)
RNGversion(vstr)
set.seed(seed, kind = NULL, normal.kind = NULL, sample.kind = NULL)

kind NULLkind"default"NULL
normal.kind NULL"default”NULL
sample.kind NULLsample"default”NULL

seed NULL
vstr "1.6.2"vstr
rng.kind 0:kkind

nin2... rng.kind



kind"Mersenne-Twister"
"Wichmann-Hill" .Random.seed[-1] == r[1:31r[i]1:(p[i] - T)pp = (30269, 30307,
30323)6.9536 x 10'%prod(p-1)/4

"Marsaglia-Multicarry” sci.stat.math26°

"Super-Duper” ~ 4.6 x 108

"Mersenne-Twister” 219937 _ 1

"Knuth-TAOCP-2002"

X

;= (Xj—100 — Xj—37) mod 2%

2129

"Knuth-TAOCP"

"L’Ecuyer-CMRG" 2191
42949670874294944443

"user-supplied” Random.user

normal .kind"Kinderman-Ramage" "Buggy Kinderman-Ramage"”set.seed"Ahrens-Dieter”
"Box-Muller”"Inversion""user-supplied”qnorm”Buggy"”"Box-Muller"”kind
sample.kind”Rounding”"Rejection"sample
set.seed"Mersenne-Twister”"Knuth-TAOCP"seedseed = NULL

kind = NULLnormal.kind = NULLsample.kind = NULLRNGkindset.seed"default”

.Random. seedinteger®: (k-1)ko

.Random. seed[-1]Junsigned.Random.seed[-1]
RNGkindNULLRNGkind.Random. seed
RNGversionRNGkind

set.seedNULL

.Random. seedset.seedkindnormal . kind.Random. seed

.Random. seed
232


https://bugs.R-project.org/show_bug.cgi?id=18168
https://bugs.R-project.org/show_bug.cgi?id=17494

set.seed.Random. seed

https://www-cs-faculty.stanford.edu/~knuth/taocp.html

https://simul.iro.umontreal.ca/testu@d1/tu@1.htmlhttps://github.com/
umontreal-simul/TestU@1-2009

sci.stat.math

http://www.math.keio.ac.jp/~matumoto/emt.html
https://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/VERSIONS/C-LANG/c-1lang.html

sample

require(stats)

## Seed the current RNG, i.e., set the RNG status

set.seed(42); ul <- runif(30)

set.seed(42); u2 <- runif(30) # the same because of identical RNG status:
stopifnot(identical(ul, u2))

## the default random seed is 626 integers, so only print a few
runif(1); .Random.seed[1:6]; runif(1); .Random.seed[1:6]
## If there is no seed, a "random” new one is created:
rm(.Random.seed); runif(1); .Random.seed[1:6]

ok <- RNGkind()
RNGkind("Wich") # (partial string matching on 'kind')

## This shows how 'runif(.)' works for Wichmann-Hill,
## using only R functions:

p.WH <- c(30269, 30307, 30323)


https://doi.org/10.1214/aoms/1177706645
https://doi.org/10.1007/BF00153065
https://doi.org/10.2307/2286857
https://www-cs-faculty.stanford.edu/~knuth/taocp.html
https://doi.org/10.1287/opre.47.1.159
https://doi.org/10.1145/1268776.1268777
https://simul.iro.umontreal.ca/testu01/tu01.html
https://github.com/umontreal-simul/TestU01-2009
https://github.com/umontreal-simul/TestU01-2009
https://doi.org/10.1063/1.168514
https://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/VERSIONS/C-LANG/c-lang.html
https://doi.org/10.2307/2347988

a.WH <- c( 171, 172, 170)

next.WHseed <- function(i.seed = .Random.seed[-1])
{ (a.WH * i.seed) %% p.WH }
my.runifl <- function(i.seed = .Random.seed)

{ ns <- next.WHseed(i.seed[-1]1); sum(ns / p.WH) %% 1 }
set.seed(1998-12-04)# (when the next lines were added to the souRce)
rs <- .Random.seed
(WHs <- next.WHseed(rs[-11))

u <- runif(1)

stopifnot(

next.WHseed(rs[-1]) == .Random.seed[-1],
all.equal(u, my.runifi1(rs))

)

#HE -

.Random. seed

RNGkind("Super") # matches "Super-Duper”
RNGkind ()

.Random.seed # new, corresponding to Super-Duper

## Reset:
RNGkind(ok[1])

RNGversion(getRversion()) # the default version for this R version

#H -
sum(duplicated(runif(1e6))) # around 110 for default generator
## and we would expect about almost sure duplicates beyond about
gbirthday(1 - 1e-6, classes = 2e9) # 235,000

Random.user

RNGkind

user_unif_rand
user_unif_initunsigned intRNGkindset.seedseedset.seedRNGkind

.Random. seeduser_unif_nseeduser_unif_seedlocInt32GetRNGstatePutRNGstate
.Random. seed

user_norm_rand

R_ext/Random.h

## Not run:
## Marsaglia's congruential PRNG
#include <R_ext/Random.h>

static Int32 seed;
static double res;



static int nseed = 1;

double * user_unif_rand(void)

{
seed = 69069 * seed + 1;
res = seed * 2.32830643653869e-10;
return &res;

3

void wuser_unif_init(Int32 seed_in) { seed = seed_in; }
int * user_unif_nseed(void) { return &nseed; }
int * user_unif_seedloc(void) { return (int *) &seed; }

/* ratio-of-uniforms for normal x*/
#include <math.h>

static double x;

double * user_norm_rand(void)

{
double u, v, z;
do {
u = unif_rand();
v = 0.857764 * (2. x unif_rand() - 1);
X = v/u; z =0.25 * x * Xx;
if (z < 1. - u) break;
if (z > ©.259/u + 0.35) continue;
} while (z > -log(u));
return &x;
3

## Use under Unix:
CMD SHLIB urand.c

R

R

> dyn.load("urand.so")

> RNGkind("user")

> runif(10)

> .Random.seed

> RNGkind(, "user")

> rnorm(10)

> RNGkind()

[1] "user-supplied” "user-supplied”

## End(Not run)

range
range
range(..., na.rm = FALSE)
## Default S3 method:
range(..., na.rm = FALSE, finite = FALSE)

## same for classes 'Date' and 'POSIXct'

.rangeNum(..., na.rm, finite, isNumeric)



numeric

na.rm NA

finite

isNumeric functionTRUEFALSEc(..., recursive = TRUE)is.numeric()range()
rangeSummary. . .

na.rmFALSENANaNNANA
finiteTRUEfinite = TRUEna.rm = TRUE
NAmin

Summaryx, ..., na.rm

minmax

extendrange()

(r.x <- range(stats::rnorm(100)))
diff(r.x) # the SAMPLE range

x <= c(NA, 1:3, -1:1/0); x
range(x)

range(x, na.rm = TRUE)
range(x, finite = TRUE)

rank

rank(x, na.last = TRUE,
ties.method = c("average”, "first”, "last", "random”,

n

maX”, ”min“))

X
na.last NATRUEFALSENA"keep”NA

ties.method



nn nn nn

NAseq_along(x)ties.method”first”"last”"random”"average""max""min’
NAna.last = TRUEna.last = FALSEx

4

rankxtfrmrank(xtfrm(x), ....)xtfrmrank==>is.na
xxna.last = NAxties.method = "average”
ordersortxtfrm

(r1 <- rank(x1 <- c¢(3, 1, 4, 15, 92)))
x2 <-¢(3,1, 4,1,5,9, 2,6,5, 3, 5)
names(x2) <- letters[1:11]

(r2 <- rank(x2)) # ties are averaged

## rank() is "idempotent”: rank(rank(x)) == rank(x) :
stopifnot(rank(r1) == r1, rank(r2) == r2)

## ranks without averaging

rank(x2, ties.method= "first"”) # first occurrence wins
rank(x2, ties.method= "last”) # last occurrence wins
rank(x2, ties.method= "random"”) # ties broken at random
rank(x2, ties.method= "random”) # and again

## keep ties ties, no average

(rma <- rank(x2, ties.method= "max")) # as used classically
(rmi <- rank(x2, ties.method= "min")) # as in Sports
stopifnot(rma + rmi == round(r2 + r2))

## Comparing all tie.methods:

tMeth <- eval(formals(rank)$ties.method)

rx2 <- sapply(tMeth, function(M) rank(x2, ties.method=M))
cbind(x2, rx2)

## ties.method's does not matter w/o ties:

x <- sample(47)

rx <- sapply(tMeth, function(MM) rank(x, ties.method=MM))
stopifnot(all(rx[,1] == rx))

rapply

n n

rapplylapplyhow =

rapply(object, f, classes = "ANY", deflt = NULL,
how = c("unlist”, "replace”, "list"), ...)



object listexpression

f function...
classes class”ANY"
deflt how = "replace”
how

.F
how = "replace”objectclassesf
how = "list"how = "unlist"objectclassesfdeflthow = "unlist”unlist(recursive =
TRUE)
lapply
rapply Olapply Of
object
how = "unlist"object
rapply
lapplydendrapply

X <- list(list(a = pi, b = list(c = 1L)), d = "a test")
# the "identity operation”:
rapply(X, function(x) x, how = "replace”) -> X.; stopifnot(identical(X, X.))

rapply(X, sqrt, classes = "numeric”, how = "replace”)

rapply(X, deparse, control = "all") # passing extras. argument of deparse()
rapply(X, nchar, classes = "character”, deflt = NA_integer_, how = "list")
rapply(X, nchar, classes = "character”, deflt = NA_integer_, how = "unlist”)
rapply(X, nchar, classes = "character”, how = "unlist")
rapply(X, log, classes = "numeric”, how = "replace”, base = 2)

## with expression() / list():

E <- expression(list(a = pi, b = expression(c = C1 * C2)), d "a test")
LE <- list(expression(a = pi, b = expression(c = C1 * C2)), d "a test”)
rapply(E, nchar, how="replace"”) # "expression(c = C1 * C2)" are 23 chars

rapply(E, nchar, classes = "character”, deflt = NA_integer_, how = "unlist")
rapply(LE, as.character) # a "pi" | bl "expression” | b2 "C1 * C2" ..
rapply(LE, nchar) # (see above)

stopifnot(exprs = {
identical(E , rapply(E , identity, how = "replace"”))
identical (LE, rapply(LE, identity, how = "replace”))
»



raw

n n

raw

raw(length = 0)
as.raw(x)
is.raw(x)

length

X

rawToChar
[0 ... 255]NA@nul
as.rawis.raw

as.raw

raw@
as.rawd

n n

is.rawtypeof(x) == "raw

charToRawrawShift
&

xx <- raw(2)

xx[1] <- as.raw(40) # NB, not just 40.
xx[2] <- charToRaw("A")
XX ## 28 41 -- raw prints hexadecimals

dput(xx) ## as.raw(c(0x28, 0x41))
as.integer(xx) ## 40 65

x <- "A test string”

(y <- charToRaw(x))

is.vector(y) # TRUE

rawToChar(y)

is.raw(x)

is.raw(y)

stopifnot( charToRaw("\xa3") == as.raw(@xa3) )

isASCII <- function(txt) all(charToRaw(txt) <= as.raw(127))
isASCII(x) # true
isASCII("\xa325.63") # false (in Latin-1, this is an amount in UK pounds)



rawConnection

rawConnection(object, open = "r")

rawConnectionValue(con)

object
open

con

close

rawConnectionValue

nn

rawConnection”rawConnection”"connection”

rawConnectionValue

file()

vsnprintf

connectionsshowConnections

zz <- rawConnection(raw(@), "r+") # start with empty raw vector
writeBin(LETTERS, zz)

seek(zz, 0)
readLines(zz) # raw vector has embedded nuls
seek(zz, 0)

writeBin(letters[1:3], zz)
rawConnectionValue(zz)
close(zz)



rawConversion

charToRaw(x)
rawToChar(x, multiple = FALSE)

rawShift(x, n)

rawToBits(x)
intToBits(x)
packBits(x, type = c("raw”, "integer"”, "double"))

numToInts(x)
numToBits(x)

X
multiple

n -8 ... 8
type

packBits
numToBits(.)packBits(., type="double")

charToRawEncoding
rawToChar”"@multiple
rawShift(x, n)xnn
rawToBitsintToBits
packBits

numToInts()numToBits()doubleintegerraw

x <- "A test string”
(y <- charToRaw(x))
is.vector(y) # TRUE

rawToChar(y)

rawToChar(y, multiple = TRUE)

(xx <= c(y, charToRaw("&"), charToRaw(" more”)))
rawToChar (xx)



rawShift(y, 1)
rawShift(y,-2)

rawToBits(y)
showBits <- function(r) stats::symnum(as.logical(rawToBits(r)))

z <- as.raw(5)

z ; showBits(z)

showBits(rawShift(z, 1)) # shift to right
showBits(rawShift(z, 2))

showBits(z)

showBits(rawShift(z, -1)) # shift to left
showBits(rawShift(z, -2)) # ..
showBits(rawShift(z, -3)) # shifted off entirely

packBits(as.raw(0:31))
i<--2:3
stopifnot(exprs = {
identical (i, packBits(intToBits(i), "integer"))
identical (packBits( 0:31) ,
packBits(as.raw(0:31)))
»
str(pBi <- packBits(intToBits(i)))
data.frame(B = matrix(pBi, nrow=6, byrow=TRUE),
hex = format(as.hexmode(i)), i)

## Look at internal bit representation of ...
## ... of integers :

bitI <- function(x) vapply(as.integer(x), function(x) {
b <- substr(as.character(rev(intToBits(x))), 2L, 2L)

paste@(c(b[1L], " ", b[2:32]), collapse = "")

B
print(bitI(-8:8), width = 35, quote = FALSE)
## ... of double precision numbers in format 'sign exp | mantissa'
## where 1 bit sign 1 <==> "-";
#i# 11 bit exp is the base-2 exponent biased by 2*10 - 1 (1023)
#it 52 bit mantissa is without the implicit leading '1'
#

## Bit representation [ sign | exponent | mantissa ] of double prec numbers :

bitC <- function(x) noquote(vapply(as.double(x), function(x) { # split one double
b <- substr(as.character(rev(numToBits(x))), 2L, 2L)
paste@(c(b[1L], " ", b[2:121, " | ", b[13:64]), collapse = "")
L")
bitC(17)
bitC(c(-1,0,1))
bitC(2*(-2:5))
bitC(1+2*-(1:53))# from 0.5 converge to 1

### numToBits(.) <==> intToBits(numToInts(.)) :

d2bI <- function(x) vapply(as.double(x), function(x) intToBits(numToInts(x)), raw(64L))
d2b <- function(x) vapply(as.double(x), function(x) numToBits(x) , raw(64L))
set.seed(1)



X <- c(sort(rt(2048, df=1.5)), 27(-10:10), 1+2*-(1:53))
str(bx <- d2b(x)) # a 64 x 2122 raw matrix
stopifnot( identical(bx, d2bI(x)) )

## Show that packBits(*, "double") 1is the inverse of numToBits() :
packBits(numToBits(pi), type="double")

bitC(2050)

b <- numToBits(2050)

identical(b, numToBits(packBits(b, type="double")))

pbx <- apply(bx, 2, packBits, type="double")

stopifnot( identical(pbx, x))

RdUtils

R CMD Rdconv [options] file
R CMD Rd2pdf [options] files

file
files

options

R CMD Rdconv

R CMD Rd2pdfR_PAPERSIZER CMDR_PAPERSIZEa4letterlegalexecutiveR_PDFVIEWER
RD2PDF_INPUTENCinputenxinputenc

R CMD Rd2pdftools::texi2pdftexi2dviR_TEXI2DVICMD
R CMD --help

RShowDoc ("R-exts")

readBin

readBin(con, what, n = 1L, size = NA_integer_, signed = TRUE,
endian = .Platform$endian)

writeBin(object, con, size = NA_integer_,
endian = .Platform$endian, useBytes = FALSE)



con

what "numeric”"double”"i
"raw"”

n n

size NA_integer_

signed

endian "big""little""swap"

object

useBytes writelLines

confile

readBinconwriteBincon

sizesigned = FALSENA
readBinwriteBinreadCharwriteChar
Inf-InfNaN

231 1

size > 1

readBinn

writeBinconNULL

longlong long
sizeof (long double)double

readBin(what = character())

readChar
connectionsreadLineswritelines

.Machinelonglong longlong double

zzfil <- tempfile("testbin")
zz <- file(zzfil, "wb")
writeBin(1:10, zz)

writeBin(pi, zz, endian = "swap")
writeBin(pi, zz, size = 4)
writeBin(pi*2, zz, size = 4, endian =

writeBin(pi+3i, zz)
writeBin("A test of a connection”, zz)

nteger

"swap”)

nns

1

nt""logical""complex

nn

character”



z <- paste("A very long string”, 1:100, collapse = " + ")

writeBin(z, zz)

if(.Machine$sizeof.long == 8 || .Machine$sizeof.longlong == 8)
writeBin(as.integer(5*(1:10)), zz, size = 8)

if((s <- .Machine$sizeof.longdouble) > 8)
writeBin((pi/3)*(1:10), zz, size = s)

close(zz)

zz <- file(zzfil, "rb")
readBin(zz, integer(), 4)
readBin(zz, integer(), 6)

readBin(zz, numeric(), 1, endian = "swap")
readBin(zz, numeric(), size = 4)
readBin(zz, numeric(), size = 4, endian = "swap")

readBin(zz, complex(), 1)

readBin(zz, character(), 1)

z2 <- readBin(zz, character(), 1)

if(.Machine$sizeof.long == 8 || .Machine$sizeof.longlong == 8)
readBin(zz, integer(), 10, size = 8)

if((s <- .Machine$sizeof.longdouble) > 8)
readBin(zz, numeric(), 10, size = s)

close(zz)

unlink(zzfil)

stopifnot(z2 == z)

## signed vs unsigned ints

zzfil <- tempfile("testbin™)

zz <- file(zzfil, "wb")

x <- as.integer(seq(@, 255, 32))

writeBin(x, zz, size = 1)

writeBin(x, zz, size = 1)

X <- as.integer(seq(@, 60000, 10000))

writeBin(x, zz, size = 2)

writeBin(x, zz, size = 2)

close(zz)

zz <- file(zzfil, "rb")

readBin(zz, integer(), 8, size = 1)

readBin(zz, integer(), 8, size = 1, signed = FALSE)
readBin(zz, integer(), 7, size = 2)

readBin(zz, integer(), 7, size = 2, signed = FALSE)
close(zz)

unlink(zzfil)

## use of raw

z <- writeBin(pi*{1:53}, raw(), size = 4)

readBin(z, numeric(), 5, size = 4)

z <- writeBin(c("a", "test”, "of", "character"), raw())
readBin(z, character(), 4)

readChar




readChar(con, nchars, useBytes = FALSE)

writeChar(object, con, nchars = nchar(object, type = "chars"),
eos = "", useBytes = FALSE)

con

nchars NA

useBytes readCharncharswriteCharwritelLines

object nchars

eos nulNULL

readBinwriteBin

confile

readCharconwriteCharcon
nulreadCharnul
readCharwriteChar

NA

readCharlength(nchars)
writeCharconNULL

readCharreadBinreadCharreadBin(what = "raw")

nchars

encoding

connectionsreadLineswritelinesreadBin

## test fixed-length strings

zzfil <- tempfile("testchar")

zz <- file(zzfil, "wb")

x <= c("a", "this will be truncated”, "abc")
nc <- c(3, 10, 3)

writeChar(x, zz, nc, eos = NULL)
writeChar(x, zz, eos = "\r\n")

close(zz)

zz <- file(zzfil, "rb")

readChar(zz, nc)

readChar(zz, nchar(x)+3) # need to read the terminator explicitly
close(zz)

unlink(zzfil)



readline

readline

readline(prompt = "")

n o n

prompt

nn

readlLines

fun <- function() {
ANSWER <- readline("Are you a satisfied R user? ")
## a better version would check the answer less cursorily, and
## perhaps re-prompt

if (substr(ANSWER, 1, 1) == "n")
cat("This is impossible. YOU LIED!\n")
else

cat("I knew it.\n")

3
if(interactive()) fun()

readlLines

readLines(con = stdin(), n = -1L, ok = TRUE, warn = TRUE,
encoding = "unknown", skipNul = FALSE)

con

n

ok n>a~o

warn

encoding conoptions(encoding=)

skipNul



confilefile

"rt"close

skipNul = TRUEwarn = FALSE

conencodingencodingreadLines

encoding”latin1""UTF-8"

stdincon = "stdin"file

connectionswritelLinesreadBinscan

fil <- tempfile(fileext = ".data")
cat("TITLE extra line”, "2 3 5 7", "", "11 13 17", file = fil,
sep = "\n")

readLines(fil, n = -1)
unlink(fil) # tidy up

## difference in blocking

fil <- tempfile("test")
cat(”123\nabc"”, file = fil)
readLines(fil) # line with a warning

con <- file(fil, "r", blocking = FALSE)
readLines(con) # "123"

cat(”" def\n"”, file = fil, append = TRUE)
readLines(con) # gets both

close(con)

unlink(fil) # tidy up

## Not run:

# read a 'Windows Unicode' file

A <- readLines(con <- file("Unicode.txt"”, encoding = "UCS-2LE"))
close(con)

unique(Encoding(A)) # will most likely be UTF-8

## End(Not run)



readRDS

saveRDS(object, file = "", ascii = FALSE, version = NULL,
compress = TRUE, refhook = NULL)

readRDS(file, refhook = NULL)
infoRDS(file)

object
file
ascii TRUENAsave
version NULL

compress "gzip
refhook

gzip""bzip2""xz""zstd"file

saveRDSreadRDSsaveloadhelp.search”.rds
serializeunserializeserializereadRDS
infoRDSsaveRDSserializeinfoRDS
save”RDXs\n"

filegzfilesave(compress = FALSE)filefile
filefileurlgzcon

saveRDS(ascii = FALSE)

readRDS
saveRDSNULL

nn

infoRDSversionwriter_versionmin_reader_versionformatnative_encoding"”xdr""ascii”

ascii = TRUEascii = NA"binary"serialize

saveRDSserializesave

compress = "zstd"

serializesaveload



fil <- tempfile("women”, fileext = ".rds")

## save a single object to file

saveRDS(women, fil)

## restore it under a different name

women2 <- readRDS(fil)

identical (women, women2)

## or examine the object via a connection, which will be opened as needed.
con <- gzfile(fil)

readRDS(con)

close(con)

## Less convenient ways to restore the object

## which demonstrate compatibility with unserialize()
con <- gzfile(fil, "rb")

identical(unserialize(con), women)

close(con)

con <- gzfile(fil, "rb")

wm <- readBin(con, "raw
close(con)

identical (unserialize(wm), women)

n

, n=1ed4) # size is a guess

## Format compatibility with serialize():
fil2 <- tempfile("women")

con <- file(fil2, "w")

serialize(women, con) # ASCII, uncompressed
close(con)

identical (women, readRDS(fil2))

fil3 <- tempfile("women™)

con <- bzfile(fil3, "w")

serialize(women, con) # binary, bzip2-compressed
close(con)

identical (women, readRDS(fil3))

unlink(c(fil, fil2, fil3))

readRenviron

.RenvironRenviron.site

readRenviron(path)

path

Startup



## Not run:
## re-read a startup file (or read it in a vanilla session)
readRenviron("~/.Renviron™)

## End(Not run)

Recall
Recall
Recall(...)
Recallapply

do.callcall

local

## A trivial (but inefficient!) example:
fib <- function(n)
if(n<=2) { if(n>=0) 1 else @ } else Recall(n-1) + Recall(n-2)
fibonacci <- fib; rm(fib)
## renaming wouldn't work without Recall
fibonacci(10) # 55

reg.finalizer

reg.finalizer(e, f, onexit = FALSE)

onexit



.Last

NULL

foptions

gcMemory

f <- function(e) print(”cleaning....")

g <- function(x){ e <- environment(); reg.finalizer(e, f) }
g0

invisible(gc()) # trigger cleanup

regex

grepgreplregexprgregexprsubgsubstrsplitagrepagrepl

perl = TRUEfixed = TRUE
grepaproposbrowseEnvhelp.searchlist.filesls

cat

grepgreplregexprgregexprsubgsubregexecstrsplit
useBytes = TRUE

NP x+7?
\aBEL\eESC\fFF\nLF\rCR\tTAB

[]1*[@123456789][*abc]labc
[ABCDEFGHIJKLMNOPQRSTUVWXYZabcdefghijklmnopgrstuvwxyz]

:alnum:] [:alpha:][:digit:]
:alpha:] [:lower: ][ :upper:]
:blank:]

:cntrl:] DEL

:digit:1] @1 23456789

| I s I e B s R e |



:graph:] [:alnum:][:punct:]
:lower:]

:print:] [:alnum:][:punct:]

m M Mmoo

:punct:]
V" #$%& () *x+, -/ <=>2 @[ \N]I*_"{]}~

[:space:]
[:upper:]
[:xdigit:]

12345678 9ABCDEFabcdef
[[:alnum:1][@-9A-Za-z]]*-perl = TRUE* - \ ]
AwLL:alnum: J1_I\WLAL:alnum: 1_J\d\s\D\S
*$\<\>\b\B

{n} n
{n,}n

{n,m} nm

| abba | cdeabbacde |

\NN =1 ... 9

perl = TRUEgrepregexprgregexprsubgsubstrsplit

man pcrepatternman pcreapihttps://www.pcre.orgextSoftVersionextSoftVersion
https://www.pcre.org/original/doc/html/https://www.pcre.org/current/doc/html/

Encoding

\<\>{sub

[A-Za-z]

\p

...
?1)/i(?m)/m(?s)/s(?x)/x(?im) (?im-sx) (?U)?
\Q\E$@\Q. .. \E$@

\d\s\wC\h\Vv\H\V
\cxentrl-xx\ddd\1\7\xhh\x{h. ..}
\AM\Z\Zz\G\C\R\X\X\R\BXRB

\-


https://www.pcre.org
https://www.pcre.org/original/doc/html/
https://www.pcre.org/current/doc/html/

AP{XXFN\P{xxIxXLuSc\w\W\d\D\s\S\b\B(*UCP)pcre_config
#

=...) . ). . (<= )<L UDNC. L.
regexprgregexpr"” (?<first>[A-Z]1[a-z]+)"sub

pcre2pattern

grepaproposbrowseEnvglob2rxhelp.searchlist.fileslsstrsplitagrep

https://pubs.opengroup.org/onlinepubs/9699919799/basedefs/V1_chap@9.html

pcre2patternpcrepatternmanhttps://www.pcre.org/original/pcre.txthttps:
//perldoc.perl.org/perlre

regmatches

regexprgregexprregexecgregexec

regmatches(x, m, invert = FALSE)
regmatches(x, m, invert = FALSE) <- value

X
m

invert TRUE
value Details

invertFALSEregmatchesregexpr
invertTRUEregmatchesstrsplit
invertNAregmatches

X

invertFALSEvaluemm

regmatchesminvertFALSE

regmatches<-


https://htmlpreview.github.io/?https://raw.githubusercontent.com/laurikari/tre/master/doc/tre-syntax.html
https://pubs.opengroup.org/onlinepubs/9699919799/basedefs/V1_chap09.html
https://www.pcre.org/original/pcre.txt
https://perldoc.perl.org/perlre
https://perldoc.perl.org/perlre

x <- c("A and B", "A, B and C", "A, B, C and D", "foobar")
pattern <- "[[:space:]1]*(,|and)[[:space:]1]"

## Match data from regexpr()

m <- regexpr(pattern, x)

regmatches(x, m)

regmatches(x, m, invert = TRUE)

## Match data from gregexpr()

m <- gregexpr(pattern, x)

regmatches(x, m)

regmatches(x, m, invert = TRUE)

## Consider

x <= "John (fishing, hunting), Paul (hiking, biking)"

## Suppose we want to split at the comma (plus spaces) between the
## persons, but not at the commas in the parenthesized hobby lists.
## One idea is to "blank out” the parenthesized parts to match the
## parts to be used for splitting, and extract the persons as the
## non-matched parts.

## First, match the parenthesized hobby lists.

m <- gregexpr("\\(L[*)I*\\)", x)

## Create blank strings with given numbers of characters.

blanks <- function(n) strrep(” ", n)

## Create a copy of x with the parenthesized parts blanked out.

s <- X

regmatches(s, m) <- Map(blanks, lapply(regmatches(s, m), nchar))

s

## Compute the positions of the split matches (note that we cannot call
## strsplit() on x with match data from s).

m <- gregexpr(”, x", s)

## And finally extract the non-matched parts.

regmatches(x, m, invert = TRUE)

## regexec() and gregexec() return overlapping ranges because the
## first match is the full match. This conflicts with regmatches()<-
## and regmatches(..., invert=TRUE). We can work-around by dropping
## the first match.
drop_first <- function(x) {
if(tanyNA(x) && all(x > @)) {

ml <- attr(x, 'match.length')

if(is.matrix(x)) x <- x[-1,] else x <- x[-1]

attr(x, 'match.length') <- if(is.matrix(ml)) ml[-1,] else ml[-1]

}

m <- gregexec("(\\w+) \\(((?:\\w+(?2:, D))H\\)", x)

regmatches(x, m)

try(regmatches(x, m, invert=TRUE))

regmatches(x, lapply(m, drop_first))

## invert=TRUE loses matrix structure because we are retrieving what
## is in between every sub-match

regmatches(x, lapply(m, drop_first), invert=TRUE)

y <-z<-x

## Notice **list*x(...) on the RHS

regmatches(y, lapply(m, drop_first)) <- list(c("<NAME>", "<HOBBY-LIST>"))
y

regmatches(z, lapply(m, drop_first), invert=TRUE) <-



list(sprintf("<%d>", 1:5))

## With “perl = TRUE® and “invert = FALSE™ capture group names

## are preserved. Collect functions and arguments in calls:

NEWS <- head(readLines(file.path(R.home("doc"”), "NEWS.2")), 100)

m <- gregexec(" (?<fun>\\w+)\\((?<args>[*)1*)\\)", NEWS, perl = TRUE)
y <- regmatches(NEWS, m)

y[[16]1]

## Make tabular, adding original line numbers

mdat <- as.data.frame(t(do.call(cbind, y)))

mdat <- cbind(mdat, line=rep(seqg_along(y), lengths(y) / ncol(mdat)))
head(mdat)

NEWS[head(mdat[['line']11)]

remove
removermlist
envir
inheritsTRUE
remove(..., list = character(), pos = -1,
envir = as.environment(pos), inherits = FALSE)
rm (..., list = character(), pos = -1,
envir = as.environment(pos), inherits = FALSE)
list NULL
pos
envir environment
inherits

possearchenvironmentsys.frameenvir
lockEnvironment

...1list

lsobjects



tmp <- 1:4
## work with tmp and cleanup
rm(tmp)

## Not run:

## remove (almost) everything in the working environment.

## You will get no warning, so don't do this unless you are really sure.
rm(list = 1s())

## End(Not run)

rep

repx

rep.intrep_len

rep(x, ...)
rep.int(x, times)

rep_len(x, length.out)

X 1listrepPOSIXctPOSIX1tDate

times length(x)NAdouble
length.out NA

each xeach1NA
timeslength.out

rep(x, times = 1, length.out = NA, each = 1)

eachtimeslength.out
timestimesxeachx[1]times[1Ix[2]times[2]
length.outtimesxlength.outtimes
timestimesroundeach

xlength.outNAONULL

X
rep.intrep_len

repx



rep.intreprep.intx
rep.intrep

rep
repNULLNULL1length.out

seqgsequencereplicate

rep(1:4, 2)

rep(1:4, each = 2) # not the same.

rep(1:4, c(2,2,2,2)) # same as second.

rep(1:4, c(2,1,2,1))

rep(1:4, each = 2, length.out = 4) # first 4 only.

rep(1:4, each = 2, length.out = 10) # 8 integers plus two recycled 1's.
rep(1:4, each = 2, times = 3) # length 24, 3 complete replications

rep(1, 40x(1-.8)) # length 7 on most platforms
rep(1, 40%(1-.8)+1e-7) # better

## replicate a list
fred <- list(happy = 1:10, name = "squash")
rep(fred, 5)

# date-time objects

x <- .leap.seconds[1:3]
rep(x, 2)

rep(as.POSIX1t(x), rep(2, 3))

## named factor

x <- factor(LETTERS[1:4]); names(x) <- letters[1:4]
X

rep(x, 2)

rep(x, each = 2)

rep.int(x, 2) # no names

rep_len(x, 10)

replace

replacexlistvaluesvalues

replace(x, list, values)



X
list

values

Reserved

ifelserepeatwhilefunctionforinnextbreak
TRUEFALSENULLINfNaNNANA_integer_NA_real_NA_complex_NA_character_

make . names

rev

revdendrogram

sort(x, decreasing = TRUE)rev(sort(x))

rev(x)

seqsort

x <= ¢c(1:5, 5:3)

## sort into descending order; first more efficiently:
stopifnot(sort(x, decreasing = TRUE) == rev(sort(x)))
stopifnot(rev(1:7) == 7:1) #- don't need 'rev' here



Rhome

R.home(component = "home")
component "home""bin""doc""etc"”"include”"modules”"share”
R RHOME

nns

"doc""include

nn

share”

"modules”"bin""etc"
R_HOMER_SHARE _DIRR_DOC_DIRR_INCLUDE_DIR
R.home ()R_HOMER_HOMEMakefile

commandArgs()[1]

## These result quite platform-dependently :
rbind(home = R.home(),
bin = R.home("bin")) # often the 'bin' sub directory of 'home'
# but not always ...
list.files(R.home("bin"))

rle

rle(x)
inverse.rle(x, ...)

## S3 method for class 'rle'
print(x, digits = getOption("digits"”), prefix ="", ...)



X rle()"rle"inverse.rle()

digits print.default

prefix

is.vector

inverse.rle()rle()x

rle()"rle”

lengths
values lengths

inverse.rle()

x <- rev(rep(6:10, 1:5))
rle(x)

## lengths [1:5] 54 3 21
## values [1:5] 10 9 8 7 6

z <- c(TRUE, TRUE, FALSE, FALSE, TRUE, FALSE, TRUE, TRUE, TRUE)
rle(z)

rle(as.character(z))

print(rle(z), prefix = "..| ")

N <- integer (@)

stopifnot(x == inverse.rle(rle(x)),
identical (N, inverse.rle(rle(N))),
z == inverse.rle(rle(z)))

Round

ceilingxx

floorxx

truncxxe@

round

signifnumericxsignif(x, dig)round(x, dig - ceiling(logl@(abs(x))))

ceiling(x)

floor(x)

trunc(x, ...)

round(x, digits =0, ...)

signif(x, digits = 6)



X roundsignif

digits roundsignifround

Math

round(@.5)0@round(-1.5)-20.15round(0.15, 1)0.10.2
round(x, digits = -2)

signifdigitsl...22

ceilingfloortruncMathtrunc

roundsignifMath2

floorceilingfloor(log(x, base = 8))x = 810
digits != @round(x, d)d > Osprintf()format()

https://www.iso.org

https://en.wikipedia.org/wiki/IEEE_754

as.integerroundX()version = "3d.C"

round(.5 + -2:4) # IEEE / IEC rounding: -2 @ @ 2 2 4 4
## (this is *goodx behaviour -- do *NOT* report it as bug !)

( x1 <- seq(-2, 4, by = .5) )
round(x1) #-- IEEE / IEC rounding !
x1[trunc(x1) != floor(x1)]
x1[round(x1) != floor(x1 + .5)]
(non.int <- ceiling(x1) != floor(x1))

X2 <- pi * 100"(-1:3)
round(x2, 3)
signif(x2, 3)


https://www.iso.org
https://en.wikipedia.org/wiki/IEEE_754
https://CRAN.R-project.org/package=round

round.POSIXt

## S3 method for class 'POSIXt'

round(x,
units = c("secs”, "mins”, "hours", "days"”,
## S3 method for class 'POSIXt'
trunc(x,
units = c("secs”, "mins”, "hours", "days"”,
D)
## S3 method for class 'Date'’
round(x, ...)
## S3 method for class 'Date'’
trunc(x,
units = c("secs”, "mins”, "hours”, "days",
)
X "POSIXt""Date"
units
digitsround
units”Date”
"POSIX1t""Date"
round
DateTimeClassesDate

round(.leap.seconds + 1000, "hour")

trunc(Sys.time(), "day")

"months”,

"months”,

"months”,

(timM <- trunc(Sys.time() -> St, "months")) # shows timezone

(datM <- trunc(Sys.Date() -> Sd, "months"))
(timY <- trunc(St, "years")) # + timezone
(datY <- trunc(Sd, "years"))

stopifnot(inherits(datM, "Date"), inherits(timM, "POSIXt"),

substring(format(datM), 9,10) == "0@1", # first of month

substring(format(datY), 6,10) == "01-01", # Jan 1

identical(format(datM), format(timM)),
identical(format(datY), format(timY)))

nyearsn))

uyearsn),

"years"),



row

row(x, as.factor = FALSE)
.row(dim)

X dim
dim

as.factor

xijii

colslice.index

x <- matrix(1:12, 3, 4)

# extract the diagonal of a matrix - more slowly than diag(x)
dx <- x[row(x) == col(x)]

dx

# create an identity 5-by-5 matrix more slowly than diag(n = 5):
x <- matrix(@, nrow = 5, ncol = 5)

x[row(x) == col(x)] <- 1

X

(i34 <- .row(3:4))
stopifnot(identical(i34, .row(c(3,4)))) # 'dim' maybe "double”

row+colnames

rownames(x, do.NULL = TRUE, prefix = "row")
rownames(x) <- value

colnames(x, do.NULL = TRUE, prefix = "col")
colnames(x) <- value



X colnames

do.NULL FALSENULL
prefix
value dimnames (x)NULL

xdimnamesrownamescolnamesrow. namesnames
do . NULLFALSENROW(x)NCOL (x)prefixNULL
valueas.character

valuerownamescolnamesvalueas.charactercolnames

n_n

rownames(x)[3] <- "c

xvalueNULLrownames(x)

dimnamescase.namesvariable.names

mo <- matrix(NA, 4, 0)
rownames (m@)

m2 <- cbind(1, 1:4)

colnames(m2, do.NULL = FALSE)

colnames(m2) <- c("x","Y")

rownames (m2) <- rownames(m2, do.NULL = FALSE, prefix = "Obs.")
m2

row.names

data.frame

* .rowNamesDF<-"make.namesrow.names<-

row.names(x)
row.names(x) <- value
.rowNamesDF (x, make.names=FALSE) <- value

X "data.frame”

make.names logicalFALSE, NA, TRUEvalueNAFALSENATRUEmake.names(value,
unique=TRUE)

value xNULL



row.namesattr(x, "row.names")

NULLseqg_len(nrow(x))

row.names

row.names<-

row.namesrownamesrownames

1:nn > 2row.namesattr(x, "row.names"”)as.matrixdata.matrix

data.framerownamesnames

.row_names_info

## To illustrate the note:

df <- data.frame(x = c(TRUE, FALSE, NA, NA), y = c(12, 34, 56, 78))
row.names(df) <- 1 : 4

attr(df, "row.names") #> 1:4

deparse(df) # or dput(df)

##--> c(NA, 4L) : Compact storage, *notx regarded as automatic.

row.names(df) <- NULL

attr(df, "row.names") #> 1:4

deparse(df) # or dput(df) -- shows

##--> c(NA, -4L) : Compact storage, regarded as automatic.

rowsum

rowsum

rowsum(x, group, reorder = TRUE, ...)

## S3 method for class 'data.frame'
rowsum(x, group, reorder = TRUE, na.rm

FALSE, ...)

## Default S3 method:
rowsum(x, group, reorder = TRUE, na.rm = FALSE, ...)



X
group X

reorder TRUEsort (unique(group))FALSE
na.rm TRUEFALSENANaN

tapplygroupx

groupcolSums
NA

group

tapplyaggregaterowSums

require(stats)

X <- matrix(runif(100), ncol = 5)

group <- sample(1:8, 20, TRUE)

(xsum <- rowsum(x, group))

## Slower versions

tapply(x, list(group[row(x)], col(x)), sum)
t(sapply(split(as.data.frame(x), group), colSums))
aggregate(x, list(group), sum)[-1]

S3method

.S3method(generic, class, method)

generic
class

method

S3methodNAMESPACE



## Create a generic function and register a method for objects
## inheriting from class 'cls':

gen <- function(x) UseMethod("gen")

met <- function(x) writeLines("Hello world."”)

.S3method("gen"”, "cls”, met)

## Create an object inheriting from class 'cls', and call the
## generic on it:

x <- structure(123, class = "cls")

gen(x)

sample

samplex

sample(x, size, replace = FALSE, prob = NULL)

sample.int(n, size = n, replace = FALSE, prob = NULL,
useHash = (n > 1e+Q7 && !replace && is.null(prob) && size <= n/2))

X
n

size

replace

prob

useHash logicalreplace = FALSEprob = NULLsize <= n/2nuseHash=FALSEn

xis.numericx >= 1samplel:xxsample(x)
xlength

samplesizesample(x)x1:x

size = On = @xn > @length(x)
nx.Machine$integer.max

probreplace

replacesize

sample.intnsize

nintegerdouble

samplesizex1:x

sample.intsizel:nn > 23!



RNGkind(sample.kind = ..)sample()

x <= 1:12

# a random permutation

sample(x)

# bootstrap resampling -- only if length(x) > 1 !
sample(x, replace = TRUE)

# 100 Bernoulli trials
sample(c(@,1), 100, replace = TRUE)

## More careful bootstrapping -- Consider this when using sample()
## programmatically (i.e., in your function or simulation)!

# sample()'s surprise -- example

X <= 1:10
sample(x[x > 8]) # length 2
sample(x[x > 9]) # oops -- length 10!
sample(x[x > 10]) # length @

## safer version:

resample <- function(x, ...) x[sample.int(length(x), ...)]
resample(x[x > 8]) # length 2

resample(x[x > 9]) # length 1

resample(x[x > 10]) # length @

## R 3.0.0 and later
sample.int(1e1@, 12, replace = TRUE)
sample.int(1e10, 12) # not that there is much chance of duplicates

save

saveloadattachdata

save.image()save(list = 1s(all.names = TRUE), file = ".RData", envir = .GlobalEnv)
a("yes")

save(..., list = character(),
file = stop(”'file' must be specified”),
ascii = FALSE, version = NULL, envir = parent.frame(),
compress = isTRUE(!ascii), compression_level,
eval.promises = TRUE, precheck = TRUE)

save.image(file = ".RData”, version = NULL, ascii = FALSE,
compress = lascii, safe = TRUE)


https://CRAN.R-project.org/package=sampling

list NULL

file save.imageversion = 1
ascii TRUEasciiFALSENAversion >= 2
version NULL
envir
compress TRUEgzip"gzip""bzip2""xz""zstd"file
compression_level
6gzip9bzip2xzfile
eval.promises
precheck
safe TRUEfilefile

...listenvireval.promises = FALSE

asciicompresssafeversion”save.defaults”savesave.image"”save.image.defaults”
"save.defaults"save.imagecompression_level”save.defaults”

”Wb"

gzipbzip2xzxz

gzipbzip2xzcompress = FALSEresaveRdaFiles

filepigzhttps://zlib.net/pigz/pbzip2https://launchpad.net/pbzip2pipe

con <- pipe("pigz -p8 > fname.gz", "wb")
save(myObj, file = con); close(con)

con <- pipe("pbzip2 -p8 -9 > fname.bz2", "wb")
save(myObj, file = con); close(con)

con <- pipe(”"xz -T8 -6 -e > fname.xz", "wb")
save(myObj, file = con); close(con)

XZ

...envir

ascii TRUE

ASCII = NAsscanf

compress = "zstd"


https://zlib.net/pigz/
https://launchpad.net/pbzip2

saveRDS()save()readRDS()1oad()

save.image

Error in gzfile(file, "wb") : unable to open connection
In addition: Warning message:
In gzfile(file, "wb") :

cannot open compressed file '.RDataTmp',

probable reason 'Permission denied'

dputdumploaddata

serializesaveRDS

X <- stats::runif(20)

y <- list(a =1, b = TRUE, ¢ = "oops")

save(x, y, file = "xy.RData")

save.image() # creating ".RData” in current working directory
unlink("xy.RData")

# set save defaults using option:
options(save.defaults = list(ascii = TRUE, safe = FALSE))
save.image() # creating ".RData”
if(interactive()) withAutoprint({
file.info(".RData")
readLines(”.RData", n = 7) # first 7 lines; first starts w/ "RDA"..
»
unlink("”.RData")

scale

scale

scale(x, center = TRUE, scale = TRUE)

X
center xas.numeric(.)is.numeric(.)
scale X

centercenterxxcentercenterTRUENAxcenterFALSE
scalescalexxscalescaleTRUExcenterTRUEscaleFALSE

> (x2)/(n — 1)ancenter = TRUEscale(x, center = FALSE, scale = apply(x, 2, sd,
na.rm = TRUE))



nn

scale.default”scaled:center”"scaled:scale”

sweep

par

require(stats)

x <- matrix(1:10, ncol = 2)

(centered.x <- scale(x, scale = FALSE))
cov(centered.scaled.x <- scale(x)) # all 1

scan
scan(file = "", what = double(), nmax = -1, n = -1, sep = "",
quote = if(identical(sep, "\n")) "" else "'\"", dec = ".",
skip = @, nlines = @, na.strings = "NA",
flush = FALSE, fill = FALSE, strip.white = FALSE,
quiet = FALSE, blank.lines.skip = TRUE, multi.line = TRUE,
comment.char = "", allowEscapes = FALSE,
fileEncoding = "", encoding = "unknown", text, skipNul = FALSE)
file ""stdin()Ctrl-DCtrl-Z
getwd()file = "stdin"stdin
file
fileconnectionsep = "\n"
fileurl
fileencodingscanfileEncoding
what whattypeoflogicalintegernumericcomplexcharacterrawlistwhat
length(what)NULL
nmax whatnlinesscanfile
n
sep sep
NULL
quote NULL
dec NULL

skip



nlines
na.strings
flush

fill

strip.white

quiet

NAna.strings
TRUEscan
TRUEscanwhat

whatsepcharacter
strip.whitestrip.white[iJTRUEiwhat[i]i

FALSE

blank.lines.skip

multi.line

comment.char

TRUEskipnlines
whatFALSEfill = TRUE

nn

allowEscapes \n
\a, \b, \f, \n, \r, \t, \v\040\0x2A\u\U
fileEncoding file
encoding "latin1""UTF-8"fileEncoding
text filetext
skipNul
whatscanwhatNULLNULL

whatNULLis.atomic

ll\nll "\XaO“

nn

na.strings

NANaNInfinfinityInf-Infe@
NAO-9NA_integer_

sepun\
Sep.CSV' run
NULL

sepscan("foo”, sep = "\n", blank.lines.skip = FALSE)"\n"readLines

comment.char

what

sep = "\n"

filefileEncodingencodingencodingscanreadLines

scanskipNul = TRUE

whatwhat
what

encoding”latin1""UTF-8"



multi.lineflush = TRUEmulti.line = FALSE
nnmaxnmaxnlines
scan

nul\@allowEscapes = TRUEnulreadBin

read.tablereadLineswrite
Quotes
readCharreadBin

cat("TITLE extra line”, "2 3 57", "11 13 17", file = "ex.data”, sep = "\n")
pp <- scan("ex.data”, skip = 1, quiet = TRUE)

scan("ex.data”, skip = 1)

scan("ex.data"”, skip = 1, nlines = 1) # only 1 line after the skipped one
scan("ex.data”, what = list("","","")) # flush is F -> read "7"
scan("ex.data”, what = list("","",""), flush = TRUE)

unlink("ex.data") # tidy up

## "inline"” usage
scan(text = "1 2 3")

search

attachlibrarydata.frames

search()
searchpaths()

".GlobalEnv""package:base”

searchpaths

search

searchpaths

.packagespath.package
loadedNamespaces
attachdetachobjects

search()
searchpaths()



seek

seek(con, ...)

## S3 method for class 'connection'
seek(con, where = NA, origin = "start”, rw =
isSeekable(con)

truncate(con, ...)

con

where originNA

rw "read""write”

origin "start”"current”"end”

seekwhere = NAwhereisSeekableseek
whereinteger

seekrw

"r+""r+b"

gzfileseekorigin = "end"
seekNAwhere

truncatefile

seek@integer
truncateNULL

isSeekableseek

seek

connections

nn

’



seq

seqgseq.intseq_alongseq_len

seq(...)

## Default S3 method:
seq(from = 1, to = 1, by = ((to - from)/(length.out - 1)),
length.out = NULL, along.with = NULL, ...)

seq.int(from, to, by, length.out, along.with, ...)

seqg_along(along.with)
seq_len(length.out)

fromto 1from

by

length.out segseq.int
along.with

NaNNA
seqgseq.int
segalong.withseq_along

seq.int"seq"

seq(from, to)

seq(from, to, by=)
seq(from, to, length.out=)
seq(along.with= )

seq(from)

seq(length.out= )

from, from+/-1, ..., tofrom:to
from, from+bytoto - frombytotol0~'%abs(from - to)
length.outfromtolength.outlengthlenseq_len

1, 2, ..., length(along.with)along.withalongseq_along
1, 2, ..., length(from)along.with1:fromseq(@)seq_alongseqg_len
1, 2, ..., length.outlength.out = @integer(0)

from - tol0~™from
seqfromtobylength.outalong.withsegMathOpsSummary

seq.intseqg_alongseqg_len



seq.intseq”"integer"”"double”

seq_alongseq_len

seq.Dateseq.POSIXt

:repsequencerowcol

seq(@, 1, length.out = 11)

seq(stats::rnorm(20)) # effectively 'along'

seq(1, 9, by = 2) # matches 'end'

seq(1, 9, by = pi) # stays below 'end'’

seq(1, 6, by = 3)

seq(1.575, 5.125, by = 0.05)

seq(17) # same as 1:17, or even better seq_len(17)

seq.Date

seq"Date”

## S3 method for class 'Date’
seq(from, to, by, length.out = NULL, along.with = NULL, ...)

from

to

by
length.out
along.with

by

difftime

nn nn

"day""week""month""quarter
seq.POSIXt"month"
seq(from, to)by”day”"1 day”

year"pmatch()"s"



"Date""integer"object.size

Date

## first days of years

seq(as.Date(”1910/1/1"), as.Date("”1999/1/1"), "years")

## by month

seq(as.Date("2000/1/1"), by = "month”, length.out = 12)

## quarters

seq(as.Date("2000/1/1"), as.Date("2003/1/1"), by = "quarter")

## 3-week period ending on a fixed date
seq(to = as.Date("2024-06-18"), by = "day"”, length.out = 21)

## find all 7th of the month _strictly_ inside two dates, the last being a 7th.
st <- as.Date("1998-12-17")

en <- as.Date("2000-1-7")

11 <- seq(en, st, by = "-1 month")

rev(ll[st < 11 & 11 < en])

## can abbreviate 'month' to 'm':
identical(seq(st, en, by = "m"),
seq(st, en, by = "1 month"))

seq.POSIXt

seq"POSIXt"

## S3 method for class 'POSIXt'

seq(from, to, by, length.out = NULL, along.with = NULL, ...)
from
to
by
length.out
along.with
by
difftime

n nn

sec”""min""hour”"day""DSTday""week"” "month""quarter"”"year"pmatch()"s"

"day""DSTday""week”"7 DSTdays""month""year"
fromto

"month”



"POSIXct""double""integer"”

DateTimeClasses

## first days of years

seq(ISOdate(1910,1,1), ISOdate(1999,1,1), "years")

## by month

seq(ISOdate(2000,1,1), by = "month”, length.out = 12)
seq(ISOdate(2000,1,31), by = "month”, length.out = 4)

## quarters

seq(ISOdate(1990,1,1), ISOdate(2000,1,1), by = "quarter”) # or "3 months”
## days vs DSTdays: use c() to lose the time zone.
seq(c(ISOdate(2000,3,20)), by = "day”, length.out = 10)
seq(c(IS0date(2000,3,20)), by = "DSTday", length.out = 10)
seq(c(ISOdate(2000,3,20)), by = "7 DSTdays"”, length.out = 4)

## 24-hour period ending at a fixed time
seq(to = ISOdate(2024,1,2, 3,4,5), by = "hour”, length.out = 24)

sequence

sequenceseq(from[i], by = by[i], length.out = nvec[i])ifrombynvec

sequence(nvec, ...)

## Default S3 method:

sequence(nvec, from = 1L, by = 1L, ...)
nvec

from

by

frombysequence(nvec, from, by=0L)rep(from, each=nvec)

glseqrep



sequence(c(3, 2)) # the concatenated sequences 1:3 and 1:2.
#>[11 12312

sequence(c(3, 2), from=2L)

#>[1] 23423

sequence(c(3, 2), from=2L, by=2L)

#>[1] 24624

sequence(c(3, 2), by=c(-1L, 1L))

#>[1]J]10-112

serialize

serialize(object, connection, ascii, xdr = TRUE,
version = NULL, refhook = NULL)

unserialize(connection, refhook = NULL)

object

connection serializeNULLunserialize
ascii TRUENAsave

xdr

version NULL

refhook

serializeobjectconnectionNULLobjectserialize
serialize

unserializeserializeconnection
refhook.GlobalEnvserializeNULLunserializeserialize
asciiTRUEascii = FALSE

XAreadRDS

xdr = FALSE

serializeNULLconnection = NULL

unserialize

23t —1



saveRDS

saveload

x <- serialize(list(1,2,3), NULL)
unserialize(x)

## see also the examples for saveRDS

sets

union(x, y)
intersect(x, y)
setdiff(x, y)
setequal(x, y)

is.element(el, set)

xyelset

is.vector()
as.vector()isa(x, class(y))isa(y, class(x))dim(x)xy@L

is.element(x, y)x %in% yas.vector()

union
intersectNULLxyNULL
setdiffmodex

setequalxis.element

%in%

unionintersect



(x <= c(sort(sample(1:20, 9)), NA))
(y <= c(sort(sample(3:23, 7)), NA))
union(x, y)

intersect(x, y)

setdiff(x, y)

setdiff(y, x)

setequal(x, y)

## True for all possible x & y :
setequal( union(x, y),
c(setdiff(x, y), intersect(x, y), setdiff(y, x)))

is.element(x, y) # length 10
is.element(y, x) # length 8

## Factors:

x <- as.factor(c("A", "B", "A"))

y <- as.factor(c("B", "b"))

union(x, y)

intersect(x, y)

setdiff(x, y)

setdiff(y, x)

## (Note that union() and intersect() merge the levels.)

setTimeLimit

setTimeLimit(cpu = Inf, elapsed = Inf, transient = FALSE)

setSessionTimeLimit(cpu = Inf, elapsed = Inf)

cpuelapsed

transient TRUE

setTimeLimittransient = TRUE

setSessionTimeLimitInf

Sys.sleep



showConnections

showConnections(all = FALSE)
getConnection(what)
closeAllConnections()

stdin()
stdout()
stderr()
nullfile()

isatty(con)

getAllConnections()

all
what showConnections

con

stdin()stdout()stderr()"terminal”stdout()stderr()sinkstdout()
stdin()--encoding

nullfile()"/dev/null”"nul:"

showConnectionsgetConnectiongzcon

closeAllConnectionssink

isatty”terminal”

getAllConnectionsgetConnectionshowConnections(all = TRUE)

stdin()stdout()stderr()
showConnections

getConnectionNULL

stdin()stdinstdinstdinfile("stdin")

connections



showConnections(all = TRUE)

## Not run:

textConnection(letters)

# oops, I forgot to record that one

showConnections()
# class description mode text isopen can read can write
#3 "letters” "textConnection” "r" "text"” "opened” "yes" "no”

mycon <- getConnection(3)
## End(Not run)

c(isatty(stdin()), isatty(stdout()), isatty(stderr()))

shQuote

shQuote(string, type = c(”"sh”, "csh”, "cmd", "cmd2"))

string

type ncmdnucmdzuncmdn

shbashkshzsh
cshtcsh

https://learn.microsoft.com/en-us/cpp/c-language/parsing-c-command-line-arguments?
view=msvc-160type = "cmd"”shQuotesystemsystem2

cmd.exeshelltype = "cmd2""*"type = "cmd2"cmd.exe

string

sQuote


https://learn.microsoft.com/en-us/cpp/c-language/parsing-c-command-line-arguments?view=msvc-160
https://learn.microsoft.com/en-us/cpp/c-language/parsing-c-command-line-arguments?view=msvc-160
https://bugs.R-project.org/show_bug.cgi?id=16636

test <- "abc$def gh i\\j"

cat(shQuote(test), "\n")

## Not run: system(paste(”echo”, shQuote(test)))
test <- "don't do it!”

cat(shQuote(test), "\n")

tryit <- paste("use the"”, sQuote("-c"), "switch\nlike this")
cat(shQuote(tryit), "\n")

## Not run: system(paste(”echo”, shQuote(tryit)))
cat(shQuote(tryit, type = "csh"), "\n")

## Windows-only example, assuming cmd.exe:
perlemd <- 'print "Hello World\\n";'
## Not run:
shell(shQuote(paste("perl -e",
shQuote(perlcmd, type = "cmd")),
type = "cmd2"))

## End(Not run)

sign

signx—1

sign

sign(x)

Math

abs

sign(pi) # ==
sign(-2:3) #-1-101 11



Signals

SIGUSR1SIGUSR2.Laston.exit

kill -USR1 pid
kill -USR2 pid

Sys.getpid

sink

sink
sink.number()

sink.number(type = "message")

sink(file = NULL, append = FALSE, type = c("output”, "message"),
split = FALSE)

sink.number(type = c("output”, "message"))
file NULL

append TRUEfilefile

type

split TRUEtee



sinkfile

stdouttype = "output”stderr()messagewarningstopsink(type = "message”)
sink()sink(file = NULL)

file"wt”

split = TRUERvprintfwritelLinesstdout()

file

filefile

sinkNULL
sink.number ()

sink.number("message”)

sink

capture.output

sink("sink-examp.txt")
i<-1:10

outer(i, i)

sink()

## capture all the output to a file.
zz <- file("all.Rout"”, open = "wt")

sink(zz)

sink(zz, type = "message")

try(log("a"))

## revert output back to the console -- only then access the file!
sink(type = "message")

sink()

file.show("all.Rout"”, delete.file = TRUE)



slice.index

slice.index(x, MARGIN)

X X

MARGIN

MARGINiiMARGINm1m;MARGINd,,, dmknl = Ing = dm,ng = dpy -+ dmkflmlilmk.ikl +
TLl(il — 1) —+ - +nk(ik — 1)

yX

rowcolslice.indexMARGINx

x <- array(1 : 24, c(2, 3, 4))

slice.index(x, 2)

slice.index(x, c(1, 3))

## When slicing by dimensions 1 and 3, slice index 5 is obtained for
## dimension 1 has value 1 and dimension 3 has value 3 (see above):
which(slice.index(x, c(1, 3)) == 5, arr.ind = TRUE)

slotOp

object@name
object@name <- value

object
name objectnameobject

value object



object

object.Dataslotslot()@

Extractslot

socketSelect

socketSelect(socklist, write = FALSE, timeout = NULL)

socklist
write TRUE
timeout NULLNULL

writesocklistsocklist

socklistwrite

## Not run:
## test whether socket connection s is available for writing or reading
socketSelect(list(s, s), c(TRUE, FALSE), timeout = @)

## End(Not run)



solve

a %*% x = bxb

solve(a, b, ...)

## Default S3 method:
solve(a, b, tol, LINPACK = FALSE, ...)

a
b bsolvea

tol a.Machine$double.eps
LINPACK

ab
abbaab

aqgr.solveqgr.solve

abNaN
toltol <=0

a"gr”solve.qr

DGESVZGESV
https://netlib.org/lapack/

https://netlib.org/lapack/lug/lapack_lug.html

solve.qrgrchol2invbacksolveqgr.solve

hilbert <- function(n) { i <- 1:n; 1 / outer(i - 1, i, “+7) }
h8 <- hilbert(8); h8

sh8 <- solve(h8)

round(sh8 %x% h8, 3)

A <- hilbert(4)

A[] <- as.complex(A)

## might not be supported on all platforms
try(solve(A))


https://netlib.org/lapack/
https://netlib.org/lapack/lug/lapack_lug.html

sort

order

sort(x, decreasing = FALSE, ...)

## Default S3 method:
sort(x, decreasing = FALSE, na.last = NA, ...)

sort.int(x, partial = NULL, na.last = NA, decreasing = FALSE,
method = c("auto”, "shell”, "quick”, "radix"), index.return = FALSE)

X sortsort.int
decreasing
sort.int
na.last NATRUEFALSENA
partial NULL
method
index.return method == "radix”na.lastna.last = NA

sortsort.int

sortorderxtfrmxtfrmis.numeric(x)

"auto”"radix"23!"shell”
"radix"Comparison
partialNULLpartial
"shell”O(n*/3)x
"quick”xpartialNULLx
"radix”

"radix"na.last

xcharacterLC_COLLATE=C

231 complex
sortxsort.intx[order(x, ...)J[orderxtfrm
sort.intindex.returnxixmethod == "quick"”sort.listmethod == "radix"index.return

na.lastindex.returnna.lastNANAorder

partial



order

is.unsortedrank

require(stats)

X <- swiss$Education[1:25]
X; sort(x); sort(x, partial = c(10, 15))

## illustrate 'stable' sorting (of ties):

sort(c(10:3, 2:12), method = "shell”, index.return = TRUE) # is stable
## $x : 2 3 3 4 4 5 5 6 6 7 7 8 8 9 91010 11 12

## $ix: 9 810 711 612 513 414 315 216 117 18 19
sort(c(10:3, 2:12), method = "quick”, index.return = TRUE) # is not
## $x : 2 3 3 4 4 5 5 6 6 7 7 8 8 9 91010 11 12

## $ix: 910 8 711 612 513 414 31516 217 118 19

x <= ¢c(1:3, 3:5, 10)
is.unsorted(x) # FALSE: is sorted
is.unsorted(x, strictly = TRUE) # TRUE : is not (and cannot be)
# sorted strictly
## Not run:
## Small speed comparison simulation:
N <- 2000
Sim <- 20
rep <- 1000 # << adjust to your CPU
cl <- ¢2 <- numeric(Sim)
for(is in seq_len(Sim)){
x <= rnorm(N)
c1[is] <- system.time(for(i in 1:rep) sort(x, method = "shell”))[1]
c2[is] <- system.time(for(i in 1:rep) sort(x, method = "quick"”))[1]
stopifnot(sort(x, method = "shell”) == sort(x, method = "quick"))
3
rbind(ShellSort = c1, QuickSort = c2)
cat("Speedup factor of quick sort():\n")
summary({qq <- c1 / c2; qqlis.finite(qqg)l1})

## A larger test

X <= rnorm(1e7)

system.time(x1 <- sort(x, method = "shell"))
system.time(x2 <- sort(x, method = "quick"))
system.time(x3 <- sort(x, method = "radix"))
stopifnot(identical(x1, x2))
stopifnot(identical(x1, x3))

## End(Not run)


https://doi.org/10.1016/0196-6774%2886%2990001-5
https://doi.org/10.1145/362875.362901

sort_by

sort_by(x, vy, ...)

## Default S3 method:
sort_by(x, vy, ...)

## S3 method for class 'data.frame'

sort_by(x, vy, ...)

X

y
xtfrm
data.frame ~ g~ list(g)g ~ g1 + ... + gk~ list(gl, ..., gk)glgkx
y =gy =~ gy = list(gl, ..., gk)y = ~ list(gl, ..., gk)x
orderorder

XXXY

sortorder

mtcars$am

mtcars$mpg

with(mtcars, sort_by(mpg, am)) # group mpg by am

## data.frame method
sort_by(mtcars, runif(nrow(mtcars))) # random row permutation
sort_by(mtcars, list(mtcars$am, mtcars$mpg))

# formula interface
sort_by(mtcars, ~ am + mpg) |> subset(select = c(am, mpg))
sort_by.data.frame(mtcars, ~ list(am, -mpg)) |> subset(select = c(am, mpg))



source

sourceparse
withAutoprint(exprs)source(exprs = exprs, ..)
source(file, local = FALSE, echo = verbose, print.eval = echo,

withAut

file
local

echo
print.e

exprs

evaluat
spaced
verbose

prompt.
max.dep

width.c

deparse

chdir

catch.a

exprs, spaced = use_file,

verbose = getOption("verbose"”),

prompt.echo = getOption("prompt”),

max.deparse.length = 150, width.cutoff = 60L,
deparseCtrl = "showAttributes”,

chdir = FALSE,

catch.aborts = FALSE,

encoding = getOption("encoding"),

continue.echo = getOption("continue”),

skip.echo = 0, keep.source = getOption("keep.source"))

oprint(exprs, evaluated = FALSE, local = parent.frame(),
print. = TRUE, echo = TRUE, max.deparse.length = Inf,
width.cutoff = max(20, getOption("width")),
deparseCtrl = c("keepInteger"”, "showAttributes”, "keepNA"),
skip.echo = 0,
.

stdin()
TRUEFALSEFALSETRUEsource

TRUE
valprint.
TRUEeval(i)iecho

source()withAutoprint(*, evaluated=TRUE)fileexpressioncalllist
call

withAutoprint()evaluated=FALSE

ed exprssource(exprs= *)expressioncalllist
echo = TRUE
TRUEecho = TRUE

echo echo = TRUE

arse.length
echoTRUE

utoff deparse()

Ctrl charactercontroldeparse().deparseOpts”showAttributes”
deparseCtrl = "all”
TRUEfilefile

borts



encoding filefile"unknown”
continue.echo echo = TRUE
skip.echo echo = TRUE
keep.source

withAutoprint()source(.)

sourceprinttraceback()withVisible

keep.source

skip.echo > @skip.echo
echomax.deparse.length .... [TRUNCATED]

fileencoding = "unknown"localeToCharset()encodingencoding”unknown"Encoding

filesourceencodingparse

demosourceevalparsescanoptions("keep.source")

Sys.source

someCond <- 7 > 6
## want an if-clause to behave "as top level” wrt auto-printing :
## (all should look "as if on top level”, e.g. non-assignments should print:)
if(someCond) withAutoprint({
X <= 1:12
x-1
(y <= (x-5)"2)
z<-y
z - 10
»

## If you want to source() a bunch of files, something like
## the following may be useful:
sourceDir <- function(path, trace = TRUE, ...) {
op <- options(); on.exit(options(op)) # to reset after each
for (nm in list.files(path, pattern = "[.]1[RrSsQql$")) {
if(trace) cat(nm,”:")
source(file.path(path, nm), ...)
if(trace) cat(”"\n")
options(op)


https://CRAN.R-project.org/package=lattice

3

[}

suppressWarnings( rm(x,y) ) # remove 'x' or 'y' from global env
withAutoprint({ x <- 1:2; cat("x=",x, "\n"); y <- x"2 })

## x and y now exist:

stopifnot(identical(x, 1:2), identical(y, x*2))

withAutoprint({ formals(sourceDir); body(sourceDir) 3},
max.deparse.length = 20, verbose = TRUE)

## Continuing after (catchable) errors:

tc <- textConnection('1:3

2+ "3"

cat(" .. in spite of error: happily continuing! ..\n")
6%x7"')

r <- source(tc, catch.aborts = TRUE)

## Error in 2 + "3" ....

## .. in spite of error: happily continuing!
stopifnot(identical(r, list(value = 42, visible=TRUE)))

Special

beta(a, b)
lbeta(a, b)

gamma (x)

lgamma(x)

psigamma(x, deriv = @)
digamma(x)

trigamma(x)

choose(n, k)
lchoose(n, k)
factorial(x)
1factorial(x)

ab
XN

kderiv

betalbeta

1
B(a,b):/ 271 —t)> tat
0



ab

gammalgammal'(x)
F(w):/ t*le~tat
0
x>0z +1)=2l(x)(z+n)=(z+n—1)(x+n—2) -2l (x)nl'(z)

Iz +n)

MmELT, —n<z <0,
(x+n71)~o(x+1)xn e

I(z) =

NaN10—8-10
factorial (x)xz!xgamma(x+1)1factoriallgamma(x+1)

digammatrigammapsigamma(x, deriv)deriv >= @derivi(x)

digamma(x) = ¢(x) = % InT(z) =

ypsigamma()deriv = 2:4

chooselchoosechoose(n, k)nkk > 1n(n —1)---(n —k+1)/k!1k = 00kk
choose(*, k)[1]gammakcombn

gammalgammadigammatrigammaMath

gammalgammabetalbeta

digammatrigammapsigammax >= @

X < @deriv <=5

gammalgamma

https://en.wikipedia.org/wiki/Abramowitz_and_Stegun

ArithmeticsqrtBessel

pgamma

require(graphics)

choose(5, 2)
for (n in 0:10) print(choose(n, k = @:n))

factorial(100)
1factorial (10000)

## gamma has 1st order poles at 0, -1, -2, ...

## this will generate loss of precision warnings, so turn off

op <- options("warn")

options(warn = -1)

x <- sort(c(seq(-3, 4, length.out = 201), outer(@:-3, (-1:1)*1e-6, “+7)))


https://en.wikipedia.org/wiki/Abramowitz_and_Stegun

plot(x, gamma(x), ylim = c(-20,20), col = "red”, type = "1", lwd = 2,
main = expression(Gamma(x)))

abline(h = 0, v = -3:0, 1ty = 3, col = "midnightblue”)

options(op)

x <- seq(@.1, 4, length.out = 201); dx <- diff(x)[1]
par(mfrow = c(2, 3))
for (ch in c("", "1","di","tri","tetra”,"penta”)) {
is.deriv <- nchar(ch) >= 2
nm <- paste@(ch, "gamma")
if (is.deriv) {
dy <- diff(y) / dx # finite difference
der <- which(ch == c("di"”,"tri","tetra”,"penta”)) - 1

nm2 <- paste@("psigamma(*, deriv = ", der,")")
nm <- if(der >= 2) nm2 else paste(nm, nm2, sep = " ==\n")
y <- psigamma(x, deriv = der)
} else {
y <= get(nm)(x)

}
plot(x, y, type = "1", main = nm, col = "red")
abline(h = @, col = "lightgray")
if (is.deriv) lines(x[-1]1, dy, col = "blue"”, 1ty = 2)
3
par(mfrow = c(1, 1))

## "Extended” Pascal triangle:

fN <- function(n) formatC(n, width=2)

for (n in -4:10) {
cat(fN(n),":", fN(choose(n, k = -2:max(3, n+2))))
cat("\n")

3

## R code version of choose() [simplistic; warning for k < @7:
mychoose <- function(r, k)
ifelse(k <= 0, (k == 0),
sapply(k, function(k) prod(r:(r-k+1))) / factorial(k))
k <- -1:6
cbind(k = k, choose(1/2, k), mychoose(1/2, k))

## Binomial theorem for n = 1/2 ;

## sqrt(1+x) = (1+x)*(1/2) = sum_{k=0}*Inf choose(1/2, k) * x*k :
k <- 0:10 # 10 is sufficient for ~ 9 digit precision:

sqrt(1.25)

sum(choose(1/2, k)* .25"k)

split

splitxfunsplitsplit

split(x, f, drop = FALSE, ...)



## Default S3 method:
split(x, f, drop = FALSE, sep = ".", lex.order = FALSE, ...)

split(x, f, drop = FALSE, ...) <- value
unsplit(value, f, drop = FALSE)

X
f as.factor(f)xf ~ gg ~ g1 + ... + gkglgkx
drop ffactor

value X

sep interactionflist

lex.order interactionf

splitsplit<-data.frame
unsplitsplitfvalue

fxf

fx

interactionflist.seplevels

splitfdrop = TRUE
unsplitsplit(x, f)value

cut

strsplit

require(stats); require(graphics)

n <- 190; nn <- 100

g <- factor(round(n * runif(n * nn)))

x <= rnorm(n * nn) + sqrt(as.numeric(g))

xg <- split(x, g)

boxplot(xg, col = "lavender”, notch = TRUE, varwidth = TRUE)
sapply(xg, length)

sapply(xg, mean)

### Calculate 'z-scores' by group (standardize to mean zero, variance one)
z <- unsplit(lapply(split(x, g), scale), g)

# or

zz <- X



split(zz, g) <- lapply(split(x, g), scale)

# and check that the within-group std dev is indeed one
tapply(z, g, sd)
tapply(zz, g, sd)

### data frame variation

## Notice that assignment form is not used since a variable is being added

g <- airquality$Month
1 <- split(airquality, g)

## Alternative using a formula
identical(l, split(airquality, ~ Month))

1 <- lapply(l, transform, 0z.Z = scale(Ozone))
aq2 <- unsplit(l, g)

head(aq2)

with(aq2, tapply(0z.Z, Month, sd, na.rm = TRUE))

### Split a matrix into a list by columns
ma <- cbind(x = 1:10, y = (-4:5)"2)
split(ma, col(ma))

split(1:10, 1:2)

sprintf
sprintf
sprintf(fmt, ...)
gettextf(fmt, ..., domain = NULL, trim = TRUE)
fmt
fmt
trimdomain gettext

sprintfsprintfNAInf-InfNaN
gettextf
fmt"symbol""language”typeoffmt%.ds

fmt...%aAdifeEgGosxX%

dioxX oxXa-fdi@1NA



f "[-Immm.ddd"NANaNInf

eE [-Im.ddde[+-Ixx[-Im.dddE[+-]xx

G %e%ERTHT, %e

aA [-]oxh.hhhp[+-]dNANaNInf%axp%A
h

s NA"NA"
% %

as.charactersas.doublef, e, E, g, Glength(fmt) > 1
%

0
# xX0x0XeefgGgG

%1$99%

*
fmt%
%S

sprintf-0-0.000

fmt

sprintf

https://developer.r-project.org/Portability.html
https://pubs.opengroup.org/onlinepubs/9699919799/functions/snprintf.html

man sprintf

formatC
paste

gettext


https://developer.r-project.org/Portability.html
https://pubs.opengroup.org/onlinepubs/9699919799/functions/snprintf.html

## be careful with the format: most things in R are floats
## only integer-valued reals get coerced to integer.

sprintf("%s is %f feet tall\n”, "Sven", 7.1) # OK
try(sprintf("%s is %i feet tall\n”, "Sven”, 7.1)) # not OK
sprintf("%s is %i feet tall\n", "Sven", 7 ) # OK

## use a literal % :
sprintf("%.0f%% said yes (out of a sample of size %.0f)", 66.666, 3)
## various formats of pi :

sprintf("%f", pi)

sprintf("%.3f", pi)

sprintf("%1.0f", pi)

sprintf("%5.1f", pi)

sprintf("%05.1f", pi)

sprintf("%+f", pi)

sprintf ("% f", pi)

sprintf("%-10f", pi) # left justified
sprintf("%e", pi)

sprintf ("%E", pi)

sprintf("%g", pi)

sprintf("%g", 1e6 x pi) # -> exponential
sprintf("%.9g", 1e6 * pi) # -> "fixed”
sprintf("%G", 1e-6 * pi)

## no truncation:
sprintf("%1.f", 101)

## re-use one argument three times, show difference between %x and %X
xx <= sprintf("%1$d %1$x %1$X", 0:15)

xx <- matrix(xx, dimnames = list(rep("", 16), "%d%x%X"))
noquote(format(xx, justify = "right"))

## More sophisticated:

(Rl

sprintf("min 10-char string '%10s'",
c("a", "ABC", "and an even longer one"))

n<-1:18
sprintf(paste@(”e with %2d digits = %."”, n, "g"), n, exp(1))

## Platform-dependent bad example: may pad with spaces or zeroes
sprintf("%09s"”, month.name)

## Using arguments out of order
sprintf("second %2%$1.0f, first %1$5.2f, third %3%$1.0f", pi, 2, 3)

## Using asterisk for width or precision
sprintf("precision %.xf, width '%*.3f'", 3, pi, 8, pi)

## Asterisk and argument re-use, 'e' example reiterated:
sprintf(”"e with %1$2d digits = %2$.%x1%g", n, exp(1))



## re-cycle arguments
sprintf("%s %d", "test", 1:3)

## binary output showing rounding/representation errors
x <- seq(@, 1.9, 0.1); y <- c(o,.1,.2,.3,.4,.5,.6,.7,.8,.9,1)
cbind(x, sprintf("%a", x), sprintf("%a", y))

sQuote

sQuote(x, q = getOption("useFancyQuotes"))
dQuote(x, g = getOption("useFancyQuotes"))

goptionsuseFancyQuotesFALSETRUEC"UTF-8""TeX"

https://www.cl.cam.ac.uk/~mgk25/ucs/quotes.html

shQuote

op <- options("useFancyQuotes")

paste(”argument”, sQuote(”x"), "must be non-zero")

options(useFancyQuotes = FALSE)

cat("\ndistinguish plain”, sQuote("”single"”), "and",
dQuote("double"), "quotes\n")

options(useFancyQuotes = TRUE)

cat("\ndistinguish fancy”, sQuote("”single"”), "and",
dQuote("double"), "quotes\n")

options(useFancyQuotes = "TeX")


https://www.cl.cam.ac.uk/~mgk25/ucs/quotes.html

cat("\ndistinguish TeX", sQuote("”single"”), "and",
dQuote("double”), "quotes\n")
if(110n_info()$ Latin-17) {
options(useFancyQuotes = c("\xab", "\xbb", "\xbf", "?"))
cat("\n", sQuote("guillemet”), "and",
dQuote("Spanish question”), "styles\n")
} else if(l1On_info()$ UTF-8") {
options(useFancyQuotes = c(”\xc2\xab", "\xc2\xbb", "\xc2\xbf", "?"))
cat("\n", sQuote("guillemet”), "and",
dQuote("Spanish question”), "styles\n")
3
options(op)

srcfile

"srcref”options(keep.source = TRUE)

srcfile(filename, encoding = getOption("”encoding”), Enc = "unknown")
srcfilecopy(filename, lines, timestamp = Sys.time(), isFile = FALSE)
srcfilealias(filename, srcfile)

getSrcLines(srcfile, first, last)

srcref(srcfile, 1loc)

## S3 method for class 'srcfile'

print(x, ...)

## S3 method for class 'srcfile'
summary (object, ...)

## S3 method for class 'srcfile'
open(con, line, ...)

## S3 method for class 'srcfile'
close(con, ...)

## S3 method for class 'srcref'
print(x, useSource = TRUE, ...)
## S3 method for class 'srcref'
summary (object, useSource = FALSE, ...)
## S3 method for class 'srcref'
as.character(x, useSource = TRUE, to = x, ...)
.isOpen(srcfile)

filename

encoding

Enc encodingparse
lines

timestamp

isFile srcfilecopy
srcfile srcfile

firstlastline



lloc

xobjectcon
useSource srcfilesrcref
to srcref

srcfilesrcfilefileiconvlist
srcfilecopysrcfilecopyisFile
srcfilealiassrcfilealiassrcfile#line
getSrcLinessrcfile

srcrefsrcrefsrcfilelloc

c(first_line, first_byte, last_line, last_byte, first_column,
last_column, first_parsed, last_parsed)

#line
printsummaryopenclosesrcfilesrcfilecopyopenfile

printsummaryas.charactersrcrefas.charactertosrcrefsrcfilecopysrcref<srcref:
"file" chars 1:1 to 2:10>line:columnsummary

srcref”srcref”srcrefprint.defaultsrcrefprintuseSource = FALSEsrcrefuseSource
FALSE<srcref: ....>

.isOpensrcfile

srcfilesrcfile
srcfilecopysrcfilecopy
getSrclLines

srcrefsrcref

getSrcFilenameremoveSource

src <- srcfile(system.file("DESCRIPTION", package = "base"))
summary(src)

getSrcLines(src, 1, 4)

ref <- srcref(src, c(1, 1, 2, 1000))

ref

print(ref, useSource = FALSE)



StackOverflows

options("expressions”)stackOverflowErrorerrorcondition

CStackOverflowErrorusage
protectStackOverflowError
nodeStackOverflowError

expressionStackOverflowErroroptions(”expressions”)

tryCatch()withCallingHandlers()tryCatch("error")

Cstack_info

Memoryoptions

standardGeneric

standardGeneric

standardGeneric(f, fdef)

fdef

standardGenericf
fdef

GenericFunctions



startsWith

xprefixsuffix

startsWith(x, prefix)
endsWith(x, suffix)

X character

prefixsuffix character

startsWith()

substring(x, 1, nchar(prefix)) == prefix

grepl("*<prefix>", x)

prefixgreplx

prefixsuffix

logicalxprefixsuffix

greplsubstringcharmatchpmatch

startsWith(search(), "package:") # typically at least two FALSE, nowadays often three

x1 <- c("Foobar”, "bla bla”, "something”, "another”, "blu"”, "brown",
"blau bliht der Enzian”)# non-ASCII
x2 <= cbind(

startsWith(x1, "b"),
startsWith(x1, "bl"),
startsWith(x1, "bla"),
endsWith(x1, "n"),
endsWith(x1, "an"))
rownames (x2) <- x1; colnames(x2) <- c("b", "b1", "bla", "n", "an")
X2
## Non-equivalence in case of missing values in 'x', see Details:
x <= c("all", "but"”, NA_character_)
cbind(startsWith(x, "a"),
substring(x, 1L, 1L) == "a",
grepl(”*a”, x))



Startup

--no-environR_ENVIRON/etc/Renviron.siteR_ENVIRON_USER.Renviron

--no-site-fileR_PROFILE/etc/Rprofile.sitelocal.Library.site.libPaths().First
.Last

--no-init-fileR_PROFILE_USER.Rprofile

utils::dump.frames

.RData--no-restore-data--no-restore
.First.First().First.sys()requireoptions("defaultPackages").OptRequireMethods()

.First.Last.RprofileRprofile.site.RDataoptions.RprofileRprofile.site
options(defaultPackages = character())R_DEFAULT_PACKAGES=NULL
options(defaultPackages = "")R_DEFAULT_PACKAGES=""

R_HISTFILE.Rhistory--no-restore-history--no-restore

--vanilla--no-site-file--no-init-file--no-environR CMD--no-restore

#=${foo-bar}foobar${foo:-bar}foobar${foo}""bar${foo-${bar-blah}}$HOME

"${HOME}"PATH" ${PATH}/"

Renviron.siteRprofile.site/etc/i386/Renviron.site.Renviron.i386.Renviron

/etc/Renviron/etc/Renviron/etc/Renviron.site

R.app

R CMD checkR CMD buildRenvironR_CHECK_ENVIRONR_BUILD_ENVIRONRenviron
~/.R/check.Renviron~/.R/build.Renviron

~/.Renviron~/.RprofileR CMD checkR CMD buildR_ENVIRON_USERR_PROFILE_USER""

rw-FAQSys.getenv("R_USER")
.LastcommandArgs

X11quartz

readRenviron.Renviron

Rprof



## Not run:

## Example ~/.Renviron on Unix
R_LIBS=~/R/1library
PAGER=/usr/local/bin/less

## Example .Renviron on Windows

R_LIBS=C:/R/1library

MY_TCLTK="c:/Program Files/Tcl/bin"

# Variable expansion in double quotes, string literals with backslashes in
# single quotes.

R_LIBS_USER="${APPDATA}"'\R-library’

## Example of setting R_DEFAULT_PACKAGES (from R CMD check)
R_DEFAULT_PACKAGES="utils,grDevices,graphics,stats’

# this loads the packages in the order given, so they appear on
# the search path in reverse order.

## Example of .Rprofile
options(width=65, digits=5)
options(show.signif.stars=FALSE)
setHook (packageEvent ("grDevices”, "onLoad"),
function(...) grDevices: :ps.options(horizontal=FALSE))
set.seed(1234)
.First <- function() cat(”"\n Welcome to R!\n\n")
.Last <- function() cat("\n Goodbye!\n\n")

## Example of Rprofile.site
local({
# add MASS to the default packages, set a CRAN mirror
old <- getOption("defaultPackages"); r <- getOption("repos”)
r["CRAN"] <- "http://my.local.cran”
options(defaultPackages = c(old, "MASS"), repos = r)
## (for Unix terminal users) set the width from COLUMNS if set
cols <- Sys.getenv(”COLUMNS")
if(nzchar(cols)) options(width = as.integer(cols))
# interactive sessions get a fortune cookie (needs fortunes package)
if (interactive())
fortunes: : fortune()

b

## if .Renviron contains
FOOBAR="coo\bar"doh\ex"abc\"def"'"

## then we get
# > cat(Sys.getenv("FOOBAR"), "\n")
# coo\bardoh\exabc"def"

## End(Not run)

stop

stop

geterrmessage



stop(..., call. = TRUE, domain = NULL)
geterrmessage()

call.

domain gettextNA

options(error=)signalCondition()options("show.error.messages"”")NULLq("no",
status = 1, runLast = FALSE)getOption("catch.script.errors”)

geterrmessage()traceback()

getOption("warning.length")

geterrmessage”\n"

domain = NA...gettextf()

warningtryoptionsstopifnottryCatchwithCallingHandlers

gettext

iter <- 12
try(if(iter > 10) stop(”too many iterations”))

tstl <- function(...) stop(”"dummy error")
try(tst1(1:10, long, calling, expression))

tst2 <- function(...) stop("dummy error”, call. = FALSE)
try(tst2(1:10, longcalling, expression, but.not.seen.in.Error))



stopifnot

...exprsallTRUEstopall
stopifnot(..., exprs, exprObject, local = TRUE)
...exprs TRUE. . .exprs
{
exprl
expr2
}

TRUETRUEif(.)

exprObject exprs...expressioncallnameTRUE

local exprsenvironmentstopifnot()

stopifnot(A, B)stopifnot(exprs= {A ; B})

{ if(any(is.na(A)) || 'all(A)) stop(...);
if(any(is.na(B)) || 'all(B)) stop(...) }

stopifnot()tryCatch()sys.call()

stopifnot(exprs = { ... }),
...all.equalall.equal(*)"all.equal"pmatch()all.equalShowall.equal

NULL...TRUE

stopifnot(exprs = ..)
assertWRONG <- function(exprs) stopifnot(exprs = exprs)

stopifnot()exprsexprsexprsstopifnot()

assert <- function(exprs) eval.parent(substitute(stopifnot(exprs

stopifnot(exprs = %)

exprs)))



stopwarningassertConditionstopifnot()

## NB: Some of these examples are expected to produce an error. To
#it prevent them from terminating a run with example() they are
#it piped into a call to try().

stopifnot(1 == 1, all.equal(pi, 3.14159265), 1 < 2) # all TRUE

m <- matrix(c(1,3,3,1), 2, 2)
stopifnot(m == t(m), diag(m) == rep(1, 2)) # all(.) |=> TRUE

stopifnot(length(10)) [> try() # gives an error: '1' is *notx TRUE
## even when if(1) "ok”  works

stopifnot(all.equal(pi, 3.141593), 2 < 2, (1:10 < 12), "a" < "b") |> try()
## More convenient for interactive "line by line" evaluation:
stopifnot(exprs = {

all.equal(pi, 3.1415927)

2<?2

1:10 < 12

"a" < "b"

1> tryO

eObj <- expression(2 < 3, 3 <= 3:6, 1:10 < 2)
stopifnot(exprObject = eObj) |> try()
stopifnot(exprObject = quote(3 == 3))
stopifnot(exprObject = TRUE)

# long all.equal() error messages are abbreviated:
stopifnot(all.equal(rep(list(pi),4), list(3.1, 3.14, 3.141, 3.1415))) |> try()

# The default error message can be overridden to be more informative:
ml1,2] <- 12

stopifnot(”"m must be symmetric”=m == t(m)) [> try()

#=> Error: m must be symmetric

##' warnifnot(): a "only-warning” version of stopifnot()

' {Yes, learn how to use do.call(substitute, ...) in a powerful manner !!}
warnifnot <- stopifnot ; N <- length(bdy <- body(warnifnot))
bdy <- do.call(substitute, list(bdy, list(stopifnot = quote(warnifnot))))

bdy[[N-1]] <- do.call(substitute, list(bdy[[N-1]], list(stop = quote(warning))))
body(warnifnot) <- bdy
warnifnot(1 == 1, 1 <2, 2<2) # = warns " 2 <2 is not TRUE "
warnifnot(exprs = {

1 ==1

3 <3 # =>warns "3 < 3 is not TRUE"
»

strptime




"POSIX1t""POSIXct"

## S3 method for class 'POSIXct'
format(x, format = "", tz = "", usetz = FALSE, ...)
## S3 method for class 'POSIX1t'
format(x, format = "", usetz = FALSE,
digits = getOption("digits.secs”), ...)

## S3 method for class 'POSIXt'
as.character(x, digits = if(inherits(x, "POSIX1t")) 14L else 6L,

QutDec = ".", ...)
strftime(x, format = "", tz = "", usetz = FALSE, ...)
strptime(x, format, tz = "")
X strptime”POSIX1t"strftime
tz as.POSIX1t"""GMT"
format format"%Y-%m-%d %H:9%6M:%S" " %Y-%m-%d"digitsNULL

options("digits.secs”)"%0S<n>""%S"
strftime()digitsformat (<POSIX1t>)

usetz "%Z"
digits format()format()as.character()as.character()
OutDec getOption("OutDec”)

formatas.characterstrftime”POSIX1t""POSIXct"character
strptime”POSIX1t"xas.character

strftimeformat.POSIX1tformat.POSIXct"”"POSIX1t"as.POSIX1t"Date"as.POSIX1t()-Inf
InfNANaNNAformat ()POSIX1tdouble

xformat
%X%XLC_TIMESys.setlocaleLC_TIMELC_ALL
%OE %%%

%a

%A

%b

%B

%C "%a %b %e %H:%M:%S %Y"
%C

%d

%D %m/%d/ %y

%e

o



%F

%g %V

%G %V

%h %b

%H 24:00:00

%L

%3

%m

%M

%n

%P %I%H
AM/PMa.m./p.m.
%P%pP

%r %L:%M:%S %p

%R %H: %M

%S

%t

%T %H:%M: %S

%U

%U

AT AevA-vAY

%W

%W

%X "%y /%m/%d"

%X "%H:%M: %S"

AY

%Y https://en.wikipedia.org/wiki/@_(year)
0:9999

%z —0800-1400+1400

%L

C%a%b%h
%ZHhZL
%N%t

%k

%1

%S

%t %hC"%ha %b %e WH:%M:%S %Z %Y

%OLdHIMMUVWWy J1%E [cCyYxX]

%0Sn@ <= n <= 6%0Sdigitsdigits = NULLdigits = @

format="".. %0Sn L'kdigits = ngetOption("digits.secs")strftime()

format (<POSIX.t>)
strptime%0S%S

%format


https://en.wikipedia.org/wiki/0_(year)

formatstrftimeNANA_character_

strptime”POSIX1t"isdst"tzone"tz != """2010-02-30 08:00"NA

https://en.wikipedia.org/wiki/0@_(year)-45-045

"%04Y"R_PAD_YEARS_BY_ZER0%@4Y%_4Y%_Y

"POSIXct"
Sys.timezone-0800
%z+0000"POSIXct"
%ztz = "UTC"

strptimestrftime
strptimeglibcstrftime
strftimetzcodehttps://www.iana.org/time-zones

strftimewcsftimeformat

"2001-02-28""14:01:02"T

strptime%d%eNAtzone

strptimeas.POSIXctstrftime

%C"%a %b %e %H:%M:%S %Y"

strftimeformat

https://dotat.at/tmp/IS0_8601-2004_E.pdfhttps://www.qsl.net/glsmd/isopdf.htm
https://www.iso.org/iso/iso86@1https://en.wikipedia.org/wiki/IS0_8601

strftimestrftime


https://en.wikipedia.org/wiki/0_(year)
https://www.iana.org/time-zones
https://dotat.at/tmp/ISO_8601-2004_E.pdf
https://www.qsl.net/g1smd/isopdf.htm
https://www.iso.org/iso/iso8601
https://en.wikipedia.org/wiki/ISO_8601

## locale-specific version of date()
format(Sys.time(), "%a %b %d %X %Y %Z")

## time to sub-second accuracy (if supported by the 0S)
format(Sys.time(), "%H:%M:%0S3")

## read in date info in format 'ddmmmyyyy'
## This will give NA(s) in some locales (especially non-English ones);
## setting the C locale as in the commented lines will overcome this on
## most systems.
## lct <- Sys.getlocale("LC_TIME"); Sys.setlocale("LC_TIME", "C")
x <- ¢("1jan1960", "2jan1960", "31mar1960", "30jul1960")
z <- strptime(x, "%d%b%Y")
## Sys.setlocale("LC_TIME", lct)
z
(chz <- as.character(z)) # same w/o TZ
## *here*x (but not in general), the same as format():
stopifnot(exprs = {
identical(chz, format(z))
grepl(”"*1960-0[137]1-[03][012]$", chz[!is.na(z)])
»

## read in date/time info in format 'm/d/y h:m:s'

dates <- c("02/27/92", "02/27/92", "01/14/92", "02/28/92", "02/01/92")
times <- ¢("23:03:20", "22:29:56", "01:03:30", "18:21:03", "16:56:26")
x <- paste(dates, times)

z2 <- strptime(x, "%m/%d/%y %H:%M:%S")

z2

## *here*x (but not in general), the same as format():
stopifnot(identical(format(z2), as.character(z2)))

## time with fractional seconds (setting "tz = ..~ for reproducible output)
z3 <- strptime(”20/2/06 11:16:16.683", "%d/%m/%y %H:%M:%0S", tz = "UTC")

z3 # prints without fractional seconds by default, digits.sec = NULL ("= @")
format(z3, digits = 3) # shows extra digits

format(z3, digits = 6) # still 3 digits: *not* showing trailing zeros
format(z3, format = "%Y-%m-%d %H:%M:%0S6") # xdoesx keep trailing zeros

op <- options(digits.secs = 3) # global option, the default for “digits”

z3 # shows the 3 extra digits

options(op)

as.character(z3) # ditto

## time zone names are not portable, but 'ESTS5EDT' comes pretty close.

## (but its interpretation may not be universal: see ?timezones)

z4 <- strptime(c("2006-01-08 10:07:52", "2006-08-07 19:33:02"),
"%Y-%m-%d %H:%M:%S", tz = "ESTSEDT")

z4

attr(z4, "tzone")

as.character(z4)

z4$sec[2] <- pi # "very" fractional seconds

as.character(z4) # shows full precision

format(z4) # no fractional sec

format(z4, digits=8) # shows only 6 (hard-wired maximum)

format(z4, digits=4)



## An RFC 5322 header (Eastern Canada, during DST)
## In a non-English locale the commented lines may be needed.

## prev <- Sys.getlocale("LC_TIME"); Sys.setlocale("LC_TIME", "C")
strptime("Tue, 23 Mar 2010 14:36:38 -0400", "%a, %d %b %Y %H:%M:%S %z")
## Sys.setlocale("LC_TIME", prev)

## Make sure you know what the abbreviated names are for you if you wish
## to use them for input (they are matched case-insensitively):

format(s1 <- seq.Date(as.Date('1978-01-01'), by = 'day’, len = 7), "%a")
format(s2 <- seq.Date(as.Date('2000-01-01'), by = 'month', len = 12), "%b")

## Non-finite date-times :
format(as.POSIXct(Inf)) # "Inf” (was NA in R <= 4.1.x)
format(as.POSIX1t(c(-Inf,Inf,NaN,NA))) # were all NA

strrep

strrep(x, times)

X as.character
times X
xtimesxtimes

strrep("ABC", 2)

strrep(c(”"A", "B", "C"), 1 : 3)

## Create vectors with the given numbers of spaces:
strrep(” ", 1 : 5)



strsplit

xsplit

strsplit(x, split, fixed = FALSE, perl = FALSE, useBytes = FALSE)

X
split fixed = TRUEsplitxsplitx
fixed TRUEsplitperl

perl

useBytes TRUE"bytes"Encoding

splitsplit = NULLsplit = character(0)

nn

split = character(@)split =
splitx

repeat {

if the string is empty
break.

if there is a match
add the string to the left of the match to the output.
remove the match and all to the left of it.

else
add the string to the output.
break.

nn

"[[:<:1]"perl = TRUE"(?!")[[:<:11"

xix[i]
xsplitEncodingperl = TRUE, useBytes = FALSE

xsplit”"bytes”Encoding”bytes”"bytes”xsplit”bytes"useBytes = TRUE"bytes""unknown”
"bytes"iconv

fixedperluseBytes



pastegrepsubncharsubstrstartsWithendsWith

PCRE_use_JITperl = TRUE

noquote(strsplit("A text I want to display with spaces”, NULL)[[1]11)

x <- c(as = "asfef”, qu = "qwerty”, "yuiop["”, "b", "stuff.blah.yech")
# split x on the letter e
strsplit(x, "e")

unlist(strsplit(”a.b.c”, "."))

## [1 ] nn nn nn nn nn

## Note that 'split' is a regexp!

## If you really want to split on '.', use

unlist(strsplit(”a.b.c”, "[.1"))

## [1] Ha?l Ilbll ”C"

## or

unlist(strsplit(”a.b.c", ".", fixed = TRUE))

## a useful function: rev() for strings
strReverse <- function(x)

sapply(lapply(strsplit(x, NULL), rev), paste, collapse = "")
strReverse(c("abc”, "Statistics"”))

## get the first names of the members of R-core

a <- readlLines(file.path(R.home("doc"),"AUTHORS"))[-(1:8)]
a <- a[(0@:2)-length(a)]

(a <= sub(" .%x","" a))

# and reverse them

strReverse(a)

## Note that final empty strings are not produced:

strsplit(paste(c(""”, "a", ""), collapse="#"), split="#")[[1]1]
#0171 g
## and also an empty string is only produced before a definite match:
strsplit(”", " ")L[1]] # character (@)
strsplit(” ", " ")L[111 # [11 "

strtoi
strtol

strtoi(x, base = 0L)

X as.character

base



strtol
base = QLx0OxX0x0X81610
10azAZ1035

xNA_integer_

as.integer

strtoi(c("oxFf", "077", "123"))
strtoi(c("ffff”, "FFFF"), 16L)
strtoi(c("177", ::377")’ SL)

strtrim

strtrim(x, width)

X as.character
width X

substr

X

Encoding

strtrim(c("abcdef”, "abcdef"”, "abcdef"”), c(1,5,10))



structure

structure

structure(.Data, ...)

.Data

tag = value

"factor”

nn nn

".Dim"".Dimnames”" .Names"".Tsp"".Label""dim""dimnames” "names""tsp""levels”

tag = NULLtag.Data

attributesattr

structure(1:6, dim = 2:3)

strwrap

strwrap(x, width = 0.9 * getOption("width"”), indent = 0,

exdent = @, prefix = "", simplify = TRUE, initial = prefix)
X as.character
width
indent
exdent

prefixinitial initial

simplify TRUExx



simplifyTRUE

## Read in file 'THANKS'.

X <- paste(readLines(file.path(R.home("doc"), "THANKS")), collapse = "\n")
## Split into paragraphs and remove the first three ones
x <= unlist(strsplit(x, "\n[ \t\nIx\n"))[-(1:3)]

## Join the rest

x <- paste(x, collapse = "\n\n")

## Now for some fun:

writeLines(strwrap(x, width = 60))

writeLines(strwrap(x, width = 60, indent = 5))
writeLines(strwrap(x, width = 60, exdent = 5))
writeLines(strwrap(x, prefix = "THANKS> "))

## Note that messages are wrapped AT the target column indicated by
## 'width' (and not beyond it).
## From an R-devel posting by J. Hosking <jh910@juno.com>.
x <- paste(sapply(sample(10, 100, replace = TRUE),
function(x) substring("aaaaaaaaaa”, 1, x)), collapse = " ")

sapply(10:40,

function(m)

c(target = m, actual = max(nchar(strwrap(x, m)))))

subset

subset(x, ...)

## Default S3 method:
subset(x, subset, ...)

## S3 method for class 'matrix'
subset(x, subset, select, drop = FALSE, ...)

## S3 method for class 'data.frame'
subset(x, subset, select, drop = FALSE, ...)

X
subset
select
drop L



x[subset & !is.na(subset)]
subsetsubset

select

drop

droplevels

[subset

[transformdroplevels

subset(airquality, Temp > 80, select = c(Ozone, Temp))
subset(airquality, Day == 1, select = -Temp)
subset(airquality, select = Ozone:Wind)

with(airquality, subset(Ozone, Temp > 80))

## sometimes requiring a logical 'subset' argument is a nuisance
nm <- rownames(state.x77)

start_with_M <- nm %in% grep("*M", nm, value = TRUE)
subset(state.x77, start_with_M, Illiteracy:Murder)

# but in recent versions of R this can simply be
subset(state.x77, grepl(”"*M", nm), Illiteracy:Murder)

substitute

substituteexprenv
quote

enquoteFoo(....)quote(Foo(....))call

substitute(expr, env)
quote(expr)
enquote(cl)



expr
cl callclassmode”call”

env

substitutemyplotdeparsesubstitutemyplot
envdelayedAssign()env.GlobalEnv

quotesubstitute

mode”call”"name”

substitute

expression(...)expressioneval

s

missingbquotesQuotedQuoteQuotes

all.names

require(graphics)

(s.e <- substitute(expression(a + b), list(a = 1))) #> expression(1 + b)
(s.s <- substitute( a + b, list(a =1))) # 1 +b

c(mode(s.e), typeof(s.e)) # "call”, "language”
c(mode(s.s), typeof(s.s)) # (the same)

# but:
(e.s.e <- eval(s.e)) #> expression(1 + b)
c(mode(e.s.e), typeof(e.s.e)) # "expression”, "expression”

substitute(x <- x + 1, list(x = 1)) # nonsense

myplot <- function(x, y)
plot(x, y, xlab = deparsel(substitute(x)),
ylab = deparsel(substitute(y)))

## Simple examples about lazy evaluation, etc:

f1 <~ function(x, y = x) {x<-x+1;y}

s1 <- function(x, y = substitute(x)) { x <- x + 1; y }

s2 <- function(x, y) { if(missing(y)) y <- substitute(x); x <- x + 1; y }
a <-10

fi(a) # 11
s1(a) # 11
s2(a) # a

typeof(s2(a)) # "symbol”



substr

substr(x, start, stop)
substring(text, first, last = 1000000L)

substr(x, start, stop) <- value
substring(text, first, last = 1000000L) <- value

xtext
startfirst
stoplast

value

substringfirstlaststartstop

nn

start”"stop
xtextas.character
start

NANA

Encoding

"bytes"Encoding

substrxstartstop
substringxx
xtextattributesnames

xtextEncoding

substring<-last

ncharstrtrimnchar(type = "chars")

substring

startsWithendsWithstrsplitpastenchar



substr("abcdef"”, 2, 4)
substring(”abcdef”, 1:6, 1:6)
## strsplit() is more efficient ...

substr(rep(”abcdef”, 4), 1:4, 4:5)

x <- c("asfef”, "qwerty"”, "yuiop[", "b", "stuff.blah.yech")
substr(x, 2, 5)

substring(x, 2, 4:6)

X <- x

names(X) <- LETTERS[seq_along(x)]
comment (X) <- noquote("”is a named vector")
str(aX <- attributes(X))

substring(x, 2) <- c(”"..", "+++"

substring(X, 2) <- c("..", "+++"

X

stopifnot(x == X, identical(aX, attributes(X)), nzchar(comment(X)))
sum

sum

sum(..., na.rm = FALSE)

na.rm TRUEFALSENaN

Summary. ..

na.rmFALSENANaNNANaNNANaN

NULLinteger(0)

...integerdoubledouble

Summaryx, ..., na.rm

sum



colSums

## Pass a vector to sum, and it will add the elements together.
sum(1:5)

## Pass several numbers to sum, and it also adds the elements.
sum(1, 2, 3, 4, 5)

## In fact, you can pass vectors into several arguments, and everything gets added.
sum(1:2, 3:5)

## If there are missing values, the sum is unknown, i.e., also missing,
sum(1:5, NA)

## ... unless we exclude missing values explicitly:

sum(1:5, NA, na.rm = TRUE)

summary

summarymethodsclass

summary (object, ...)

## Default S3 method:
summary(object, ..., digits, quantile.type = 7)

## S3 method for class 'data.frame'
summary (object, maxsum = 7,

digits = max(3, getOption("digits")-3), ...)

## S3 method for class 'factor'
summary (object, maxsum = 100, ...)

## S3 method for class 'matrix'
summary (object, ...)

## S3 method for class 'summaryDefault'

format(x, digits = max(3L, getOption("digits"”) - 3L), zdigits = 4L, ...)
## S3 method for class 'summaryDefault'

print(x, digits = max(3L, getOption("digits") - 3L), zdigits = 4L, ...)
object

X summary ()

maxsum factor

digits NULLsignif()summary.defaultformat()summary.data.frame

summary.defaultmissing(.)signif()printformat



zdigits zapsmall(*, digits = digits + zdigits)
quantile.type quantile(*, type=quantile.type)

factormaxsum - 1" (Other)"maxsum
digitsNULL"summaryDefault”format()

summary.lmsummary.glmlmglm

summary
c("summaryDefault”, "table"”)formatprintfactor

"table"summary

anovasummary.glmsummary.lm

summary(attenu, digits = 4) #-> summary.data.frame(...), default precision
summary(attenu $ station, maxsum = 20) #-> summary.factor(...)

1st <- unclass(attenu$station) > 20 # logical with NAs

## summary.default() for logicals -- different from *.factor:
summary (1st)

summary(as.factor(lst))

## show the effect of zdigits for skewed data
set.seed(17); x <- rlnorm(100, sdlog=2)

dput(sx <- summary(x))

sx # exponential format for this data

print(sx, zdigits = 3) # fixed point: "more readable”

svd

svd(x, nu = min(n, p), nv = min(n, p), LINPACK = FALSE)

La.svd(x, nu = min(n, p), nv = min(n, p))

X
nu On = nrow(x)
nv Op = ncol(x)

LINPACK



svdLa.svd

nu <= min(n, p)nv <= min(n, p)
1

NaNx

X =UDV’,

UVvV'DD;D =U'XV

d xmin(n, p)
u xnu > @c(n, nu)
% xnv > @c(p, nv)

La.svdvvtv

DGESDDZGESDD
https://netlib.org/lapack/

https://netlib.org/lapack/lug/lapack_lug.html

eigengr

hilbert <- function(n) { i <- 1:n; 1 / outer(i - 1, i, “+7) }
X <- hilbert(9)[, 1:6]

(s <= svd(X))

D <- diag(s$d)

s$u %x% D %x% t(s$v) # X =UD V'

t(s$u) %x% X %*% s$v # D =U'" X V


https://netlib.org/lapack/
https://netlib.org/lapack/lug/lapack_lug.html
https://en.wikipedia.org/wiki/Singular-value_decomposition

sweep

sweep(x, MARGIN, STATS, FUN = "-"  check.margin = TRUE, ...)
X
MARGIN XSTATSxX
STATS
FUN
check.margin TRUESTATSxFALSE
FUN

FUNmatch. fun
FUNXSTATSaperm
STATSMARGINXSTATSsweep(x, MARGIN, as.array(STATS))STATS

applysweepscale

require(stats) # for median
med.att <- apply(attitude, 2, median)
sweep(data.matrix(attitude), 2, med.att) # subtract the column medians

## More sweeping:
A <- array(1:24, dim = 4:2)

## no warnings in normal use

sweep(A, 1, 5)

(A.min <- apply(A, 1, min)) # == 1:4
sweep(A, 1, A.min)

sweep(A, 1:2, apply(A, 1:2, median))

## warnings when mismatch
sweep(A, 1, 1:3) # STATS does not recycle
sweep(A, 1, 6:1) # STATS is longer



## exact recycling:
sweep(A, 1, 1:2) # no warning
sweep(A, 1, as.array(1:2)) # warning

## Using named dimnames
dimnames(A) <- list(fee=1:4, fie=1:3, fum=1:2)
mn_fum_fie <- apply(A, c("fum”, "fie"), mean)

mn_fum_fie
sweep(A, c("fum”, "fie"), mn_fum_fie)

switch

switchEXPR. ..

switch(EXPR, ...)

EXPR
EXPR

switch

EXPRfactornargs()-1...3

EXPR...switch("cc”", a =1, cc =, cd =, d = 2)2...
EXPR

...NULL

invisible

switchEXPR



require(stats)
centre <- function(x, type) {
switch(type,

mean = mean(x),
median = median(x),
trimmed = mean(x, trim = .1))

}

x <- rcauchy(10)

centre(x, "mean")

centre(x, "median")

centre(x, "trimmed")

CCC <_ C("b"’”QQ”,”a"’“A“,"bb")
# note: cat() produces no output for NULL
for(ch in ccc)

cat(ch,”:", switch(EXPR = ch, a =1, b = 2:3), "\n")
for(ch in ccc)
cat(ch,”:", switch(EXPR = ch, a =, A =1, b = 2:3, "Otherwise: last”),"\n")

## switch(f, *) with a factor f

ff <- gl(3,1, labels=LETTERS[3:1])

ff{1] # C

## so one might expect " is C" here, but

switch(ff[1], A = "I am A", B="Bb..", C=" is C")# -> "I am A"
## so we give a warning

”

## Numeric EXPR does not allow a default value to be specified
## -- it is always NULL
for(i in c(-1:3, 9)) print(switch(i, 1, 2, 3, 4))

## visibility
switch(1, invisible(pi), pi)
switch(2, invisible(pi), pi)

Syntax

Lo |

L

-+

%any% |> %976/ %
* /

+ -



< > <= >= == |I=

& &&
1]
> ->>
<- <<-
?

7+ -8 8&& | ||

ArithmeticComparisonControlExtractLogicNumericConstantsParenQuotesReserved

## Logical AND ("&&") has higher precedence than OR ("[]|"):
TRUE || TRUE &% FALSE # is the same as

TRUE || (TRUE && FALSE) # and different from

(TRUE || TRUE) && FALSE

## Special operators have higher precedence than "!" (logical NOT).
## You can use this for %in% :
1 1:10 %in% c(2, 3, 5, 7) # same as !(1:10 %in% c(2, 3, 5, 7))

## but we strongly advise to use the "!( ... )" form in this case!
## '=' has lower precedence than '<-' ... so you should not mix them
#i# (and '<-' is considered better style anyway):

## Not run: ## Consequently, this gives a ("non-catchable”) error
X <-y =5 #> Error in (x <-y) =5:

## End(Not run)



Sys.getenv

Sys.getenv

Sys.getenv(x = NULL, unset = "", names = NA)
X NULL

unset

names NA

unset = NA""

xnames == TRUEnamesxunset

Sys.getenv()===

xnames"Dlist"print

Sys.setenvSys.getlocalegetwd

## whether HOST is set will be shell-dependent e.g. Solaris' csh did not.
Sys.getenv(c("R_HOME", "R_PAPERSIZE", "R_PRINTCMD", "HOST"))

s <- Sys.getenv() # *all* environment variables

op <- options(width=111) # (nice printing)

names (s) # all settings (the values could be very long)
head(s, 12) # using the Dlist print() method

## Language and Locale settings -- but rather use Sys.getlocale()
s[grep("*L(C|ANG)", names(s))]

## typically R-related:

s[grep("*_?R_", names(s))]

options(op)# reset



Sys.getpid

Sys.getpid()

Sys.getpid()

## Show files opened from this R process
if(.Platform$0S.type == "unix") ## on Unix-alikes such Linux, macOS, FreeBSD:
system(paste("lsof -p”, Sys.getpid()))

Sys.glob

Sys.glob(paths, dirmark = FALSE)

paths
dirmark /

globhttps://pubs.opengroup.org/onlinepubs/9699919799/functions/glob.html
*?[

.Sys.glob("*.RData").RData.aa.RDataSys.glob("*.x")...
CC...JMTY ..

[A-Z]-

?%[

paths

path.expand

Sys.glob(file.path(R.home(), "library", "x", "R", "x.rdx"))


https://pubs.opengroup.org/onlinepubs/9699919799/functions/glob.html

Sys.info

Sys.info()

sysnameDarwinSun0S

Sys.info()R.versionreleaseversion

sysname
release
version
nodename
machine

login "unknown’

1

user "unknown’

effective_user "unknown'

udomain

uname(2)getlogin(2)getpwuid(getuid())getpwuid(geteuid())
loginusereffective_userudomain

releaseversionreleaseversionrelease

"4.17.11-200.1c28.x86_64" # Linux (Fedora)

"3.16.0-5-amd64" # Linux (Debian)
"17.7.0" # macOS 10.13.6
"5.11" # Solaris

system("whoami")system(”id")-[Ggul[nriwhoamiid -un/usr/xpg4/bin/id -un

win.version

.PlatformR.versionsessionInfo()

Sys.info()
## An alternative (and probably better) way to get the login name on Unix
Sys.getenv("LOGNAME")



Sys.localeconv

Sys.localeconv()

LC_NUMERIC.LC_NUMERICSys.setlocale

LC_MONETARY

NULL

Sys.setlocale

Sys.localeconv()
## The results in the C locale are

#it
#it
#it
#it
#i
#it
#it
#i#
#it
#it

decimal_point

n on

currency_symbol

nn

positive_sign
p_cs_precedes
nyp7m
p_sign_posn
II1271I

thousands_sep

nn

mon_decimal_point

nn

negative_sign
p_sep_by_space
170
n_sign_posn

IV1 27"

grouping

nn

mon_thousands_sep

nn

int_frac_digits
170
n_cs_precedes
o7

## Now try your default locale (which might be "C").

old <-
## The
## the

Sys.getlocale()
category may not be set:
following may do so, but it might not be supported.

Sys.setlocale("LC_MONETARY", locale = "")
Sys.localeconv()
## or set an appropriate value yourself, e.g.
Sys.setlocale("LC_MONETARY", "de_AT")
Sys.localeconv()

Sys.setlocale(locale

old)

int_curr_symbol

nn

mon_grouping
frac_digits
nqp7n
n_sep_by_space
nqp7n

## Not run: read.table("foo"”, dec=Sys.localeconv()["decimal_point"”])



sys.parent

environment

sys.call(which = @)
sys.frame(which = 0)
sys.nframe()
sys.function(which = @)
sys.parent(n = 1)

sys.calls()
sys.frames()
sys.parents()
sys.on.exit()
sys.status()
parent.frame(n = 1)

which

.GlobalEnvsys.callsys.functionsys.frame
sys.callsys.functionsys. framewhichwhich.GlobalEnv
sys.parentnn

sys.nframe

sys.callssys.framessys.parents

sys.sys.status
sys.status()sys.callssys.parentssys.framessys.status
sys.on.exit()on.exit

parent.frame(n)sys.frame(sys.parent(n))

sys.callsys.functionsys.frameparent.frame

sys.parentparent.frame

envireval

parent.frame



evalsys.frameparent.frame

require(utils)

## Note: the first two examples will give different results
## if run by example().

ff <~ function(x) gg(x)

gg <- function(y) sys.status()

str(ff(1))

gg <- function(y) {
ggg <- function() {
cat("current frame is”, sys.nframe(), "\n")
cat("parents are”, sys.parents(), "\n")
print(sys.function(@)) # ggg
print(sys.function(2)) # gg

}

if(y > @) gg(y-1) else ggg(
}
gg(3)

t1 <- function() {
aa <- "here”
t2 <- function() {
## in frame 2 here
cat("current frame is”, sys.nframe(), "\n")
str(sys.calls()) ## list with two components t1() and t2()
cat("parents are frame numbers”, sys.parents(), "\n") ## 0 1
print(ls(envir = sys.frame(-1))) ## [1] "aa" "t2"
invisible()
}
t2(0)
3
t10)

test.sys.on.exit <- function() {
on.exit(print(1))
ex <- sys.on.exit()
str(ex)
cat("exiting...\n")
3
test.sys.on.exit()
## gives 'language print(1)', prints 1 on exit

## An example where the parent is not the next frame up the stack
## since method dispatch uses a frame.
as.double.foo <- function(x)
{
str(sys.calls())
print(sys.frames())
print(sys.parents())
print(sys.frame(-1)); print(parent.frame())
X



t2 <~ function(x) as.double(x)
a <- structure(pi, class = "foo")
t2(a)

Sys.readlink

readlink

Sys.readlink(paths)

paths path.expand
paths""NA
readlink””

file.symlinkfile.info

##' To check if files (incl. directories) are symbolic links:

is.symlink <- function(paths) isTRUE(nzchar(Sys.readlink(paths), keepNA=TRUE))
## will return all FALSE when the platform has no “readlink™ system call.
is.symlink("/foo/bar")

Sys.setenv

Sys.setenvSys.getenv

Sys.unsetenv

Sys.setenv(...)

Sys.unsetenv(x)



Sys.setenv”="""Sys.setenv(FOO = "")FOO

cmd. exeset

Sys.unsetenv

nn

Sys.unsetenv

Sys.getenv
setwd

Sys.setlocaleSys. setlLanguagelLANGUAGEconditionMessage

print(Sys.setenv(R_TEST = "testit"”, "A+C" = 123)) # “A+C~ could also be used
Sys.getenv("R_TEST")

Sys.unsetenv("R_TEST") # on Unix-alike may warn and not succeed
Sys.getenv("R_TEST"”, unset = NA)

Sys.setFileTime

Sys.setFileTime(path, time)

path
time "POSIXct"paths

utimensatutimesutime
SetFileTime
Sys.setFileTimepathtime



Sys.sleep

Sys.sleep(time)

time

Ctrl-CEsc

timeNANaNInf

NULL

sleepSleep

testit <- function(x)

{

p1 <- proc.time()

Sys.sleep(x)

proc.time() - p1 # The cpu usage should be negligible
}

testit(3.7)

Sys.source

sys.source(file, envir = baseenv(), chdir = FALSE,
keep.source = getOption("keep.source.pkgs"),
keep.parse.data = getOption("keep.parse.data.pkgs"),
toplevel.env = as.environment(envir))



file

envir baseenv()envir
chdir TRUEfile
keep.source TRUEoptions(keep.source = %)

keep.parse.data
TRUEkeep.sourceTRUEoptions(keep.parse.data = *)

toplevel.env

keep.source = FALSEkeep.parse.data = FALSE
envir

topenv()sys.source

sourceloadNamespacelibrary(.)sys.source(.)

## a simple way to put some objects in an environment
## high on the search path

tmp <- tempfile()

writelLines("aaa <- pi"”, tmp)

env <- attach(NULL, name = "myenv")

sys.source(tmp, env)

unlink(tmp)

search()

aaa

detach("myenv")

Sys.time

Sys.timeSys.Date

Sys.time()
Sys.Date()

Sys.time
Sys.Date

Sys.time"POSIXct"”
Sys.Date"Date”



Sys.time"POSIXct"format.POSIXct

date
Sys.timezone

system. time

Sys.time()

## print with possibly greater accuracy:
op <- options(digits.secs = 6)
Sys.time()

options(op)

## locale-specific version of date()
format(Sys.time(), "%a %b %d %X %Y")

Sys.Date()

Sys.which

which

Sys.which(names)

names

which

.exe.com.cmd.batsystem

which/usr/bin/which
namesnames”"""names
\

whichcsh

## the first two are likely to exist everywhere
## texi2dvi exists on most Unix-alikes but not under MiKTeX
Sys.which(c("ftp"”, "ping”, "texi2dvi"”, "this-does-not-exist"))



system

systemcommand

system(command, intern = FALSE,
ignore.stdout = FALSE, ignore.stderr = FALSE,
wait = TRUE, input = NULL, show.output.on.console = TRUE,
minimized = FALSE, invisible = TRUE, timeout = 0,
receive.console.signals = wait)

command

intern NA

ignore.stdoutignore.stderr
NAstdoutstderr

wait NAintern = TRUERgui

input command

timeout command

receive.console.signals
NACtrl-Cintern = TRUEwait = TRUE
show.output.on.consoleminimizedinvisible

system2

commandshQuote/bin/shcommand;

systemshell
internTRUEpopencharacterinternFALSEsystem
wait&

timeoutwait = TRUE

/dev/nulltostopuser.childsys.childproc_timeproc.time

systemSys.which

receive.console.signals = TRUEwait = FALSE

nn

intern = TRUEcommand”status

errmsg”
intern = FALSEQ127wait = TRUEwait = FALSE®Q
124



stderrignore.stderr = TRUE
system("some command 2>&1", intern = TRUE)

stdoutstderrintern = FALSE

system

systemcommandshellcommandcmd. exe
systemsystem2shell

stdoutstderrsystem(intern = TRUE)stderrignore.stderr = TRUE

commandshQuote

show.output.on.consoleminimizedinvisibleRgui

man systemman sh
.Platform

pipe

# list all files in the current directory using the -F flag
## Not run: system("ls -F")

# t1 is a character vector, each element giving a line of output from who
# (if the platform has who)
t1 <- try(system("who", intern = TRUE))

try(system("ls fizzlipuzzli"”, intern = TRUE, ignore.stderr = TRUE))
# zero-length result since file does not exist, and will give warning.

system.file

system.file(..., package = "base”, lib.loc = NULL,
mustWork = FALSE)

package
lib.loc NULL
mustWork TRUE



file.exists

find.packagelib.loc = NULL.libPaths().libPaths()

.. ""mustWork = TRUE

system.file()

R.homelist.files

Sys.glob

system.file() # The root of the 'base' package
system.file(package = "stats"”) # The root of package 'stats'
system.file("INDEX")

system.file("help”, "AnIndex"”, package = "splines")

system. time

expr

system.time(expr, gcFirst = TRUE)

expr
gcFirst TRUE

system. timeproc.timeexprproc.timeproc.time
unix.timesystem.time

gcFirstTRUEgcexpr

"proc_time"proc.time

proc.timetime
setTimeLimit

Sys.time



require(stats)
system.time(for(i in 1:100) mad(runif(1000)))

## Not run:
exT <- function(n = 10000) {
# Purpose: Test if system.time works ok; n: loop size

system.time(for(i in 1:n) x <- mean(rt(1000, df = 4)))
3
#-- Try to interrupt one of the following (using Ctrl-C / Escape):
exT() #- about 4 secs on a 2.5GHz Xeon
system.time(exT()) #~ +/- same

## End(Not run)

system2

system2command

system2(command, args = character(),
stdout = "", stderr = "", stdin = "", input = NULL,
env = character(), wait = TRUE,
minimized = FALSE, invisible = TRUE, timeout = 0,
receive.console.signals = wait)

command

args commandshQuote

stdoutstderr stdoutstderr”"NULLFALSETRUE
stdin ""input

input command

env

wait NAstdout = TRUEstderr = TRUERgui
timeout command

receive.console.signals

NACtrl-Cintern = TRUEwait = TRUE
minimizedinvisible

systemcommandshQuote

commandsystem

envRmake

lsstdout = TRUEstdout = "some_file_name”
stderr = TRUEstdout = TRUE

timeoutwait = TRUE

/dev/nulltostop

receive.console.signals = TRUEwait = FALSE



nn i

TRUEcommand”status

stdout = TRUEstderr
0127wait = TRUEwait = FALSE®
124

errmsg’

system2systemcommandstdoutstderrsystemshell
stdoutstderrTRUE

system

data.framextx

t(x)

"data.frame”

as.matrixx

dimdimnamesx

AAT A*Conj(t(A))

aperm

a <- matrix(1:30, 5, 6)
ta <- t(a) ##-- i.e., ali, j] == talj, i] for all i,j :
for(j in seq(ncol(a)))

if (! all(al, jl == talj, 1)) stop("wrong transpose”)



table

table

table(...,
exclude = if (useNA == "no") c(NA, NaN),
useNA = c("no"”, "ifany", "always"),
dnn = list.names(...), deparse.level = 1)

as.table(x, ...)
is.table(x)

## S3 method for class 'table'

as.data.frame(x, row.names = NULL, ...,
responseName = "Freq"”, stringsAsFactors = TRUE,
sep = "", base = list(LETTERS))

listas.tableas.data.frame
exclude ...NAuseNAuseNA = "ifany”
useNA NA
dnn

deparse.level dnn

X "table"as.data.frameas.data.frame.table(x, *)xarray
row.names

responseName

stringsAsFactors

sepbase provideDimnames
dnnlist.names...listnames()names...deparse.level = @deparse.level

deparse.level = 2
excludetable

useNANA"no""ifany
excludeuseNAfactoraddNA

always"NAuseNAexcluded.patho

afactor(a, exclude=exclude)NA

summary”table"tablextabschisq. test

table()"table"array
as.tableis.table

as.data.frame"table"responseNamextabs



tabulate
ftablemargin.tableprop.tableaddmargins
addNANA

xtabs

require(stats) # for rpois and xtabs
## Simple frequency distribution
table(rpois(100, 5))

## Check the design:

with(warpbreaks, table(wool, tension))
table(state.division, state.region)

# simple two-way contingency table
with(airquality, table(cut(Temp, quantile(Temp)), Month))

a <- letters[1:3]

table(a, sample(a)) # dnn is c("a", "")
table(a, sample(a), dnn = NULL) # dimnames() have no names
table(a, sample(a), deparse.level = @) # dnn is c("", "")

table(a, sample(a), deparse.level = 2) # dnn is c("a", "sample(a)")

## xtabs() <-> as.data.frame.table() :
UCBAdmissions ## already a contingency table

DF <- as.data.frame(UCBAdmissions)

class(tab <- xtabs(Freq ~ ., DF)) # xtabs & table
## tab xisx "the same"” as the original table:
all(tab == UCBAdmissions)
all.equal(dimnames(tab), dimnames(UCBAdmissions))

a <- rep(c(NA, 1/0:3), 10)

table(a) # does not report NA's

table(a, exclude = NULL) # reports NA's

b <- factor(rep(c("A","B","C"), 10))

table(b)

table(b, exclude = "B")

d <- factor(rep(c("A","B","C"), 10), levels = c("A","B","C","D","E"))
table(d, exclude = "B")

print(table(b, d), zero.print = ".")

## NA counting:

is.na(d) <- 3:4

d. <- addNA(d)

d.[1:7]

table(d.) # ", exclude = NULL" is not needed

## i.e., if you want to count the NA's of 'd', use
table(d, useNA = "ifany")

## "pathological” case:
d.patho <- addNA(c(1,NA,1:2,1:3))[-7]; is.na(d.patho) <- 3:4



d.patho

## just 3 consecutive NA's ? --- well, have *two* kinds of NAs here :
as.integer(d.patho) # 1 4 NANA 1 2

#H#

## In R >= 3.4.0, table() allows to differentiate:

table(d.patho) # counts the "unusual” NA
table(d.patho, useNA = "ifany") # counts all three

table(d.patho, exclude = NULL) # (ditto)

table(d.patho, exclude = NA) # counts none

## Two-way tables with NA counts. The 3rd variant is absurd, but shows
## something that cannot be done using exclude or useNA.

with(airquality,

table(0OzHi = Ozone > 8@, Month, useNA = "ifany"))
with(airquality,

table(OzHi = Ozone > 8@, Month, useNA = "always"))
with(airquality,

table(OzHi = Ozone > 80, addNA(Month)))

tabulate

tabulatebin

tabulate(bin, nbins = max(1, bin, na.rm = TRUE))

bin

nbins

tabulatetable
bin

binas.integer

integerdoublel, ..., nbinsNA

bin23'length(bin) > .Machine$integer.maxbin

tablefactor

tabulate(c(2,3,5))

tabulate(c(2,3,3,5), nbins = 10)
tabulate(c(-2,0,2,3,3,5)) # -2 and @ are ignored
tabulate(c(-2,0,2,3,3,5), nbins = 3)
tabulate(factor(letters[1:10]))



Tailcall TailcallExec

TailcallExec

Tailcall(FUN, ...)
Exec(expr, envir)

FUN

expr

envir exprExec

TailcallFUNExecexprenvirTailcallExecon.exit

TailcallExec

tracebacksys.callsTailcallExec

TailcallExec

Recallforce

## tail-recursive logl@-factorial
1fact <- function(n) {
1fact_iter <- function(val, n) {
if (n <= 0)
val
else {
val <- val + loglo(n) # forces val
Tailcall(lfact_iter, val, n - 1)
}
}
1fact_iter(@, n)
3
10 * 1fact(3)
1fact(100000)

## simplified variant of do.call using Exec:
docall <- function (what, args, quote = FALSE) {
if (lis.list(args))
stop("”second argument must be a list")
if (quote)
args <- lapply(args, enquote)



Exec(as.call(c(list(substitute(what)), args)), parent.frame())
3
## the call stack does not contain the call to docall:
docall(function() sys.calls(), list()) |>

Find(function(x) identical(x[[1]1], quote(docall)), x = _)
## contrast to do.call:
do.call(function(x) sys.calls(), list()) |>

Find(function(x) identical(x[[1]1], quote(do.call)), x = _)

tapply

tapply (X, INDEX, FUN = NULL, ..., default = NA, simplify = TRUE)

X splitl

INDEX listfactorXas.factorXfsplit

FUN NULL+%*%FUNNULL tapplytapply
FUN

default array(default, dim = ..)array(ONANANA_real_as.raw(Q)"raw”
FUN(integer(@))FUN = sum@oL

simplify FALSEtapply"list"listdimTRUEFUNtapply

FUNNULLmatch. fun

FUNtapplyFUNFUNmeanvarsimplifyTRUEtapplyNAINDEXnlevels()INDEX"Date”
simplify = TRUE

FUNtapplylistFUNdim

dimnamesINDEX

NULL

array2DFtapply

FUN. . .FUNX

byaggregatetapplyapplylapplysapplymapply
array2DF



require(stats)

groups <- as.factor(rbinom(32, n = 5, prob = 0.4))
tapply(groups, groups, length) #- is almost the same as
table(groups)

## contingency table from data.frame : array with named dimnames
tapply(warpbreaks$breaks, warpbreaks[,-1], sum)
tapply(warpbreaks$breaks, warpbreaks[, 3, drop = FALSE], sum)

n <- 17; fac <- factor(rep_len(1:3, n), levels = 1:5)

table(fac)

tapply(1:n, fac, sum)

tapply(1:n, fac, sum, default = @) # maybe more desirable
tapply(1:n, fac, sum, simplify = FALSE)

tapply(1:n, fac, range)

tapply(1:n, fac, quantile)

tapply(1:n, fac, length) ## NA's

tapply(1:n, fac, length, default = @) # == table(fac)

## example of ... argument: find quarterly means

tapply(presidents, cycle(presidents), mean, na.rm = TRUE)

ind <- list(c(1, 2, 2), c("A", "A", "B"))
table(ind)

tapply(1:3, ind) #-> the split vector
tapply(1:3, ind, sum)

## Some assertions (not held by all patch propsals):
ng <- names(quantile(1:5))
stopifnot(
identical (tapply(1:3, ind), c(1L, 2L, 4L)),
identical (tapply(1:3, ind, sum),
matrix(c(1L, 2L, NA, 3L), 2, dimnames = list(c("1", "2"), c("A", "B")))),
identical (tapply(1:n, fac, quantile)[-11,
array(list("2° = structure(c(2, 5.75, 9.5, 13.25, 17), names = nq),
“3" = structure(c(3, 6, 9, 12, 15), names = nq),
4% = NULL, °5° = NULL), dim=4, dimnames=list(as.character(2:5)))))

taskCallback

addTaskCallback
removeTaskCallbackaddTaskCallback

taskCallbackManager

addTaskCallback(f, data = NULL, name = character())
removeTaskCallback(id)



f data

data f
id getTaskCallbackNames()addTaskCallback
name

expressionl ; expression2
dataaddTaskCallback

addTaskCallback
removeTaskCallbackFALSE

getTaskCallbackNamestaskCallbackManager
https://developer.r-project.org/TaskHandlers.pdf

times <- function(total = 3, str = "Task a") {
ctr <- 0
function(expr, value, ok, visible) {
ctr <<- ctr + 1
cat(str, ctr, "\n")
keep.me <- (ctr < total)
if (!'keep.me)
cat("handler removing itself\n")

# return
keep.me

b
}

# add the callback that will work for
# 4 top-level tasks and then remove itself.
n <- addTaskCallback(times(4))

# now remove it, assuming it is still first in the list.
removeTaskCallback(n)

## See how the handler is called every time till "self destruction”:
addTaskCallback(times(4)) # counts as once already

sum(1:10) ; mean(1:3) # two more

sinpi(1) # 4th - and "done”

cospi(1)
tanpi(1)


https://developer.r-project.org/TaskHandlers.pdf

taskCallbackManager

taskCallbackManager(handlers = list(), registered = FALSE,

handlers
registered

verbose

list

add()
remove ()
evaluate()
suspend()
register()
callbacks()

verbose = FALSE)

"f""data"add
evaluateFALSEaddevaluateTRUEaddTaskCallback
TRUE

registerevaluate

status

evaluateadd

https://developer.r-project.org/TaskHandlers.pdf

addTaskCallbackremoveTaskCallbackgetTaskCallbackNames

# create the manager
h <- taskCallbackManager()

# add a callback

h$add(function(expr, value, ok, visible) {

cat("In handler\n")
return(TRUE)
}, name = "simpleHandler")

# look at the internal callbacks.
getTaskCallbackNames ()

# look at the R-level callbacks
names(h$callbacks())

removeTaskCallback("R-taskCallbackManager")


https://developer.r-project.org/TaskHandlers.pdf

taskCallbackNames

getTaskCallbackNames ()

addTaskCallback

taskCallbackManager

addTaskCallbackremoveTaskCallbacktaskCallbackManager
https://developer.r-project.org/TaskHandlers.pdf

n <- addTaskCallback(function(expr, value, ok, visible) {
cat("In handler\n")
return(TRUE)
}, name = "simpleHandler")

getTaskCallbackNames ()

# now remove it by name
removeTaskCallback("simpleHandler")

h <- taskCallbackManager()
h$add(function(expr, value, ok, visible) {
cat("In handler\n")
return(TRUE)
}, name = "simpleHandler")
getTaskCallbackNames ()
removeTaskCallback("R-taskCallbackManager")

tempfile

tempfile

tempfile(pattern = "file"”, tmpdir = tempdir(), fileext = "")
tempdir(check = FALSE)


https://developer.r-project.org/TaskHandlers.pdf

pattern
tmpdir
fileext
check logical TRUEFALSEtempdir ()

tempfiletmpdir
tmpdirpatternfileext
tmpdirtempdir () TMPDIRTMPTEMP/tmptempdir ()

tempfiletempfile
tempdir

tmpdirnormalizePath

mclapplymakeForkClustertempfile

tempdir()mkdtempglibc
RtmpXXXXXX.+[A-Za-z0-9].

unlink

tempfile(c("ab”, "a b c")) # give file name with spaces in!
tempfile("plot”, fileext = c(".ps”, ".pdf"))

tempdir() # works on all platforms with a platform-dependent result

## Show how 'check' is working on some platforms:
if(exists("I'm brave”) && “I'm brave™ &&
identical(.Platform$0S. type, "unix") && grepl("*/tmp/", tempdir())) {
cat("Current tempdir(): ", tempdir(), "\n")
cat("Removing it :", file.remove(tempdir()),
", dir.exists(tempdir()):", dir.exists(tempdir()), "\n")

cat("and now tempdir(check = TRUE) :", tempdir(check = TRUE),"\n")

}



textConnection

textConnection(object, open = "r", local = FALSE,
name = deparsel(substitute(object)),
encoding = c("", "bytes", "UTF-8"))

textConnectionValue(con)

object NULL

open B R T
local TRUE

name character
encoding object

con

closeobject

localisIncomplete”\n"lockBindingclosetextConnectionValueobject = NULLEncoding

mode = "a

seekseek

nn

textConnection”textConnection”"connection”

textConnectionValue

file()

vsnprintf

connectionsshowConnectionspushBackcapture.output



zz <- textConnection(LETTERS)
readLines(zz, 2)

scan(zz, "", 4)

pushBack(c("aa", "bb"), zz)
scan(zz, "", 4)

close(zz)

zz <- textConnection("foo", "w")

writeLines(c("testit1"”, "testit2"), zz)
cat("testit3 ", file = zz)
isIncomplete(zz)

cat("testit4\n", file = zz)
isIncomplete(zz)

close(zz)

foo

# capture R output: use part of example from help(lm)

zz <- textConnection("foo"”, "w")

ctl <- c(4.17, 5.58, 5.18, 6.11, 4.5, 4.61, 5.17, 4.53, 5.33, 5.14)
trt <- c(4.81, 4.17, 4.41, 3.59, 5.87, 3.83, 6.03, 4.89, 4.32, 4.69)
group <- gl(2, 10, 20, labels = c("Ctl"”, "Trt"))

weight <- c(ctl, trt)

sink(zz)

anova(lm.D9 <- 1m(weight ~ group))

cat("\nSummary of Residuals:\n\n")

summary (resid(1m.D9))

sink()

close(zz)

cat(foo, sep = "\n")

tilde

y ~ model

ymodel

call[[~

formula



timezones

Sys.timezone

Sys.timezone(location = TRUE)

OlsonNames(tzdir = NULL)

location FALSE
tzdir

TZSys.timezone()TZTZTZ.Rprofile
TZUTCGMThttps://en.wikipedia.org/wiki/Coordinated_Universal_TimeSys.timezone

POSIXct

.sys.timezone

Sys.timezoneNAUTC"Europe/London”

"Europe/London"GBGB-EireEurope/BelfastEurope/GuernseyEurope/Isle_of_Man
Europe/JerseyPST8PDTAmerica/Los_Angeles

OlsonNames"Version""2023a"--with-internal-tzcodetzdata.zi

nUTCn MGMT n

tzsetTZhttps://pubs.opengroup.org/onlinepubs/9699919799/basedefs/V1_chap®8.
html#tag_08

Europe/LondonAmerica/Los_AngelesPacific/EasterESTSEDTGBESTESTSEDThttps:
//data.iana.org/time-zones/tz-1link.html

US/EasternContinent/CityEtc/. ..
PMTWET/WESTCET/CEST
-03+0845"%z"strftime

OlsonNames/usr/share/zoneinfo/usr/share/lib/zoneinfozone1970. tabzone.tabEST5EDT
https://en.wikipedia.org/wiki/Zone. tab

--with-internal-tzcodefile.path(R.home("share"), "zoneinfo")VERSION
/var/db/timezone/zoneinfoTZDIRzoneinfo"internal” "mac0S"TZDIR
TZDIRglibc

TZtzas.POSIX1tzoneinfo
http://unicode.org/repos/cldr/trunk/common/supplemental/windowsZones.xmlTZ
Etc/GMT+nEtc/GMT-nEtc/PST8PDT

LMTGMT+0@

tzselectsystemdtimedatectl list-timezones


https://en.wikipedia.org/wiki/Coordinated_Universal_Time
https://pubs.opengroup.org/onlinepubs/9699919799/basedefs/V1_chap08.html#tag_08
https://pubs.opengroup.org/onlinepubs/9699919799/basedefs/V1_chap08.html#tag_08
https://data.iana.org/time-zones/tz-link.html
https://data.iana.org/time-zones/tz-link.html
https://en.wikipedia.org/wiki/Zone.tab
http://unicode.org/repos/cldr/trunk/common/supplemental/windowsZones.xml

0lsonNamesbackwardbackzone

EST5EDTPST8PDTmus1

NA
TZ

tzcodehttps://www.iana.org/time-zonesglibcmusl-libclocaltime/etc/usr/local/etc
/usr/local/etc/zoneinfolocaltime

/etc/localtime
localtime

/etc/localtime

systemdtimedatectl

/etc/timezone

/etc/localtimeSys.timezone

ngmtn

Sys.timeas.POSIX1t

https://en.wikipedia.org/wiki/Time_zonehttps://data.iana.org/time-zones/
tz-link.html

https://data.iana.org/time-zones/theory.html

Sys.timezone()

str(OlsonNames()) ## typically around six hundred names,

## typically some acronyms/aliases such as "UTC", "NZ", "MET", "Eire", ..., but
## mostly pairs (and triplets) such as "Pacific/Auckland”

table(sl <- grepl(”/", OlsonNames()))

OlsonNames()[ !sl ] # the simple ones

head(0sl <- strsplit(OlsonNames()[sl]1, "/"))

(t0S1 <- table(vapply(Osl, “[[, "", 1))) # Continents, countries,
table(lengths(0sl))# most are pairs, some triplets

str(0sl[lengths(0sl) >= 3])# "America” South and North ...


https://www.iana.org/time-zones
https://en.wikipedia.org/wiki/Time_zone
https://data.iana.org/time-zones/tz-link.html
https://data.iana.org/time-zones/tz-link.html
https://data.iana.org/time-zones/theory.html

toString

format

toString(x, ...)

## Default S3 method:

toString(x, width = NULL, ...)
X
width NULLO

widthnchar(type = "width")
x", "widthNULLwidth - 4....width

format

x <= c("a", "b", "aaaaaaaaaaa")
toString(x)
toString(x, width = 8)

trace

tracebrowserrecoveruntracetracertracingState

trace(what, tracer, exit, at, print, signature,
where = topenv(parent.frame()), edit = FALSE)
untrace(what, signature = NULL, where = topenv(parent.frame()))

tracingState(on = NULL)
.doTrace(expr, msg)
returnValue(default = NULL)



what quote()untracetracewhere = *

tracer at
exit function
at tracer
print TRUE
signature what
edit editTRUEtrace()edit
where trace
where
on tracingStateTRUEFALSEFALSE
exprmsg .doTraceexprbrowser ()msg
default returnValuedefault

tracesignaturewhattrace
trace”function"untrace
tracerexitbrowserrecovertracerexittracerexit
tracerexitquotesubstituteprint = FALSEtrace
at{ ...}traceratas.list(body(f))f

atat = list(c(3,4))

setBreakpointtrace(...., at, ...)
exiton.exiton.exitreturnValue()
exiton.exitadd= FALSEtrace

traceuntrace
edituntraceuntracetracetracereditedit = TRUEedit
trace

untrace

setMethoduntrace

tracetracetrace

traceNULL
untrace
tracingState

on.exitreturnValue

trace()debugbrowsertracerexit

tracesearch



browserrecoverquotesubstitute

require(stats)

## Very simple use

trace(sum)

hist(rnorm(100)) # shows about 3-4 calls to sum()
untrace(sum)

## Show how pt() is called from inside power.t.test():
if (FALSE)
trace(pt) ## would show ~20 calls, but we want to see more:
trace(pt, tracer = quote(cat(sprintf(”tracing pt(*, ncp = %.15g)\n", ncp))),
print = FALSE) # <- not showing typical extra
power.t.test(20, 1, power=0.8, sd=NULL) ##--> showing the ncp root finding:
untrace(pt)

f <- function(x, y) {
y <- pmax(y, 0.001)
if (x > @) x * y else stop(”"x must be positive”)

## arrange to call the browser on entering and exiting
## function f
trace("f", quote(browser(skipCalls = 4)),

exit = quote(browser(skipCalls = 4)))

## instead, conditionally assign some data, and then browse
## on exit, but only then. Don't bother me otherwise

trace("f", quote(if(any(y < @)) yOrig <-vy),
exit = quote(if(exists("yOrig"”)) browser(skipCalls = 4)),
print = FALSE)

## Enter the browser just before stop() is called. First, find
## the step numbers

untrace(f) # (as it has changed f's body !)

as.list(body(f))

as.list(body(f)L[3]1]1) # -> stop(..) is [[4]1]

## Now call the browser there

trace("f", quote(browser(skipCalls = 4)), at = list(c(3,4)))
## Not run:

f(-1,2) # --> enters browser just before stop(..)

## End(Not run)

## trace a utility function, with recover so we
## can browse in the calling functions as well.



trace("as.matrix"”, recover)
## turn off the tracing (that happened above)
untrace(c("f", "as.matrix"))

## Not run:
## Useful to find how system2() is called in a higher-up function:
trace(base: :system2, quote(print(ls.str())))

## End(Not run)

#H#--———-—- Tracing hidden functions : need 'where = *'
#H#

## 'where' can be a function whose environment is meant:
trace(quote(ar.yw.default), where = ar)

a <- ar(rnorm(100)) # "Tracing ..."
untrace(quote(ar.yw.default), where = ar)

## trace() more than one function simultaneously:

# expression(E1, E2, ...) here is equivalent to
#it c(quote(E1), quote(E2), quote(.*), ..)
trace(expression(ar.yw, ar.yw.default), where = ar)

a <- ar(rnorm(100)) # --> 2 x "Tracing ..."

# and turn it off:

untrace(expression(ar.yw, ar.yw.default), where = ar)

## Not run:
## trace calls to the function 1Im() that come from
## the nlme package.
trace("1m”, where = asNamespace("nlme"))

1m (len ~ log(dose) * supp, ToothGrowth) -> fit1l # NOT traced
nlme::1mList(len ~ log(dose) | supp, ToothGrowth) -> fit2 # traced
untrace(”1lm", where = asNamespace("nlme"))

## End(Not run)

traceback

traceback()

.traceback()traceback(x, *).traceback(x)

traceback(x = NULL, max.lines = getOption("traceback.max.lines"”,
getOption("deparse.max.lines”, -1L)))
.traceback(x = NULL, max.lines = getOption("traceback.max.lines",

getOption("deparse.max.lines"”, -1L)))

X NULL.Traceback
max.lines xNULLlistpairlist



call.Tracebacktraceback.Call

trytryCatch

xxoptions(error = function() traceback(3))traceback().traceback()
X

.traceback()traceback()callmax.lines

.traceback()max.linesmax.lines"truncated”

traceback() . traceback()

.Traceback.Tracebackcall

foo <- function(x) { print(1); bar(2) }

bar <- function(x) { x + a.variable.which.does.not.exist }
## Not run:

foo(2) # gives a strange error

traceback()

## End(Not run)

## 2: bar(2)

## 1: foo(2)

bar

## Ah, this is the culprit ...

## This will print the stack trace at the time of the error.
options(error = function() traceback(3))

tracemem

tracemem(x)
untracemem(x)
retracemem(x, previous = NULL)

X NULL

previous tracememretracemem



tracememuntracememretracemem

duplicate.C.Fortran
tracememretracemem()
tracingState
traceNULL

NULL

capabilities("profmem")
traceRprofmem

https://developer.r-project.org/memory-profiling.html

## Not run:

a<-1:10

tracemem(a)

## b and a share memory
b <- a

b[1] <- 1

untracemem(a)

## copying in lm: less than R <= 2.15.0
d <- stats::rnorm(10)

tracemem(d)

Im(d ~ a+log(b))

## f is not a copy and is not traced

f <- d[-1]

f+1

## indicate that f should be traced as a copy of d
retracemem(f, retracemem(d))

f+1

## End(Not run)

transform

transformtransform.defaulttransform.data.frame

transform(" _data™, ...)


https://developer.r-project.org/memory-profiling.html

_data

tag=value

...transform.data.frame_datanames(_data)_data_data

_data

transform

withinsubsetlistdata.frame

transform(airquality, Ozone = -Ozone)
transform(airquality, new = -Ozone, Temp = (Temp-32)/1.8)

attach(airquality)

transform(Ozone, logOzone = log(Ozone)) # marginally interesting ...

detach(airquality)

Trig

cospi(x)sinpi(x)tanpi(x)cos(pi*x)sin(pi*x)tan(pi*x)

cos(x)
sin(x)
tan(x)

acos(x)
asin(x)
atan(x)
atan2(y, x)

cospi(x)
sinpi(x)
tanpi(x)



Xy

atan2(y, x)(z,y)atan2(y, x) == atan(y/x)
m/2cospi

cospi(x)sinpi(x)tanpi(x)x

atan2Math

ccospisinpitanpicos

tanpi(@.5)NaNe.5

asinacos(—oo, —1][1, c0)

atan(—ooi, —1i][14, 007)

cospisinpitanpi

atan2Math

cospisinpitanpihttps://www.open-std.org/jtc1/sc22/wgl4/www/docs/n1950.pdf

x <- seq(-3, 7, by = 1/8)

tx <- cbind(x, cos(pi*x), cospi(x), sin(pi*x), sinpi(x),
tan(pi*x), tanpi(x), deparse.level=2)

op <- options(digits = 4, width = 90) # for nice formatting

head(tx)

tx[ (x %% 1) %in% c(@, 0.5) ,]

options(op)


https://www.open-std.org/jtc1/sc22/wg14/www/docs/n1950.pdf

trimws

trimws(x, which = c("both”, "left”, "right"), whitespace = "[ \t\r\n]")

X
which "left""right”

whitespace

sub(re, "", %, perl = TRUE)[ \t\r\n][\h\v]https://www.pcre.org

n

x <= " Some text.
X

trimws(x)
trimws(x, "1")
trimws(x, "r")

n o

## Unicode --> need "stronger” 'whitespace' to match all :
tt <- "text with unicode 'non breakable space'."”
xu <- paste(” \t\v"”, tt, "\u@@ad \n\r")

(tu <- trimws(xu, whitespace = "[\\h\\v]"))

stopifnot(identical(tu, tt))

try

try

try(expr, silent = FALSE,
outFile = getOption("try.outFile", default = stderr()))

expr
silent

outFile cat(x, file = outFile)silent


https://www.pcre.org

trystderroptions(”show.error.messages”)silent = TRUEgeterrmessage
trytryCatchtry(expr, silent = TRUE)tryCatch(expr, error = function(e) e)
outFilestdout()

options(try.outFile = stdout())

stderr()try()Sweave

nn

expr”try-error”"condition”

if (class(res) == "try-error"))

if(inherits(res, "try-error"))

optionsgeterrmessagetryCatch

assertCondition

## this example will not work correctly in example(try), but
## it does work correctly if pasted in
options(show.error.messages = FALSE)

try(log("a"))

print(.Last.value)

options(show.error.messages = TRUE)

## alternatively,
print(try(log(”a"), TRUE))

## run a simulation, keep only the results that worked.
set.seed(123)

x <- stats::rnorm(50)

doit <- function(x)

{
x <- sample(x, replace = TRUE)
if(length(unique(x)) > 30) mean(x)
else stop(”"too few unique points”)
3

## alternative 1

res <- lapply(1:100, function(i) try(doit(x), TRUE))

## alternative 2

## Not run: res <- vector("list”, 100)

for(i in 1:100) res[[i]] <- try(doit(x), TRUE)

## End(Not run)

unlist(res[sapply(res, function(x) !inherits(x, "try-error”))1)



typeof

typeof

typeof (x)

nn nn n

TypeTablesrc/main/util.c"logical”"integer"”"double""complex”"character”"raw
"list""NULL""closure""special”"builtin”""environment""S4""symbol""pairlist”
"promise”"object""language ""expression""externalptr”"bytecode”
"weakref”

nn nn nn

char""”...""any

modestorage.mode

isS4

typeof (2)
mode (2)
## for a table of examples, see ?mode / examples(mode)

unique

uniquex

unique(x, incomparables = FALSE, ...)

## Default S3 method:
unique(x, incomparables = FALSE, fromLast = FALSE,
nmax = NA, ...)

## S3 method for class 'matrix'
unique(x, incomparables = FALSE, MARGIN
fromLast = FALSE, ...)

1
-

## S3 method for class 'array'
unique(x, incomparables = FALSE, MARGIN
fromLast = FALSE, ...)

1
-



X is.vectorNULL

incomparables FALSEXx

fromLast namesdimnames
nmax duplicated
MARGIN

is.vector

MARGINMARGIN = 2
uniqgrle
"NA"NaNmatchduplicated

incomparables

x"POSIXct""Date”"difftime"

[, drop = FALSE]x

vectorO(n?)

duplicated

rleuniq -c

x <- c(3:5, 11:8, 8 + 0:5)

(ux <= unique(x))

(u2 <- unique(x, fromLast = TRUE)) # different order
stopifnot(identical(sort(ux), sort(u2)))

length(unique(sample (100, 100, replace = TRUE)))
## approximately 100(1 - 1/e) = 63.21

unique(iris)



units

units(x)
units(x) <- value

value

"difftime”

unlink

unlinkx

unlink(x, recursive = FALSE, force = FALSE, expand = TRUE)

X
recursive
force

expand path.expand

recursive = FALSE
unlink(x, recursive = TRUE)
*7Sys.glob....~*?[a-zImanglobx ? [unlinkfile.remove

recursive = TRUE

@1recursive = FALSEx

file.remove



unlist

xunlistx

unlist(x, recursive = TRUE, use.names = TRUE)

X
recursive TRUEFALSEx

use.names

unlistrelistunlistrelistable
recursive = FALSEX

xfactor

xunlist

unlistxuse.names = FALSE

Imunlist(x)xx

NULL

cas.listrelist

unlist(options())
unlist(options(), use.names = FALSE)

l.ex <- list(a = list(1:5, LETTERS[1:5]), b = "Z", c = NA)
unlist(l.ex, recursive = FALSE)
unlist(l.ex, recursive = TRUE)

11 <- list(a = "a", b = 2, ¢ = pi+2i)

unlist(11) # a character vector

12 <- list(a = "a", b = as.name("b"), c = pi+2i)
unlist(12) # remains a list

11 <- list(as.name("sinc"), quote( a + b ), 1:10, letters, expression(1+x))
utils::str(1l)
for(x in 11)

stopifnot(identical(x, unlist(x)))



unname namesdimnames

namesdimnames

unname(obj, force = FALSE)

obj
force dimnamesdata.frame
objnamesdimnames

require(graphics); require(stats)

## Answering a question on R-help (14 Oct 1999):
col3 <- 750+ 100*rt(1500, df = 3)

breaks <- factor(cut(col3, breaks = 360+5%(0:155)))
z <- table(breaks)

z[1:5] # The names are larger than the data ...
barplot(unname(z), axes = FALSE)

use

use(package, include.only)

package

include.only

libraryattach.required = FALSEDependsDESCRIPTION
useImportFromNAMESPACE



UseMethod

UseMethodNextMethod

UseMethod(generic, object)

NextMethod(generic = NULL, object = NULL, ...)
generic UseMethod
object UseMethod

classis.object

nn

"matrix""array”"mode(x)c("integer”, "numeric”")c("double”, "numeric").class2(x)x
UseMethod("fun")c("first"”, "second")fun.firstfun.secondfun.default

methods

UseMethodUseMethod

NextMethodNextMethodNextMethodgeneric
NextMethodUseMethodget ("print.ts") (AirPassengers)

UseMethodNextMethodtopenv

UseMethodUseMethodUseMethodUseMethodUseMethodobject
NextMethod. ..
NextMethodUseMethodfun.default[.Internal

.Generic.Method.Class

.Generic

.MethodOps
.ClassNextMethod"previous”.Class.Class.Class
.GenericCallEnv.GenericDefEnv

.ClassNextMethod.Class



methodsclass.class2getS3methodis.object

userhooks

getHook (hookName)
setHook (hookName, value,
action = c("append”, "prepend”, "replace”))

packageEvent (pkgname,
event = c("onLoad”, "attach", "detach”, "onUnload"))

hookName

pkgname

event

value action = "replace”NULL

action

setHookpackageEvent
setHook (hookName, NULL, "replace”)
library.onLoadsetHook () funname (pkgname, pkgpath)try

.onLoad

setlLoadAction

"onLoad"

.onAttach

"attach”



"detach”
.Last.1lib

"onUnload"”

.onUnload

getHook"detach”"onUnload”

.userHooksEnv

getHooksetHookpackageEvent

.Rprofile

librarydetachloadNamespace

plot.newpersp

setHook (packageEvent("grDevices"”, "onLoad"),
function(...) grDevices::ps.options(horizontal = FALSE))

utf8Conversion

utf8ToInt(x)
intToUtf8(x, multiple = FALSE, allow_surrogate_pairs = FALSE)

X

multiple
allow_surrogate_pairs
multiple = FALSE

00x10FFFF
intToUtf8NAallow_surrogate_pairs = TRUENA



utf8Tolnt
intToUtf800""EncodingNA"UTF-8"
NANA

0x10FFFF
0xD80QOXDFFFutf8ToIntintToUtf8
OXFFFEQOXxFFFFutf8ToInt

https://www.rfc-editor.org/rfc/rfc3629

https://www.unicode.org/versions/corrigendum9.html

## will only display in some locales and fonts
intToUtf8(0x03B2L) # Greek beta

utf8ToInt("bi\u@ddfchen™)
utf8ToInt (" \xfa\xb4\xbf\xbf\x9f")

## A valid UTF-16 surrogate pair (for U+10437)

x <- c(0xD801, 0xDC37)

intToUtf8(x)

intToUtf8(x, TRUE)

(xx <= intToUtf8(x, , TRUE)) # will only display in some locales and fonts
charToRaw(xx)

## An example of how surrogate pairs might occur

x <= "\U10437"

charToRaw(x)

foo <- tempfile()

writeLines(x, file(foo, encoding = "UTF-16LE"))

## next two are 0S-specific, but are mandated by POSIX
system(paste(”od -x", foo)) # 2-byte units, correct on little-endian platforms
system(paste(”od -t x1", foo)) # single bytes as hex

y <- readBin(foo, "integer"”, 2, 2, FALSE, endian = "little")
sprintf ("%X", y)

intToUtf8(y, , TRUE)

UTF8filepaths



https://www.rfc-editor.org/rfc/rfc3629
https://www.unicode.org/versions/corrigendum9.html

Encoding
filefifopipegzfilebzfilexzfileunzfile.existsdir.existsunlinkfile.infolist.files
filegzfile

file.path

path.expand

filefile.accessfile.appendfile.copyfile.createfile.existsfile.infofile.link
file.removefile.renamefile.symlinkdir.createdir.existsnormalizePathpath.expand
pipeSys.globSys. junctionunlinkgzfilebzfilexzfileunz

gzfileloadreadRDSread.dcftargzconfile

list.fileslist.dirssystem

<e7><U+00e7>

validUTF8

validUTF8(x)
validEnc(x)

grep
validUTF8EncodingintToUtf8

validEnciconv

XNA



X <-
## from example(text)
c("Jetz", "no", "chli"”, "z\xc3\xbcrit\xc3\xbc\xc3\xbctsch:",
"(noch”, "ein", "bi\xc3\x9fchen"”, "Z\xc3\xbc", "deutsch)",
## from a CRAN check log
"\xfa\xb4\xbf\xbf\x9f")
validUTF8(x)
validEnc(x) # depends on the locale
Encoding(x) <-"UTF-8"
validEnc(x) # typically the last, x[10], is invalid

## Maybe advantageous to declare it "unknown":
G <- x ; Encoding(G[!validEnc(G)]) <- "unknown"
try( substr(x, 1,1) ) # gives 'invalid multibyte string' error in a UTF-8 locale
try( substr(G, 1,1) ) # works in a UTF-8 locale
nchar(G) # fine, too
## but it is not "more valid” typically:
all.equal(validEnc(x),
validEnc(G)) # typically TRUE

vector

typeoflistexpression
vectoris.null(attributes(.))
as.vectormodeis.atomicmode="any"

is.vector(x) TRUExmode="any"

vector(mode = "logical”, length = 0)

as.vector(x, mode = "any")

is.vector(x, mode = "any")

mode "list""expression”vector"any"is.vector()typeofmode”any"”
is.vector(x, mode)typeof(x) == mode

length length > .Machine$integer.max"double”

X

nn nn n

"logical”""integer""numeric"”"double""complex"”"character”"raw

mode = "any"is.vectorTRUElistexpressionmodeFALSExas.vector

mode = "any"xas.vector(x)attributesnames
x"1list""expression”as.vector(x)xas.vectorclass(x)

n n

is.vectorFALSEas.vectormode = "any



vectorFALSE@" "nulNULL

as.vectortype

is.vectorTRUEFALSEis.vector(x, mode = "numeric"”)"integer"”"double"is.vector(x,
mode = "double”)"double"

as.vector()

as.vector

mode"any""list""expression”"symbol""pairlist”"double"”"name”

mode = "any"

is.vector(as.vector(x, m), m)m"any"

m == "any"xlistexpressionnamesis.object

as.vectoris.vector”"vector”as(x, "vector")is(x, "vector")

as.vector(x)is.vector(x)

nn

mode”symbol"”"name"” "pairlist”as.nameas.pairlistmode

cis.numericis.list

df <- data.frame(x = 1:3, y = 5:7)
## Error:
try(as.vector(data.frame(x = 1:3, y = 5:7), mode = "numeric"”))

Xx <-c(a=1,b=2)

is.vector(x)

as.vector(x)

all.equal(x, as.vector(x)) ## FALSE

###-- All the following are TRUE:
is.list(df)

I is.vector(df)

! is.vector(df, mode = "list")

is.vector(list(), mode = "list")



Vectorize

VectorizeFUN

Vectorize(FUN, vectorize.args = arg.names, SIMPLIFY = TRUE,
USE.NAMES = TRUE)

FUN match. fun
vectorize.args FUN

SIMPLIFY simplifysapply
USE . NAMES

vectorize.argsVectorize.. .mapply
Vectorizeformals
FUNvectorize.argsSIMPLIFYUSE.NAMESVectorizecombn

FUNmapply

# We use rep.int as rep is primitive
vrep <- Vectorize(rep.int)

vrep(1:4, 4:1)

vrep(times = 1:4, x = 4:1)

vrep <- Vectorize(rep.int, "times")
vrep(times = 1:4, x = 42)

f <- function(x = 1:3, y) c(x, y)

vf <- Vectorize(f, SIMPLIFY = FALSE)
f(1:3, 1:3)

vf(1:3, 1:3)

vf(y = 1:3) # Only vectorizes y, not x

# Nonlinear regression contour plot, based on nls() example
require(graphics)
SS <- function(Vm, K, resp, conc) {

pred <- (Vm * conc)/(K + conc)

sum((resp - pred)*2 / pred)

3
vSS <- Vectorize(SS, c("vm", "K"))
Treated <- subset(Puromycin, state == "treated")

Vm <- seq(140, 310, length.out = 50)
K <- seq(@, 0.15, length.out = 40)
SSvals <- outer(Vm, K, vSS, Treated$rate, Treated$conc)



contour(Vm, K, SSvals, levels = (1:10)*2, xlab = "Vm", ylab = "K")

# combn() has an argument named FUN
combnV <- Vectorize(function(x, m, FUNV = NULL) combn(x, m, FUN = FUNV),

vectorize.args = c("x", "m"))
combnV(4, 1:4)
combnV(4, 1:4, sum)
warning
warning(..., call. = TRUE, immediate. = FALSE, noBreaks. = FALSE,
domain = NULL)
suppressWarnings(expr, classes = "warning")
call.
immediate. getOption("warn”) <= 0
noBreaks. options(warn = 1)
expr
domain gettextNAstop
classes

options("warn")
options(warn = 1)

warningsignalConditionwarn = getOption("warn")warnwarning(immediate. = TRUE)warn
<= Qwarn =1

warnlast.warningwarnings
getOption("warning.length”)[... truncated]
muffleWarninginvokeRestartwarning

warning

suppressWarnings

character

stopmessagewarningsoptionswarn=

gettext



testit <- function() warning("testit”)

testit() ## shows call

testit <- function() warning("problem in testit”, call. = FALSE)
testit() ## no call

suppressWarnings(warning("testit"))

warnings

warningsprintlast.warning

warnings(...)

## S3 method for class 'warnings'
summary (object, ...)

## S3 method for class 'warnings'
print(x, tags,

header = ngettext(n, "Warning message:\n", "Warning messages:\n"),
S
## S3 method for class 'summary.warnings'
print(x, ...)
catwarnings()
object "warnings"warnings()
X "warnings""summary.warnings”
tags missingcharacterlengthxpaste@(seq_len(n), ": ")n >
length(x)
header cat()

options("warn")last.warningwarnings()options(warn = @)warning

length(last.warning)getOption(”"nwarnings")50
options(nwarnings = 10000)

last.warningoptions(warn)

warnings()"warnings”1listNULL

summary (<warnings>)"summary.warnings”listunique(object)"counts”

last.warning



warning

## NB this example is intended to be pasted in,
#it rather than run by example()

ow <- options("warn")

for(w in -1:1) {

options(warn = w); cat(”\n warn =", w, "\n")
for(i in 1:3) { cat(i,”..\n"); m <- matrix(1:7, 3,4) }
cat("--=--=--\n")

3

## at the end prints all three warnings, from the 'option(warn = @)' above
options(ow) # reset to previous, typically 'warn = @'

tail(warnings(), 2) # see the last two warnings only (via '[' method)

## Often the most useful way to look at many warnings:
summary (warnings())

op <- options(nwarnings = 10000) ## <- get "full statistics”

X <= 1:36; for(n in 1:13) for(m in 1:12) A <- matrix(x, n,m) # There were 105 warnings ...

summary (warnings())
options(op) # revert to previous (keeping 50 messages by default)

weekdays

weekdays(x, abbreviate)

## S3 method for class 'POSIXt'
weekdays(x, abbreviate = FALSE)
## S3 method for class 'Date'’
weekdays(x, abbreviate = FALSE)

months(x, abbreviate)

## S3 method for class 'POSIXt'
months(x, abbreviate = FALSE)
## S3 method for class 'Date'’
months(x, abbreviate = FALSE)

quarters(x, abbreviate)

## S3 method for class 'POSIXt'
quarters(x, ...)

## S3 method for class 'Date’
quarters(x, ...)



julian(x, ...)
## S3 method for class 'POSIXt'

julian(x, origin = as.POSIXct("1970-01-01", tz = "GMT"), ...)
## S3 method for class 'Date’

julian(x, origin = as.Date("”1970-01-01"), ...)

X "POSIXt""Date"

abbreviate

origin "POSIXt""Date"

weekdaysmonthsSys.getlocale("LC_TIME")
quarters”"Q1""Q4"

julian”origin”

as.POSIX1ltstrftime

DateTimeClassesDateSys.getlocale("LC_TIME")months()weekdays()

## first two are locale dependent:
weekdays (. leap.seconds)
months (.leap.seconds)
quarters(.leap.seconds)

## Show how easily you get month, day, year, day (of {month, week, yr}),
## (remember to count from @ (!): mon = @..11, wday = 0..6, etc !!)

##' Transform (Time-)Date vector to convenient data frame :

dt2df <- function(dt, dName = deparse(substitute(dt))) {
DF <- as.data.frame(unclass(as.POSIX1t( dt )))
“names<-"(cbind(dt, DF, deparse.level=0L), c(dName, names(DF)))

3

## e.g.,

dt2df(.leap.seconds) # datettime

dt2df(Sys.Date() + 0:9) # date

##' Even simpler: Date -> Matrix - dropping time info {sec,min,hour, isdst}

d2mat <- function(x) simplify2array(unclass(as.POSIX1t(x))[4:7]1)

## e.g.,

d2mat(seq(as.Date("2000-02-02"), by=1, length.out=30)) # has R 1.0.0's release date

## Julian Day Number (JDN, https://en.wikipedia.org/wiki/Julian_day)
## is the number of days since noon UTC on the first day of 4317 BCE.
## in the proleptic Julian calendar. To more recently, in

## 'Terrestrial Time' which differs from UTC by a few seconds

## See https://en.wikipedia.org/wiki/Terrestrial_Time
julian(Sys.Date(), -2440588) # from a day
floor(as.numeric(julian(Sys.time())) + 2440587.5) # from a date-time



which

TRUE

which(x, arr.ind = FALSE, useNames = TRUE)
arrayInd(ind, .dim, .dimnames = NULL, useNames = FALSE)

X logicalNAFALSE

arr.ind X

ind which(x)

.dim dim(.)

.dimnames dimnames(.)useNamesarrayInd()which(x*, arr.ind=TRUE)

names(.dimnames) .dimnames[[1]]

useNames arrayInd()

arr.ind == FALSExlengthsum(x)TRUEx
(1:1ength(x))[xIxNAwhich(x)seqg_along(x)[!is.na(x) & xInamesx

arr.ind == TRUExarraydimarrayInd(which(x), dim(x), dimnames(x))x
xtypeof

arr.ind

Logicwhich.minmatchamatch(a, x)min(which(x == a))

which(LETTERS == "R")

which(1l <- c¢(TRUE, FALSE, TRUE, NA, FALSE, FALSE, TRUE)) #> 1 3 7
names(1l) <- letters[seq(ll)]

which(1l)

which((1:12)%%2 == @) # which are even?

which(1:10 > 3, arr.ind = TRUE)

(m<-matrix(1:12, 3, 4) )

div.3 <-m %% 3 == 0

which(div.3)

which(div.3, arr.ind = TRUE)

rownames(m) <- paste("Case”, 1:3, sep = "_")
which(m %% 5 == @, arr.ind = TRUE)

dim(m) <- c(2, 2, 3); m



which(div.3, arr.ind = FALSE)
which(div.3, arr.ind = TRUE)

vm <- c(m)
dim(vm) <- length(vm) #-- funny thing with length(dim(...)) ==
which(div.3, arr.ind = TRUE)

which.min

which.min(x)
which.max(x)

X doubleminmax

NaN
integerlength(x) =: n> 23ldoublexNAx
which(x == min(x, na.rm = TRUE))which(x == max(x, na.rm = TRUE))

XTRUEFALSE

logicalxFALSETRUEwhich.min(x)which.max(x)FALSETRUEFALSE < TRUEmatch(FALSE, x)
match(TRUE, x)

whichmax.colmax
arrayInd()

which.is.max

x <= c(1:4, 0:5, 11)
which.min(x)
which.max(x)

## it *does* work with NA's present, by discarding them:
presidents[1:30]

range(presidents, na.rm = TRUE)

which.min(presidents) # 28

which.max(presidents) # 2

## Find the first occurrence, i.e. the first TRUE, if there is at least one:


https://CRAN.R-project.org/package=nnet

X <- rpois(10000, lambda = 10); x[sample.int(50, 20)] <- NA
## where is the first value >= 20 ?
which.max(x >= 20)

## Also works for lists (which can be coerced to numeric vectors):
which.min(list(A = 7, pi = pi)) ## -> c(pi = 2L)

with
with(data, expr, ...)
within(data, expr, ...)
## S3 method for class 'list'
within(data, expr, keepAttrs = TRUE, ...)
data withsys.callwithin
expr within()
{
a <- somefun()
b <- otherfun()
rm(unused1, temp)
}
keepAttrs listwithin()logicalattributesdatanameskeepAttrs = FALSE
withexprdatadata
expr

withinexprdatawithintransform

withexprwithin

with()data
dataformuladatawith(data, ...)

https://developer.r-project.org/nonstandard-eval.pdf

evalgattachassigntransform


https://developer.r-project.org/nonstandard-eval.pdf

with(mtcars, mpglcyl == 8 & disp > 350])
# is the same as, but nicer than
mtcars$mpglmtcars$cyl == 8 & mtcars$disp > 350]

require(stats); require(graphics)

# examples from glm:
with(data.frame(u = c(5,10,15,20,30,40,60,80,100),
lot1 = ¢(118,58,42,35,27,25,21,19,18),
lot2 = ¢(69,35,26,21,18,16,13,12,12)),
list(summary(glm(lotl ~ log(u), family = Gamma)),
summary(glm(lot2 ~ log(u), family = Gamma))))

aq <- within(airquality, { # Notice that multiple vars can be changed
10zone <- log(0Ozone)
Month <- factor(month.abb[Month])
cTemp <- round((Temp - 32) * 5/9, 1) # From Fahrenheit to Celsius
S.cT <- Solar.R / cTemp # using the newly created variable
rm(Day, Temp)

»

head(aq)

# example from boxplot:
with(ToothGrowth, {
boxplot(len ~ dose, boxwex = ©0.25, at = 1:3 - 0.2,

subset = (supp == "VC"), col = "yellow”,
main = "Guinea Pigs' Tooth Growth”,
xlab = "Vitamin C dose mg",

ylab = "tooth length”, ylim = c(@, 35))
boxplot(len ~ dose, add = TRUE, boxwex = 0.25, at = 1:3 + 0.2,
subset = supp == "0J", col = "orange")
legend(2, 9, c("Ascorbic acid”, "Orange juice"),
fill = c("yellow”, "orange"))
»

# alternate form that avoids subset argument:
with(subset(ToothGrowth, supp == "VC"),
boxplot(len ~ dose, boxwex = 0.25, at = 1:3 - 0.2,

col = "yellow”, main = "Guinea Pigs' Tooth Growth”,
xlab = "Vitamin C dose mg",
ylab = "tooth length”, ylim = c(@, 35)))
with(subset(ToothGrowth, supp == "0J"),
boxplot(len ~ dose, add = TRUE, boxwex = ©0.25, at = 1:3 + 0.2,
col = "orange"))
legend(2, 9, c("Ascorbic acid”, "Orange juice"),

fill = c("yellow”, "orange"))

withVisible




withVisible(x)

expressioncall

value X

visible

invisibleevalwithAutoprint()source()withVisible()

x <=1

withVisible(x <- 1) # *$visible is FALSE
X

withVisible(x) # *$visible is TRUE

# Wrap the call in evalq() for special handling

df <- data.frame(a = 1:5, b = 1:5)
evalg(withVisible(a + b), envir = df)

write

xconnection
cat()print()xncolumnsfile

numericcharacter”factor”"Date”"POSIXt"format

write(x, file = "data",
ncolumns = if(is.character(x)) 1 else 5,
append = FALSE, sep = " ")
X
file connection”"""stdout()
.Platform$0S. type != "windows""|cmd"cmd
ncolumns
append TRUEX

Sep sep = "\t"" n



writecat
write.tablewritelLinesscan

saveRDSsave

# Demonstrate default ncolumns, writing to the console
write(month.abb, "") # 1 element per line for "character”
write(stack.loss, "") # 5 elements per line for "numeric”
# Build a file with sequential calls

fil <- tempfile("data")

write("# Model settings”, fil)

write(month.abb, fil, ncolumns = 6, append = TRUE)
write("\n# Initial parameter values”, fil, append = TRUE)
write(sqrt(stack.loss), fil, append = TRUE)
if(interactive()) file.show(fil)

unlink(fil) # tidy up

writeLines

writeLines(text, con = stdout(), sep = "\n", useBytes = FALSE)

text
con
sep

useBytes

confilefile
”Wt n
writelLinessepwriteChar

useBytesuseBytes = TRUEiconv"bytes”

connectionswriteCharwriteBinreadlLinescat



xtfrm

xtfrm(x)

rankrank(x, ties.method = "min”, na.last = "keep”)NANA
factor

is.numeric(x)==>x[i]iis.nax

ranksortorder

zapsmall

zapsmalldigitsdrround(x, digits = dr)@

zapsmall(x, digits = getOption("digits”),
mFUN = function(x, ina) max(abs(x[!inal)),

min.d = QL)
X roundlogl10()
digits
mFUN function(x, ina)xlogicalina := is.na(x)abs(x)x

min.d round(x, digits=*)mFUN(*) > @



x2 <= pi * 100*(-2:2)/10
print( x2, digits = 4)
zapsmall( x2) # automatic digits
zapsmall( x2, digits = 4)
zapsmall(c(x2, Inf)) # round()s to integer ..
zapsmall(c(x2, Inf), min.d=-Inf) # everything is small wrt Inf

(z <= exp(1i*0@:4xpi/2))
zapsmall(z)

zapShow <- function(x, ...) rbind(orig = x, zapped = zapsmall(x, ...))
zapShow(x2)

## using a *robustx mFUN

mF_rob <- function(x, ina) boxplot.stats(x, do.conf=FALSE)$stats[5]
## with robust mFUN(), 'Inf' is no longer distorting the picture:
zapShow(c(x2, Inf), mFUN = mF_rob)

zapShow(c(x2, Inf), mFUN = mF_rob, min.d = -5) # the same
zapShow(c(x2, 999), mFUN = mF_rob) # same *rounding* as w/ Inf
zapShow(c(x2, 999), mFUN = mF_rob, min.d = 3) # the same
zapShow(c(x2, 999), mFUN = mF_rob, min.d = 8) # small diff

zpackages

.packages

.packages(all.available = FALSE, lib.loc = NULL)

all.available TRUElib.loc
lib.loc NULLNULL.1libPaths()

.packages() .packages(all.available = TRUE)1lib.loc
find.packageinstalled.packages

all.available = TRUE

.packages(all.available = TRUE)find.packagerequire

all.available = TRUE.packages

library.libPathsinstalled.packages



(.packages()) # maybe just "base”
.packages(all.available = TRUE) # return all available as character vector
require(splines)

(.packages()) # "splines”, too

detach("package:splines”)

zutils

.standard_regexps()

.standard_regexpsvalid_package_namevalid_package_version



compiler

compile

cmpfun(f, options = NULL)

compile(e, env = .GlobalEnv, options = NULL, srcref = NULL)

cmpfile(infile, outfile, ascii = FALSE, env = .GlobalEnv,
verbose = FALSE, options = NULL, version = NULL)

loadcmp(file, envir = .GlobalEnv, chdir = FALSE)

disassemble(code)

enableJIT(level)

compilePKGS(enable)

getCompilerOption(name, options)

setCompilerOptions(...)

f‘
options
env

srcref
fileinfileoutfile

outfileinfile.Rc
ascii
verbose
version NULL
envir
chdir
code
e
level 03
enable TRUE
name



cmpfun

compileeval

cmpfileinfileoutfileoutfileinfile.Rc

loadcmpsys. source

disassemble
enableJITlevellevelleveloptimizeR_ENABLE_JITenableJIT3
compilePKGS_R_COMPILE_PKGS_R_COMPILE_PKGSINSTALL

cat

optionsoptimizesuppressAllsuppressUndefinedsuppressNoSuperAssignVaroptimize®
32suppressAl1TRUEsuppressUndefinedTRUEsuppressNoSuperAssignVarTRUEsuppressAll
FALSEsuppressUndefinedTRUEsuppressNoSuperAssignVarTRUE

getCompilerOptionoptionsoptionssetCompilerOptionsetCompilerOptions(suppressAll
= TRUE, optimize = 3)

intgcc

0ldJIT <- enableJIT(0)
# a simple example

f <- function(x) x+1
fc <= cmpfun(f)

fc(2)

disassemble(fc)

# old R version of lapply
lal <- function(X, FUN, ...) {
FUN <- match.fun(FUN)
if (Mis.list(X))
X <- as.list(X)
rval <- vector("list”, length(X))
for(i in seqg_along(X))

rval[i] <- list(FUN(XLLill, ...))
names(rval) <- names(X) # keep “names' !
return(rval)
3
# a small variation
la2 <- function(X, FUN, ...) {

FUN <- match.fun(FUN)
if (lis.list(X))
X <- as.list(X)
rval <- vector("list”, length(X))
for(i in seqg_along(X)) {
v <= FUN(XLC[ild, ...)
if (is.null(v)) rval[i] <- list(v)
else rvall[[i]] <- v
}
names(rval) <- names(X) # keep “names' !
return(rval)



3

# Compiled versions
lalc <- cmpfun(lal)
la2c <- cmpfun(la2)
# some timings

x <= 1:10

y <- 1:100

system.time(for (i
system. time(for (i
system.time(for (i
system.time(for (i
system. time(for (i
system.time(for (i
system.time(for (i
system.time(for (i
system.time(for (i
system.time(for (i

enableJIT(oldJIT)

in
in
in
in
in
in
in
in
in
in

—_ a4 a4

:10000) lapply(x, is.null))
:10000) lal(x, is.null))
:10000) lalc(x, is.null))
:10000) la2(x, is.null))
:10000) la2c(x, is.null))
:1000) lapply(y, is.null))
:1000) lal(y, is.null))
:1000) lalc(y, is.null))
:1000) la2(y, is.null))
:1000) la2c(y, is.null))






datasets

datasets-package

library(help = "datasets")

<R-core@r-project.org>

ability.cov

ability.cov



require(stats)

(ability.FA <- factanal(factors = 1, covmat = ability.cov))
update(ability.FA, factors = 2)

## The signs of factors and hence the signs of correlations are
## arbitrary with promax rotation.

update(ability.FA, factors = 2, rotation = "promax")

airmiles
airmiles
require(graphics)
plot(airmiles, main = "airmiles data”,

xlab = "Passenger-miles flown by U.S. commercial airlines”, col = 4)


https://doi.org/10.1016/0160-2896%2883%2990010-7

AirPassengers

AirPassengers

## The classic 'airline model', by full ML
(fit <- arima(logl@(AirPassengers), c(0, 1, 1),
seasonal = list(order = c(@, 1, 1), period = 12)))
update(fit, method = "CSS")
update(fit, x = window(logl@(AirPassengers), start = 1954))
pred <- predict(fit, n.ahead = 24)
tl <- pred$pred - 1.96 * pred$se
tu <- pred$pred + 1.96 * pred$se
ts.plot(AirPassengers, 10*tl, 10*tu, log = "y", lty = c(1, 2, 2))

## full ML fit is the same if the series is reversed, CSS fit is not

ap@ <- rev(logl@(AirPassengers))

attributes(ap@) <- attributes(AirPassengers)

arima(ap@, c(@, 1, 1), seasonal = list(order = c(0, 1, 1), period = 12))

arima(ap@, c(@, 1, 1), seasonal = list(order = c(@, 1, 1), period = 12),
method = "CSS")

## Structural Time Series

ap <- logl@(AirPassengers) - 2

(fit <- StructTS(ap, type = "BSM"))

par(mfrow = c(1, 2))

plot(cbind(ap, fitted(fit)), plot.type = "single")
plot(cbind(ap, tsSmooth(fit)), plot.type = "single")

airquality

airquality



Ozone
Solar.R
Wind
Temp

require(graphics)

[,11
[,2]
L,3]
[,4]
[,5]
[,6]

Ozone

Solar.R

Wind
Temp
Month
Day

pairs(airquality, panel = panel.smooth, main

"airquality data")

anscombe

Ty

anscombe

x1x2x3
x4

yly2y3y4



require(stats); require(graphics)
summary (anscombe)

##-- now some "magic” to do the 4 regressions in a loop:
ff <-y ~x
mods <- setNames(as.list(1:4), pasteo("1m"”, 1:4))
for(i in 1:4) {
ff[2:3] <- lapply(paste@(c("y","x"), i), as.name)
## or  ff[[2]] <- as.name(pasted("y", i))

## ffL[3]1] <- as.name(pasted("x", 1))
mods[[i]] <- 1Imi <- 1m(ff, data = anscombe)
print(anova(lmi))

}

## See how close they are (numerically!)
sapply(mods, coef)
lapply(mods, function(fm) coef(summary(fm)))

## Now, do what you should have done in the first place: PLOTS
op <- par(mfrow = c(2, 2), mar = 0.1+c(4,4,1,1), oma = c(@, @, 2, 0))
for(i in 1:4) {
ff[2:3] <- lapply(paste@(c("y","x"), i), as.name)
plot(ff, data = anscombe, col = "red”, pch = 21, bg = "orange”, cex = 1.2,
xlim = c(3, 19), ylim = c(3, 13))
abline(mods[[i]], col = "blue")
3

mtext("Anscombe's 4 Regression data sets”, outer = TRUE, cex = 1.5)
par (op)

attenu

attenu

event
mag
station
dist
accel


https://doi.org/10.2307/2682899

require(graphics)

## check the data class of the variables
sapply(attenu, data.class)

summary (attenu)

pairs(attenu, main = "attenu data")

coplot(accel ~ dist | as.factor(event), data = attenu, show.given

coplot(log(accel) ~ log(dist) | as.factor(event),
data = attenu, panel = panel.smooth, show.given =

FALSE)

attitude

attitude

require(stats); require(graphics)
pairs(attitude, main = "attitude data")
summary (attitude)
summary (fml <- Im(rating ~ ., data = attitude))
opar <- par(mfrow = c(2, 2), oma = c(0, 0, 1.1, @),
mar = c(4.1, 4.1, 2.1, 1.1))
plot(fm1)
summary(fm2 <- lm(rating ~ complaints, data = attitude))
plot(fm2)
par(opar)



austres

”tS"

austres

beavers

beaver1
beaver?2

beaver1

beaver?2

beaveribeaver?2
0330

beaver1

require(graphics)
(yl <- range(beaveri$temp, beaver2$temp))

beaver.plot <- function(bdat, ...) {
nam <- deparse(substitute(bdat))
with(bdat, {
# Hours since start of day:
hours <- time %/% 100 + 24x(day - day[1]) + (time %% 100)/60
plot (hours, temp, type = "1", .,
main = paste(nam, "body temperature"))



abline(h = 37.5, col = "gray"”, 1ty = 2)

is.act <- activ ==

points(hours[is.act], temp[is.act], col = 2, cex
D)

3
op <- par(mfrow = c(2, 1), mar = c(3, 3, 4, 2), mgp = 0.9 * 2:0)

beaver.plot(beaverl, ylim = yl)
beaver.plot(beaver2, ylim = yl)

par(op)

= .8)

BJsales

BJsalesBJsales.lead"ts"”

BJsales
BJsales.lead

https://robjhyndman.com/TSDL/

BOD

BOD

BOD

Time

demand


https://robjhyndman.com/TSDL/

require(stats)

# simplest form of fitting a first-order model to these data

fml <- nls(demand ~ Ax(1-exp(-exp(lrc)*Time)), data = BOD,
start = c(A = 20, 1lrc = log(.35)))

coef (fm1)

fm1

# using the plinear algorithm (trace o/p differs by platform)
fm2 <- nls(demand ~ (1-exp(-exp(lrc)*Time)), data = BOD,
start = c(lrc = log(.35)), algorithm = "plinear”, trace = TRUE)

# using a self-starting model
fm3 <- nls(demand ~ SSasympOrig(Time, A, lrc), data = BOD)
summary (fm3)

cars

cars

require(stats); require(graphics)
plot(cars, xlab = "Speed (mph)", ylab = "Stopping distance (ft)",
las = 1)
lines(lowess(cars$speed, cars$dist, f
title(main = "cars data")
plot(cars, xlab = "Speed (mph)", ylab = "Stopping distance (ft)",
las = 1, log = "xy")
title(main = "cars data (logarithmic scales)"”)
lines(lowess(cars$speed, cars$dist, f = 2/3, iter = 3), col = "red")
summary (fm1 <- Im(log(dist) ~ log(speed), data = cars))
opar <- par(mfrow = c(2, 2), oma = c(@, @, 1.1, @),
mar = c(4.1, 4.1, 2.1, 1.1))

2/3, iter = 3), col = "red")

plot(fm1)



par(opar)

## An example of polynomial regression
plot(cars, xlab = "Speed (mph)", ylab = "Stopping distance (ft)",
las = 1, x1lim = c(@, 25))

d <- seq(@, 25, length.out = 200)

for(degree in 1:4) {
fm <- 1lm(dist ~ poly(speed, degree), data = cars)
assign(paste(”cars”, degree, sep = "."), fm)
lines(d, predict(fm, data.frame(speed = d)), col = degree)

3

anova(cars.1, cars.2, cars.3, cars.4)

ChickWeight

ChickWeight

ChickWeight

c("nfnGroupedData”, "nfGroupedData”, "groupedData”, "data.frame")

1848

[as.data.frameplotprint

SSlogis

require(graphics)
coplot(weight ~ Time | Chick, data = ChickWeight,
type = "b", show.given = FALSE)


https://CRAN.R-project.org/package=nlme

chickwts

chickwts

weight
feed

require(stats); require(graphics)

boxplot(weight ~ feed, data = chickwts, col = "lightgray”,
varwidth = TRUE, notch = TRUE, main = "chickwt data”,
ylab = "Weight at six weeks (gm)")

anova(fml <- Im(weight ~ feed, data = chickwts))

opar <- par(mfrow = c(2, 2), oma = c(0, @, 1.1, @),

mar = c(4.1, 4.1, 2.1, 1.1))
plot(fm1)
par(opar)

€02

C0o2

€02

c("nfnGroupedData”, "nfGroupedData”, "groupedData”, "data.frame")
Qn10n2Qn3Mc1

QuebecMississippi

nonchilledchilled

fu/m?



CO2CO,

[as.data.frameplotprint

require(stats); require(graphics)

coplot(uptake ~ conc | Plant, data = C02, show.given = FALSE, type = "b")
## fit the data for the first plant
fml <- nls(uptake ~ SSasymp(conc, Asym, lrc, c@),
data = C02, subset = Plant == "Qn1")
summary (fm1)
## fit each plant separately
fmlist <- list()
for (pp in levels(CO2$Plant)) {
fmlist[[ppl] <- nls(uptake ~ SSasymp(conc, Asym, lrc, c@),
data = C02, subset = Plant == pp)
3
## check the coefficients by plant
print(sapply(fmlist, coef), digits = 3)

co2

co2

https://scrippsco2.ucsd.edu/data/atmospheric_co2/

require(graphics)

plot(co2, ylab = expression(”Atmospheric concentration of C0"[2]),
las = 1)

title(main = "co2 data set"”)


https://CRAN.R-project.org/package=nlme
https://scrippsco2.ucsd.edu/data/atmospheric_co2/

crimtab

crimtab

tableinteger42 x 22sum(crimtab)
rownames”9.4""9.5"colnames"142.24""144.78"

4'7"9/16 — —8"9/164'8"

https://pbil.univ-1lyon1.fr/R/donnees/criminals1902. txt

require(stats)

dim(crimtab)

utils::str(crimtab)

## for nicer printing:

local({cT <- crimtab
colnames(cT) <- substring(colnames(cT), 2, 3)
print(cT, zero.print =" ")

1)
## Repeat Student's experiment:

# 1) Reconstitute 3000 raw data for heights in inches and rounded to
# nearest integer as in Student's paper:

(heIn <- round(as.numeric(colnames(crimtab)) / 2.54))
d.hei <- data.frame(height = rep(heIn, colSums(crimtab)))

# 2) shuffle the data:

set.seed(1)
d.hei <- d.hei[sample(1:3000), , drop = FALSE]


https://pbil.univ-lyon1.fr/R/donnees/criminals1902.txt
https://doi.org/10.2307/2842627
https://doi.org/10.2307/2331487
https://doi.org/10.2307/2331554

#
#
#

3) Make 750 samples each of size 4:

.hei$sample <- as.factor(rep(1:750, each = 4))

4) Compute the means and standard deviations (n) for the 750 samples:

.mean <- with(d.hei, tapply(height, sample, FUN = mean))
.sd <- with(d.hei, tapply(height, sample, FUN

sd)) x sqrt(3/4)

5) Compute the difference between the mean of each sample and
the mean of the population and then divide by the
standard deviation of the sample:

zobs <- (h.mean - mean(d.heil,"height"]))/h.sd

#

6) Replace infinite values by +/- 6 as in Student's paper:

zobs[infZ <- is.infinite(zobs)] # none of them
zobs[infZ] <- 6 * sign(zobs[infZ])

#

7) Plot the distribution:

require(grDevices); require(graphics)
hist(x = zobs, probability = TRUE, xlab = "Student's z",

col = grey(0.8), border = grey(0.5),
main = "Distribution of Student's z score for 'crimtab' data")

discoveries

discoveries

require(graphics)
plot(discoveries, ylab = "Number of important discoveries”,

las = 1)

title(main = "discoveries data set")



DNase

DNase

DNase

c("nfnGroupedData”, "nfGroupedData”, "groupedData”, "data.frame")

103

[as.data.frameplotprint

require(stats); require(graphics)

coplot(density ~ conc | Run, data = DNase,
show.given = FALSE, type = "b")
coplot(density ~ log(conc) | Run, data = DNase,
show.given = FALSE, type = "b")
## fit a representative run
fml <- nls(density ~ SSlogis( log(conc), Asym, xmid, scal ),
data = DNase, subset = Run == 1)
## compare with a four-parameter logistic
fm2 <- nls(density ~ SSfpl( log(conc), A, B, xmid, scal ),
data = DNase, subset = Run == 1)
summary (fm2)
anova(fml, fm2)

esoph

esoph


https://CRAN.R-project.org/package=nlme

agegp

alcgp

tobgp

ncases
ncontrols

require(stats)
require(graphics) # for mosaicplot
summary (esoph)
## effects of alcohol, tobacco and interaction, age-adjusted
modell <- glm(cbind(ncases, ncontrols) ~ agegp + tobgp * alcgp,
data = esoph, family = binomial())
anova(modell)
## Try a linear effect of alcohol and tobacco
model2 <- glm(cbind(ncases, ncontrols) ~ agegp + unclass(tobgp)
+ unclass(alcgp),
data = esoph, family = binomial())
summary (model2)
## Re-arrange data for a mosaic plot
ttt <- table(esoph$agegp, esoph$alcgp, esoph$tobgp)
o <- with(esoph, order(tobgp, alcgp, agegp))
ttt[ttt == 1] <- esoph$ncases[o]
tt1 <- table(esoph$agegp, esoph$alcgp, esoph$tobgp)
tt1[tt1 == 1] <- esoph$ncontrols[o]
tt <- array(c(ttt, tt1), c(dim(ttt),2),
c(dimnames(ttt), list(c("Cancer”, "control”))))
mosaicplot(tt, main = "esoph data set”, color = TRUE)



euro

euro
€euro.cross

euroeuro.cross

euro

euro.crossouter(1 / euro, euro)

cbind(euro)

## These relations hold:
euro == signif(euro, 6) # [6 digit precision in Euro's definition]
all(euro.cross == outer(1/euro, euro))

## Convert 20 Euro to Belgian Franc

20 * euro["BEF"]

## Convert 20 Austrian Schilling to Euro

20 / euro["ATS"]

## Convert 20 Spanish Pesetas to Italian Lira
20 * euro.cross["ESP", "ITL"]

require(graphics)
dotchart(euro,

main = "euro data: 1 Euro in currency unit")
dotchart(1/euro,

main = "euro data: 1 currency unit in Euros")
dotchart(log(euro, 10),

main = "euro data: logl1@(1 Euro in currency unit)")

eurodist

eurodist
UScitiesD

eurodist
UScitiesD

dist



EuStockMarkets

EuStockMarkets
”mts”
faithful
faithful
eruptions
waiting
faithful$eruptions

geyser


https://doi.org/10.2307/2347385
https://CRAN.R-project.org/package=MASS

require(stats); require(graphics)
f.tit <- "faithful data: Eruptions of 0ld Faithful”

ne6@ <- round(e6@ <- 60 x faithful$eruptions)

all.equal(e60, ne60) # relative diff. ~ 1/10000
table(zapsmall(abs(e6@ - ne6@))) # @, 0.02 or 0.04
faithful$better.eruptions <- ne6@ / 60

te <- table(ne60)

te[te >= 4] # (too) many multiples of 5 !
plot(names(te), te, type = "h", main = f.tit, xlab = "Eruption time (sec)")

plot(faithfull[, -3]1, main = f.tit,

xlab = "Eruption time (min)",
ylab = "Waiting time to next eruption (min)")
lines(lowess(faithful$eruptions, faithful$waiting, f = 2/3, iter = 3),
col = "red")
Formaldehyde
Formaldehyde

carb
optden

require(stats); require(graphics)
plot(optden ~ carb, data = Formaldehyde,
xlab = "Carbohydrate (ml)"”, ylab = "Optical Density”,
main = "Formaldehyde data”, col = 4, las = 1)
abline(fml <- 1lm(optden ~ carb, data = Formaldehyde))
summary (fm1)
opar <- par(mfrow = c(2, 2), oma = c(@, @, 1.1, @))
plot(fm1)
par(opar)



freeny

freeny
freeny.x
freeny.y

freeny.y
freeny.xfreeny.y

freenyylag.quarterly.revenueprice.indexincome.levelmarket.potential

require(stats); require(graphics)
summary (freeny)

pairs(freeny, main = "freeny data")

# gives warning: freeny$y has class "ts”

summary(fm1 <- Im(y ~ ., data = freeny))

opar <- par(mfrow = c(2, 2), oma = c(@, @, 1.1, @),
mar = c(4.1, 4.1, 2.1, 1.1))

plot(fm1)

par(opar)

gait

gait

c(20, 39, 2)"Hip Angle""Knee Angle”



dimnames(gait)

Time seq(from = 0.025, to = 0.975, by = 0.05)
Subject "boy1""boy2""boy39"
Variable "Hip Angle""Knee Angle"”

gaitboy19boy26

https://CRAN.R-project.org/package=fda

plot(gaitl, 1, 1, type = "b",
xlim = range(gait[,,1]), ylim = range(gait[,,2]),
xlab = "Hip Angle"”, ylab = "Knee Angle”, main = "'
mtext(”all other boys"”, col = "thistle"”); grid()
matlines(gaitl, -1, 11, gait[, -1, 21, type = "1", 1ty =1, col = adjustcolor("thistle”, 1/3))

gait' data : Boy 1")

## The data array, two matrices :

op <- options(width = 128) # on a wide console
aperm(gait, c(2:1, 3))

options(op)

HairEyeColor

HairEyeColor

Hair
Eye
Sex

x Sex


https://CRAN.R-project.org/package=fda
https://doi.org/10.1214/AOS/1176347372
https://CRAN.R-project.org/package=fda

http://www.datavis.ca/sas/vcd/catdata/haireye.sas

SexSex

http://datavis.ca/papers/sugi/sugil7.pdf

http://www.datavis.ca/papers/asa92.html

chisqg.testloglinmosaicplot

require(graphics)

## Full mosaic

mosaicplot(HairEyeColor)

## Aggregate over sex (as in Snee's original data)

x <- apply(HairEyeColor, c(1, 2), sum)

X

mosaicplot(x, main = "Relation between hair and eye color")

Harman23.cor

Harman23.cor

require(stats)
(Harman23.FA <- factanal(factors = 1, covmat = Harman23.cor))
for(factors in 2:4) print(update(Harman23.FA, factors = factors))


http://www.datavis.ca/sas/vcd/catdata/haireye.sas
https://doi.org/10.2307/2683520
http://datavis.ca/papers/sugi/sugi17.pdf
http://www.datavis.ca/papers/asa92.html

Harman74.cor

Harman74.cor

require(stats)

(Harman74.FA <- factanal(factors = 1, covmat = Harman74.cor))

for(factors in 2:5) print(update(Harman74.FA, factors = factors))

Harman74.FA <- factanal(factors = 5, covmat = Harman74.cor,
rotation = "promax")

print(Harman74.FA$loadings, sort = TRUE)

Indometh

Indometh

Indometh

c("nfnGroupedData”, "nfGroupedData”, "groupedData”, "data.frame")

[as.data.frameplotprint

SSbhiexp


https://CRAN.R-project.org/package=nlme

infert

infert

require(stats)
modell <- glm(case ~ spontaneous+induced, data = infert, family = binomial())
summary (model1l)
## adjusted for other potential confounders:
summary (model2 <- glm(case ~ agetparityteducationt+spontaneous+induced,
data = infert, family = binomial()))
## Really should be analysed by conditional logistic regression
## which is in the survival package
if(require(survival)){
model3 <- clogit(case ~ spontaneous+induced+strata(stratum), data = infert)
print(summary(model3))
detach() # survival (conflicts)
}


https://doi.org/10.1111/j.1471-0528.1976.tb00904.x

InsectSprays

InsectSprays

count
spray

require(stats); require(graphics)
boxplot(count ~ spray, data = InsectSprays,
xlab = "Type of spray”, ylab = "Insect count”,
main = "InsectSprays data”, varwidth = TRUE, col = "lightgray")
fml <- aov(count ~ spray, data = InsectSprays)
summary (fm1)
opar <- par(mfrow = c(2, 2), oma = c(0, 0, 1.1, @))
plot(fm1)
fm2 <- aov(sgrt(count) ~ spray, data = InsectSprays)
summary (fm2)
plot(fm2)
par(opar)

iris

iris
iris3

irisSepal.LengthSepal.WidthPetal.LengthPetal.WidthSpecies
iris3Sepal L.Sepal W.Petal L.Petal W.



iris3iris

matplotiris

summary(iris)

## Fisher's (1936) research question: whether (compound measurements of)
## Iris versicolor "differs twice as much from I. setosa as from I. virginica”
pairs(iris[1:4], col = iris$Species)
legend(0.5, 1, levels(iris$Species), fill = 1:3, bty = "n",
horiz = TRUE, xjust = 0.5, yjust = @, xpd = TRUE)

## equivalence of legacy array (iris3) and data.frame (iris) representation
dni3 <- dimnames(iris3)
ii <- data.frame(matrix(aperm(iris3, c(1,3,2)), ncol = 4,
dimnames = list(NULL, sub(” L.","”.Length",
sub(” W.",".Width", dni3[[2]1)))),
Species = gl(3, 50, labels = sub(”S", "s", sub("V", "v", dni3[[3]11))))
stopifnot(all.equal(ii, iris))

islands

islands

require(graphics)
dotchart(log(islands, 10),

main = "islands data: logl@(area) (logl@(sq. miles))")
dotchart(log(islands[order(islands)], 10),

main = "islands data: logl@(area) (logl@(sq. miles))")


https://doi.org/10.1111/j.1469-1809.1936.tb02137.x

JohnsonJohnson

JohnsonJohnson

require(stats); require(graphics)
JJ <- logl@(JohnsonJohnson)
plot(JJ)
## This example gives a possible-non-convergence warning on some
## platforms, but does seem to converge on x86 Linux and Windows.
(fit <- StructTS(JJ, type = "BSM"))
tsdiag(fit)
sm <- tsSmooth(fit)
plot(cbind(JJ, sm[, 1], sm[, 3]-0.5), plot.type = "single",
col = c("black”, "green", "blue"))
abline(h = -0.5, col = "grey60")

monthplot(fit)

LakeHuron

LakeHuron



1h

1h

LifeCycleSavings

LifeCycleSavings

sr
pop15
pop75
dpi
ddpi

require(stats); require(graphics)

pairs(LifeCycleSavings, panel = panel.smooth,
main = "LifeCycleSavings data")

fml <- Im(sr ~ pop15 + pop75 + dpi + ddpi, data

summary (fm1)

LifeCycleSavings)



Loblolly

Loblolly

Loblolly

c("nfnGroupedData”, "nfGroupedData”, "groupedData”, "data.frame")

[as.data.frameplotprint

require(stats); require(graphics)
plot(height ~ age, data = Loblolly, subset = Seed == 329,
xlab = "Tree age (yr)", las =1,
ylab = "Tree height (ft)",
main = "Loblolly data and fitted curve (Seed 329 only)")
fml <- nls(height ~ SSasymp(age, Asym, RO, lrc),
data = Loblolly, subset = Seed == 329)
age <- seq(@, 30, length.out = 101)
lines(age, predict(fm1, list(age = age)))

longley

longley

n =16

GNP.deflator 1954 = 100
GNP

Unemployed
Armed.Forces
Population >

Year

Employed

Im(Employed ~ .)


https://CRAN.R-project.org/package=nlme

require(stats); require(graphics)

## give the data set in the form it was used in S-PLUS:

longley.x <- data.matrix(longley[, 1:61])

longley.y <- longley[, "Employed"]

pairs(longley, main = "longley data”)

summary (fm1 <- 1lm(Employed ~ ., data = longley))

opar <- par(mfrow = c(2, 2), oma = c(@, @, 1.1, @),
mar = c(4.1, 4.1, 2.1, 1.1))

plot(fm1)

par(opar)

lynx

lynx

morley

299000

morley

Expt
Run

Speed


https://doi.org/10.2307/2345277

michelson

require(stats); require(graphics)
michelson <- transform(morley,

Expt = factor(Expt), Run = factor(Run))
xtabs(~ Expt + Run, data = michelson) # 5 x 20 balanced (two-way)
plot(Speed ~ Expt, data = michelson,

main = "Speed of Light Data”, xlab = "Experiment No.")
fm <- aov(Speed ~ Run + Expt, data = michelson)
summary (fm)
fm@ <- update(fm, . ~ . - Run)
anova(fme, fm)

mtcars

mtcars

mpg
cyl
disp
hp
drat
wt
gsec
Vs
am
gear
carb


https://CRAN.R-project.org/package=MASS

require(graphics)
pairs(mtcars, main = "mtcars data”, gap = 1/4)
coplot(mpg ~ disp | as.factor(cyl), data = mtcars,
panel = panel.smooth, rows = 1)
## possibly more meaningful, e.g., for summary() or bivariate plots:
mtcars2 <- within(mtcars, {
vs <- factor(vs, labels = c("V", "S"))
am <- factor(am, labels = c("automatic”, "manual”))
cyl <- ordered(cyl)
gear <- ordered(gear)
carb <- ordered(carb)

b

summary (mtcars2)

nhtemp

nhtemp

require(stats); require(graphics)
plot(nhtemp, main = "nhtemp data”,
ylab = "Mean annual temperature in New Haven, CT (deg. F)")



Nile

Assuan108m?

Nile

require(stats); require(graphics)
par(mfrow = c(2, 2))

plot(Nile)

acf(Nile)

pacf(Nile)

ar(Nile) # selects order 2
cpgram(ar(Nile)$resid)

par(mfrow = c(1, 1))

arima(Nile, c(2, 0, @))

## Now consider missing values, following Durbin & Koopman
NileNA <- Nile
NileNA[c(21:40, 61:80)] <- NA
arima(NileNA, c(2, 0, 0))
plot(NileNA)
pred <-

predict(arima(window(NileNA, 1871, 1890), c(2, @, @)), n.ahead =
lines(pred$pred, 1ty = 3, col = "red")
lines(pred$pred + 2*pred$se, 1ty = 2, col = "blue")
lines(pred$pred - 2*pred$se, 1ty = 2, col = "blue")
pred <-

predict(arima(window(NileNA, 1871, 1930), c(2, @, 0)), n.ahead =
lines(preds$pred, 1ty = 3, col = "red")
lines(pred$pred + 2*pred$se, 1ty = 2, col
lines(pred$pred - 2*pred$se, 1ty = 2, col

ublueu)
"blue™)

## Structural time series models

par(mfrow = c(3, 1))

plot(Nile)

## local level model

(fit <- StructTS(Nile, type = "level"))

lines(fitted(fit), 1ty = 2) # contemporaneous smoothing
lines(tsSmooth(fit), 1ty = 2, col = 4) # fixed-interval smoothing

20)

20)


https://doi.org/10.2307/1391308
https://doi.org/10.2307/2335202

plot(residuals(fit)); abline(h = @, 1ty = 3)
## local trend model
(fit2 <- StructTS(Nile, type = "trend")) ## constant trend fitted
pred <- predict(fit, n.ahead = 30)
## with 50% confidence interval
ts.plot(Nile, pred$pred,
pred$pred + @.67xpred$se, pred$pred -0.67*pred$se)

## Now consider missing values

plot(NileNA)

(fit3 <- StructTS(NileNA, type = "level”))
lines(fitted(fit3), lty = 2)
lines(tsSmooth(fit3), 1ty = 3)
plot(residuals(fit3)); abline(h = 0, 1ty = 3)

nottem

nottem

require(stats); require(graphics)

nott <- window(nottem, end = c(1936,12))

fit <- arima(nott, order = ¢(1,0,0), list(order = c(2,1,0), period = 12))

nott.fore <- predict(fit, n.ahead = 36)

ts.plot(nott, nott.fore$pred, nott.fore$pred+2*nott.foresse,
nott.fore$pred-2xnott.fore$se, gpars = list(col = c(1,1,4,4)))

npk

npk

npk
block

yield



options(contrasts = c("contr.sum”, "contr.poly"))
npk.aov <- aov(yield ~ block + N*P*K, npk)

npk.aov

summary (npk.aov)

coef (npk.aov)

options(contrasts = c("contr.treatment”, "contr.poly"))
npk.aovl <- aov(yield ~ block + N + K, data = npk)
summary. lm(npk.aov1)

se.contrast(npk.aovl, list(N=="0", N=="1"), data = npk)
model.tables(npk.aovl, type = "means”, se = TRUE)

occupationalStatus

occupationalStatus

tableorigini:8destination1:8

require(stats); require(graphics)
plot(occupationalStatus)

## Fit a uniform association model separating diagonal effects

Diag <- as.factor(diag(1:8))

Rscore <- scale(as.numeric(row(occupationalStatus)), scale = FALSE)

Cscore <- scale(as.numeric(col(occupationalStatus)), scale = FALSE)

modUnif <- glm(Freq ~ origin + destination + Diag + Rscore:Cscore,
family = poisson, data = occupationalStatus)

summary (modUnif)
plot(modUnif) # 4 plots, with warning about h_ii ~=1


https://CRAN.R-project.org/package=gnm

Orange

Orange

Orange

c("nfnGroupedData”, "nfGroupedData”, "groupedData”, "data.frame")

[as.data.frameplotprint

require(stats); require(graphics)
coplot(circumference ~ age | Tree, data = Orange, show.given = FALSE)
fml <- nls(circumference ~ SSlogis(age, Asym, xmid, scal),

data = Orange, subset = Tree == 3)

plot(circumference ~ age, data = Orange, subset = Tree == 3,
xlab = "Tree age (days since 1968/12/31)",
ylab = "Tree circumference (mm)", las = 1,

main = "Orange tree data and fitted model (Tree 3 only)")
age <- seq(@, 1600, length.out = 101)
lines(age, predict(fml, list(age = age)))

OrchardSprays

OrchardSprays


https://CRAN.R-project.org/package=nlme

rowpos
colpos
treatment
decrease

8 x 8

require(graphics)
pairs(OrchardSprays, main = "OrchardSprays data")

penguins

penguinspenguins_raw

penguins
penguins_raw



penguins

species factorAdelieChinstrapGentoo
island factorBiscoeDreamTorgersen
bill_len numeric

bill_dep numeric

flipper_len integer

body_mass integer

sex factorfemalemale

year integer
penguins_rawpenguins

Species character

Island character

Culmen Length (mm) numeric
Culmen Depth (mm) numeric
Flipper Length (mm) numeric
Body Mass (g) numeric

Sex character

Date Egg Dateyearpenguins
penguins_raw

studyName character

Sample Number numeric
Region character

Stage character

Individual ID character
Clutch Completion character
Delta 15 N (0/00) numeric
Delta 13 C (0/00) numeric

Comments character

iris

penguins


https://CRAN.R-project.org/package=palmerpenguins
https://allisonhorst.github.io/palmerpenguins/

## view summaries

summary (penguins)

summary (penguins_raw) # not useful for character vectors

## convert character vectors to factors first

dFactor <- function(dat) {
dat[] <- lapply(dat, \(.) if (is.character(.)) as.factor(.) else .)
dat

3

summary (dFactor(penguins_raw))

## visualise distribution across factors
plot(island ~ species, data = penguins)
plot(sex ~ interaction(island, species, sep = "\n"), data = penguins)

## bill depth vs. length by species (color) and sex (symbol):

## positive correlations for all species, males tend to have bigger bills

sym <- c(1, 16)

pal <- c("darkorange”,"purple”, "cyan4")

plot(bill_dep ~ bill_len, data = penguins, pch = sym[sex], col = pal[species])

## simplified sex dimorphism analysis for Adelie species:

## proportion of males increases with several size measurements

adelie <- subset(penguins, species == "Adelie")

plot(sex ~ bill_len, data = adelie)

plot(sex ~ bill_dep, data = adelie)

plot(sex ~ body_mass, data = adelie)

m <- glm(sex ~ bill_len + bill_dep + body_mass, data = adelie, family = binomial)

summary (m)

## Produce the long variable names as from {palmerpenguins} pkg:
long_nms <- sub("len”, "length_mm",
sub("dep”, "depth_mm",
sub("mass”, "mass_g", colnames(penguins))))
## compare long and short names:
noquote(rbind(long_nms, nms = colnames(penguins)))

## Not run: # << keeping shorter 'penguins' names in this example:
colnames(penguins) <- long_nms

## End(Not run)


https://doi.org/10.6073/pasta/98b16d7d563f265cb52372c8ca99e60f
https://doi.org/10.6073/pasta/7fca67fb28d56ee2ffa3d9370ebda689
https://doi.org/10.6073/pasta/c14dfcfada8ea13a17536e73eb6fbe9e
https://doi.org/10.1371/journal.pone.0090081
https://doi.org/10.32614/RJ-2022-020
https://doi.org/10.5281/zenodo.14902740

PlantGrowth

PlantGrowth

weight
group

group

## One factor ANOVA example from Dobson's book, cf. Table 7.4:
require(stats); require(graphics)
boxplot(weight ~ group, data = PlantGrowth, main = "PlantGrowth data”,
ylab = "Dried weight of plants”, col = "lightgray”,
notch = TRUE, varwidth = TRUE)
anova(lm(weight ~ group, data = PlantGrowth))

precip

precip

"Cincinnati”



require(graphics)
dotchart(preciplorder(precip)], main = "precip data")
title(sub = "Average annual precipitation (in.)")

## 01d ("wrong”) version of dataset (just name change):
precip.0 <- local({

p <- precip; names(p)[names(p) == "Cincinnati”] <- "Cincinati” ; p })
stopifnot(all(precip == precip.0),
match(”"Cincinnati”, names(precip)) == 46,

identical(names(precip)[-46], names(precip.0)[-46]))

presidents

presidents

require(stats); require(graphics)
plot(presidents, las = 1, ylab = "Approval rating (%)",
main = "presidents data")

pressure

pressure



temperature
pressure

require(graphics)
plot(pressure, xlab = "Temperature (deg C)",
ylab = "Pressure (mm of Hg)",
main = "pressure data: Vapor Pressure of Mercury")
plot(pressure, xlab = "Temperature (deg C)", log = "y",
ylab = "Pressure (mm of Hg)",
main = "pressure data: Vapor Pressure of Mercury")

Puromycin

Puromycin

Puromycin

conc
rate

state treateduntreated

SSmicmen



require(stats); require(graphics)

plot(rate ~ conc, data = Puromycin, las =1,
xlab = "Substrate concentration (ppm)”,
ylab = "Reaction velocity (counts/min/min)",
pch = as.integer(Puromycin$state),
col = as.integer(Puromycin$state),
main = "Puromycin data and fitted Michaelis-Menten curves”)
## simplest form of fitting the Michaelis-Menten model to these data
fml <- nls(rate ~ Vm * conc/(K + conc), data = Puromycin,
subset = state == "treated”,
start = c¢(Vm = 200, K = 0.05))
fm2 <- nls(rate ~ Vm * conc/(K + conc), data = Puromycin,
subset = state == "untreated”,
start = c(Vm = 160, K = 0.05))
summary (fm1)
summary (fm2)
## add fitted lines to the plot
conc <- seq(@, 1.2, length.out = 101)
lines(conc, predict(fml, list(conc = conc)), lty =1, col = 1)
lines(conc, predict(fm2, list(conc = conc)), lty = 2, col = 2)
legend(0.8, 120, levels(Puromycin$state),
col = 1:2, 1ty = 1:2, pch = 1:2)

## using partial linearity
fm3 <- nls(rate ~ conc/(K + conc), data = Puromycin,

subset = state == "treated”, start = c(K = 0.05),
algorithm = "plinear")
quakes
quakes

lat
long
depth
mag

stations



require(graphics)
pairs(quakes, main = "Fiji Earthquakes, N = 1000", cex.main = 1.2, pch = ".")

randu

randu

Xyz

## We could re-generate the dataset by the following R code
seed <- as.double(1)
RANDU <- function() {
seed <<- ((2*16 + 3) x seed) %% (2*31)
seed/(2731)
3
myrandu <- matrix(NA_real_, 400, 3, dimnames = list(NULL, c("x","y","z")))
for(i in 1:400) {
U <- c(RANDU(), RANDU(), RANDU(), RANDU(), RANDU())
myranduli,] <- round(U[1:3], 6)
3

stopifnot(all.equal(randu, as.data.frame(myrandu), tolerance = 1e-5))

rivers

rivers



rock

rock
area
peri
shape
perm
sleep
sleep

group



require(stats)
## Student's paired t-test
with(sleep,
t.test(extralgroup == 1],
extralgroup == 2], paired = TRUE))

## The sleep *prolongationsx*
sleepl <- with(sleep, extralgroup == 2] - extra[group == 1])
summary (sleep1)
stripchart(sleepl, method = "stack”, xlab = "hours”,
main = "Sleep prolongation (n = 10)")
boxplot(sleepl, horizontal = TRUE, add = TRUE,
at = .6, pars = list(boxwex = 0.5, staplewex = 0.25))

stackloss

stackloss

stack.x

stack.loss

stackloss
Air Flow
Water Temp
Acid Conc.
stack.loss

stack.xstack.loss

33
Air FlowWater TempAcid Conc.stack.loss

require(stats)
summary (1lm.stack <- Im(stack.loss ~ stack.x))



state

state.abb
state.area
state.center
state.division
state.name
state.region
state.x77

state.abb

state.area
state.center xy
state.division factor
state.name
state.region factor
state.x77

Population
Income
Illiteracy
Life Exp
Murder

HS Grad
Frost

Area

(em(1760 * 3 * 12) / 100 / 1000)*2km?22.589988110336km?2



(dst <- dxy <- data.frame(state.center, row.names=state.abb))

## Alaska and Hawaii are placed just off the West Coast (for compact map drawing):
dst[c("AK", "HI"),]

## state.center2 := version of state.center with "correct” coordinates for AK & HI:

## From https://pubs.usgs.gov/gip/Elevations-Distances/elvadist.html#Geographic%2@Centers
##  Alaska 63°50' N., 152°00' W., 60 miles northwest of Mount McKinley

##  Hawaii  20°15' N., 156°20' W., off Maui Island

dxy["AK",] <- c(-152. , 63.83) # or c(-152.11, 65.17)

dxy["HI",] <- c(-156.33, 20.25) # or c(-156.69, 20.89)

state.center2 <- as.list(dxy)

plot(dxy, asp=1.2, pch=3, col=2)
text(state.center2, state.abb, cex=1/2, pos=4, offset=1/4)
i <= c("AK","HI")
do.call(arrows, c(setNames(c(dst[i,], dxy[i,]), c("x@","y@", "x1","y1")),
col=adjustcolor(4, .7), length=1/8))
points(dst[i,], col=2)
if (FALSE) { # if(require("maps")) {
map("state”, interior = FALSE, add = TRUE)
map("state”, boundary = FALSE, lty = 2, add = TRUE)

sunspot.month

sunspot.month
sunspot.m2014sunspotssunspot.month

sunspot.month
sunspot.m2014

sunspot.yearsunspot.m2@14sunspot.month”ts”

https://www.sidc.be/SILSO/datafiles

sunspot.month

sunspot.monthsunspots


https://www.sidc.be/SILSO/datafiles
https://doi.org/10.1007/s11207-016-1014-y
https://doi.org/10.1007/s11207-023-02136-3

require(stats); require(graphics)
## Compare the monthly series
plot (sunspot.month,
main="sunspot.month & sunspots [package 'datasets']"”, col=2)
lines(sunspots) # -> clear recalibration (to *larger* values)
at. <- seq(1750, 2030, by=10)
atyr <- at.[at. %% 50 != 0] #%
Axis(time(sunspot.month), at = atyr, side = 1,
tck= -1/100, padj = -1.5, cex.axis = 3/4)

## Now look at the difference :
all(tsp(sunspots) [c(1,3)] ==
tsp(sunspot.month)[c(1,3)]) ## Start & Periodicity are the same
n1 <- length(sunspots)
table(eq <- sunspots == sunspot.m2014[1:n1]) #> 143 are different !
i <- which('eq)
rug(time(eq)[il)
s1 <- sunspots[i] ; s2 <- sunspot.m2014[i]
cbind(i = i, time = time(sunspots)[i], sunspots = s1, ss.month = s2,
perc.diff = round(100x2*abs(s1-s2)/(s1+s2), 1))

## How to recreate the "old” sunspot.month (R <= 3.0.3) =: sunspot.month.@
.sunspot.diff <- chind(
i = c(1202L, 1256L, 1258L, 1301L, 14@7L, 1429L, 1452L, 1455L,
1663L, 2151L, 2329L, 2498L, 2594L, 2694L, 2819L),
res1@ = c(1L, 1L, 1L, -1L, -1L, -1L, 1L, -1L,
L, 1L, 1L, 1L, 1L, 20L, 1L))
ssm@ <- sunspot.m2014[1:2988]
with(as.data.frame(.sunspot.diff), ssmo@[i] <<- ssm@[i] - res10/10)
sunspot.month.@ <- ts(ssm@, start = 1749, frequency = 12)
stopifnot(length(sunspot.month.@) == 2988)

sunspot.year

sunspot.month

sunspot.year

sunspot.year"ts"

sunspot.monthsunspots

https://www.sidc.be/SILSO/datafiles


https://www.sidc.be/SILSO/datafiles

utils::str(sm <- sunspots)# the monthly version we keep unchanged
utils::str(sy <- sunspot.year)
## The common time interval
(t1 <- c(max(start(sm), start(sy)), 1)) # Jan 1749
(t2 <= c(min( end(sm)[1],end(sy)[1]), 12)) # Dec 1983 (will not be updated!)
s.m <- window(sm, start=t1, end=t2)
s.y <- window(sy, start=t1, end=t2[1])
stopifnot(length(s.y) * 12 == length(s.m),
## The yearly series *is* close to the averages of the monthly one:
all.equal(s.y, aggregate(s.m, FUN = mean), tolerance = 0.0020))
## NOTE: Strangely, correctly weighting the number of days per month

#it (using 28.25 for February) is *notx closer than the simple mean:
ndays <- c(31, 28.25, rep(c(31,30, 31,30, 31), 2))
all.equal(s.y, aggregate(s.m, FUN = mean)) # 0.0013

all.equal(s.y, aggregate(s.m, FUN = weighted.mean, w = ndays)) # 0.0017

sunspots

sunspots

sunspot.monthsunspot.year

require(graphics)
plot(sunspots, main = "sunspots data”, xlab = "Year”,
ylab = "Monthly sunspot numbers")

swiss

swiss



[0, 100]

Fertility I,
Agriculture
Examination
Education

Catholic
Infant.Mortality

Fertility

[0, 100]catholic|0, 1]

https://oprdata.princeton.edu/archive/pefp/switz.aspx

ExaminationEducation

require(stats); require(graphics)

pairs(swiss, panel = panel.smooth, main = "swiss data”,
col = 3 + (swiss$Catholic > 50))

summary(Im(Fertility ~ . , data = swiss))

Theoph

Theoph

Theoph


https://oprdata.princeton.edu/archive/pefp/switz.aspx

c("nfnGroupedData”, "nfGroupedData”, "groupedData”, "data.frame")

112

SSfol

[as.data.frameplotprint

SSfol

require(stats); require(graphics)

coplot(conc ~ Time | Subject, data = Theoph, show.given = FALSE)
Theoph.4 <- subset(Theoph, Subject == 4)
fml <- nls(conc ~ SSfol(Dose, Time, 1lKe, 1lKa, 1Cl),
data = Theoph.4)
summary (fm1)
plot(conc ~ Time, data = Theoph.4,

xlab = "Time since drug administration (hr)",
ylab = "Theophylline concentration (mg/L)",
main = "Observed concentrations and fitted model”,

sub = "Theophylline data - Subject 4 only",
las = 1, col = 4)
xvals <- seq(@, par("usr”)[2], length.out = 55)
lines(xvals, predict(fml, newdata = list(Time = xvals)),
col = 4)

Titanic

Titanic


https://CRAN.R-project.org/package=nlme

Class
Sex

Age
Survived

https://www.encyclopedia-titanica.org/

require(graphics)

mosaicplot(Titanic, main = "Survival on the Titanic")
## Higher survival rates in children?

apply(Titanic, c(3, 4), sum)

## Higher survival rates in females?

apply(Titanic, c(2, 4), sum)

## Use loglm() in package 'MASS' for further analysis ...

ToothGrowth

VC

ToothGrowth

len

Supp
dose


https://www.encyclopedia-titanica.org/
https://doi.org/10.1080/10691898.1995.11910499

require(graphics)
coplot(len ~ dose | supp, data = ToothGrowth, panel = panel.smooth,
xlab = "ToothGrowth data: length vs dose, given type of supplement”)

treering

treering

"tS"

https://robjhyndman.com/TSDL/CA535.DAT

https://web.archive.org/web/20110523225828/http://www.ltrr.arizona.edu/
~hallman/sitephotos/meth.html

trees

trees


https://doi.org/10.1093/jn/33.5.491
https://robjhyndman.com/TSDL/
https://web.archive.org/web/20110523225828/http://www.ltrr.arizona.edu/~hallman/sitephotos/meth.html
https://web.archive.org/web/20110523225828/http://www.ltrr.arizona.edu/~hallman/sitephotos/meth.html

[,11 Girth
[,2] Height
[,3]1 Volume

require(stats); require(graphics)

pairs(trees, panel = panel.smooth, main = "trees data")

plot(Volume ~ Girth, data = trees, log = "xy")

coplot(log(Volume) ~ log(Girth) | Height, data = trees,
panel = panel.smooth)

summary (fm1 <- Im(log(Volume) ~ log(Girth), data = trees))

summary (fm2 <- update(fml, ~ . + log(Height), data = trees))
step(fm2)
## i.e., Volume ~= c * Height * Girth*2 seems reasonable
UCBAdmissions
UCBAdmissions
Admit
Gender
Dept


https://doi.org/10.1126/science.187.4175.398

require(graphics)
## Data aggregated over departments
apply (UCBAdmissions, c(1, 2), sum)
mosaicplot(apply(UCBAdmissions, c(1, 2), sum),
main = "Student admissions at UC Berkeley")
## Data for individual departments
opar <- par(mfrow = c(2, 3), oma = c(0, @, 2, 0))
for(i in 1:6)
mosaicplot (UCBAdmissions[,,i],

xlab = "Admit"”, ylab = "Sex",

main = paste("Department”, LETTERS[i]))
mtext (expression(bold(”Student admissions at UC Berkeley")),

outer = TRUE, cex = 1.5)

par(opar)

UKDriverDeaths

UKDriverDeaths
Seatbelts

UKDriverDeaths
Seatbelts

Seatbelts

DriversKilled

drivers UKDriverDeaths
front

rear

kms

PetrolPrice

VanKilled

law


https://doi.org/10.2307/2981553

require(stats); require(graphics)

## work with pre-seatbelt period to identify a model, use logs

work <- window(log1@(UKDriverDeaths), end = 1982+11/12)

par(mfrow = c(3, 1))

plot(work); acf(work); pacf(work)

par(mfrow = c(1, 1))

(fit <- arima(work, c(1, @, @), seasonal = list(order = c(1, @, 0))))

z <- predict(fit, n.ahead = 24)

ts.plot(log1@(UKDriverDeaths), z$pred, z$pred+2xz$se, z$pred-2*z$se,
1ty = c(1, 3, 2, 2), col = c("black”, "red”, "blue", "blue"))

## now see the effect of the explanatory variables

X <- Seatbelts[, c("kms"”, "PetrolPrice”, "law")]

X[, 11 <- loglo(X[, 11) - 4

arima(loglo(Seatbelts[, "drivers”"]), c(1, 0, @),
seasonal = list(order = c(1, @, @)), xreg = X)

UKgas

UKgas

## maybe str(UKgas) ; plot(UKgas) ...

UKLungDeaths

ldeathsmdeathsfdeaths

ldeaths
fdeaths
mdeaths



require(stats); require(graphics) # for time
plot(ldeaths)

plot(mdeaths, fdeaths)

## Better labels:

yr <- floor(tt <- time(mdeaths))
plot(mdeaths, fdeaths,

xy.labels = paste(month.abb[12x(tt - yr)], yr-1900, sep = "'"))
USAccDeaths
USAccDeaths
USArrests
USArrests
Murder
Assault
UrbanPop
Rape

USArrestsUrbanPopround()

https://books.google.ch/books?id=z19gAAAAMAAT&pg=PA20


https://books.google.ch/books?id=zl9qAAAAMAAJ&pg=PA20

state

summary (USArrests)

require(graphics)
pairs(USArrests, panel = panel.smooth, main = "USArrests data”)

## Difference between 'USArrests' and its correction
USArrests["Maryland”, "UrbanPop"”] # 67 -- the transcription error
UA.C <- USArrests

UA.C["Maryland”, "UrbanPop"] <- 76.6

## also +/- 0.5 to restore the original <n>.5 percentages
s5u <- c("Colorado”, "Florida"”, "Mississippi”, "Wyoming")
s5d <- c("Nebraska”, "Pennsylvania")

UA.C[s5u, "UrbanPop"] <- UA.C[sbu, "UrbanPop"”] + 0.5
UA.C[s5d, "UrbanPop"] <- UA.C[s5d, "UrbanPop”] - 0.5

## ==> UA.C 1is now a *Cxorrected version of USArrests

USJudgeRatings

USJudgeRatings

CONT
INTG
DMNR
DILG
CFMG
DECI
PREP
FAMI
ORAL
WRIT
PHYS
RTEN

require(graphics)
pairs(USJudgeRatings, main = "USJudgeRatings data")



USPersonalExpenditure

USPersonalExpenditure

require(stats) # for medpolish
USPersonalExpenditure
medpolish(logl1@(USPersonalExpenditure))

uspop

uspop

require(graphics)

plot(uspop, log = "y", main = "uspop data”, xlab = "Year”,
ylab = "U.S. Population (millions)")



VADeaths

VADeaths

require(stats); require(graphics)

n <- length(dr <- c(VADeaths))

nam <- names(VADeaths)
d.VAD <- data.frame(

Drate = dr,

age = rep(ordered(rownames(VADeaths)), length.out = n),
gender = gl(2, 5, n, labels = c("M", "F")),

site = gl(2, 10, labels = c("rural”, "urban")))
coplot(Drate ~ as.numeric(age) | gender * site, data = d.VAD,

panel = panel.smooth, xlab = "VADeaths data - Given: gender")

summary(aov.VAD <- aov(Drate ~ .*2, data = d.VAD))

opar <- par(mfrow = c(2, 2), oma = c(0, @, 1.1, @))
plot(aov.VAD)

par(opar)

volcano

volcano



filled.contour

require(grDevices); require(graphics)
filled.contour(volcano, color.palette = terrain.colors, asp = 1)

title(main = "volcano data: filled contour map")
warpbreaks
warpbreaks
[,11 breaks
[,2] wool

[,3]1] tension

ALAMAHBLBMBH

xtabs

require(stats); require(graphics)

summary (warpbreaks)

opar <- par(mfrow = c(1, 2), oma = c(@, @, 1.1, @))
plot(breaks ~ tension, data = warpbreaks, col = "lightgray”,

varwidth = TRUE, subset = wool == "A", main = "Wool A")
plot(breaks ~ tension, data = warpbreaks, col = "lightgray”,
varwidth = TRUE, subset = wool == "B", main = "Wool B")
mtext("warpbreaks data”, side = 3, outer = TRUE)
par(opar)

summary(fm1 <- lm(breaks ~ woolxtension, data = warpbreaks))
anova(fm1)



women

women
[,11 height
[,2] weight
require(graphics)
plot(women, xlab = "Height (in)", ylab = "Weight (1b)",
main = "women data: American women aged 30-39")
WorldPhones

WorldPhones



require(graphics)

matplot(rownames(WorldPhones), WorldPhones, type = "b", log = "y",
xlab = "Year”, ylab = "Number of telephones (1000's)")

legend(1951.5, 80000, colnames(WorldPhones), col = 1:6, 1ty = 1:5,
pch = rep(21, 7))

title(main = "World phones data: log scale for response”)
WWWusage

WWWusage

require(graphics)

work <- diff(WWWusage)

par(mfrow = c(2, 1)); plot(WWWusage); plot(work)

## Not run:

require(stats)

aics <- matrix(, 6, 6, dimnames = list(p = 0:5, q = 0:5))

for(q in 1:5) aics[1, 1+q] <- arima(WWWusage, c(@, 1, q),
optim.control = list(maxit = 500))%aic

for(p in 1:5)
for(q in 0:5) aics[1+p, 1+q] <- arima(WWWusage, c(p, 1, q),

optim.control = list(maxit = 500))%aic
round(aics - min(aics, na.rm = TRUE), 2)

## End(Not run)



grDevices

grDevices-package

library(help = "grDevices")

<R-core@r-project.org>

adjustcolor

(’rﬂ g7 b7 a)

adjustcolor(col, alpha.f =1, red.f = 1, green.f = 1, blue.f =1,
offset = c(0, 0, 0, @),
transform = diag(c(red.f, green.f, blue.f, alpha.f)))

col col2rgh()

alpha.f
red.fgreen.fblue.f

offset x := c(r,g,b,alpha)x[0, 1Jcol2rgb(col, alpha=TRUE)

transform x + offset



colrgb()

rgbcol2rgbconvertColor

## Illustrative examples :

opal <- palette("default”)

stopifnot(identical (adjustcolor(1:8, 0.75),
adjustcolor(palette(), 0.75)))

cbind(palette(), adjustcolor(1:8, 0.75))

## alpha = 1/2 * previous alpha --> opaque colors
x <- palette(adjustcolor(palette(), 0.5))

sines <- outer(1:20, 1:4, function(x, y) sin(x / 20 * pi * y))
matplot(sines, type = "b", pch = 21:23, col = 2:5, bg = 2:5,
main = "Using an 'opaque ('translucent') color palette”)

x. <- adjustcolor(x, offset = c(0.5, 0.5, 0.5, @), # <- "more white”
transform = diag(c(.7, .7, .7, 0.6)))

cbind(x, x.)
op <- par(bg = adjustcolor(”goldenrod”, offset = -rep(.4, 4)), xpd = NA)
plot(@:9, 0:9, type = "n", axes = FALSE, xlab = "", ylab = "",
main = "adjustcolor() -> translucent”)
text(1:8, labels = paste@(x,"++"), col = x., cex = 8)
par(op)
## and

(M <- cbind( rbind( matrix(1/3, 3, 3), @), c(o, @, @, 1)))
adjustcolor(x, transform = M)

## revert to previous palette: active
palette(opal)

as.graphicsAnnot

as.graphicsAnnot(x)

is.objectas.character



as.raster

is.raster(x)
as.raster(x, ...)

## S3 method for class 'matrix'

as.raster(x, max = 1, ...)
## S3 method for class 'array'
as.raster(x, max =1, ...)

## S3 method for class 'logical'

as.raster(x, max = 1, ...)

## S3 method for class 'numeric'
as.raster(x, max =1, ...)

## S3 method for class 'character'
as.raster(x, max =1, ...)

## S3 method for class 'raw'
as.raster(x, max = 255L, ...)

X

max

"raster”rgb

as.raster()

as.raster()

matrix

is.naNA

as.raster()

is.raster()x



# A red gradient
as.raster(matrix(hcl(@, 80, seq(50, 80, 10)),
nrow = 4, ncol = 5))

# Vectors are 1-column matrices ...

#  character vectors are color names ...
as.raster(hcl(0, 80, seq(50, 80, 10)))

# numeric vectors are greyscale ...
as.raster(1:5, max = 5)

# logical vectors are black and white ...
as.raster(1:10 %% 2 == @)

# ... unless nrow/ncol are supplied ...
as.raster(1:10 %% 2 == @, nrow = 1)

# Matrix can also be logical or numeric (or raw) ...
as.raster(matrix(c(TRUE, FALSE), nrow = 3, ncol = 2))
as.raster(matrix(1:3/4, nrow = 3, ncol = 4))

# An array can be 3-plane numeric (R, G, B planes) ...
as.raster(array(c(@:1, rep(0.5, 4)), c(2, 1, 3)))

# ... or 4-plane numeric (R, G, B, A planes)
as.raster(array(c(@:1, rep(0.5, 6)), c(2, 1, 4)))

# subsetting

r <- as.raster(matrix(colors()[1:100], ncol = 10))
rf, 2]

ri2:4, 2:5]

# assigning to subset
rf2:4, 2:5] <- "white"

# comparison
r == "white”

axisTicks

axisTicks(usr, log, axp = NULL, nint = 5)

.axisPars(usr, log = FALSE, nintlLog = 5)

usr c(min, max)par("usr”)log = TRUElogl@()
log

axp c(mi, ma, n.)par("?axp")?xyn.

nintnintlLog nintLoglog = TRUE



axisTicks(usr, *).axisPars(usr, ..)axpNULL
axisTicks()CreateAtVector()/src/main/plot.caxis(side, *)at

CreateAtVector ()

axisTicks()log=TRUEnint+1

.axisPars()list

axp c(min., max.)
n par("?axp")[3]

axTicksaxispar

##--- Demonstrating correspondence between graphics'
##--- axis() and the graphics-engine agnostic axisTicks() :

require("graphics”)
plot(10%(0:10)); (pu <- par("usr"))
aX <- function(side, at, ...)
axis(side, at = at, labels = FALSE, lwd.ticks = 2, col.ticks = 2,
tck = 0.05, ...)
aX(1, print(xa <- axisTicks(pu[1:2], log
aX(2, print(ya <- axisTicks(pu[3:4], log

FALSE))) # x axis
FALSE))) # y axis

axisTicks(pu[3:4], log = FALSE, nint = 10)

#H - Log Scale ------——--------------mo-ooo———-
x <- c(10, 1000)

#

axisTicks(log1@(x), log = TRUE) # 10 20 50 .... 1000
plot(10%(0:10), log = "y"); (pu <- par("usr”)) # ... ... 0.96 2.04

aX(2, print(ya <- axisTicks(pu[3:4], log = TRUE))) # 10 20 50 100 (y axis)

plot(2%(0:9), log = "y"); (pu <- par("usr"))

aX(2, print(ya <- axisTicks(pu[3:4], log = TRUE))) # y axis
## 'usr' corresponds to logl@(<range>) :

stopifnot(ya == axisTicks(logl@(c(1, 512)), log=TRUE))

boxplot.stats

boxplot.stats(x, coef = 1.5, do.conf = TRUE, do.out = TRUE)



X NANaN
coef coefcoef
do.confdo.out FALSEconfout

quantile(x, c(1,3)/4)nn <- length(x)nn %% 4 == Tn =1 mod 4n %% 4 == 2n = 2 mod 4
+/-1.58 IQR/sqrt(n)

stats coef = @fivenum(x, na.rm = TRUE)
n NA

conf if(do.conf)

out if(do.out)

statsconfnout+- Inf

fivenumboxplotbxp

require(stats)

x <= c(1:100, 1000)

(b1 <- boxplot.stats(x))

(b2 <- boxplot.stats(x, do.conf = FALSE, do.out = FALSE))
stopifnot(bl $ stats == b2 $ stats) # do.out = FALSE is still robust
boxplot.stats(x, coef = 3, do.conf = FALSE)

## no outlier treatment:
(b3 <- boxplot.stats(x, coef = 0))
stopifnot(b3$stats == fivenum(x))

## missing values are ignored

stopifnot(identical (boxplot.stats(c(x, NA)), b1))
## ... infinite values are not:

(r <- boxplot.stats(c(x, -1:1/0)))
stopifnot(r$out == c(1000, -Inf, Inf))


https://doi.org/10.2307/2683468

bringToTop

bringToTop-1
stay = TRUEstay

bringToTop(which = dev.cur(), stay = FALSE)

which -1

stay

msgWindowwindows

cairo

svg(filename = if(onefile) "Rplots.svg"” else "Rplot%@3d.svg”,
width = 7, height = 7, pointsize = 12,
onefile = FALSE, family = "sans”, bg = "white”,
antialias = c("default”, "none"”, "gray", "subpixel”),
symbolfamily)

cairo_pdf(filename = if(onefile) "Rplots.pdf” else "Rplot%@3d.pdf”,
width = 7, height = 7, pointsize = 12,
onefile = TRUE, family = "sans"”, bg = "white",
antialias = c("default”, "none", "gray"”, "subpixel”),
fallback_resolution = 300, symbolfamily)

cairo_ps(filename = if(onefile) "Rplots.ps” else "Rplot%@3d.ps",
width = 7, height = 7, pointsize = 12,
onefile = TRUE, family = "sans"”, bg = "white”,
antialias = c("default”, "none", "gray", "subpixel”),
fallback_resolution = 300, symbolfamily)



filename PATH_MAXpdf

width

height

pointsize

onefile

family "sans""serif""mono"
X11

bg par("bg")

antialias "default”

fallback_resolution

symbolfamily

https://www.w3.org/Graphics/SVG/svgonefile = FALSE
pdfpostscriptcairo_pdfcairo_ps

cairo_ps(onefile = FALSE)

%dfilenameonefile = TRUE

cairo_ps

image

antialias = "default”antialias = "gray”

svg

capabilities("cairo")

Devicesdev.printpdfpostscript

capabilities


https://www.w3.org/Graphics/SVG/

cairoSymbolFont

cairoSymbolFont(family, usePUA = TRUE)

family
usePUA

"CairoSymbolFont"

cairo_pdf

## Not run:

## If a font uses PUA, we can just specify the font name ...
cairo_pdf (symbolfamily="0penSymbol")

dev.off()

## ... or equivalently ...

cairo_pdf (symbolfamily=cairoSymbolFont("OpenSymbol"))
dev.off()

## If a font does not use PUA, we must indicate that ...
cairo_pdf (symbolfamily=cairoSymbolFont("”"Nimbus Sans”, usePUA=FALSE))
dev.off()

## End(Not run)

check.options

attributesnewname.opt

check.options(new, name.opt, reset = FALSE, assign.opt = FALSE,
envir = .GlobalEnv,
check.attributes = c("mode”, "length”),
override.check = FALSE)



new

name.opt

reset TRUEname.optname.optsearch()
assign.opt TRUE

envir environmentgetassign

check.attributes
check.options

override.check length(new)new[iJoverride.check[i] == TRUE

name.optnewoverride.check

"names"NULL

ps.optionspdf.optionscheck.options

(L1 <- list(a = 1:3, b = pi, ch = "CH"))
check.options(list(a = @:2), name.opt = "L1")
check.options(NULL, reset = TRUE, name.opt = "L1")

chull

chull(x, y = NULL)

Xy XYXXXy.coords

Xy .coordsNaN



Xy .coordspolygon

X <- matrix(stats::rnorm(2000), ncol = 2)
chull(X)

plot(X, cex = 0.5)
polygon(X[chull(X), 1)

cm

cm(x)

cm(1) # = 2.54
## Translate *fromx cm xto* inches:

10 / cm(1) # -> 10cm are 3.937 inches

col2rgb

col2rgb(col, alpha = FALSE)

col colors()ipalette()[i]
alpha


https://doi.org/10.1145/355759.355766
https://doi.org/10.1145/355759.355768

NA"NA""transparent”
col
"#rrggbb" "#rrggbbaa” "#rgb" "#rgba" "#rgb" "#rrggbb"

col

alpha = TRUEcolcol

rgbcolorspalette

convertColor()

col2rgb("peachpuff”)
col2rgb(c(blu = "royalblue”, reddish = "tomato")) # note: colnames

col2rgb(1:8) # the ones from the palette() (if the default)
col2rgb(paste@("gold”, 1:4))

col2rgb("#08a0ff")

## all three kinds of color specifications:
col2rgb(c(red = "red”, hex = "#abcdef"))
col2rgb(c(palette = 1:3))

# long and short form of hexadecimal notation

col2rgb(c(long = "#559955", short = "#595"))

# with alpha

col2rgb(c(long = "#559955BB", short = "#595B"), alpha = TRUE)

##-- NON-INTRODUCTORY examples --

grC <- col2rgb(paste@("gray"”, 0:100))
table(print(diff(grC["red”,1))) # '2' or '3': almost equidistant
## The 'named' grays are in between {"slate gray" is not gray, strictly}
col2rgh(c(g66 = "gray66”, darkg = "dark gray", g67 = "gray67",
g74 = "gray74"”, gray = "gray", g75 = "gray75",
g82 = "gray82", light = "light gray”, g83 "gray83"))

crgb <- col2rgb(cc <- colors())
colnames(crgb) <- cc
t(crgb) # The whole table

## How many names are 'aliases' of each other?
ccodes <- c(256*(2:0) %*% crgb)

cl <- split(cc, ccodes)

length(cl) # 502 distinct colors

table(tcc <- lengths(cl))

## ALl the multiply named colors:



clmult <- cl[tcc >= 2]
names(clmult) <- sapply(clmult, function(x) paste(crgbl[,x[1]]1, collapse = ","))
utils::str(clmult)

## Look at the color cube:
tc <- t(crgb[, !duplicated(ccodes)])
cNms <- rownames(tc)
if(requireNamespace("lattice”, quietly = TRUE))
lattice::cloud(blue ~ red + green, data = as.data.frame(tc), col = cNms)
## The 8 corners of the color cube:
isC <- rowSums(tc == @ | tc == 255) ==
cNms[isC] # "white” "black” "blue" "cyan” "green” "magenta" "red” "yellow”

table(is.gray <- tc[,1] == tc[,2] & tc[,2] == tc[,3]) # (397, 105)

## Not run: ## Look at the color cube dynamically:
if(require("rgl”)) {
open3d(windowRect = c(50,50, 950, 950)) # large, so we see details
plot3d (tc, col = cNms, size = 11) # --> rotate w/ mouse; enlarged corners:
points3d(tc[isC,], col = cNms[isC], size=22)
bg3d("darkgray”) # (to "see more"); rotate around gray-axis:
play3d(spin3d(axis = c¢(1, 1, 1), rpm = 2), duration = 30)
if (FALSE) # add all names {zoom in with 2nd mouse button!}
text3d(tc[!is.gray,], texts = cNms[!is.gray],
col = cNms[!is.grayl, adj=-1/4, cex = 1/2)
if (FALSE) { ## next version of {rgl}
hover3d(tc, labels = cNms)
message("Move mouse over plot to identify points.”)
} else { ## click on blob to see colors()' name:
identify3d(tc, labels=cNms)
3
}

## End(Not run)

colorRamp

topo.colors|0, 1|grey

colorRamp(colors, bias = 1, space = c("rgb", "Lab"),
interpolate = c("linear”, "spline”), alpha = FALSE)

colorRampPalette(colors, ...)

colors col2rgh()

bias

space

interpolate

alpha space

colorRamp



space = "Lab"

colorRampfunction

colorRampPalettergbheat.colorsterrain.colors

splinefunapproxfun

## Both return a *function* :

colorRamp(c("red”, "green"))( (0:4)/4 ) ## (x) , x in [0,1]
colorRampPalette(c("blue”, "red"))( 4 ) ## (n)

## a ramp in opacity of blue values
colorRampPalette(c(rgh(@,0,1,1), rgb(0,0,1,0)), alpha = TRUE)(8)

require(graphics)

## Here space="rgb" gives palettes that vary only in saturation,
## as intended.
## With space="Lab" the steps are more uniform, but the hues
## are slightly purple.
filled.contour(volcano,
color.palette =
colorRampPalette(c("red”, "white"”, "blue")),
asp = 1)
filled.contour(volcano,
color.palette =
colorRampPalette(c("red”, "white"”, "blue"),
space = "Lab"),
asp = 1)

## Interpolating a 'sequential' ColorBrewer palette
Y10rBr <- c("#FFFFD4", "#FED98E”, "#FE9929"”, "#D95FOE", "#993404")
filled.contour(volcano,
color.palette = colorRampPalette(Y10rBr, space = "Lab"),
asp = 1)
filled.contour(volcano,
color.palette = colorRampPalette(Y10OrBr, space = "Lab",
bias = 0.5),
asp = 1)

## 'jet.colors' is "as in Matlab”
## (and hurting the eyes by over-saturation)
jet.colors <-
colorRampPalette(c("#000Q7F", "blue", "#@Q7FFF", "cyan",
"#TFFF7F", "yellow"”, "#FF7F00", "red", "#7F0000"))
filled.contour(volcano, color.palette = jet.colors, asp = 1)

## space="Lab" helps when colors don't form a natural sequence
m <- outer(1:20,1:20,function(x,y) sin(sqrt(xxy)/3))


https://CRAN.R-project.org/package=RColorBrewer

rgh.palette <- colorRampPalette(c("red”, "orange”, "blue"),
space = "rgb")

Lab.palette <- colorRampPalette(c("red”, "orange”, "blue"),
space = "Lab")

filled.contour(m, col rgb.palette(20))

filled.contour(m, col = Lab.palette(20))

colors

colors (distinct = FALSE)
colours(distinct = FALSE)

distinct "snow”"snow1"” (0 : 255)3
col=

rgbhsvhclrainbowheat.colors

"transparent”

palettecol=
rgbhsvhclgrayrainbowheat.colorstopo.colors

col2rgb

cl <- colors()
length(cl); cl[1:20]

length(cl. <- colors(TRUE))
## only 502 of the 657 named ones

## —————————= Show all named colors and more:
demo("colors")
#Hf ——mmmmmm—m-



contourlLines

length.out = nrow(z)),
ncol(z)),

contourLines(x = seq(@, 1,
y = seq(@, 1, length.out
z, nlevels = 10,
levels = pretty(range(z, na.rm = TRUE), nlevels))

Xy zxlistx$xx$yxyzz
z NAxz

nlevels levels

levels

contourLines

/src/main/plot3d.c

listlist

level

X

y

options("max.contour.segments")

contourcontourLines()contour()

X <= 10*1:nrow(volcano)
y <= 10*1:ncol(volcano)
cl <- contourLines(x, y, volcano)
## summarize the sizes of each the contour lines :
cbind(lev = vapply(cl, “[[*, .5, "level"),
n = vapply(cl, function(l) length(1$x), 1))

z <- outer(-9:25, -9:25)
pretty(range(z), 10) # -300 -200 ... 600 700
utils::str(c2 <- contourlLines(z))

# no segments for {-300, 700};

# 2 segments for {-200, -100, 0}

# 1 segment for 100:600



convertColor

convertColor(color, from, to, from.ref.white, to.ref.white,
scale.in = 1, scale.out = 1, clip = TRUE)

color

fromto
from.ref.whiteto.ref.white

NULLD65
scale.inscale.out

scale.inscale.outNULL
clip TRUEFALSENANaN

colorConvertercolorConvertermake.rgh"”XYZ""sRGB""Apple RGB""CIE RGB""Lab""Luv"
colorspaces

"sRGB""Apple RGB""Lab""Luv"XYZ
LabLuvD65D50ABCED55make . rgbD65"CIE RGB”
clip

colorfrom

http://www.brucelindbloom.com/

https://web.archive.org/web/20190613001950/http://efg2.com/Lab/Graphics/Colors/
Chromaticity.htm

col2rgbcolors

make.rgb

## The displayable colors from four planes of Lab space
ab <- expand.grid(a = (-10:15)*10,
b = (-15:10)*10)
require(graphics); require(stats) # for na.omit
par(mfrow = c(2, 2), mar = .1+c(3, 3, 3, .5), mgp = c(2, .8, 0))

Lab <- cbind(L = 20, ab)
srgb <- convertColor(Lab, from = "Lab", to = "sRGB", clip = NA)


http://www.brucelindbloom.com/
https://web.archive.org/web/20190613001950/http://efg2.com/Lab/Graphics/Colors/Chromaticity.htm
https://web.archive.org/web/20190613001950/http://efg2.com/Lab/Graphics/Colors/Chromaticity.htm

clipped <- attr(na.omit(srgb), "na.action")

srgb[clipped, ] <- @

cols <- rgb(srgbl[, 11, srgb[, 21, srgb[, 31)

image((-10:15)*10, (-15:10)*10, matrix(1:(26*26), ncol = 26), col = cols,
xlab = "a", ylab = "b", main = "Lab: L=20")

Lab <- cbind(L = 40, ab)

srgb <- convertColor(Lab, from = "Lab", to = "sRGB", clip = NA)

clipped <- attr(na.omit(srgb), "na.action")

srgb[clipped, ] <- 0@

cols <- rgb(srgbl[, 1], srgb[, 21, srgb[, 31)

image((-10:15)*10, (-15:10)*10, matrix(1:(26*26), ncol = 26), col = cols,
xlab = "a", ylab = "b", main = "Lab: L=40")

Lab <- cbind(L = 60, ab)

srgb <- convertColor(Lab, from = "Lab", to = "sRGB"”, clip = NA)

clipped <- attr(na.omit(srgb), "na.action")

srgbl[clipped, ] <- @

cols <- rgb(srgbl[, 11, srgb[, 21, srgb[, 31)

image((-10:15)*10, (-15:10)*10, matrix(1:(26%26), ncol = 26), col = cols,
xlab = "a", ylab = "b", main = "Lab: L=60")

Lab <- cbind(L = 8@, ab)

srgb <- convertColor(Lab, from = "Lab", to = "sRGB", clip = NA)

clipped <- attr(na.omit(srgb), "na.action")

srgb[clipped, ] <- @

cols <- rgb(srgbl[, 11, srgb[, 2], srgb[, 31)

image((-10:15)*10, (-15:10)*10, matrix(1:(26%26), ncol = 26), col = cols,
xlab = "a", ylab = "b"”, main = "Lab: L=80")

cols <- t(col2rgb(palette())); rownames(cols) <- palette(); cols
zapsmall(lab <- convertColor(cols, from = "sRGB", to = "Lab", scale.in = 255))
stopifnot(all.equal(cols, # converting back.. getting the original:
round(convertColor(lab, from = "Lab", to = "sRGB", scale.out = 255)),
check.attributes = FALSE))

densCols

densCols

densCols(x, y = NULL, nbin = 128, bandwidth,
colramp = colorRampPalette(blues9[-(1:3)1))

blues9

Xy XyXy.coords

nbin gridsizebkde2D()
bandwidth bandwidthbkde2D

colramp nn



densColsbkde2D(*, bandwidth, gridsize = nbin, ..)
blues9

densColsnrow(x)

bkde2DsmoothScatter()densCols

x1 <= matrix(rnorm(1e3), ncol = 2)
x2 <- matrix(rnorm(le3, mean = 3, sd = 1.5), ncol = 2)
X <= rbind(x1, x2)

dcols <- densCols(x)
graphics::plot(x, col = dcols, pch = 20, main = "n = 1000")

dev

dev.cur()

dev.list()

dev.next(which = dev.cur())
dev.prev(which = dev.cur())
dev.off(which = dev.cur())
dev.set(which = dev.next())
dev.new(..., noRStudioGD = FALSE)
graphics.off ()

which

noRStudioGD widthheight

"null device"getOption("device")

nn

"X11""postscript”"null device"dev.nextdev.prev
dev.offgraphics.off()graphics.off()
dev.setdev.nextwhich = 1

dev.newgetOption("device")pdfpostscriptRplots.pdfRplots1.pdfRplots999.pdfwidth
units = "in", res = 72widthheight


https://CRAN.R-project.org/package=KernSmooth
https://CRAN.R-project.org/package=KernSmooth

dev.cur
dev.listnamesNULL
dev.nextdev.prev
dev.off

dev.set

dev.newNULL

Devicespostscript

layout

## Not run: ## Unix-specific example

x110)

plot(1:10)

x110)

plot(rnorm(10))

dev.set(dev.prev())

abline(@, 1) # through the 1:10 points
dev.set(dev.next())

abline(h = @, col = "gray"”) # for the residual plot
dev.set(dev.prev())

dev.off(); dev.off() #- close the two X devices

## End(Not run)

dev.capabilities

dev.capabilities(what = NULL)

what NULL

NA



NA

semiTransparency

transparentBackground
Hnoll H.Fullyll ”semiH

rasterImage rasterImagegrid.raster”no”"yes""non-missing”

capture grid.cap

locator locatoridentify

events c("MouseDown"”, "MouseMove"”, "MouseUp", "Keybd"”, "Idle")
patterns c("LinearGradient”, "RadialGradient”, "TilingPattern”)FALSE
clippingPaths

masks c("alpha”, "luminance")FALSE

compositing pdfFALSE

transformations

paths

glyphs

getGraphicsEvent

dev.capabilities()

dev.capture

dev.capture

dev.capture(native = FALSE)

native FALSETRUEnativeRaster

NULLnative = FALSEnativeRasternative = TRUE



dev.flush

dev.hold(level = 1L)
dev.flush(level = 1L)

level

dev.holddev. flushdev.holddev.flush
X11
quartz

windows

dev.interactive

dev.interactive(orNone = FALSE)

devicelsInteractive(name = NULL)

orNone TRUETRUE.Device == "null device"”getOption("device")
name NULL

X11windowsquartzJavaGDCairoWinCairoX11deviceIsInteractive

dev.interactive()TRUE

devicelsInteractivename = NULL

Devices

dev.interactive()
print(deviceIsInteractive(NULL))


https://CRAN.R-project.org/package=Cairo

dev.size

n

dev.size(units = c("in",

Cm“, npxn))

units

dev.new()

par("din")par("din")dev.size

dev.size("cm")

dev2

dev.copywhichdevicewhichdevice
dev.printdevice
dev.copy2epsdev.printhorizontal = FALSEdev.copy2pdf

dev.controldisplaylist”inhibit"”"enable”

dev.copy(device, ..., which = dev.next())
dev.print(device = postscript, ...)
dev.copy2eps(...)

dev.copy2pdf(..., out.type = "pdf")
dev.control(displaylist = c("inhibit"”, "enable"))

device x11postscript

devicedev.copy2epspostscriptdev.copy2pdfpdfdev.printwhich
postscript
which

nn

out.type "pdf""quartz""cairo"cairo_pdf

displaylist "inhibit""enable”



png
dev.copy2epsdev.copy2pdfwidthheightwidthheightRplot.epsRplot.pdffile
pdfpostscriptfonts...familyfamily. ..
dev.printoptions("printcmd”)postscriptdev.print(win.print)
dev.printfilewidthheightpointsizepointsizehorizontal

dev.printdevicepostscriptdev.copy2epspngjpegtiffbmpunits = "inches”

dev.copy
dev.printdev.copy2epsdev.copy2pdf

dev.copy
dev.control("inhibit")dev.copydev.print

dev.control("inhibit")

dev.curdev.xxx

## Not run:

x11() # on a Unix-alike

plot(rnorm(10), main = "Plot 1")

dev.copy(device = x11)

mtext("Copy 1", 3)

dev.print(width = 6, height = 6, horizontal = FALSE) # prints it
dev.off(dev.prev())

dev.off()

## End(Not run)

dev2bitmap

bitmapdev2bitmap

bitmap(file, type = "pnglém"”, height = 7, width = 7, res = 72,
units = "in"”, pointsize, taa = NA, gaa = NA, ...)

dev2bitmap(file, type = "pnglém”, height = 7, width = 7, res = 72,
units = "in", pointsize, ...,
method = c("postscript”, "pdf"), taa = NA, gaa = NA)



file

type

widthheight

res

units heightwidthinpxcmmm
pointsize

- postscriptpdf
method postscriptpdf
taagaa

dev2bitmappostscriptpdfghostscriptbitmappostscript
ghostscriptR_GSCMD"gs"GSC"gswib4c.exe""gswin32c.exe"

ghostscript”jpeg""” jpegecmyk”" jpeggray”"tiffcrle”"tiffg3""tiffg32d""tiffg4"
"tiffgray""tifflzw""tiffpack""tiff12nc""tiff24nc""tiff32nc""pngl16"”"pnglém”
"png256" "png48" "pngmono” "pnggray” "pngalpha” "bmp16"” "bmp16m" "bmp256" "bmp32b”
"bmpgray""bmpmono”

"pngl16m""png256" "pngmono” "pnggray"” "pngalpha”

"tiff24nc""tiff32nc”

Rplots%@3d.png

dev2bitmapwidthheightmethod = "pdf”

fileR_GSCMDshortPathName

res

bitmapRbit
type = "pdfwrite”pdfps2pdf -dAutoRotatePages=/Nonepostscript

savePlotwindowsX11(type = "cairo")
postscriptpdfpngjpegtiffbmp

image



devAskNewPage

devAskNewPage (ask = NULL)

ask NULLTRUE

options("device.ask.default")

dev.control

ask

plot.newgrid.newpage

Devices

windows

pdf

postscript

xfig

bitmap Ghostscript
pictex

cairo_pdfcairo_ps
svg

png

jpeg

bmp

tiff

X11
quartz R.app



options("device"”)pdfR_DEFAULT_DEVICEpdf ()
https://pgf.sourceforge.net/

windows.options

X11.optionsquartz.options

ps.optionspdf.options

dev.interactivedev.curdev.printgraphics.offimagedev2bitmap

capabilitiesX11jpegpngtiffquartz

## Not run:

## open the default screen device on this platform if no device is
## open

if(dev.cur() == 1) dev.new()

## End(Not run)

embedFonts

embedGlyphs()glyphInfo

embedFonts(file, format, outfile = file,
fontpaths = character(), options = character())

embedGlyphs(file, glyphInfo, outfile = file, options = character())

file

format file
outfile

fontpaths

options

glyphInfo glyphInfo()


https://CRAN.R-project.org/package=svglite
https://CRAN.R-project.org/package=tikzDevice
https://pgf.sourceforge.net/

options="-sFONTPATH=path/to/font"
ghostscriptR_GSCMD"gs"GSC"gswib4c.exe""gswin32c.exe"

format”ps2write”.ps.eps”"pdfwrite”.pdfformat = "pswrite”format = "epswrite”format
= "eps2write”

-dMaxSubsetPct=100-dSubsetFonts=true-dEmbedAllFonts=true
embedGlyphs()pdf ()glyphInfo

postscriptFontsDevices

https://www.r-project.org/doc/Rnews/Rnews_2006-2.pdf

extendrange

extendrange(x, r = range(x, na.rm = TRUE), f = 0.05)

X r
rangex
f fL11f[2]

r+ c(-f1,f2) * diff(r)fL11f[2]f
rangeprettyextendrange

x <- 1:5

(r <- range(x)) #1 5
extendrange(x) # 0.8 5.2
extendrange(x, f= 0.01) # 0.96 5.04
## extend more to the right:

extendrange(x, f=c(.01,.03)) # 0.96 5.12

## Use 'r' if you have it already:
stopifnot(identical (extendrange(r = r),
extendrange(x)))


https://www.r-project.org/doc/Rnews/Rnews_2006-2.pdf

getGraphicsEvent

getGraphicsEvent(prompt = "Waiting for input”,
onMouseDown = NULL, onMouseMove = NULL,
onMouseUp = NULL, onKeybd = NULL,
onIdle = NULL,
consolePrompt = prompt)
setGraphicsEventHandlers(which = dev.cur(), ...)
getGraphicsEventEnv(which = dev.cur())
setGraphicsEventEnv(which = dev.cur(), env)

prompt
onMouseDown
onMouseMove
onMouseUp
onKeybd
onldle
consolePrompt
which

env

windows()X11(type = "X1ib")X11(type = "cairo")

getGraphicsEventsetGraphicsEventHandlerssetGraphicsEventHandlers
setGraphicsEventEnvgetGraphicsEvent ()getGraphicsEventEnv()

getGraphicsEventonMouseDownonMouseMoveonMouseUponKeybdonIdlepromptwhichresult
getGraphicsEvent ()

function(buttons, x, y)xy(0,0)(1,1)buttons
function(key)shift-a"A"

"Ctrl-A"

”Lef‘t”’ IlUp”’ ”Right"’ ”Downll’ HPgUpH’ HPgDnH’ HEndH, HHome”

IlInsll’ ”Delll

IIFAIH’ HF2II’
onIdleNULLonIdleX11()
Sys.sleep()Sys.sleep()Sys.sleep()getGraphicsEventsetGraphicsEventHandlers

NULLgetGraphicsEvent



getGraphicsEventNULLgetGraphicsEventNULLNULL
getGraphicsEventEnvNULL

setGraphicsEventEnvsetGraphicsEventHandlers

# This currently only works on the Windows, X11(type = "X1ib"), and

# X11(type = "cairo"”) screen devices...

## Not run:

savepar <- par(ask = FALSE)

dragplot <- function(..., xlim = NULL, ylim = NULL, xaxs = "r", yaxs = "r") {
plot(..., xlim = x1lim, ylim = ylim, xaxs = xaxs, yaxs = yaxs)

startx <- NULL
starty <- NULL
prevx <- NULL
prevy <- NULL
usr <- NULL

devset <- function()
if (dev.cur() != eventEnv$which) dev.set(eventEnv$which)

dragmousedown <- function(buttons, x, y) {
startx <<- x
starty <<-y
prevx <<- @
prevy <<- @
devset()
usr <<- par("usr"”)
eventEnv$onMouseMove <- dragmousemove
NULL

}

dragmousemove <- function(buttons, x, y) {
devset()
deltax <- diff(grconvertX(c(startx, x), "ndc", "user"))
deltay <- diff(grconvertY(c(starty, y), "ndc”, "user"))
if (abs(deltax-prevx) + abs(deltay-prevy) > @) {

plot(..., xlim = usr[1:2]-deltax, xaxs = "i",
ylim = usr[3:4]-deltay, yaxs = "i")

prevx <<- deltax

prevy <<- deltay

NULL
3

mouseup <- function(buttons, x, y) {
eventEnv$onMouseMove <- NULL

}

keydown <- function(key) {
if (key == "q") return(invisible(1))
eventEnv$onMouseMove <- NULL



NULL
}

setGraphicsEventHandlers(prompt = "Click and drag, hit g to quit”,
onMouseDown = dragmousedown,
onMouseUp = mouseup,
onKeybd = keydown)

eventEnv <- getGraphicsEventEnv()

3
dragplot(rnorm(1000), rnorm(1000))
getGraphicsEvent()

par(savepar)

## End(Not run)

glyphInfo

glyphInfo(id, x, y, font, size, fontlist,
width, height, hAnchor, vAnchor,
col=NA, rot=0)

glyphFont(file, index, family, weight, style, PSname=NA)
glyphFontList(...)

glyphAnchor(value, label)

glyphWidth(w, label="width"”, left="left")
glyphHeight(h, label="height", bottom="bottom")
glyphWidthLeft(w, label)

glyphHeightBottom(h, label)

glyphJust(just, ...)

## S3 method for class 'GlyphJust'
glyphJust(just, ...)

## S3 method for class 'character'
glyphJust(just, ...)

## S3 method for class 'numeric'
glyphJust(just, which=NULL, ...)

id

Xy

font fontlList

size

fontList glyphFont()
width glyphWidth()
height glyphHeight ()



hAnchor xy"left"glyphAnchor ()
vAnchor xy"bottom"glyphAnchor ()
col NA

rot

file

index

family

weight

nn

style "normal””italic""oblique”
PSname NA

valuewh
labelleftbottom

just "left"o

which X

xy"left""centre”"right"hAnchor”left""left"”"bottom”"centre”"top"vAnchor"bottom”
"bottom”"baseline"y

xy01"width""left""height""bottom""tight""left-bearing”
glyphWidthLeft()glyphWidthHeight ()

glyphInfo()"RGlyphInfo”
glyphAnchor()glyphWidth()glyphHeight ()widthheighthAnchorvAnchorglyphInfo()

NAidxysizerot

gray

gray(level, alpha)
grey(level, alpha)

level 01"black”""white”

alpha



graycol=par

greygray

level

rainbowhsvhclrgb

gray(0:8 / 8)

gray.colors

gray.colors(n, start = 0.3, end = 0.9, gamma = 2.2, alpha, rev = FALSE)
grey.colors(n, start = 0.3, end = 0.9, gamma = 2.2, alpha, rev = FALSE)

n >1

start 01"black”""white”

end

gamma

alpha

rev

gray.colorsnstartendseq(start*gamma, end”gamma, length = n)*(1/gamma)

barplot.default

grey.colorsgray.colors

grayrainbowpalette

require(graphics)

pie(rep(1, 12), col = gray.colors(12))
barplot(1:12, col = gray.colors(12))



grSoftVersion

grSoftVersion()

nn

cairo

nnn n

cairofT yes

nn

pango

nn

libpng libpng
jpeg
libtiff libtiff""

nn

png(type = "cairo-png")

libjpeg-turbo”6.2"

extSoftVersion

grSoftVersion()

hcl

hclth = @, ¢ = 35, 1 = 85, alpha, fixup = TRUE)

alpha [0,1]
fixup fixupFALSENA



hclhsv

0 < alpha < 1rgb

hclNAalphat

https://www.R-project.org/conferences/DSC-2003/

hsvrgb

require(graphics)

# The Foley and Van Dam PhD Data

csd <- matrix(c( 4,2,4,6, 4,3,1,4, 4,7,7,1,
0,7,3,2, 4,5,3,2, 5,4,2,2,
3,1,3,0, 4,4,6,7, 1,10,8,7,
175!3’27 1!5)271! 4!1'473!
0,3,0,6, 2,1,5,5), nrow = 4)

csphd <- function(colors)
barplot(csd, col = colors, ylim = c(0,30),
names.arg = 72:85, xlab = "Year”, ylab = "Students”,
legend. text = c("Winter"”, "Spring”, "Summer"”, "Fall"),
main = "Computer Science PhD Graduates”, las = 1)

# The Original (Metaphorical) Colors (Ouch!)
csphd(c("blue”, "green”, "yellow"”, "orange"))

# A Color Tetrad (Maximal Color Differences)
csphd(hcl(h = c(30, 120, 210, 300)))

# Same, but lighter and less colorful
# Turn off automatic correction to make sure
# that we have defined real colors.
csphd(hcl(h = c(30, 120, 210, 300),

c =20, 1 =90, fixup = FALSE))


https://www.R-project.org/conferences/DSC-2003/

# Analogous Colors
# Good for those with red/green color confusion
csphd(hcl(h = seq(60, 240, by = 60)))

# Metaphorical Colors
csphd(hcl(h = seq(210@, 60, length.out = 4)))

# Cool Colors

csphd(hcl(h = seq(120, @, length.out = 4) + 150))
# Warm Colors
csphd(hcl(h = seq(120, @, length.out = 4) - 30))

# Single Color
hist(stats::rnorm(1000), col = hcl(240))

## Exploring the hcl() color space {in its mapping to R's sRGB colors}:
demo(hclColors)

Hershey

familypar

textcontourvfont

Hershey

plotmath

par (family)par(font)
"HersheySerif”
"HersheySans”
"HersheyScript"
"HersheyGothicEnglish"
"HersheyGothicGerman"
"HersheyGothicItalian”
"HersheySymbol”
"HersheySansSymbol"”

vfonttextcontourserifsans serifplainitalicvfontdemo(Hershey)a



typefacefontindexHershey(typeface, fontindex)

Hershey$allowed

N\
\123\p"p""\160"
\\

\\ab\\xademo (Hershey)
\\ab\366demo (Hershey)

U+Q0DFss
\\LI\\JUdemo (Hershey)

demo (Hershey)
("serif”, fontindex)

\244\241
\\#J1234\\#J2421
\\#N1234\\#N0001
demo(Japanese)

\\#H1234\\#H0746demo (Hershey)

https://www.gnu.org/software/plotutils/plotutils.html


https://www.gnu.org/software/plotutils/plotutils.html

demo (Hershey)partextcontour

Japanese

Hershey

## for tables of examples, see demo(Hershey)

hsv

hsvth =1, s =1, v =1, alpha)

hsv [0, 1]
alpha [0, 1]

0 < alpha < 1rgb

hsvcol=par

hclhsv()rgbrgb2hsvrainbowgray

require(graphics)
hsv(.5,.5,.5)

## Red tones:

n <- 20; y <- -sin(3*pi*((1:n)-1/2)/n)
op <- par(mar = rep(1.5, 4))

plot(y, axes = FALSE, frame.plot = TRUE,

xlab = ""  ylab = "", pch = 21, cex = 30,
bg = rainbow(n, start = .85, end = .1),
main = "Red tones")

par(op)



Japanese

Hershey
\\#J242b\\#J252b\\#J306c\\#N00Q1

demo(Japanese)

https://www.gnu.org/software/plotutils/plotutils.html

demo(Japanese)Hersheytext

require(graphics)

plot(1:9, type = "n", axes = FALSE, frame.plot = TRUE, ylab = "",
main = "example(Japanese)”, xlab = "using Hershey fonts")

par(cex = 3)

Vf <- c("serif”, "plain")

text(4, 2, "\\#J244b\\#J245b\\#J2473", vfont = Vf)

text(4, 4, "\\#J2538\\#J2563\\#J2551\\#J2573", vfont = Vf)

text(4, 6, "\\#J467c\\#J4b5c", vfont = Vf)
text(4, 8, "Japan", vfont = Vf)
par(cex = 1)
text(8, 2, "Hiragana")
text(8, 4, "Katakana")
text(8, 6, "Kanji")
text(8, 8, "English”)
make.rgb
convertColor

make.rgb(red, green, blue, name = NULL, white = "D65",
gamma = 2.2)

colorConverter(toXYZ, fromXYZ, name, white = NULL, vectorized = FALSE)


https://www.gnu.org/software/plotutils/plotutils.html

redgreenblue

name

white

gamma "sRGB"
fromXyz

toXYZ

vectorized fromXYZtoXYZ

gamma = "sRGB"

convertColorapplycolorConverterfromXYZtoXYZapplyfromXYZtoXYZvectorized=TRUE

colorConverter

http://www.brucelindbloom.com

convertColor

(pal <- make.rgb(red = c(0.6400, 0.3300),
green = c(0.2900, 0.6000),
blue = ¢(0.1500, 0.0600),
name = "PAL/SECAM RGB"))

## converter for sRGB in #rrggbb format

hexcolor <- colorConverter(toXYZ = function(hex, ...) {
rgb <- t(col2rgb(hex))/255
colorspaces$sRGB$toXYZ(rgb, ...) 3,
fromXYZ = function(xyz, ...) {
rgb <- colorspaces$sRGB$fromXYZ(xyz, ...)

rgb <- round(rgb, 5)
if (min(rgb) < @ || max(rgb) > 1)
as.character(NA)
else rgb(rgb[1], rgb[2], rgbl[31)3},
white = "D65", name = "#rrggbb")

(cols <- t(col2rgh(palette())))
zapsmall(luv <- convertColor(cols, from = "sRGB"”, to = "Luv", scale.in = 255))
(hex <- convertColor(luv, from = "Luv"”, to = hexcolor, scale.out = NULL))

## must make hex a matrix before using it

(cc <- round(convertColor(as.matrix(hex), from = hexcolor, to = "sRGB",
scale.in = NULL, scale.out = 255)))

stopifnot(cc == cols)


http://www.brucelindbloom.com

## Internally vectorized version of hexcolor, notice the use
## of “vectorized = TRUE™:

hexcolorv <- colorConverter(toXYZ = function(hex, ...) {
rgb <- t(col2rgb(hex))/255
colorspaces$sRGB$toXYZ(rgb, ...) 3,
fromXYZ = function(xyz, ...) {
rgb <- colorspaces$sRGB$fromXYZ(xyz, ...)

rgb <- round(rgb, 5)
oob <- pmin(rgb[,1],rgb[,2],rgb[,3]) < 0 |
pmax(rgbl[,1]1,rgbl[,2],rgb[,3]1) > 0
res <- rep(NA_character_, nrow(rgb))
res[!oob] <- rgb(rgb[!oob,,drop=FALSE])},
white = "D65", name = "#rrggbb",
vectorized=TRUE)
(ccv <- round(convertColor(as.matrix(hex), from = hexcolor, to = "sRGB",
scale.in = NULL, scale.out = 255)))

stopifnot(ccv == cols)
msgWindow
msgWindowwhich = -1
msgWindow(type = c("minimize"”, "restore”, "maximize"”,
"hide", "recordOn”, "recordOff"),

which = dev.cur())

type
which -1
bringToTopwindows

n2mfrow mfrow
par (mfrow)

n2mfrow(nr.plots, asp = 1)

nr.plots

asp laspnr.plots <= 12



(nr, nc)nr x nc >= nr.plotsasp = Inr >= nc >= 1

nr >= lnc >= Inr.plots >= nr xnenr >= aspxncw(nr.plots — nr * nc) + w|nr/nec — asp|

asp

parlayout

require(graphics)
n2mfrow(8) # 3 x 3

n <-5; x <-seq(-2, 2, length.out = 51)

## suppose now that 'n' is not known {inside function}

op <- par(mfrow = n2mfrow(n))

for (j in 1:n)
plot(x, x*j, main = substitute(x* exp, list(exp = j)), type = "1",
col = "blue")

sapply(1:14, n2mfrow)
sapply(1:14, n2mfrow, asp=16/9)

nclass

hist()

nclass.Sturges(x)
nclass.scott(x)
nclass.FD(x, digits = 5)

X
digits xIQR

nclass.Sturges
nclass.scottl
nclass.FDIQR(signif(x, digits))digits =5


https://bugs.R-project.org/show_bug.cgi?id=17274

Lo

histtruehistdpih

set.seed(1)
x <- stats::rnorm(1111)
nclass.Sturges(x)

## Compare them:

NC <- function(x) c(Sturges = nclass.Sturges(x),
Scott = nclass.scott(x), FD = nclass.FD(x))

NC(x)

onePt <- rep(1, 11)

NC(onePt) # no longer gives NaN

palette

col=

palette(value)

palette.pals()

palette.colors(n = NULL, palette = "Okabe-Ito”, alpha, recycle = FALSE,
names = FALSE)

value

n NULL

palette palette.pals()

alpha

recycle n > length(palette(.))recycle = FALSEn = NULL
names

palette()palette.pals()palette.colors()
par

valuepalette.pals()"default”

value

value

dev.copyreplayPlot


https://doi.org/10.1007/BF01025868
https://doi.org/10.2307/2335182
https://doi.org/10.1080/01621459.1926.10502161
https://CRAN.R-project.org/package=MASS
https://CRAN.R-project.org/package=KernSmooth

palette()invisible
palette.pals()
palette.colors()names = FALSEnames = TRUE"Okabe-Ito""Tableau 10""Alphabet”

colorshsvgrayhcl.colors

adjustcolorcolorRampcol2rgb

require(graphics)

palette() # obtain the current palette
palette(”"R3");palette() # old default palette
palette("ggplot2") # ggplot2-style palette
palette()

palette(hcl.colors(8, "viridis"))

(palette(gray(seq(9,.9,length.out = 25)))) # gray scales; print old palette
matplot(outer(1:100, 1:30), type = "1", 1ty = 1,1lwd = 2, col = 1:30,

main = "Gray Scales Palette”,
sub = "palette(gray(seq(@, .9, len=25)))")
palette("default”) # reset back to the default

## on a device where alpha transparency is supported,
## wuse 'alpha = 0.3' transparency with the default palette :
mycols <- adjustcolor(palette(), alpha.f = 0.3)
opal <- palette(mycols)
X <= rnorm(1000); xy <- cbind(x, 3*x + rnorm(1000))
plot (xy, lwd = 2,
main = "Alpha-Transparency Palette\n alpha = 0.3")
xy[,1] <= -xy[,1]
points(xy, col = 8, pch = 16, cex = 1.5)
palette("default”)

## List available built-in palettes
palette.pals()

## Demonstrate the colors 1:8 in different palettes using a custom matplot()
sinplot <- function(main=NULL, n = 8) {
x <- outer(
seq(-pi, pi, length.out = 50),
seq( @, pi, length.out = n),
function(x, y) sin(x - y)
)
matplot(x, type = "1", lwd = 4, 1ty = 1, col = 1:n, ylab = "", main=main)
3
sinplot(”"default palette”)

palette("R3"); sinplot(”"R3")

palette("Okabe-Ito"); sinplot("”Okabe-Ito")

palette(”"Tableau”) ; sinplot(”Tableau”, n = 10)

palROB <- colorRampPalette(c("red”, "darkorange2", "blue"), space = "Lab")



palette(palROB(16)); sinplot(”"palROB(16)", n = 16)
palette("default”) # reset

## color swatches for palette.colors()
palette.swatch <- function(palette = palette.pals(), n = 8, nrow = 8,
border = "black”, cex =1, ...)
{
cols <- sapply(palette, palette.colors, n = n, recycle = TRUE)
ncol <- ncol(cols)
nswatch <- min(ncol, nrow)
op <- par(mar = rep(0.1, 4),
mfrow = c(1, min(5, ceiling(ncol/nrow))),
cex = cex, ...)
on.exit(par(op))
while (length(palette)) {
subset <- seqg_len(min(nrow, ncol(cols)))
plot.new()
plot.window(c(@, n), c(@.25, nrow + 0.25))
y <- rev(subset)
text(@, y + 0.1, palette[subset], adj = c(@, 0))
y <- rep(y, each = n)
rect(rep(@:(n-1), n), y, rep(l:n, n), y - 0.5,
col = cols[, subset], border = border)
palette <- palette[-subset]
cols <- cols [, -subset, drop = FALSE]
}
3

palette.swatch()

palette.swatch(n = 26) # show full "Alphabet”; recycle most others

Palettes

hcl.colors(n, palette = "viridis"”, alpha = NULL, rev = FALSE, fixup = TRUE)
hcl.pals(type = NULL)

rainbow(n, s =1, v = 1, start = @, end = max(1, n - 1)/n,
alpha, rev = FALSE)

heat.colors(n, alpha, rev = FALSE)

terrain.colors(n, alpha, rev = FALSE)

topo.colors(n, alpha, rev = FALSE)

cm.colors(n, alpha, rev = FALSE)

n >1
palette hcl.pals()
alpha alphahsvhcl

missingalphaalpha = NULL"FF"



rev
fixup hcl

nn

type "qualitative""sequential”"diverging”"divergingx"NULL
sV
start

end

hcl.palsn
hsv
hcl

hcl.colors

hcl.pals

"Dark 3""Y1GnBu""viridis""Green-Brown""Blue-Red 3"

palette.colorshcl.colorspalette.colors

rainbowstartendg 222 2hcl.colorsrainbow

cvhcl.palsnpalette(cv)col =par

https://en.wikipedia.org/w/index.php?title=HCL_color_space&oldid=883465135

https://www.R-project.org/conferences/DSC-2003/

colorspalettegray.colorshsvhclrgbgraycol2rgb

require("graphics”)

# color wheels in RGB/HSV and HCL space

par(mfrow = c(2, 2))

pie(rep(1, 12), col = rainbow(12), main = "RGB/HSV")
pie(rep(1, 12), col = hcl.colors(12, "Set 2"), main = "HCL")
par(mfrow = c(1, 1))

## color swatches for RGB/HSV palettes
demo.pal <-
function(n, border = if (n < 32) "light gray” else NA,
main = paste(”color palettes; n=", n),


https://en.wikipedia.org/w/index.php?title=HCL_color_space&oldid=883465135
https://doi.org/10.18637/jss.v096.i01
https://www.R-project.org/conferences/DSC-2003/
https://doi.org/10.1016/j.csda.2008.11.033

ch.col = c("rainbow(n, start=.7, end=.1)", "heat.colors(n)",
"terrain.colors(n)", "topo.colors(n)",
"cm.colors(n)"))

{
nt <- length(ch.col)
i<=1:n; j<-n/nt; d<-3j/6; dy <- 2%d
plot(i, i+d, type = "n", yaxt = "n", ylab = "", main = main)
for (k in 1:nt) {
rect(i-.5, (k-1)*j+ dy, i+.4, kxj,
col = eval(str2lang(ch.col[k])), border = border)
text(2xj, k x j + dy/4, ch.col[kl)
3
3

demo.pal(16)

## color swatches for HCL palettes
hcl.swatch <- function(type = NULL, n =5, nrow = 11,
border = if (n < 15) "black” else NA) {
palette <- hcl.pals(type)
cols <- sapply(palette, hcl.colors, n = n)
ncol <- ncol(cols)
nswatch <- min(ncol, nrow)

par(mar = rep(0.1, 4),
mfrow = c¢(1, min(5, ceiling(ncol/nrow))),
pin = c(1, 0.5 * nswatch),
cex = 0.7)

while (length(palette)) {
subset <- 1:min(nrow, ncol(cols))
plot.new()
plot.window(c(@, n), c(@, nrow + 1))
text(@, rev(subset) + 0.1, palette[subset], adj = c(@, @))
y <- rep(subset, each = n)

rect(rep(@:(n-1), n), rev(y), rep(l:n, n), rev(y) - 0.5,
col = cols[, subset], border = border)
palette <- palette[-subset]
cols <- cols[, -subset, drop = FALSE]
}
par(mfrow = c(1, 1), mar = c(5.1, 4.1, 4.1, 2.1), cex = 1)
3
hcl.swatch()
hcl.swatch("qualitative”)
hcl.swatch(”sequential”)
hcl.swatch("diverging”)
hcl.swatch("divergingx")
## heat maps with sequential HCL palette (purple)
image(volcano, col = hcl.colors(11, "purples”, rev = TRUE))
filled.contour(volcano, nlevels = 10,
color.palette = function(n, ...)
hcl.colors(n, "purples”, rev = TRUE, ...))

## list available HCL color palettes
hcl.pals("qualitative”)
hcl.pals("”sequential™)



hcl.pals("diverging")
hcl.pals("divergingx")

pdf

pdf

pdf (file = if(onefile) "Rplots.pdf” else "Rplot%@3d.pdf",
width, height, onefile, family, title, fonts, version,
paper, encoding, bg, fg, pointsize, pagecentre, colormodel,
useDingbats, useKerning, fillOddEven, compress,
timestamp, producer, author)

file

widthheight 7

onefile TRUEfile

family "Helvetica”

title /Title"R Graphics Output”""

fonts NULL

version "1.4"

paper "a4""letter""legal""us""executive”"a4r""USr""special"width

height"default""papersize”"a4""special”
encoding "default”
"ISOLatin1.enc”
"CP1250.enc""CP1251.enc”"CP1253.enc""CP1257.enc”""WinAnsi.enc"
enc”.enc”

bg "transparent”

fg "black”

pointsize 12

pagecentre paper != "special”TRUE

colormodel "srgb""gray""grey""cmyk""srgb"

useDingbats FALSETRUE

useKerning TRUE

fi110ddEven polygonFALSE

compress TRUE

timestamp FALSE/CreationDate/ModDateTRUE

producer FALSE/ProducerTRUE

author /Author””



filepdf.options()

pdf Ofile

familyfonts

par(family = )pdfFonts

"Times""serif"”"Helvetica""sans""Courier"”"mono"embedFonts

xpdf

embedFonts

version

par(lwd = )pch = "."cex = 1"cra"
paper/MediaBoxwidthheight”special”widthheight®@.1postscriptpdf(paper = "a4r”,

width = @, height = @)

path.expandfile

onefile = FALSE"Rplot%03d.pdf"Rplot@d1.pdfRplot999.pdfRplot1000.pdf
"%[#0 +=-1%[0-9.1*[diouxX]1"file%k%%%

pdffileNULLstrwidthstringWidth

par(font = )gpar(fontface = )familypar(family = )gpar(fontfamily = )fonts
pdfFontspostscriptFonts

family”AvantGarde”"Bookman""Courier""Helvetica""Helvetica-Narrow"
"NewCenturySchoolbook”"Palatino”"Times"

"URWGothic""URWBookman""NimbusMon""NimbusSan""NimbusSanCond""CenturySch”
"URWPalladio""NimbusRom"”"URWHelvetica” == "NimbusSan"”""URWTimes"” == "NimbusRom"
embedFonts

"URW2Helvetica"Oblique”"URW2Helveticaltalic"Italic”URW2Times" "NimbusMonoPS"
"URWHelvetica”"URWTimes" "NimbusSan""NimbusRom" "NimbusMon"

pdfFonts
familyTypelFontCIDFont
embedFonts

useKerning = TRUEuseKerning = FALSE

textencoding

"TeXtext""ISOLatin2.enc""ISOLatin7.enc”""ISOLatin9.enc""Cyrillic.enc”
"KOI8-R.enc""KOI8-U.enc""WinAnsi.enc""CP1252.enc""CP1250.enc""CP1251.enc”
"Greek.enc""CP1253.enc""CP1257.enc"”

"ISOLatinl1.enc"libiconv

n_n n\ueeadn



nn nn

"srgb""gray""grey""cmyk"https://en.wikipedia.org/wiki/CMYK_color_model#Mapping_
RGB_to_CMYK

”rgb”

useDingbats = TRUE

pdf

pdf("|1lp -o landscape”, paper = "a4r")

onefile = TRUE

glyphInfoembedGlyphs

useDingbats = TRUEpch = 1"q"poppler~/.fonts.conf/etc/fonts/local.conf

<fontconfig>

<alias binding="same">
<family>ZapfDingbats</family>
<accept><family>Dingbats</family></accept>

</alias>

</fontconfig>

X11
pch =1

pdf.jspch = 1


https://en.wikipedia.org/wiki/CMYK_color_model#Mapping_RGB_to_CMYK
https://en.wikipedia.org/wiki/CMYK_color_model#Mapping_RGB_to_CMYK

pdfFontspdf.optionsembedFontsglyphInfoDevicespostscript

cairo_pdfquartz

https://www.r-project.org/doc/Rnews/Rnews_2006-2.pdf

## Test function for encodings

TestChars <- function(encoding = "ISOLatin1"”, ...)
{
pdf (encoding = encoding, ...)
par(pty = "s")
plot(c(-1,16), c(-1,16), type = "n", xlab = "", ylab = "",
xaxs = "i", yaxs = "i")

title(paste(”"Centred chars in encoding”, encoding))
grid(17, 17, 1ty = 1)
for(i in c(32:255)) {
X <=1 %% 16
y <-1i %/% 16
points(x, y, pch = i)
3
dev.off()
3
## there will be many warnings.
TestChars("ISOLatin2")
## this does not view properly in older viewers.
TestChars("ISOLatin2", family = "URWHelvetica")
## works well for viewing in gs-based viewers, and often in xpdf.

pdf.options pdf

pdf.optionspdf
pdf.optionspdfpdf

pdf.options(..., reset = FALSE)

widthheightonefilefamilytitlefontsversionpaperencodingbgfyg
pointsizepagecentrecolormodeluseDingbatsuseKerningfillOddEven
compresstimestampproducerauthor

reset

reset = TRUE...


https://www.r-project.org/doc/Rnews/Rnews_2006-2.pdf

pdfps.options

pdf.options(bg = "pink")
utils::str(pdf.options())
pdf.options(reset = TRUE) # back to factory-fresh

pictex

pictex(file = "Rplots.tex”, width = 5, height = 4, debug = FALSE,
bg = "white”, fg = "black")

file path.expand
width

height

debug

bg

fg

plotmath

non

pch = ".

pointsize

cmss10


https://CRAN.R-project.org/package=tikzDevice

pdfpostscriptDevices

tikzDevicehttps://pgf.sourceforge.net/pdftex

require(graphics)

pictex()
plot(1:11, (-5:5)*2, type = "b", main = "Simple Example Plot")
dev.off()

## Not run:

%% LaTeX Example

\documentclass{article}

\usepackage{pictex}

\usepackage{graphics} % for \rotatebox

\begin{document}

%. ..

\begin{figure}[h]
\centerline{\input{Rplots.tex}}
\caption{}

\end{figure}

%. ..

\end{document?}

## End(Not run)

unlink("Rplots.tex")

plotmath

texttextmtextaxislegendpersp

demo(plotmath)


https://pgf.sourceforge.net/

X +y

X -y

XXy

x/y

X %t-% 'y
X %/%y

X %*% Yy

X %.% Y
x[i]

X"2
paste(x, y, z)
sgrt(x)
sart(x, y)
=y
=y
<y
<=y
>y
>=y

— X X X X X X

%~~% Y
%="% Yy
%==% Yy
»propk y

X %%y
plain(x)
bold(x)
italic(x)
bolditalic(x)
symbol (x)
list(x, y, z)

X X X X

cdots

ldots

X %subset% y
%subseteq% y
%notsubsetd% y
%supsets y
%»supseteqk vy
%in% y
%»notin% y
hat(x)
tilde(x)
dot(x)

ring(x)

bar (xy)
widehat(xy)
widetilde(xy)
X %<=>% 'y

X %=>% Yy

X %<-% 'y

X X X X X X



»Up% y

%down% 'y

®<=>% 'y

B=>% Yy

%<=% Yy

%dblup% y

x %dbldown% y
alphaomega
AlphaOmega

thetal, phil, sigmal, omegal
Upsiloni

aleph

infinity
partialdiff

nabla

32*degree

60*minute

30*second
displaystyle(x)
textstyle(x)
scriptstyle(x)
scriptscriptstyle(x)
underline(x)

X~y

X *+ phantom(@) + y
x + over(1, phantom(@))

X X X X X X

frac(x, y)
over(x, y)
atop(x, )

sum(x[i], i==1, n)
prod(plain(P) (X==x), x)
integral (f(x)xdx, a, b)
union(A[i], i==1, n)
intersect(A[i], i==1, n)
lim(f(x), x %->% 0)
min(g(x), x > @)

inf(S)

sup(S)

Xty + z

x*(y + z)

x*{y + z}
group("(",list(a, b),"1")
bgroup(”(",atop(x,y),")")
group(lceil, x, rceil)
group(1floor, x, rfloor)
group(langle, list(x, y), rangle)

| ¢ L{"."""|||lceillfloorlangle
paste

musymbol ("m")symbol ("\0@42")TestChars(font=5)points



\UpsilonUpsiloni\varepsilonepsilon\epsilon\varpiomegalvarthetavarphivarsigma
thetalphilsigmal

sigmalstigma

\n
par(family=)gpar(fontfamily=)
bolditalicbolditalicmu

pointspdfpostscript

AUXXXX NUXXXXXXXXXT1
quartz

\uxxxxpointswindows
RguiRterm

https://www.stat.auckland.ac.nz/~paul/R/CM/AdobeSym.html

demo(plotmath)axismtexttexttitlesubstitutequotebquote

require(graphics)

x <- seq(-4, 4, length.out = 101)
y <= cbind(sin(x), cos(x))
matplot(x, y, type = "1", xaxt = "n",
main = expression(paste(plain(sin) * phi,
plain(cos) * phi)),
ylab = expression(”sin” * phi, "cos" * phi), # only 1st is taken
xlab = expression(paste("Phase Angle ", phi)),
col.main = "blue")
axis(1, at = c(-pi, -pi/2, 0, pi/2, pi),
labels = expression(-pi, -pi/2, @, pi/2, pi))

n n

and ,

n

## How to combine "math” and numeric variables :
plot(1:10, type="n", xlab="", ylab="", main = "plot math & numbers")
theta <- 1.23 ; mtext(bquote(hat(theta) == .(theta)), line= .25)
for(i in 2:9)
text(i, i+1, substitute(list(xi, eta) == group("(",list(x,y),")"),
list(x = i, y = i+1)))
## note that both of these use calls rather than expressions.
#H
text(1, 10, "Derivatives:", adj = 0)
text(1, 9.6, expression(

" first: {f x minute}(x) " == {f * minute}(x)), adj = @)
text(1, 9.0, expression(
" second: {f * second}(x) " == {f * second}(x)), adj = @)


https://doi.org/10.2307/1390947
https://www.stat.auckland.ac.nz/~paul/R/CM/AdobeSym.html

## note the "{ .. }" trick to get "chained” equations:

plot(1:10, 1:10, main = quote(l <= {1 < 2}))

text(4, 9, expression(hat(beta) == (X"t * X)*{-1} * X*t *x y))

text(4, 8.4, "expression(hat(beta) == (X*t * X)*{-1} * X*t * y)",
cex = .8)

text(4, 7, expression(bar(x) == sum(frac(x[i], n), i==1, n)))

text(4, 6.4, "expression(bar(x) == sum(frac(x[il, n), i==1, n))",
cex = .8)

text(8, 5, expression(paste(frac(l, sigmaxsqrt(2xpi)), " ",

plain(e)*{frac(-(x-mu)*2, 2*xsigma”2)})),

cex = 1.2)

## some other useful symbols
plot.new(); plot.window(c(9,4), c(15,1))
text(1, 1, "universal”, adj = 0); text(2.5, 1, "\\042")

text(3, 1, expression(symbol(”\042")))

text(1, 2, "existential”, adj = 0); text(2.5, 2, "\\o44")
text(3, 2, expression(symbol("\044")))

text(1, 3, "suchthat”, adj = @); text(2.5, 3, "\\e47")
text(3, 3, expression(symbol("\047")))

text(1, 4, "therefore”, adj = 0); text(2.5, 4, "\\134")
text(3, 4, expression(symbol(”\134")))

text(1, 5, "perpendicular”, adj = 0); text(2.5, 5, "\\136")
text(3, 5, expression(symbol(”"\136")))

text(1, 6, "circlemultiply”, adj = 0); text(2.5, 6, "\\304")
text(3, 6, expression(symbol(”\304")))

text(1, 7, "circleplus”, adj = 0); text(2.5, 7, "\\305")
text(3, 7, expression(symbol(”\305")))

text(1, 8, "emptyset”, adj = 0); text(2.5, 8, "\\306")
text(3, 8, expression(symbol(”\306")))

text(1, 9, "angle”, adj = 0); text(2.5, 9, "\\320")

text(3, 9, expression(symbol(”\320")))
text(1, 10, "leftangle”, adj = @); text(2.5, 10, "\\341")
text(3, 10, expression(symbol(”\341")))
text(1, 11, "rightangle”, adj = 0); text(2.5, 11, "\\361")
text(3, 11, expression(symbol(”\361")))

png

bmp(filename = "Rplot%@3d.bmp”,
width = 480, height = 480, units = "px", pointsize = 12,
bg = "white"”, res = NA, ...,
type = c("cairo”, "X1lib", "quartz"), antialias)

jpeg(filename = "Rplot%@3d. jpeg"”,
width = 480, height = 480, units = "px", pointsize = 12,
quality = 75,
bg = "white”, res = NA, ...,



type = c("cairo”, "X1lib", "quartz"), antialias)

png(filename = "Rplot%@3d.png”,
width = 480, height = 480, units = "px", pointsize = 12,
bg = "white", res = NA, ...,
type = c("cairo”, "cairo-png”, "Xlib", "quartz"), antialias)

tiff(filename = "Rplot%@3d.tiff",
width = 480, height = 480, units = "px", pointsize = 12,

compression = c("none”, "rle"”, "lzw", "jpeg", "zip",
lew+pll’ ”Zip+p"’
Hlercl’, lema”, ”Zstd”’ ”Webp”),
bg = "white”, res = NA, ...,
type = c("cairo”, "X1lib", "quartz"), antialias)
filename PATH_MAXpdf
width
height
units heightwidthpxincmmm
pointsize res
bg par("bg")
quality
compression libtifftiff.htype = "quartz”
res units

type = "X1lib"X11fontsfamily

nn

"cairo""quartz"familyX11

"cairo”symbolfamilyX11.options

type "X1lib""quartz""cairo""Xlib"getOption("bitmapType")"quartz”
"cairo""X1ib"

antialias type = "cairo”X11X11.optionstype = "quartz"antialias = "none"

tiff

pngbg = "transparent”type = "Xlib"type = "cairo"type = "cairo-png"type = "quartz”

nn nn nn

tiff”cairo""quartz""zip""lzw+p""zip+p"
jpegtiff

type = "Xlib"type = "cairo"type = "quartz"quartzcapabilities("aqua")

res
pngtype = "cairo”type = "cairo-png”

Preview



widthheight
%dfile

fontconfig

.jpg.tif.jpeg.tiff

res

restype = "Xlib"type = "cairo”
type = "X1ib"

type = "quartz"quartz

type = "X1ib"X11X11.options
libtiff"lerc"”"1lzma""zstd" "webp”

https://www.w3.org/TR/png/
https://www.iso.org/standard/34342.htmlhttps://en.wikipedia.org/wiki/TIFF

Devicesdev.print
capabilitiestype = "cairo”

bitmap


https://www.w3.org/TR/png/
https://www.iso.org/standard/34342.html
https://en.wikipedia.org/wiki/TIFF
https://CRAN.R-project.org/package=jpeg
https://CRAN.R-project.org/package=png
https://CRAN.R-project.org/package=tiff

## these examples will work only if the devices are available
## and cairo or an X11 display or a macOS display is available.

## copy current plot to a (large) PNG file
## Not run: dev.print(png, filename = "myplot.png"”, width = 1024, height = 768)

png("myplot.png”, bg = "transparent”)
plot(1:10)

rect(1, 5, 3, 7, col = "white")
dev.off()

## will make myplot1.jpeg and myplot2.jpeg
jpeg("myplot¥%d. jpeg")

example(rect)

dev.off()

postscript

postscript

postscript(file = if(onefile) "Rplots.ps” else "Rplot%03d.ps",
onefile, family, title, fonts, encoding, bg, fg,
width, height, horizontal, pointsize,
paper, pagecentre, print.it, command,
colormodel, useKerning, fillOddEven)

file ""command” | cmd"”cmd
onefile = FALSE"Rplot%03d.ps"%%%%"%[#0 +=-1%[0-9.]1x[diouxX]"
path.expand

pdf
onefile DocumentMediaTRUE
family pdf"Helvetica”
title Title"R Graphics Output”
fonts NULL
encoding pdf"default”
bg "transparent”"transparent”
fg "black”
widthheight 0
paper != "special"widthheighto.1
horizontal
pointsize 12
paper "a4""letter""us""legal""executive”""special"widthheight”"default”

"papersize""a4"



pagecentre

print.it file

command "default""printcmd” 2*xPATH_MAX

colormodel "srgb""srgbtgray”"rgh""rgh-nogray""gray""grey"”)"cmyk""srgb"
useKerning TRUE

fillOddEven polygonFALSE

fileps.options()
postscriptfile
filesprintfRplot@@1.psRplot999.psRplot1000.ps

\includegraphics{<filename>}setEPS()horizontal = FALSE, onefile = FALSE, paper
= "special”par(mar =)

.ps.prolognamespace:grDevices

familyfontspostscriptFonts

non

par(lwd = )pch = "."cex = 1"cra”

encoding = "TeXtext.enc"< >\ _ { }

"ComputerModern”"”ComputerModernltalic”postscriptpdfdvips -Ppfb -jo@-jofamily =
"ComputerModern”cmsl1@cmbxsl1@family = "ComputerModernItalic”

CM_symbol_10.afm

Ilsrgb“
"srgb+gray”

nn nn

"gray cmyk”https://en.wikipedia.org/wiki/CMYK_color_model#Mapping_RGB_

to_CMYK

grey

n rgb” n rgb_nogray”

postscript

print.it = TRUEcommand”file"”command

file = ""file = "|cmd"dev.off

"printcmd”print.it = TRUERedMonhttp://pages.cs.wisc.edu/~ghost/index.html
gsprint.exe


https://en.wikipedia.org/wiki/CMYK_color_model#Mapping_RGB_to_CMYK
https://en.wikipedia.org/wiki/CMYK_color_model#Mapping_RGB_to_CMYK
http://pages.cs.wisc.edu/~ghost/index.html

<durso@hussle.harvard. edu>

postscriptFontsDevicescheck.optionsps.optionspostscript

cairo_ps

https://www.r-project.org/doc/Rnews/Rnews_2006-2.pdf

require(graphics)

## Not run:

# open the file "foo.ps” for graphics output
postscript(”foo.ps")

# produce the desired graph(s)

dev.off() # turn off the postscript device

## On Unix-alikes only:

postscript(”|1lp -dlw")

# produce the desired graph(s)

dev.off() # plot will appear on printer

## On Windows:

options(printcmd = 'redpr -P"\\printhost\1lw"')
postscript(file = tempfile("Rps."), print.it = TRUE)

# produce the desired graph(s)

dev.off() # send plot file to the printer
## alternative using GSView 4.x :

options(printcmd = '/GhostGum/gsview/gsprint -query')


https://www.r-project.org/doc/Rnews/Rnews_2006-2.pdf

# for URW PostScript devices
postscript("foo.ps”, family = "NimbusSan")

## for inclusion in Computer Modern TeX documents, perhaps
postscript(”cm_test.eps”, width = 4.0, height = 3.0,
horizontal = FALSE, onefile = FALSE, paper = "special”,
family = "ComputerModern”, encoding = "TeXtext.enc")
## The resultant postscript file can be used by dvips -Ppfb -j0.

## To test out encodings, you can use
TestChars <- function(encoding = "ISOLatinl1”, family = "URWHelvetica")
{
postscript(encoding = encoding, family = family)
par(pty = "s")
plot(c(-1,16), c(-1,16), type = "n", xlab = "", ylab = "",
xaxs = "i", yaxs = "i")
title(paste(”Centred chars in encoding”, encoding))
grid(17, 17, 1ty = 1)
for(i in c(32:255)) {
X <=1 %% 16
y <=1 %/% 16
points(x, y, pch = i)
}
dev.off()
3
## there will be many warnings. We use URW to get a complete enough
## set of font metrics.
TestChars()
TestChars("ISOLatin2")
TestChars("WinAnsi")

## End(Not run)

postscriptFonts

postscriptpdf

postscriptFonts(...)
pdfFonts(...)

postscript”family”par”fontfamily"”gpar
postscriptpdf
postscriptFontspdfFontsTypelFontCIDFontxxxFonts



nn nn

"sans""Helvetica""serif""Times""mono” "Courier”

"AvantGarde""Bookman""Courier""Helvetica""Helvetica-Narrow"
"NewCenturySchoolbook”"Palatino”"Times" "URWGothic""URWBookman""NimbusMon"
"NimbusSan""URWHelvetica”"NimbusSanCond""CenturySch”"URWPalladio"”"NimbusRom"
"URWTimes"

"ComputerModern”"ComputerModernItalic”""ArialMT”

postscript
.pfb.pfaembedFonts
postscriptFontsfamily

familyfonts

"Japanl1""Japan1HeiMin""Japan1GothicBBB""Japan1Ryumin""Koreal""Korealdeb""GB1"

"CNS1”
HeiseiKakuGo-W5
KozMinPro-Regular-Acro
HeiseiMin-W3
HeiseiMin-W3-Acro
GothicBBB-Medium
Ryumin-Light
Baekmuk-Batang
HYSMyeongJoStd-Medium-Acro
Batang-Regular
HYGothic-Medium-Acro
BousungEG-Light-GB
STSong-Light-Acro
MOESung-Regular

MSungStd-Light-Acro



BousungEG-Light-GBhttps://ftp.gnu.org/pub/non-gnu/chinese-fonts-truetype/

-Acro

postscriptpdfTypelFontCIDFont

postscriptFonts()
## This duplicates "ComputerModernItalic”.
CMitalic <- TypelFont("ComputerModern2”,
c("CM_regular_10.afm", "CM_boldx_10.afm",
"cmtil@.afm”, "cmbxtil@.afm”,
"CM_symbol_10.afm"),
encoding = "TeXtext.enc")
postscriptFonts(CMitalic = CMitalic)

## A CID font for Japanese using a different CMap and
## corresponding cmapEncoding.
“Jp_UCS-2° <- CIDFont("TestUCS2",
c("Adobe-Japan1-UniJIS-UCS2-H.afm",
"Adobe-Japan1-UniJIS-UCS2-H.afm",
"Adobe-Japan1-UniJIS-UCS2-H.afm",
"Adobe-Japan1-UniJIS-UCS2-H.afm"),
"UniJIS-UCS2-H", "UCS-2")
pdfFonts (" Jp_UCS-2~ = ~Jp_UCS-27)
names (pdfFonts())

pretty.Date

ntixmin.n = 0x

## S3 method for class 'Date'’

pretty(x, n =5, min.n =n %/% 2, sep="", ...)
## S3 method for class 'POSIXt'

pretty(x, n =5, min.n =n %/% 2, sep="", ...)
X "Date”"POSIXt""POSIXct""POSIX1t"
n

min.n

sep


https://ftp.gnu.org/pub/non-gnu/chinese-fonts-truetype/

"labels""format"

pretty

pretty(Sys.Date())
pretty(Sys.time(), n = 10)

pretty(as.Date("2000-03-01")) # R 1.0.0 came in a leap year

## time ranges in diverse scales:
steps <- stats::setNames(,
c("10 secs”, "1 min", "5 mins”, "30@ mins”, "6 hours”, "12 hours”,
"1 DSTday"”, "2 weeks", "1 month”, "6 months”, "1 year”,
"10 years"”, "50 years"”, "1000 years"))
X <- as.POSIXct("2002-02-02 02:02")
lapply(steps,
function(s) {
at <- pretty(seq(x, by = s, length.out = 2), n =5)
attr(at, "labels"”)
»

ps.options

ps.optionspostscript

ps.optionspostscriptpostscript

ps.options(..., reset = FALSE, override.check = FALSE)
setEPS(...)
setPS(...)

onefilefamilytitlefontsencodingbgfgwidthheighthorizontal
pointsizepaperpagecentreprint.itcommandcolormodelfillOddEven
onefilehorizontalpapersetEPSsetPS

reset

override.check check.options

reset = TRUE...
append
setEPSsetPSwidthheight



...reset = TRUE

postscriptpdf.options

ps.options(bg = "pink")
utils::str(ps.options())

### ---- error checking of arguments: ----

ps.options(width = ©:12, onefile = @, bg = pi)

# override the check for 'width', but not 'bg':

ps.options(width = @:12, bg = pi, override.check = c(TRUE,FALSE))
utils::str(ps.options())

ps.options(reset = TRUE) # back to factory-fresh

quartz

quartz

quartz(title, width, height, pointsize, family, antialias, type,
file = NULL, bg, canvas, dpi)

quartz.options(..., reset = FALSE)

quartz.save(file, type = "png", device = dev.cur(), dpi = 100,

title "Quartz %d"filepdf

width 7

height 7

pointsize 12

family "Arial”

antialias TRUE

type "native”

file NULL

bg "transparent”"white""png""tiff"

canvas "white”

dpi NA_real_
quartzfile

reset

device



quartzquartz.options

nnunativeuncocoanfiletype = "pdf"“png””jpeg""jpg""jpegz@@@"”tif""tiff"“gif“
llpsdll Hbmpu Hsgin Ilpic.tll

filedev.off()Rplot%@3d.pngPATH_MAXpdffileRplots.pdfRplot%03d.path.expand

par(family =)quartzFontsHelveticasansTimes-RomanserifCouriermono

canvastype = "png”type = "tiff"Preview

title

nn

quartz() .Device"quartz""quartz_off_screen”
"Arial”"MingLiU"

quartz.savedev.copy2pdfquartz

"Helvetica""Arial”

family = "serif"”Font BookApplications

quartzFontsDevices

png

## Not run:
## Only on a Mac,
## put something like this is your .Rprofile to customize the defaults
setHook (packageEvent ("grDevices"”, "onLoad"),
function(...) grDevices::quartz.options(width = 8, height = 6,
pointsize = 10))

## End(Not run)



quartzFonts

quartz

quartzFont(family)

quartzFonts(...)

family

quartzgpar

quartzFontsquartzFont

"sans""serif""mono"
quartz
if(.Platform$0S. type == "unix") { # includes macOS
utils::str( quartzFonts() ) # a list(serif = .., sans = .., mono = ..)
quartzFonts("mono") # the list(mono = ..) sublist of quartzFonts()
## Not run:

## for East Asian locales you can use something like
quartzFonts(sans = quartzFont(rep("AppleGothic”, 4)),

serif = quartzFont(rep(”AppleMyungjp”, 4)))
## since the default fonts may well not have the glyphs needed

## End(Not run)
3



recordGraphics

recordGraphics(expr, list, env)

expr expressioncall
list expr

env environmentlist

exprlistenv

expr

assign

eval

require(graphics)

plot(1:10)
# This rectangle remains linch wide when the device is resized
recordGraphics(

{

rect(4, 2,
4 + diff(par("usr”)[1:21)/par("pin")[1]1, 3)

1

list(),

getNamespace("graphics”))



recordPlot

recordPlot(load=NULL, attach=NULL)
replayPlot(x, reloadPkgs=FALSE)

load NULL
attach NULL
X

reloadPkgs

"recordedplot”replayPlotprint

deparsestr

recordPlot”recordedplot”

replayPlot

saveRDSreadRDS

recordGraphicsloadattachrecordPlotloadloadNamespaceattachlibraryreloadPkgsTRUE
replayPlot

https://stattech.wordpress.fos.auckland.ac.nz/2015/12/21/
2015-07-recording-and-replaying-the-graphics-engine-display-list/

dev.control


https://CRAN.R-project.org/package=ggplot2
https://stattech.wordpress.fos.auckland.ac.nz/2015/12/21/2015-07-recording-and-replaying-the-graphics-engine-display-list/
https://stattech.wordpress.fos.auckland.ac.nz/2015/12/21/2015-07-recording-and-replaying-the-graphics-engine-display-list/

rgh

max
@maxalpha
names

col=par

rgb(red, green, blue, alpha, names = NULL, maxColorValue = 1)

redbluegreenalpha
[0, M| MmaxColorValue255redbluegreenalpha@: 255

names

maxColorValue

redbluegreenredredgreenblue

0 < alpha < 1pdfwindowsquartzX11(type = "cairo")jpegpngbmptiffbitmap

NAredbluegreenalpha

"#"0 ... 2550255

col2rgbrainbowhsvhclgray

rgb(e, 1, @)
rgb((0:15)/15, green = @, blue = @, names = paste("red”, 0:15, sep = "."))
rgb(0@, 0:12, @, maxColorValue = 255) # integer input

ramp <- colorRamp(c("red”, "white"))
rgb( ramp(seq(@, 1, length.out = 5)), maxColorValue = 255)


https://CRAN.R-project.org/package=Cairo
https://CRAN.R-project.org/package=cairoDevice
https://CRAN.R-project.org/package=JavaGD

rgb2hsv

rgb2hsv

rgb2hsv(r, g = NULL, b = NULL, maxColorValue = 255)

r [0, M]M =maxColorValue
g NULLr
b NULLr

maxColorValue 2550:255col2rgh()

np gy
SV

<wolfram@fischer-zim.ch>
<nikko@hailmail.net>

hsvcol2rgbrgb

## These (saturated, bright ones) only differ by hue

(rc <- col2rghb(c("red”, "yellow","green","cyan”, "blue”, "magenta")))
(hc <- rgb2hsv(rc))

6 * hc["h",] # the hues are equispaced

(rgb3 <- floor(256 * matrix(stats::runif(3x12), 3, 12)))

(hsv3 <- rgb2hsv(rgb3))

## Consistency :

stopifnot(rgb3 == col2rgb(hsv(h = hsv3[1,], s = hsv3[2,], Vv
all.equal(hsv3, rgb2hsv(rgb3/255, maxColorValue =

= hsv3[3,1)),
)

## A (simplified) pure R version -- originally by Wolfram Fischer --
## showing the exact algorithm:
rgb2hsvR <- function(rgb, gamma = 1, maxColorValue = 255)
{
if(!is.numeric(rgb)) stop("rgb matrix must be numeric")
d <- dim(rgb)



if(d[1] != 3) stop("rgb matrix must have 3 rows")

n <- d[2]

if(n == @) return(cbind(cth =1, s =1, v =1))[,01)
rgb <- rgb/maxColorValue

if(gamma !'= 1) rgb <- rgb * (1/gamma)

## get the max and min

v <- apply( rgb, 2, max)
s <- apply( rgb, 2, min)
D <- v - s # range

## set hue to zero for undefined values (gray has no hue)
h <- numeric(n)
notgray <- (s !=v)

## blue hue
idx <= (v == rgb[3,] & notgray )
if (any (idx))
hfidx] <- 2/3 + 1/6 * (rgb[1,idx] - rgb[2,idx]) / D[idx]
## green hue
idx <- (v == rgb[2,] & notgray )
if (any (idx))
h{idx] <- 1/3 + 1/6 * (rgb[3,idx] - rgb[1,idx]) / D[idx]
## red hue
idx <= (v == rgb[1,] & notgray )
if (any (idx))
hfidx] <- 1/6 * (rgb[2,idx] - rgb[3,idx]) / D[idx]

## correct for negative red
idx <= (h < 0)
h[idx] <- 1+h[idx]

## set the saturation
s[! notgray] <- 0;
s[notgray] <- 1 - s[notgray] / v[notgray]

rbind( h =h, s=s, v=v)
3

## confirm the equivalence:
all.equal(rgb2hsv (rgb3),
rgb2hsvR(rgb3), tolerance = 1e-14) # TRUE

savePlot

X110

savePlot(filename = paste@("Rplot."”, type),
type = C(”png”, ijeg”, ”tiff”, ”bmp”),
device = dev.cur())



filename

type

device

X11

dev.hold

bg = "transparent”

NULL

windowsrestoreConsole

recordPlot()X11dev.copydev.print

trans3d

persp

trans3d(x, y, z, pmat, continuous = FALSE, verbose = TRUE)

Xyz
pmat 4 x 4(z,y,2)(x,y,z t)persp()
continuous a/0(x,y,z)continuous=TRUE
verbose continuous=TRUE

Xy (x,¥,2)

persp



## See help(persp) {after attaching the 'graphics' package}
o —mmmmmee-

## Example for 'continuous = TRUE' (vs default):

require(graphics)

x <- -10:10/10 # [-1, 1]

y <- -16:16/16 # [-1, 1] ==> z = fxy := outer(x,y) is also in [-1,1]

p <- persp(x, y, fxy <- outer(x,y), phi = 20, theta = 15, r = 3, ltheta = -75,
shade = 0.8, col = "green3”, ticktype = "detailed”)

## 5 axis-parallel auxiliary lines in x-y and y-z planes :

lines(trans3d(-.5 , y=-1:1, z=min(fxy), pmat=p), lty=2)

lines(trans3d( @ , y=-1:1, z=min(fxy), pmat=p), lty=2)

lines(trans3d(-1:1, y= -.7, z=min(fxy), pmat=p), 1lty=2)

lines(trans3d( -1, y= -.7, z=c(-1,1) , pmat=p), 1lty=2)

lines(trans3d( -1, y=-1:1, z= -.5 ,  pmat=p), lty=2)

## 2 pillars to carry the horizontals below:

lines(trans3d(-.5 , y= -.7, z=c(-1,-.5), pmat=p), 1lwd=1.5, col="grayl0")

lines(trans3d( @ , y= -.7, z=c(-1,-.5), pmat=p), lwd=1.5, col="grayl10")

## now some "horizontal rays” (going from center to very left or very right):

doHor <- function(x1, x2, z, CNT=FALSE, ...)
lines(trans3d(x=seq(x1, x2, by=0.5), y= -0.7, z = z, pmat = p, continuous = CNT),
lwd = 3, type="b", xpd=NA, ...)

doHor(-10, @, z = -0.5, col =2) # x in [-10, @] -- to the very left : fine

doHor(-.5, 2, z = -0.52,col = 4) # x in [-0.5, 2] only {to the right} --> all fine

## but now, x in [-0.5, 20] -- "too far" ==> "wrap around” problem (without 'continuous=TRUE"):
doHor(-.5, 20, z = -0.58, col = "steelblue”, 1lty=2)

## but it is fixed with continuous = CNT = TRUE:

doHor(-.5, 20, z = -0.55, CNT=TRUE, col = "skyblue")

TypelFont

pdfpostscript

TypelFont(family, metrics, encoding = "default”)

CIDFont(family, cmap, cmapEncoding, pdfresource = "")

family postscriptFonts

metrics

cmap

encoding TypelFont"default”"ISOLatinl.enc"”"WinAnsi.enc"enc"”.enc”
cmapEncoding

pdfresource pdf



TypelFonts.afm”Symbol.afm"”/library/grDevices/afmAdobeSym.afm
.afm.gz
cmapcmapEncodingpdfpostscript

plotmath

"TypelFont""CIDFont"

pdfpostscriptpdfFontspostscriptFonts

## This duplicates "ComputerModernItalic”.
CMitalic <- TypelFont("ComputerModern2",
c("CM_regular_10.afm", "CM_boldx_10.afm",
"cmtil@.afm”, "cmbxtil@.afm”,
"CM_symbol_10.afm"),
encoding = "TeXtext.enc")

## Not run:

## This could be used by

postscript(family = CMitalic)

## or

postscriptFonts(CMitalic = CMitalic) # once in a session
postscript(family = "CMitalic”, encoding = "TeXtext.enc")

## End(Not run)

windows

windowswin.graphx11X11win.metafilewin.print

windows(width, height, pointsize, record, rescale, xpinch, ypinch,
bg, canvas, gamma, xpos, ypos, buffered, title,
restoreConsole, clickToConfirm, fillOddEven,
family, antialias)

win.graph(width, height, pointsize)
win.metafile(filename = "", width = 7, height = 7, pointsize = 12,
family, restoreConsole = TRUE,
xpinch = NA_real_, ypinch = NA_real_)
win.print(width = 7, height = 7, pointsize = 12, printer = "",
family, antialias, restoreConsole = TRUE)



widthheight 7

pointsize 12

record FALSE

rescale c("R", "fit", "fixed")"R"
xpinchypinch NA_real_

bg "transparent”

canvas "white"

gamma

XPOSypos Rconsolexpos = -25, ypos = @
buffered TRUE

title "

filename .emf .wmfpdfpath.expand””
printer

restoreConsole FALSE
clickToConfirm TRUE
fillOddEven polygonTRUE
family

nn nn

antialias "default”"none""cleartype”"gray"”

windowswindows.optionsgammaxpinchypinchbufferedrestoreConsoleantialiaswin.graph
x11X11

xpinchypinchwindows.options
bgpar("bg")gpar("fill")
"SavedPlots”"print"”recordedplot”recordPlot.SavedPlots
options("windowsTimeout")
par(lwd =)
win.metafilefilenamefilename

nn

restoreConsoleFALSE

IIRII Ilf‘itll Il,f_‘ixed”
rescalerescale = "fit"rescale = "fixed"
strwidthstrheight"fit”

ndinn



\etc\Rdevgapar(font =)familypar(family =)windowsFonts

antialiasantialias = "none""cleartype”
Meiryo
pch = "."cex = 1

x11TOX11Owin.graph()windows ()
x11TOX110)

windowsFontssavePlotbringToTopDevicespdfx11

## Not run: ## A series of plots written to a sequence of metafiles
if(.Platform$0S. type == "windows")
win.metafile("Rplot%@2d.wmf"”, pointsize = 10)

## End(Not run)

windows.options

windows.optionswindows

windows.optionswindowswindows

windows.options(..., reset = FALSE)

widthheightpointsizerecordrescalexpinchypinchbgcanvasgamma
xposyposbufferedrestoreConsoleclickToConfirmtitlefillOddEven
antialias

reset



reset = TRUE...

antialiaswindowswin.graphX11x11bitmap.aa.wintype = "windows"”

windowsps.options

## Not run:
## put something like this is your .Rprofile to customize the defaults
setHook (packageEvent ("grDevices"”, "onLoad"),

function(...)
grDevices: :windows.options(width = 8, height = 6,
Xpos = @, pointsize = 10,
bitmap.aa.win = "cleartype”))

## End(Not run)

windowsFonts

windowsFont(family)

windowsFonts(...)

family "TT"

windows"family"”par”fontfamily"gpar

windowsFontswindowsFont

nn

"sans""serif""mono"

windows



if(.Platform$0S.type == "windows") withAutoprint({
windowsFonts()
windowsFonts("mono")

b

## Not run: ## set up for Japanese: needs the fonts installed
windows() # make sure we have the right device type (available on Windows only)
Sys.setlocale("LC_ALL", "ja")
windowsFonts(JP1 = windowsFont("”MS Mincho"),
JP2 = windowsFont("MS Gothic"),
JP3 = windowsFont(”Arial Unicode MS"))

plot(1:10)

text(5, 2, "\u{4E10}\u{4EQ0}\u{4E01}", family = "JP1")

text(7, 2, "\u{4E10}\u{4E00}\u{4EQ1}", family = "JP1", font = 2)
text(5, 1.5, "\u{4E10}\u{4E00}\u{4E01}", family = "JP2")

text(9, 2, "\u{51003}", family = "JP3")

## End(Not run)

x11

X11Ox11OQwindowsOx11(OX11()
X11(*)

X11
x11X11
https://en.wikipedia.org/wiki/Xlibhttps://www.cairographics.org

X11(display = "", width, height, pointsize, gamma, bg, canvas,
fonts, family, xpos, ypos, title, type, antialias, symbolfamily)

X11.options(..., reset = FALSE)

display DISPLAY

widthheight NA7

pointsize 12

gamma

bg "transparent”

canvas "white"

fonts type = "X1lib"

family type = "X1ib"”"X11Fonts()fonts
XpOSypos Xpos = -100NA

title ""filedf


https://en.wikipedia.org/wiki/Xlib
https://www.cairographics.org

type "X1lib""cairo""nbcairo”"dbcairo”"cairo"pangocairo”Xlib"
antialias c("default”, "none", "gray", "subpixel”)

symbolfamily

reset

X11colortypemaxcubesize

X11X11.options

nn

typetype = "X1lib""cairo""nbcairo”"dbcairo”

type = "nbcairo”type = "cairo”dev.holddev.flushtype = "dbcairo”options(X1lupdates
= 0.25)

x86_64type = "dbcairo”
type = "cairo”

type

"X1ib"pngdisplay

type = "X1ib"

fontspar(family =)X11FontsfamilyfontsX11.options
is010646-1

fonts

"—%x-mincho-%s-%s—-*x-*-%d-*—*-x—%-x—%-x""-cronyx-helvetica-%s-%s—*-x-%d-*—*—*x—k—*—x—%"

XLC_LOCALEru_RU.utf8

nn nn

"Helvetica"familypargpar”sans”""Helvetica""serif"”"Times""mono"”"Courier"”

PangofontconfigfontconfigFC_DEBUG

https://www.freedesktop.org/software/fontconfig/fontconfig-user.html
"Helvetica""Arial""DejaVu Sans""Liberation Sans""FreeSans""Times New Roman”
"DejaVu Serif""Liberation Serif"”"CM Roman”

"symbol"”symbolfamilyX11.options

quote(pi)expression(10*degree)fontconfig~/.fonts.conf/etc/fonts/local.conf

<fontconfig>

<match target="pattern”>
<test name="family"><string>Symbol</string></test>
<edit name="family"” mode="prepend” binding="same">

<string>Standard Symbols L</string>

</edit>

</match>

</fontconfig>


https://www.freedesktop.org/software/fontconfig/fontconfig-user.html

fc-match Symbolsymbol.ttflocate symbol.ttfwine

geometryNAX11.optionsR_xT11man Xhttps://www.x.org/releases/current/~/.Xresources

R_x11xgeometry: 900x900-0+0

X11

type = "Xlib"colortypeX11.optionsX11type = "Xlib"bmpjpegpngtiffcolortype
colortypeX11.options(colortype =)

"true""pseudo”"gray""mono" "pseudo”"pseudo. cube”
colortype”pseudo.cube”"gray""mono""gray" "pseudo.cube”X11.options(maxcolorsize
=)
type = "X1ib"StaticGrayMonoChrome
image
antialias = "default”antialias = "gray”

type = "X1ib"

type = "X1ib"
X11()capabilities("X11")
DevicesX11FontssavePlot
## Not run:
if(.Platform$0S. type == "unix") { # Only on unix-alikes, possibly Mac,
## put something like this is your .Rprofile to customize the defaults
setHook (packageEvent("grDevices"”, "onLoad"),

function(...) grDevices::X11.options(width = 8, height = 6, xpos = 0,
pointsize = 10))
3
## End(Not run)


https://www.x.org/releases/current/

X11Fonts

XT11Font(font)

X11Fonts(...)

font

X11type = "X1ib"X11(type = "cairo")
X11"family"par"fontfamily”gpar

X11FontsX11Font

nn

"sans""serif""mono"”"Helvetica”""Times""CyrHelvetica""CyrTimes""Arial""Mincho”

capabilities()LL["X11"1]

X11

if(capabilities("X11")) withAutoprint({

X11Fonts()

X11Fonts("mono")

utopia <- X11Font("-*-utopia-*—*—*—*—k—k—*—*—k—k—x-%")
X11Fonts(utopia = utopia)

1))

Xy .coords

Xy .coords

xy.coords(x, y = NULL, xlab = NULL, ylab = NULL, log = NULL,
recycle = FALSE, setLab = TRUE)



Xy X

xlabylab

log "x""y"plotNA"log_le_0"
recycle TRUErepxy

setlLab xlabylab(x,y)xlabylab
Xy

yNULLXx

yvar =~ Xvarxvaryvar

Xy
time(x)

nynnon

data.frame x"x""y

xx1:nxlab"Index"setlLab

x"POSIXt""POSIXct"

X "double”

y X

xlab character (1)NULLX
ylab character (1)NULLy

plot.defaultlinespointslowess

ff <- stats::fft(1:9)
xy.coords (ff)
xy.coords(ff, xlab = "fft") # labels "Re(fft)", "Im(fft)"

with(cars, xy.coords(dist ~ speed, NULL)$xlab ) # = "speed”

xy.coords(1:3, 1:2, recycle = TRUE) # otherwise error "lengths differ”
xy.coords(-2:10, log = "y")
##> xlab: "Index"” \\ warning: 3 y values <= @ omitted ..
op <- options(warn = 2)# ==> warnings would be errors, we suppress the one "we know":
suppressWarnings(xy.coords(-2:10, log = "y"), classes="log_le_0") -> xy
options(op) # revert
stopifnot(is.list(xy), identical (1:13 +0, xy$x),
identical(c(rep(NA, 3), 1:10 +0), xy$y))



xyTable

xyTable(x, y = NULL, digits)

Xy xy.coords(x, y)
digits signif(x, digits)

X

y X

number number[i1(x[i], y[il)

sunflowerplotxyTable()signif

xyTable(iris[, 3:4], digits = 6)

## If missing coordinates exist, they are also counted
iris2 <- iris[1:10, 3:4]

iris2[4, 2] <- NA

iris2[c(3, 5), 1 <- NA

xyTable(iris2)

## Discretized uncorrelated Gaussian:

xy <- data.frame(x = round(sort(stats::rnorm(100))), y = stats::rnorm(100))
xyTable(xy, digits = 1)



Xyz.coords

xyz.coords(x, y
xlab

NULL, z = NULL,
NULL, ylab = NULL, zlab = NULL,

log = NULL, recycle = FALSE, setlLab = TRUE)

Xyz

xlabylabzlab
log

recycle
setLab

xlab
ylab
zlab

Xy .coords

yzNULLx
zvar ~ xvar + yvarxvaryvarzvarxyzdata.framex
xyz = NULL

”X" ”y” "Z”NA”]_Og_]_e_@”
TRUErepxyz
xlabylab(x,y)xlabylab

double

X

X

character (1)NULLx
character (1)NULLy
character (1)NULLz

xyz.coords(data.frame(10x1:9, -4), y = NULL, z = NULL)

xyz.coords(1:5, stats::fft(1:5), z = NULL, xlab = "X", ylab = "Y")

y <= 2 % (x2 <= 10 + (x1 <= 1:10))

xyz.coords(y ~ x1

+x2, y = NULL, z = NULL)

xyz.coords(data.frame(x = -1:9, y = 2:12, z = 3:13), y = NULL, z = NULL,

log =

"xy")

##> Warning message: 2 x values <= 0@ omitted ...
## Suppress this specific warning:
suppressWarnings(xyz.coords(x = -1:9, y = 2:12, z = 3:13, log = "xy"),

classes = "log_le_0")






graphics

graphics-package

library(help = "graphics")

<R-core@r-project.org>

abline

abline(a = NULL, b = NULL, h = NULL,

v = NULL, reg = NULL,
coef = NULL, untf = FALSE, ...)

ab
untf

coef
reg coef
colltylwdxpdlendljoinlmitre



abline(a, b, ...)
abline(h =, ...)
abline(v =, ...)
abline(coef =, ...)
abline(reg =, ...)

a
h=v=

coef

regcoef

untfhv
colltylwdparh=v=
xpdpar ("xpd")

linessegmentspar

## Setup up coordinate system (with x ==y aspect ratio):
plot(c(-2,3), c(-1,5), type = "n", xlab = "x", ylab = "y", asp = 1)
## the x- and y-axis, and an integer grid

abline(h = @, v = @, col = "gray60")

text(1,0, "abline( h =0 )", col = "gray60", adj = c(@, -.1))
abline(h = -1:5, v = -2:3, col = "lightgray"”, lty = 3)

abline(a =1, b = 2, col = 2)

text(1,3, "abline( 1, 2 )", col = 2, adj = c(-.1, -.1))

## Simple Regression Lines:

require(stats)

sale5 <- c(6, 4, 9, 7, 6, 12, 8, 10, 9, 13)

plot(sale5)

abline(1lsfit(1:10, sale5))

abline(1sfit(1:10, sale5, intercept = FALSE), col = 4) # less fitting

z <- Im(dist ~ speed, data = cars)
plot(cars)

abline(z) # equivalent to abline(reg = z) or
abline(coef = coef(z))

## trivial intercept model
abline(mC <- lm(dist ~ 1, data = cars)) ## the same as
abline(a = coef(mC), b = @, col = "blue”)



arrows

arrows(x@, yo, x1 = x0, y1 = y0, length = 0.25, angle = 30,
code = 2, col = par("fg"), 1ty = par("1ty"),
lwd = par("1lwd"), ...)

x0y0

x1y1

length

angle

code

colltylwd NAcol
xpdlendljoinlmitrepar

i(xe[il, ye[il) (x1[il, y1[il)
code = 1(x0[i], y@[il)code = 2(x1[i], y1[il)code = 3length = @
colltylwd

x1, y1, x2, y2

segments

X <- stats::runif(12); y <- stats::rnorm(12)

i <= order(x, y); x <- x[i]; y <- y[i]

plot(x,y, main = "arrows(.) and segments(.)")

## draw arrows from point to point :

s <- seq(length(x)-1) # one shorter than data
arrows(x[s], y[s], x[s+1]1, y[s+1], col = 1:3)

s <- s[-length(s)]

segments(x[s], y[s], x[s+2], y[s+2], col = "pink")



assocplot

assocplot(x, col = c("black”, "red"), space = 0.3,
main = NULL, xlab = NULL, ylab = NULL)

col

space

main

x1lab X

ylab X

X2i,jdij = (f” — eij)/\/@fijeijdij\/ﬁ‘jdij = (Ocolcol

assoc

http://datavis.ca/papers/sugi/sugil7.pdf

mosaicplotchisq.test

## Aggregate over sex:

x <- marginSums(HairEyeColor, c(1, 2))

X

assocplot(x, main = "Relation between hair and eye color")


https://CRAN.R-project.org/package=vcd
https://doi.org/10.1080/03610928008827940
http://datavis.ca/papers/sugi/sugi17.pdf
https://doi.org/10.18637/jss.v017.i03

Axis

Axis(x = NULL, at = NULL, ..., side, labels = NULL)
X
at
side
labels at
axis
xxatataxisx

boxplotcontourcoplotfilled.contourpairsplot.defaultrugstripchartAxis

"Date”"POSIXt"formataxisaxis.POSIXct

axisAxis()

axis

axis(side, at = NULL, labels = TRUE, tick = TRUE, line = NA,
pos = NA, outer = FALSE, font = NA, 1ty = "solid",
lwd = 1, lwd.ticks = lwd, col = NULL, col.ticks = NULL,
hadj = NA, padj = NA, gap.axis = NA, ...)



side

at

labels

tick

line

pos

outer

font

1ty

lwdlwd. ticks
colcol.ticks
hadj

padj

gap.axis

NaNNANULL
as.graphicsAnnotatlabelsTRUE

NA
NAline

par("font.axis")

col = NULLpar("fg")col.ticks = NULLcol
par(lﬁadj Il)
padj = Qpadj =1
padjpar("las”)
NA10Q.25
perpendicular <- function(side, las) {
is.x <~ (side %% 2 == 1) # is horizontal x-axis
( is.x && (las %in% 2:3)) ||
('is.x && (las %in% 1:2))
3

gap.axis <- if(perpendicular(side, las)) 0.25 else 1

gap.axisat = ..
cex.axiscol.axisfont.axismgpxaxpyaxptcktcllasfgcolxpdpar
xaxtyaxt

lablabelsplot.windowlabaxis

atxpd = TRUExpd = NA

at = NULLaxTicks(side)par("xaxp")"yaxp"par(”xlog")"ylog"plotaspplot.window

labelsatprint.default(digits = 7)

gap.axislas

2gap.axis = -1

linepospar("mgp")[3]1par("mgp")[2]pos

mgpl2:3Imextcktclcex.axiscol.axisfont.axislassrtsrtatlasadjpar



Axis
axTicksat = NULLpretty

par

require(stats) # for rnorm
plot(1:4, rnorm(4), axes = FALSE)
axis(1, 1:4, LETTERS[1:4])

axis(2)

box() #- to make it look "as usual”

plot(1:7, rnorm(7), main = "axis() examples”,
type = "s", xaxt = "n"”, frame.plot = FALSE, col = "red")
axis(1, 1:7, LETTERS[1:7], col.axis = "blue")
# unusual options:
axis(4, col = "violet”, col.axis = "dark violet”, lwd = 2)

axis(3, col = "gold”, 1ty = 2, 1lwd = 0.5)

# one way to have a custom x axis
plot(1:10, xaxt = "n")
axis(1, xaxp = c(2, 9, 7))

## Changing default gap between labels:
plot(@:100, type="n", axes=FALSE, ann=FALSE)
title(quote("axis(1, .., gap.axis = f),"” ~~ f >= 0))
axis(2, at = 5%(0:20), las = 1, gap.axis = 1/4)
gaps <- c(4, 2, 1, 1/2, 1/4, 0.1, 0)
chG <- paste@(ifelse(gaps == 1, "default: ", ""),
"gap.axis=", formatC(gaps))

jj <- seg_along(gaps)
1inG <- -2.5%(jj-1)
for(j in ji) {

isD <- gaps[j] == 1 # is default

axis (1, at=5%(0:20), gap.axis = gaps[j], padj=-1, line = 1inG[j],

col.axis = if(isD) "forest green" else 1, font.axis= 1+isD)
3
mtext(chG, side=1, padj=-1, line = 1inG -1/2, cex=3/4,
col = ifelse(gaps == 1, "forest green”, "blue3"))

## now shrink the window (in x- and y-direction) and observe the axis labels drawn

axis.POSIXct

"POSIXt""Date"

axis.POSIXct(side, x, at, format, labels = TRUE, ...)
axis.Date(side, x, at, format, labels = TRUE, ...)



side axis

xat
format strftime
labels at

ataxis.POSIXctaxis.Dateprettyformatpar(”lab")
atformatatlabels = FALSE

"POSIXct""tzone"

"LC_TIME"Sys.setlocale

Axis

with(beaverl, {
opar <- par(mfrow = c(3,1))
time <- strptime(paste(1990, day, time %/% 100, time %% 100),
"%Y %3 %H %M")
plot(time, temp, type = "1") # axis at 6-hour intervals
# request more ticks
olab <- par(lab = c(10, 10, 7))
plot(time, temp, type = "1")
par(olab)
# now label every hour on the time axis
plot(time, temp, type = "1", xaxt = "n")
r <- as.POSIXct(round(range(time), "hours"))
axis.POSIXct(1, at = seq(r[1]1, r[2]1, by = "hour”), format = "%H")
par(opar) # reset changed par settings
1)
plot(.leap.seconds, seq_along(.leap.seconds), type = "n”, yaxt = "n",
xlab = "leap seconds”, ylab = "", bty = "n")
rug(.leap.seconds)
## or as dates
lps <- as.Date(.leap.seconds)
plot(lps, seg_along(.leap.seconds),

type = "n", yaxt = "n"”, xlab = "leap seconds”,
ylab = VIII’ bty = Ilnll)
rug(lps)

## 100 random dates in a 10-week period

random.dates <- as.Date(”2001/1/1") + 7@xsort(stats::runif(100))
plot(random.dates, 1:100)

# or for a better axis labelling



plot(random.dates, 1:100, xaxt = "n")

axis.Date(1, at = seq(as.Date("”2001/1/1"), max(random.dates)+6, "weeks"))

axis.Date(1, at = seq(as.Date("2001/1/1"), max(random.dates)+6, "days"),
labels = FALSE, tcl = -0.2)

## axis.Date() with various data types:
x <- seq(as.Date("2022-01-20"), as.Date("2023-03-21"), by = "days")
plot(data.frame(x, y = 1), xaxt = "n")
legend("topleft”, title = "input”,

legend = c("character”, "Date", "POSIXct", "POSIX1t"”, "numeric"),

fill = c("violet”, "red”, "orange"”, "corall"”, "darkgreen"))
axis.Date(1)
axis.Date(3, at = "2022-04-01", col.axis = "violet")
axis.Date(3, at = as.Date("2022-07-01"), col.axis = "red")
axis.Date(3, at = as.POSIXct(as.Date("2022-10-01")), col.axis = "orange")
axis.Date(3, at = as.POSIXlt(as.Date("2023-01-01")), col.axis = "corall")
axis.Date(3, at = as.integer(as.Date("2023-04-01")), col.axis = "darkgreen")
## automatically extends the format:
axis.Date(1, at = "2022-02-15", col.axis = "violet",

col = "violet"”, tck = -0.05, mgp = c(3,2,0))

## axis.POSIXct() with various data types (2 minutes):
X <- as.POSIXct("2022-10-01") + c(@, 60, 120)
attributes(x) # no timezone
plot(data.frame(x, y = 1), xaxt = "n")
legend("topleft”, title = "input”,
legend = c("character”, "Date", "POSIXct"”, "POSIX1t"”, "numeric"),
fill = c("violet”, "red", "orange"”, "corall"”, "darkgreen"))
axis.POSIXct(1)
axis.POSIXct(3, = "2022-10-01 00:01", col.axis = "violet")
axis.POSIXct(3, at = as.Date("”2022-10-01"), col.axis = "red")
axis.POSIXct(3, at = as.POSIXct("2022-10-01 00:01:30"), col.axis = "orange")
axis.POSIXct(3, at = as.POSIX1t("2022-10-01 00:02"), col.axis = "corall")
axis.POSIXct(3, at = as.numeric(as.POSIXct("2022-10-01 00:00:30")),
col.axis = "darkgreen")
## automatically extends format (here: subseconds):
axis.POSIXct(3, at = as.numeric(as.POSIXct("2022-10-01 00:00:30")) + 0.25,
col.axis = "forestgreen”, col = "darkgreen”, mgp = c(3,2,0))

Q
+
|

## axis.POSIXct: 2 time zones

HST <- as.POSIXct("2022-10-01", tz = "HST") + c(@, 60, 60%60)

CET <- HST

attr(CET, "tzone") <- "CET"

plot(data.frame(HST, y = 1), xaxt = "n", xlab = "Hawaii Standard Time (HST)")
axis.POSIXct(1, HST)

axis.POSIXct(1, HST, at = "2022-10-01 00:10", col.axis = "violet")
axis.POSIXct(3, CET)

mtext(3, text = "Central European Time (CET)", line = 3)

axis.POSIXct(3, CET, at="2022-10-01 12:10", col.axis = "violet")

axTicks

ataxis(side)



axTicks(side, axp = NULL, usr = NULL, log = NULL, nintLog = NULL)

side axis

axp par ("xaxp")par("yaxp")sidepar("xaxp")sidepar("yaxp")
usr par("usr")par("usr”")[1:2]par("usr”)[3:4]side

log par("xlog")par("ylog")side

nintlLog logpar("lab")[jljsideInf

axpusrlogpar(..)axplogTRUEpar(xaxp = .)

axTicks()CreateAtVector()..../src/main/plot.caxis(side, *)ataxisTicks()
log = TRUEaxisTicksnintlLog = Inf

axis(side)usr

axisparprettylog = TRUE.

axisTicks()

plot(1:7, 10%21:27)

axTicks(1)

axTicks(2)

stopifnot(identical (axTicks(1), axTicks(3)),
identical (axTicks(2), axTicks(4)))

## Show how axTicks() and axis() correspond :

op <- par(mfrow = c(3, 1))

for(x in 9999 * c(1, 2, 8)) {
plot(x, 9, log = "x")
cat(formatC(par(”xaxp"”), width = 5),";", T <- axTicks(1),"\n")
rug(T, col = adjustcolor(”red”, 0.5), lwd = 4)

3

par (op)

X <= 9.9%10%(-3:10)

plot(x, 1:14, log = "x")

axTicks(1) # now length 7

axTicks(1, nintLog = Inf) # rather too many

## An example using axTicks() without reference to an existing plot
## (copying R's internal procedures for setting axis ranges etc.),
## You do need to supply _all_ of axp, usr, log, nintlLog

## standard logarithmic y axis labels

ylims <- c(0@.2, 88)

get_axp <- function(x) 10*c(ceiling(x[1]), floor(x[21))

## mimic par("yaxs") == "i"
usr.i <- logl@(ylims)



(aT.i <- axTicks(side = 2, usr = usr.i,

axp = c(get_axp(usr.i), n = 3), log = TRUE, nintlLog = 5))

## mimic (default) par("yaxs") == "r"
usr.r <- extendrange(r = logl@(ylims), f = 0.04)
(aT.r <- axTicks(side = 2, usr = usr.r,

axp = c(get_axp(usr.r), 3), log = TRUE, nintLog = 5))

## Prove that we got it right :

no,n

plot(0:1, ylims, log = "y", yaxs = "i")
stopifnot(all.equal(aT.i, axTicks(side = 2)))

no,n

plot(0:1, ylims, log = "y", yaxs = "r")
stopifnot(all.equal(aT.r, axTicks(side = 2)))

barplot

barplot(height,

)

## Default S3 method:

barplot(height, width = 1, space = NULL,
names.arg = NULL, legend.text = NULL, beside = FALSE,
horiz = FALSE, density = NULL, angle = 45,
col = NULL, border = par("fg"),

main
x1lim
axes

NULL, sub = NULL, xlab
NULL, ylim = NULL, xpd
TRUE, axisnames = TRUE,

NULL, ylab = NULL,
TRUE, log = "",

cex.axis = par("cex.axis"), cex.names = par("cex.axis"),
inside
add = FALSE, ann = !add && par(”ann"), args.legend = NULL,

= TRUE, plot = TRUE, axis.lty = @, offset = 0,

## S3 method for class 'formula'
barplot(formula, data, subset, na.action,

horiz

height
width

space
names.arg
legend. text
beside
horiz
density

angle

FALSE, xlab = NULL, ylab = NULL, ...)

heightheightbesideFALSEheightheightbesideTRUE
xlim

heightbesideTRUEspacec(@, 1)heightbesideTRUE
namesheight

heightheightlegend. textheight

FALSEheightTRUE

FALSETRUE

NULLdensity



col "grey"heightheightgrey.colors

border border = NAborder = TRUE
mainsub

xlab

ylab

x1lim

ylim

xpd

log plot.default

axes TRUEhoriz

axisnames TRUEnames.arglty = @
cex.axis par('cex')

cex.names

inside TRUEspace = @beside = TRUE
plot FALSE

axis.lty ltypar('lty"')

offset

add FALSE

ann mainsubxlabylabtitle

args.legend legend()legend. text

formula yX
y ~ X
y ~ x1 + x2
cbind(y1, y2) ~ x
data
subset
na.action NA

axesaspmainparplot.window()title()axis

beside = TRUEmp

besidecolMeans(mp)



plot(..., type = "h")dotcharthistmosaicplot()

# Formula method
barplot (GNP ~ Year, data = longley)
barplot(cbind(Employed, Unemployed) ~ Year, data = longley)

## 3rd form of formula - 2 categories :
op <- par(mfrow = 2:1, mgp = c(3,1,0)/2, mar = .1+c(3,3:1))
summary(d.Titanic <- as.data.frame(Titanic))
barplot(Freq ~ Class + Survived, data = d.Titanic,
subset = Age == "Adult” & Sex == "Male”,

main = "barplot(Freq ~ Class + Survived, *)", ylab = "# {passengers}”, legend.text = TRUE)
# Corresponding table :
(xt <- xtabs(Freq ~ Survived + Class + Sex, d.Titanic, subset = Age=="Adult"))
# Alternatively, a mosaic plot :
mosaicplot(xt[,,"Male"], main = "mosaicplot(Freq ~ Class + Survived, *)", color=TRUE)
par(op)

# Default method

require(grDevices) # for colours

tN <- table(Ni <- stats::rpois(100, lambda = 5))
r <- barplot(tN, col = rainbow(20))

#- type = "h" plotting *is* 'bar'plot

lines(r, tN, type = "h", col = "red”, 1lwd = 2)

barplot(tN, space = 1.5, axisnames = FALSE,
sub = "barplot(..., space= 1.5, axisnames = FALSE)")

barplot(VADeaths, plot = FALSE)
barplot(VADeaths, plot = FALSE, beside = TRUE)

mp <- barplot(VADeaths) # default
tot <- colMeans(VADeaths)
text(mp, tot + 3, format(tot), xpd = TRUE, col = "blue")
barplot(VADeaths, beside = TRUE,
col = c("lightblue”, "mistyrose”, "lightcyan”,

"lavender”, "cornsilk"),
legend.text = rownames(VADeaths), ylim = c(@, 100))
title(main = "Death Rates in Virginia”, font.main = 4)

hh <- t(VADeaths)[, 5:1]
mybarcol <- "gray20"
mp <- barplot(hh, beside = TRUE,

col = c("lightblue”, "mistyrose”,

"lightcyan”, "lavender"),

legend.text = colnames(VADeaths), ylim = c(0,100),

main = "Death Rates in Virginia”, font.main = 4,

sub = "Faked upper 2*xsigma error bars”, col.sub = mybarcol,

cex.names = 1.5)
segments(mp, hh, mp, hh + 2xsqrt(1000xhh/100), col = mybarcol, 1lwd = 1.5)
stopifnot(dim(mp) == dim(hh)) # corresponding matrices
mtext(side = 1, at = colMeans(mp), line = -2,

text = paste(”Mean”, formatC(colMeans(hh))), col = "red")



# Bar shading example

barplot(VADeaths, angle = 15+10%x1:5, density = 20, col = "black”,
legend. text = rownames(VADeaths))

title(main = list("Death Rates in Virginia”, font = 4))

# Border color
barplot(VADeaths, border = "dark blue")

# Log scales (not much sense here)
barplot(tN, col = heat.colors(12), log = "y")
barplot(tN, col = gray.colors(20), log = "xy")

# Legend location
barplot(height = cbind(x = c(465, 91) / 465 x 100,
y = c(840, 200) / 840 * 100,
z = c(37, 17) / 37 * 100),
beside = FALSE,
width = c(465, 840, 37),
col = c(1, 2),
legend.text = c("A", "B"),
args.legend = list(x = "topleft"))

box
btypar
box(which = "plot”, 1ty = "solid", ...)
which "plot""figure""inner""outer”
1ty

btycollwdparxpd

colNAfgNApar("col")

rect

plot(1:7, abs(stats::rnorm(7)), type = "h", axes = FALSE)
axis(1, at = 1:7, labels = letters[1:7])
box(lty = '"1373', col = 'red')



boxplot

boxplot(x, ...)

## S3 method for class 'formula’
boxplot(formula, data = NULL, ..., subset, na.action = NULL,
xlab = mklab(y_var = horizontal),
ylab = mklab(y_var =!horizontal),
add = FALSE, ann = !add, horizontal = FALSE,
drop = FALSE, sep = "."”, lex.order = FALSE)

## Default S3 method:

boxplot(x, ..., range = 1.5, width = NULL, varwidth = FALSE,
notch = FALSE, outline = TRUE, names, plot = TRUE,
border = par("fg"), col = "lightgray”, log = "",
pars = list(boxwex = 0.8, staplewex = 0.5, outwex = 0.5),
ann = l!add, horizontal = FALSE, add = FALSE, at = NULL)

formula y ~ grpygrp~ g1 + g2gl:g2
data formula

subset

na.action NA

xlabylab ann=FALSE

ann logicalxlabylab

dropseplex.order
split.default

X NA
formula
xbxpparsparsbxp
range rangerange
width
varwidth varwidthTRUE
notch notchTRUEboxplot.stats
outline outline
names
boxwex
staplewex
outwex

plot TRUE



border borderborder

col col

log

pars boxwexoutpchbxpplot
horizontal FALSE

add

at add = TRUE1:nn

boxplotboxplot.defaultboxplot.formula

factor

stats

conf
out
group out

names

boxplot.stats

boxplot.statsbxpstripchart

## boxplot on a formula:
boxplot(count ~ spray, data = InsectSprays, col = "lightgray")
# *add* notches (somewhat funny here <--> warning "notches .. outside hinges”):
boxplot(count ~ spray, data = InsectSprays,
notch = TRUE, add = TRUE, col = "blue")

boxplot(decrease ~ treatment, data = OrchardSprays, col = "bisque”,
log = "y")

## horizontal=TRUE, switching y <--> x :

boxplot(decrease ~ treatment, data = OrchardSprays, col = "bisque”,

log = "x", horizontal=TRUE)

rb <- boxplot(decrease ~ treatment, data = OrchardSprays, col = "bisque”)
title("Comparing boxplot()s and non-robust mean +/- SD")
mn.t <- tapply(OrchardSprays$decrease, OrchardSprays$treatment, mean)



sd.t <- tapply(OrchardSprays$decrease, OrchardSprays$treatment, sd)
xi <- 0.3 + seq(rb$n)
points(xi, mn.t, col = "orange”, pch = 18)
arrows(xi, mn.t - sd.t, xi, mn.t + sd.t,
code = 3, col = "pink”, angle = 75, length = .1)

## boxplot on a matrix:
mat <- cbind(Uni@5 = (1:100)/21, Norm = rnorm(100),

5T = rt(100, df = 5), Gam2 = rgamma(100, shape = 2))
boxplot(mat) # directly, calling boxplot.matrix()

## boxplot on a data frame:

df. <- as.data.frame(mat)

par(las = 1) # all axis labels horizontal

boxplot(df., main = "boxplot(*, horizontal = TRUE)", horizontal = TRUE)

## Using 'at = ' and adding boxplots -- example idea by Roger Bivand :
boxplot(len ~ dose, data = ToothGrowth,
boxwex = ©0.25, at = 1:3 - 0.2,

subset = supp == "VC", col = "yellow”,
main = "Guinea Pigs' Tooth Growth",
xlab = "Vitamin C dose mg",

ylab = "tooth length”,
xlim = ¢(0.5, 3.5), ylim = c(@, 35), yaxs = "i")
boxplot(len ~ dose, data = ToothGrowth, add = TRUE,
boxwex = 0.25, at = 1:3 + 0.2,
subset = supp == "0J", col = "orange")
legend(2, 9, c("Ascorbic acid”, "Orange juice"),
fill = c("yellow”, "orange"))

## With less effort (slightly different) using factor *interaction=:
boxplot(len ~ dose:supp, data = ToothGrowth,

boxwex = 0.5, col = c("orange"”, "yellow"),

main = "Guinea Pigs' Tooth Growth",

xlab = "Vitamin C dose mg"”, ylab = "tooth length”,

sep = ":", lex.order = TRUE, ylim = c(@, 35), yaxs = "i")

## more examples in help(bxp)

boxplot.matrix

## S3 method for class 'matrix'

boxplot(x, use.cols = TRUE, ...)
X
use.cols use.cols = FALSE

boxplot



boxplot

boxplot.defaultboxplot.formulaplot.factor

## Very similar to the example in ?boxplot
mat <- cbind(Uni@5 = (1:100)/21, Norm = rnorm(100),
T5 = rt(100, df = 5), Gam2 = rgamma(100, shape = 2))

boxplot(mat, main = "boxplot.matrix(...., main = ...)",
notch = TRUE, col = 1:4)

bxp

bxpzboxplot

bxp(z, notch = FALSE, width = NULL, varwidth = FALSE,
outline = TRUE, notch.frac = 0.5, log = "",
border = par("fg"), pars = NULL, frame.plot = axes,
horizontal = FALSE, ann = TRUE,
add = FALSE, at = NULL, show.names = NULL,

.
z boxplot
notch notchTRUE
width
varwidth varwidthTRUE
outline outline
notch.frac notch = TRUE
border boxcolmedcolwhiskcolstaplecoloutcol
log plot.default
frame.plot boxTRUEaxes = FALSE
horizontal FALSE
ann
add
at add = TRUE1:nn

show.names TRUEFALSE
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pars... pars...... pars
yaxsylimhorizontalxlimxaxtyaxtlascex.axisgap.axiscol.axisaxis
maincex.maincol.mainsubcex.subcol.subxlabylabcex.labcol.lab
title

axesplot.windowTRUE
parsboxltyltyparspar

at0.8

colpar("bg")
medpch = NAmedlty = "blank"medlwd3xlwd
"dashed”

outlty = "blank"outpch = NA

at

add = FALSExlimxlim = range(at, *) + c(-0.5, 0.5)xlimwidth

require(stats)
set.seed(753)
(bx.p <- boxplot(split(rt(10e, 4), gl(5, 20))))
op <- par(mfrow = c(2, 2))
bxp(bx.p, xaxt = "n")
bxp(bx.p, notch = TRUE, axes = FALSE, pch = 4, boxfill = 1:5)
bxp(bx.p, notch = TRUE, boxfill = "lightblue”, frame.plot = FALSE,
outline = FALSE, main = "bxp(*, frame.plot= FALSE, outline= FALSE)")
bxp(bx.p, notch = TRUE, boxfill = "lightblue”, border = 2:6,
ylim = c(-4,4), pch = 22, bg = "green"”, log = "x",
main = "... log = 'x', ylim = %")
par(op)
op <- par(mfrow = c(1, 2))

## single group -- no label
boxplot (weight ~ group, data = PlantGrowth, subset = group == "ctrl")
## with label
bx <- boxplot(weight ~ group, data = PlantGrowth,
subset = group == "ctrl”, plot = FALSE)
bxp(bx, show.names=TRUE)
par(op)

## passing gap.axis=* to axis(), PR#18109:
boxplot(matrix(100*rnorm(1e3), 50, 20),
cex.axis = 1.5, gap.axis = -1)# showing *allx labels



z <- split(rnorm(1000), rpois(1000, 2.2))
boxplot(z, whisklty = 3, main = "boxplot(z, whisklty = 3)")

## Colour support similar to plot.default:
op <- par(mfrow = 1:2, bg = "light gray”, fg = "midnight blue")
boxplot(z, col.axis = "skyblue3"”, main = "boxplot(*, col.axis=..,main=..)")
plot(z[[1]], col.axis = "skyblue3”, main = "plot(*, col.axis=..,main=..)")
mtext("par(bg=\"light gray\”, fg=\"midnight blue\")",

outer = TRUE, line = -1.2)
par(op)

## Mimic S-Plus:
splus <- list(boxwex = 0.4, staplewex = 1, outwex = 1, boxfill = "grey40",
medlwd = 3, medcol = "white", whisklty = 3, outlty = 1, outpch = NA)

boxplot(z, pars = splus)
## Recycled and "sweeping"” parameters

op <- par(mfrow = c(1,2))

boxplot(z, border = 1:5, 1ty = 3, medlty = 1, medlwd = 2.5)

boxplot(z, boxfill = 1:3, pch = 1:5, 1lwd = 1.5, medcol = "white")

par(op)
## too many possibilities

boxplot(z, boxfill = "light gray"”, outpch = 21:25, outlty = 2,
bg = "pink”, lwd = 2,
medcol = "dark blue”, medcex = 2, medpch = 20)
cdplot
yX
cdplot(x, ...)
## Default S3 method:
cdplot(x, vy,
plot = TRUE, tol.ylab = 0.05, ylevels = NULL,
bw = "nrde”, n = 512, from = NULL, to = NULL,
col = NULL, border = 1, main = "", xlab = NULL, ylab = NULL,
yaxlabels = NULL, xlim = NULL, ylim = c(@, 1), weights = NULL, ...)

## S3 method for class 'formula’
cdplot(formula, data = list(),
plot = TRUE, tol.ylab = 0.05, ylevels = NULL,
bw = "nrd@”, n = 512, from = NULL, to = NULL,
col = NULL, border = 1, main = "", xlab = NULL, ylab = NULL,
yaxlabels = NULL, xlim = NULL, ylim = c(o, 1), ...,
subset = NULL, weights = NULL)

y "factor”



formula "formula"y ~ x"factor”
data

plot

tol.ylab

ylevels

bwnfromto. .. density

col levels(y)gray.colors
border

mainxlabylab

yaxlabels levels(y)

xLlimylim

subset

weights NULL

cdplotxyyy
spineplot P(y|z)xdensity

rxr

<Achim.Zeileis@R-project.org>

spineplotdensity

## NASA space shuttle o-ring failures
fail <- factor(c(2, 2, 2, 2, 1, 1, 1,1, 1,1, 2,1, 2,1, 1, 1,
1,2,1,1,1, 1, 1),
levels = 1:2, labels = c("no”, "yes"))
temperature <- c(53, 57, 58, 63, 66, 67, 67, 67, 68, 69, 70, 70,
70, 70, 72, 73, 75, 75, 76, 76, 78, 79, 81)

## CD plot

cdplot(fail ~ temperature)
cdplot(fail ~ temperature, bw = 2)
cdplot(fail ~ temperature, bw = "SJ")

## compare with spinogram
(spineplot(fail ~ temperature, breaks = 3))

## highlighting for failures



cdplot(fail ~ temperature, ylevels = 2:1)

## scatter plot with conditional density
cdens <- cdplot(fail ~ temperature, plot = FALSE)
plot(I(as.numeric(fail) - 1) ~ jitter(temperature, factor = 2),

xlab = "Temperature”, ylab = "Conditional failure probability")
lines(53:81, 1 - cdens[[11](53:81), col = 2)

clip

clip(x1, x2, y1, y2)

x1x2yly2

par‘("Xpd")

plot.newlinestextpar("xpd"”)boxmtexttitleplot.dendrogramxpd

par

X <= rnorm(1000)

hist(x, xlim = c(-4,4))

usr <- par("usr")

clip(usr[1], -2, usr[3], usr[4])

hist(x, col = 'red', add = TRUE)

clip(2, usr[2], usr[3], usr[4])

hist(x, col = 'blue', add = TRUE)

do.call("clip”, as.list(usr)) # reset to plot region

contour




contour(x, ...)

## Default S3 method:

contour(x = seq(@, 1, length.out = nrow(z)),
y = seq(@, 1, length.out = ncol(z)),
z,

nlevels = 10, levels = pretty(zlim, nlevels),

labels = NULL,

xlim = range(x, finite = TRUE),

ylim = range(y, finite = TRUE),

zlim = range(z, finite = TRUE),

labcex = 0.6, drawlabels = TRUE, method = "flattest”,
vfont, axes = TRUE, frame.plot = axes,

col = par("fg"), 1ty = par("1lty"), lwd = par("1lwd"),

add = FALSE, ...)
Xy zxlistx$xx$yxyzz
z NAxz
nlevels levels
levels
labels NULLas.character
labcex cexpar("cex")
drawlabels TRUE
method "simple""edge""flattest”
vfont NULLtextNULLc("sans serif”, "plain")
xlimylimzlim

axesframe.plot plot.default

col

1ty

lwd

add TRUE
plot.windowtitleAxisboxcex.axis

contour

"simple""edge""flattest"
textHershey
contourzf(x[il, y[jlD)

> 1colltylwdlevels
contourplotformulaxyz

collwdlty
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options("max.contour.segments”)

contourLinesfilled.contourcontourplotlevelplotimagedemo(graphics)

require(grDevices) # for colours

X <- -6:16
op <- par(mfrow = c(2, 2))
contour(outer(x, x), method = "edge", vfont = c("sans serif”, "plain"))

z <- outer(x, sqgrt(abs(x)), FUN = ~/7)

image(x, x, z)

contour(x, x, z, col = "pink"”, add = TRUE, method = "edge"”,
vfont = c("sans serif”, "plain”))

contour(x, x, z, ylim = c(1, 6), method = "simple”, labcex =1,
xlab = quote(x[1]), ylab = quote(x[2]))

contour(x, x, z, ylim = c(-6, 6), nlevels = 20, 1ty = 2, method = "simple”,
main = "20 levels; \"simple\" labelling method")

par(op)

## Passing multiple colours / 1ty / 1lwd :

op <- par(mfrow = c(1, 2))

z <- outer(-9:25, -9:25)

## Using default levels <- pretty(range(z, finite = TRUE), 10),

## the first and last of which typically are *notx drawn:

(levs <- pretty(z, n=10)) # -300 -200 ... 600 700

contour(z, col = 1:4)

## Set levels explicitly; show that 'lwd' and 'lty' are recycled as well:
contour(z, levels=levs[-c(1,length(levs))], col = 1:5, lwd = 1:3 *1.5, 1ty = 1:3)
par(op)

## Persian Rug Art:
X <- y <- seq(-4*pi, 4*xpi, length.out = 27)
r <- sqgrt(outer(x*2, y*2, “+7))
opar <- par(mfrow = c(2, 2), mar = rep(@, 4))
for(f in pi*(0:3))
contour(cos(r*2)*exp(-r/f),
drawlabels = FALSE, axes = FALSE, frame.plot = TRUE)

rx <- range(x <- 10x1:nrow(volcano))
ry <- range(y <- 10%1:ncol(volcano))
ry <- ry + c(-1, 1) x (diff(rx) - diff(ry))/2
tcol <- terrain.colors(12)
par(opar); opar <- par(pty = "s", bg = "lightcyan")
plot(x = 0, y = 0, type = "n", xlim = rx, ylim = ry, xlab = "", ylab = "")
u <- par("usr")
rect(ul1], ul3], ul2], ul4], col = tcol[8], border = "red")
contour(x, y, volcano, col = tcol[2], 1ty = "solid"”, add = TRUE,
vfont = c("sans serif”, "plain”))
title("A Topographic Map of Maunga Whau", font = 4)
abline(h = 200%0:4, v = 200%0:4, col = "lightgray”, 1ty = 2, lwd = 0.1)

## contourLines produces the same contour lines as contour
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non

plot(x = 0, y = 0, type = "n", xlim = rx, ylim = ry, xlab = "", ylab = "")
u <- par("usr")
rect(ul1], ul3]1, ul2], ul[4], col = tcol[8], border = "red")
contour(x, y, volcano, col = tcol[1], 1ty = "solid”, add = TRUE,
vfont = c("sans serif”, "plain"))
line.list <- contourLines(x, y, volcano)
invisible(lapply(line.list, lines, lwd=3, col=adjustcolor(2, .3)))
par(opar)

convertXy

grconvertX(x, from = "user”, to = "user")
grconvertY(y, from = "user"”, to = "user")

Xy
fromto

"user”
"inches"”

"device"

n n

ndc

n n

nfc
"npc”
"nic”
"lines"” mex

"chars"” cex

pdfpostscript

op <- par(omd=c(@.1, 0.9, 0.1, 0.9), mfrow = c(1, 2))

plot(1:4)

for(tp in c("in", "dev", "ndc", "nfc"”, "npc"”, "nic",
print(grconvertX(c(1.0, 4.0), "user”, tp))

par(op)

n n

"lines"”, "chars"))



coplot

coplot(formula, data, given.values, panel = points, rows, columns,
show.given = TRUE, col = par("fg"), pch = par("pch"),
bar.bg = c(num = gray(0.8), fac = gray(0.95)),
xlab = c(x.name, paste("Given :", a.name)),
ylab = c(y.name, paste("Given :", b.name)),
subscripts = FALSE,
axlabels = function(f) abbreviate(levels(f)),
number = 6, overlap = 0.5, xlim, ylim, ...)
co.intervals(x, number = 6, overlap = 0.5)

formula y ~ x | ayxay ~ x| a * byxab
xyas.numeric()abshow.given
data coplot

given.values ab
babco.intervalsgiven.values

panel function(x, y, col, pch, ...)points
rows rowscolumnsrows
columns

show.given TRUE

col

pch

bar.bg "num”"fac"

xlab

ylab

subscripts subscripts
axlabels

number factor

overlap

x1lim

ylim

arowscolumnscolumns >= rows

rowsa

plotboxplot
xlabylabparcex.labfont.labmtexttitle



co.intervals(., number, .)numberxmatrixcicilk,]Jrangexk

pairspanel.smoothpoints

## Tonga Trench Earthquakes

coplot(lat ~ long | depth, data = quakes)

given.depth <- co.intervals(quakes$depth, number = 4, overlap = .1)

coplot(lat ~ long | depth, data = quakes, given.values = given.depth, rows = 1)

## Conditioning on 2 variables:
11.dm <- lat ~ long | depth * mag
coplot(ll.dm, data = quakes)
coplot(ll.dm, data = quakes, number = c(4, 7), show.given = c(TRUE, FALSE))
coplot(1ll.dm, data = quakes, number = c(3, 7),
overlap = c(-.5, .1)) # negative overlap DROPS values

## given two factors
Index <- seq_len(nrow(warpbreaks)) # to get nicer default labels
coplot(breaks ~ Index | wool * tension, data = warpbreaks,
show.given = 0:1)
coplot(breaks ~ Index | wool * tension, data = warpbreaks,
col = "red", bg = "pink”, pch = 21,
bar.bg = c(fac = "light blue"))

## Example with empty panels:
with(data.frame(state.x77), {
coplot(Life.Exp ~ Income | Illiteracy * state.region, number = 3,
panel = function(x, y, ...) panel.smooth(x, y, span = .8, ...))
## y ~ factor -- not really sensible, but 'show off':
coplot(Life.Exp ~ state.region | Income * state.division,
panel = panel.smooth)

b

curve

[from, toJlcurvexnamex

curve(expr, from = NULL, to = NULL, n = 101, add = FALSE,
type = "1", xname = "x", xlab = xname, ylab = NULL,
log = NULL, xlim = NULL, ...)

## S3 method for class 'function'
plot(x, y = 0, to =1, from =y, xlim = NULL, ylab = NULL, ...)



expr XX

X
y fromplot

fromto

n

add TRUENAFALSE

xlim NULLNULLc(from, to)add = TRUEplot.window
type plot.default

xname

xlabylablog... log
"function”plot...curveexpr

exprcurvexplotn[from, to]

fromtoNULLx1imNULL

fromtoxlimplot(<function>)curve(add = FALSE) (0, 1)curve(add = NA)curve(add = TRUE)
logadd = TRUE

logadd = TRUEadd = NAadd = FALSE""

expr

curveexprexprexprexprxnameexprxnameall.varsexprxnamenncurve(x, ...)xfunction
plot

plotplot.function

Xy

add"function”plotaddcurve

splinefunlines

plot(gnorm) # default range c(@, 1) is appropriate here,

# but end values are -/+Inf and so are omitted.
plot(glogis, main = "The Inverse Logit : glogis()")
abline(h = @, v = 0:2/2, 1ty = 3, col = "gray")

curve(sin, -2xpi, 2*pi, xname = "t")
curve(tan, xname = "t", add = NA,
main = "curve(tan) --> same x-scale as previous plot")

op <- par(mfrow = c(2, 2))
curve(x*3 - 3*x, -2, 2)



curve(x*2 - 2, add = TRUE, col = "violet")

## simple and advanced versions, quite similar:
plot(cos, -pi, 3*pi)
curve(cos, xlim = c(-pi, 3*pi), n = 1001, col = "blue"”, add = TRUE)

chippy <- function(x) sin(cos(x)*exp(-x/2))
curve(chippy, -8, 7, n = 2001)
plot (chippy, -8, -5)

for(]_l in C(””, “X", Ilylr’ "Xy”))
curve(log(1+x), 1, 100, log = 11, sub = paste@("log = '", 11, "'"))
par(op)

dotchart

dotchart(x, labels = NULL, groups = NULL, gdata = NULL, offset = 1/8,
ann = par(”ann"), xaxt = par(”"xaxt"), frame.plot = TRUE, log = "",
cex = par("cex"), pt.cex = cex,
pch = 21, gpch = 21, bg = par("bg"),
color = par("fg"), gcolor = par("fg"), lcolor = "gray",
xlim = range(x[is.finite(x)1]),

main = NULL, xlab = NULL, ylab = NULL, ...)
X NAxis.numeric(x)is.vector(x) || is.matrix(x)as.numeric
labels names (x)dimnames(x)[[1]1]
groups XXEroupsx
gdata
offset ylablabels
ann logical
xaxt "n"par("xaxt")
frame.plot
log plot.default
cex cexpar("cex")
pt.cex cexcexplot()
pch
gpch
bg par(bg= *)
color
gcolor
lcolor
xlim plot.window
main title

xlabylab title



dotchart(VADeaths, main = "Death Rates in Virginia - 1940")

op <- par(xaxs = "i") # @ -- 100%

dotchart(t(VADeaths), xlim = c(0,100), bg = "skyblue",
main = "Death Rates in Virginia - 1940", xlab = "rate [ % 1",
ylab = "Grouping: Age x Urbanity . Gender")

par(op)

filled.contour

filled.contour(x = seq(@, 1, length.out = nrow(z)),
y = seq(@, 1, length.out = ncol(z)),

Z7
xlim = range(x, finite = TRUE),
ylim = range(y, finite = TRUE),

zlim = range(z, finite = TRUE),
levels = pretty(zlim, nlevels), nlevels = 20,

color.palette = function(n) hcl.colors(n, "Y1OrRd", rev = TRUE),

col = color.palette(length(levels) - 1),

plot.title, plot.axes, key.title, key.axes, key.border = NULL,

nin nin

asp = NA, xaxs = "i", yaxs = "i", las = 1,
axes = TRUE, frame.plot = axes, ...)

.filled.contour(x, y, z, levels, col)

Xy z.filled.contourxlistx$xx$yxyzz
z Xz

x1lim

ylim

zlim

levels zz

nlevels levelsz



color.palette

col

plot.title

plot.axes box

key.title

key.axes

key.border rect()

asp y/xplot.window
xaxs

yaxs

las

axesframe.plot plot.default
title()

NANANANA
NA

.filled.contour

filled.contourlayout

filled.contourplot.axes

contourimagehcl.colorsgray.colorspalettecontourplotlevelplot

require("grDevices"”) # for colours
filled.contour(volcano, asp = 1) # simple

x <= 10*1:nrow(volcano)
y <= 10*1:ncol(volcano)
filled.contour(x, y, volcano,
color.palette = function(n) hcl.colors(n, "terrain"),
plot.title = title(main = "The Topography of Maunga Whau",
xlab = "Meters North"”, ylab = "Meters West"),
plot.axes = { axis(1, seq(100, 800, by = 100))
axis(2, seq(100, 600, by = 100)) 3},
key.title = title(main = "Height\n(meters)"),
key.axes = axis(4, seq(90, 190, by = 10))) # maybe also asp =1
mtext(paste(”filled.contour(.) from", R.version.string),
side = 1, line = 4, adj = 1, cex = .66)
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# Annotating a filled contour plot
a <- expand.grid(1:20, 1:20)
b <- matrix(al[,1] + a[,2], 20)
filled.contour(x = 1:20, y = 1:20, z = b,
plot.axes = { axis(1); axis(2); points(10, 10) })

## Persian Rug Art:

X <- y <- seq(-4*pi, 4*xpi, length.out = 27)

r <- sqgrt(outer(x*2, y*2, “+7))

## "minimal”

filled.contour(cos(r*2)*exp(-r/(2*pi)), axes = FALSE, key.border=NA)

## rather, the key xshould* be labeled (but axes still not):

filled.contour(cos(r*2)*exp(-r/(2*pi)), frame.plot = FALSE,
plot.axes = {})

fourfoldplot

fourfoldplot(x, color = c("#99CCFF", "#6699CC"),
conf.level = 0.95,
std = c("margins”, "ind.max", "all.max"),
margin = c(1, 2), space = 0.2, main = NULL,
mfrow = NULL, mfcol = NULL)

X kk
color
conf.level

std "margins”""ind.max

nn nn nn

all.max""margins"margin”ind.max""all.max"
margin 12c(1, 2)std"margins”

space

main

mfrow c(nr, nc)nrnc

mfcol c(nr, nc)nrnc

k

fij/Fig

k

khttp://datavis.ca/papers/4fold/4fold.pdf
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mosaicplot

## Use the Berkeley admission data as in Friendly (1995).
x <- aperm(UCBAdmissions, c(2, 1, 3))

dimnames(x)[[2]] <- c("Yes", "No")

names(dimnames(x)) <- c("Sex", "Admit?", "Department”)
stats::ftable(x)

## Fourfold display of data aggregated over departments, with
## frequencies standardized to equate the margins for admission
## and sex.

## Figure 1 in Friendly (1994).

fourfoldplot(marginSums(x, c(1, 2)))

## Fourfold display of x, with frequencies in each table

## standardized to equate the margins for admission and sex.
## Figure 2 in Friendly (1994).

fourfoldplot(x)

## Fourfold display of x, with frequencies in each table

## standardized to equate the margins for admission. but not
## for sex.

## Figure 3 in Friendly (1994).

fourfoldplot(x, margin = 2)

frame

frameplot.new

plot.new()
frame()

par("bg")X11windowsquartz

nn

"before.plot.new”"plot.new"”setHookget

frame

plot.windowplot.default



grid

gridnxny

grid(nx = NULL, ny = nx, col = "lightgray”, 1ty = "dotted"”,
lwd = par("1lwd"), equilogs = TRUE, nintLog = NULL)

nxny NULLaxTicksNA

col

1ty

lwd

equilogs equilogs = FALSE
nintLog NULLaxTicks()nxny
”atX” ”aty”

abline(th = ., v = .)

plotablinelinespoints

plot(1:3)
grid(NA, 5, 1wd = 2) # grid only in y-direction

## maybe change the desired number of tick marks: par(lab = c(mx, my, 7))
op <- par(mfcol = 1:2)
with(iris,
{
plot(Sepal.Length, Sepal.Width, col = as.integer(Species),
xlim = c(4, 8), ylim = c(2, 4.5), panel.first = grid(),
main = "with(iris, plot(...., panel.first = grid(), ..) )")
plot(Sepal.Length, Sepal.Width, col = as.integer(Species),
panel.first = grid(3, 1ty =1, lwd = 2),
main = "... panel.first = grid(3, 1ty =1, 1wd = 2), ..")
}
)
par(op)

plot(1:64)
gr <- grid() # now *invisibly* returns the grid "at” locations



str(gr)
stopifnot(length(gr) == 2, identical(gr[[11]1, grl[211),
gri["atx"1] == 10%(0:6))

## In log-scale plots :
plot(8:270, log="xy") ; grid() # at (1, 10, 100); if preferring "all"” grid lines:
plot(8:270, log="xy") ; grid(equilogs = FALSE) -> grll
stopifnot(identical(grll, list(atx = c(1, 2, 5, 10, 20, 50, 100, 200),
aty = c( 10, 20, 50, 100, 200))))

X <= 2%(-9:70)
plot(log(x) ~ x, log="xy")
grll <- grid(equilogs = FALSE, col = adjustcolor(”green”, 1/3))
gr20 <- grid(nintLog = 20)
gr25 <- grid(nintLog = 25, col="thistle")
str(gr25)
stopifnot(exprs = {
grlls$aty == c(1, 2, 5, 10, 20, 50)
length(gr20satx) >= 20 # 24 effectively
all.equal(107(-3:22), gr25%atx, tol = 1e-15) # even tol = 0
»

hist

histplot = TRUE"histogram”plot.histogram

hist(x, ...)

## Default S3 method:
hist(x, breaks = "Sturges”,
freq = NULL, probability = !freq,
include.lowest = TRUE, right = TRUE, fuzz = 1le-7,
density = NULL, angle = 45, col = "lightgray"”, border = NULL,
main = paste(”Histogram of"” , xname),
xlim = range(breaks), ylim = NULL,
xlab = xname, ylab,
axes = TRUE, plot = TRUE, labels = FALSE,
nclass = NULL, warn.unused = TRUE, ...)

X

breaks

prettyle6breaksx



freq TRUEcountsFALSEdensityTRUEbreaksprobability

probability Ifreq

include.lowest TRUEx[ilbreaksright = FALSEbreaks
right TRUE

fuzz x[.Jbreakfuzz

density NULLdensity

angle

col

border

mainxlabylab title()ylab"Frequency”freq

xLlimylim xlimplot = TRUE
axes TRUE

plot TRUEplot = TRUE
labels FALSEplot.histogram
nclass nclassbreaks

warn.unused plot = FALSEwarn.unused = TRUEhist.default()
plot.histogramtitleaxisplot = TRUE

breaks

right = TRUE(a,b]include.lowestTRUE
right = FALSE[a,b)include.lowest
10~ "breaksdensity

breaks"Sturges”nclass.Sturges”Scott”"FD""Freedman-Diaconis”nclass.scott
nclass.FDx

"histogram”

breaks n + lbreaks

counts nx[]

density f(xﬂall(diff(breaks) == 1)counts/n§:if(x0(b¢¥1 — b;)
breaks[i]

mids n

Xxname X

equidist breaks

1b;



nclass.Sturgesstemdensitytruehist

barplotplot(*, type = "h")

op <- par(mfrow = c(2, 2))
hist(islands)
utils::str(hist(islands, col = "gray"”, labels = TRUE))

hist(sqgrt(islands), breaks = 12, col = "lightblue”, border = "pink")
##-- For non-equidistant breaks, counts should NOT be graphed unscaled:
r <- hist(sqrt(islands), breaks = c(4%0:5, 10%3:5, 70, 100, 140),

col = "bluel")
text(r$mids, r$density, r$counts, adj = c(.5, -.5), col = "blue3")
sapply(r[2:3], sum)
sum(r$density * diff(r$breaks)) # ==
lines(r, 1ty = 3, border = "purple"”) # -> lines.histogram(x)
par(op)

require(utils) # for str
str(hist(islands, breaks = 12, plot = FALSE)) #-> 10 (~= 12) breaks
str(hist(islands, breaks = c(12,20,36,80,200,1000,17000), plot = FALSE))

hist(islands, breaks = c(12,20,36,80,200,1000,17000), freq = TRUE,
main = "WRONG histogram”) # and warning

## Extreme outliers; the "FD" rule would take very large number of 'breaks':
XXL <- ¢(1:9, c(-1,1)*1e300)

hh <- hist(XXL, "FD") # did not work in R <= 3.4.1; now gives warning

## pretty() determines how many counts are used (platform dependently!):
length(hh$breaks) ## typically 1 million -- though 1e6 was "a suggestion only”

## R >= 4.2.0: no "x.5" labels on y-axis:
hist(c(2,3,3,5,5,6,6,6,7))

require(stats)
set.seed(14)
x <- rchisq(100, df = 4)

## Histogram with custom x-axis:
hist(x, xaxt = "n")
axis(1, at = 0:17)

## Comparing data with a model distribution should be done with qggplot()!
qgplot(x, qchisq(ppoints(x), df = 4)); abline(@, 1, col = 2, 1ty = 2)

## if you really insist on using hist() ...
hist(x, freq = FALSE, ylim = c(0@, 0.2))
curve(dchisq(x, df = 4), col = 2, 1ty = 2, lwd = 2, add = TRUE)


https://CRAN.R-project.org/package=MASS

hist.POSIXt

hist”Date”"POSIXt”

## S3 method for class 'POSIXt'
hist(x, breaks, ...,
xlab = deparsel(substitute(x)),
plot = TRUE, freq = FALSE,
start.on.monday = TRUE, format, right = TRUE)

## S3 method for class 'Date'’
hist(x, breaks, ...,
xlab = deparsel(substitute(x)),
plot = TRUE, freq = FALSE,
start.on.monday = TRUE, format, right = TRUE)

X "POSIXt""Date"

nn nn nn nn nn nn

breaks x"days""weeks""months""quarters”"years""secs""mins" "hours”

hist.defaultinclude.lowestdensitylabels

xlab
plot TRUE
freq TRUEcountsFALSE
start.on.monday
breaks = "weeks"”
format strptime
right TRUE
breaks
breaks = "quarters"min(x)

right = TRUEbreaks"months”"quarters”"years"right = FALSE

"histogram"hist

seq.P0SIXtaxis.POSIXcthist



hist(.leap.seconds, "years"”, freq = TRUE)
brks <- seq(ISOdate(1970, 1, 1), ISOdate(2030, 1, 1), "5 years")
hist(.leap.seconds, brks)
rug(.leap.seconds, lwd=2)
## show that 'include.lowest' "works"”
stopifnot(identical(c(2L, rep(1L,11)),
hist(brks, brks, plot=FALSE, include.lowest=TRUE )$counts))
tools: :assertError(verbose=TRUE, ##--> 'breaks' do not span range of
hist(brks, brks, plot=FALSE, include.lowest=FALSE))
## The default fuzz in hist.default() "kills" this, with a "wrong"” message:
try ( hist(brks[-13] + 1, brks, include.lowest = FALSE) )
## and decreasing 'fuzz' solves the issue:
hb <- hist(brks[-13] + 1, brks, include.lowest = FALSE, fuzz = 1e-10)
stopifnot(hb$counts == 1)

X

## 100 random dates in a 10-week period
random.dates <- as.Date("2001/1/1") + 70xstats::runif(100)
hist(random.dates, "weeks"”, format = "%d %b")

identify

identifyxy

identify(x, ...)

## Default S3 method:
identify(x, y = NULL, labels = seq_along(x), pos = FALSE,
n = length(x), plot = TRUE, atpen = FALSE, offset = 0.5,

tolerance = 0.25, order = FALSE, ...)
Xy Xy .coordsxy
labels as.characterx
pos posTRUE
n
plot plotTRUEFALSE
atpen TRUEplot = TRUE
offset atpen = TRUE
tolerance
order orderTRUE

parcexcolfont



identify

identifyX11windowsquartz

tolerance

plotTRUElabelsatpenatpen
X11quartzCtrlESC
identifyoptions(locatorBell = FALSE)
identifyidentify

identify

posorderFALSE
posorderTRUEindposTRUEposatpen = TRUEorderTRUEorder

textposposidentify
offsetoffsetoffsetplot = FALSEtextpoints

locatortext

dev.capabilities

## A function to use identify to select points, and overplot the
## points with another symbol as they are selected
identifyPch <- function(x, y = NULL, n = length(x), plot = FALSE, pch = 19, ...)
{
Xy <- xy.coords(x, y); x <- xy$x; y <- xy$y
sel <- rep(FALSE, length(x))
while(sum(sel) < n) {
ans <- identify(x[!sel], y[!sel], labels = which(!sel), n = 1, plot = plot,
if(!length(ans)) break
ans <- which(!sel)[ans]
points(x[ans], y[ans], pch = pch)
sellans] <- TRUE
3
## return indices of selected points
which(sel)
3

if(dev.interactive()) { ## use it

X <= rnorm(50); y <- rnorm(50)

plot(x,y); identifyPch(x,y) # how fast to get all?
3

)



image

z
useRaster

hcl.colorsn

image(x, ...)

## Default S3 method:
image(x, y, z, zlim, xlim, ylim,
col = hcl.colors(12, "Y10rRd", rev = TRUE),

nin nin

add = FALSE, xaxs = "i", yaxs = "i", xlab, ylab,

breaks, oldstyle = FALSE, useRaster, ...)
Xy zxlistx$xx$yxyzz
z NAxz
zlim zz
xLlimylim XyXy
col hcl.colorsgray.colors
add TRUEimage
Xaxsyaxs "i"par
xlabylab xy""
breaks
oldstyle zlim[1]z1lim[2]
useRaster TRUE

plotaspaxesplot.window

xnrow(z)+1nrow(z)xxyxyxy

add = TRUEpar("bg")

breakszlimcut

x1limylimxy

imagezf(x[i], y[jD)

zuseRaster = TRUEpostscriptX11(type = "Xlib")windows()

useRastergetOption("preferRaster”)dev.capabilities("rasterImage")$rasterImage

n nn

yes""non-missing”



filled.contourheatmapcontourimagelevelplot
hcl.colorsgray.colorshclhsvpar

dev.capabilitiesuseRaster = TRUE

require("grDevices"”) # for colours

X <- y <- seq(-4*pi, 4*xpi, length.out = 27)

r <- sgrt(outer(x*2, y*2, “+7))

image(z = z <- cos(r*2)*exp(-r/6), col = gray.colors(33))

image(z, axes = FALSE, main = "Math can be beautiful ...",
xlab = expression(cos(r*2) * e*{-r/6}))

contour(z, add = TRUE, drawlabels = FALSE)

# Visualize as matrix. Need to transpose matrix and then flip it horizontally:
tf <- function(m) t(m)[, nrow(m):1]

imageM <- function(m, grid = max(dim(m)) <= 25, asp = (nrow(m)-1)/(ncol(m)-1), ...) {
image(tf(m), asp=asp, axes = FALSE, ...)
mAxis <- function(side, at, ...) # using 'j'
axis(side, at=at, labels=as.character(j+1L), col="gray"”, col.axis=1, ...)

n <- ncol(m); n1 <- n-1L; j <- @OL:n1; mAxis(1, at= j/n1)
if(grid) abline(v = (@:n - .5)/n1, col="gray77", lty="dotted")

n <- nrow(m); n1 <- n-1L; j <- @OL:n1; mAxis(2, at=1-j/n1, las=1)
if(grid) abline(h = (@:n - .5)/n1, col="gray77", lty="dotted")

3

(m <- outer(1:5, 1:14))

imageM(m, main = "image(<5 x 14 matrix>) with rows and columns")
imageM(volcano)

# A prettier display of the volcano
X <= 10*%(1:nrow(volcano))
y <= 10x(1:ncol(volcano))
image(x, y, volcano, col = hcl.colors(100, "terrain"), axes = FALSE)
contour(x, y, volcano, levels = seq(90, 200, by = 5),
add = TRUE, col = "brown")

axis(1, at = seq(100, 800, by = 100))

axis(2, at = seq(100, 600, by = 100))

box ()

title(main = "Maunga Whau Volcano”, font.main = 4)
layout

layoutmat

layout(mat, widths = rep.int(1, ncol(mat)),
heights = rep.int(1, nrow(mat)), respect = FALSE)

layout.show(n = 1)
lem(x)
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mat NoN{1,...,N —1}
widths lem()

heights widths

respect mato1l

n

X

imat

respect

layout.show(n)n
lcmwidthsheightslayout ()

layout N

par (mfrow)par (mfcol)split.screen

parmfrowmfcolmfg

def.par <- par(no.readonly = TRUE) # save default, for resetting...

## divide the device into two rows and two columns

## allocate figure 1 all of row 1

## allocate figure 2 the intersection of column 2 and row 2
layout(matrix(c(1,1,0,2), 2, 2, byrow = TRUE))

## show the regions that have been allocated to each plot
layout.show(2)

## divide device into two rows and two columns

## allocate figure 1 and figure 2 as above

## respect relations between widths and heights

nf <- layout(matrix(c(1,1,0,2), 2, 2, byrow = TRUE), respect = TRUE)
layout.show(nf)


https://doi.org/10.2307/1390924

## create single figure which is 5cm square
nf <- layout(matrix(1), widths = lcm(5), heights = lcm(5))
layout. show(nf)

##-- Create a scatterplot with marginal histograms -----

x <= pmin(3, pmax(-3, stats::rnorm(50)))

y <- pmin(3, pmax(-3, stats::rnorm(50)))

xhist <- hist(x, breaks = seq(-3,3,0.5), plot = FALSE)

yhist <- hist(y, breaks = seq(-3,3,0.5), plot = FALSE)

top <- max(c(xhist$counts, yhist$counts))

xrange <- c(-3, 3)

yrange <- c(-3, 3)

nf <- layout(matrix(c(2,0,1,3),2,2,byrow = TRUE), c(3,1), c(1,3), TRUE)
layout.show(nf)

par(mar = c(3,3,1,1))

plot(x, y, xlim = xrange, ylim = yrange, xlab = "", ylab = "")
par(mar = c(0,3,1,1))

barplot(xhist$counts, axes = FALSE, ylim = c(@, top), space
par(mar = c¢(3,0,1,1))

barplot(yhist$counts, axes = FALSE, xlim = c(@, top), space = @, horiz = TRUE)

)

par(def.par) #- reset to default

legend

locator(1)xy

legend(x, y = NULL, legend, fill = NULL, col = par(”col"),
border = "black”, 1lty, 1lwd, pch,
angle = 45, density = NULL, bty = "0", bg = par("bg"),
box.lwd = par(”"lwd"), box.lty = par("lty"), box.col = par("fg"),
pt.bg = NA, cex = 1, pt.cex = cex, pt.lwd = lwd,
xjust = @, yjust = 1, x.intersp = 1, y.intersp = 1,
adj = c(0, 0.5), text.width = NULL, text.col = par(”col”),
text.font = NULL, merge = do.lines && has.pch, trace = FALSE,
plot = TRUE, ncol = 1, horiz = FALSE, title = NULL,
inset = @, xpd, title.col = text.col[1], title.adj = 0.5,
title.cex = cex[1], title.font = text.font[1],

seg.len = 2)
Xy Xy .coords
legend > las.graphicsAnnot
fill
col

border fill



1tylwd

pch pointspoints
angle
density NULLNA
bty "o""n"
bg bty != "n"
box.1ltybox.lwdbox.col

bty = "o"
pt.bg pointsbg
cex par("cex")pt.cex
pt.cex
pt.lwd par("lwd")
xjust
yjust xjust
X.intersp
y.intersp
adj labels
text.width "user”"NULLstrwidth(legend)NAstrwidth(legend)
text.col
text.font text
merge TRUETRUE
trace TRUElegend
plot FALSE
ncol
horiz TRUEhorizncol
title as.graphicsAnnot
inset
xpd xpd
title.col titletext.col[1]
title.adj titlepar("adj")
title.cex cex[1]
title.font text.font[1]text
seg.len ltylwd

xylegendlegendylegend
Xy .coords

x"bottomright""bottom”"bottomleft”"left""topleft”"top""topright”"right""center”
insetxy

colpchltymergelty@lwdNApchNA
pt.bg

-31:-1NA""



rect

wh
lefttop

text
X, y length(legend)

plotbarplotlegend()text

## Run the example in '?matplot' or the following:
leg.txt <- c("Setosa Petals”, "Setosa Sepals”,
"Versicolor Petals”, "Versicolor Sepals"”)
y.leg <- c(4.5, 3, 2.1, 1.4, .7)
cexv <- c(1.2, 1, 4/5, 2/3, 1/2)
matplot(c(1, 8), c(@, 4.5), type = "n", xlab = "Length”, ylab = "Width",
main = "Petal and Sepal Dimensions in Iris Blossoms")
for (i in seq(cexv)) {
text (1, y.leg[i]l - 0.1, paste("cex=", formatC(cexv[i])), cex = 0.8, adj =
legend(3, y.leg[i], leg.txt, pch = "sSvwV", col = c(1, 3), cex = cexv[i])
3
## cex xvector* [in R <= 3.5.1 has 'if(xc < @)' w/ length(xc) == 2]
legend("right”, leg.txt, pch = "sSvV", col = c(1, 3),
cex = 1+(-1:2)/8, trace = TRUE)# trace: show computed lengths & coords

## 'merge = TRUE' for merging lines & points:
x <- seq(-pi, pi, length.out = 65)
for(reverse in c(FALSE, TRUE)) { ## normal *and* reverse axes:
F <- if(reverse) rev else identity
plot(x, sin(x), type = "1", col = 3, 1ty = 2,
xlim = F(range(x)), ylim = F(c(-1.2, 1.8)))
points(x, cos(x), pch = 3, col = 4)
lines(x, tan(x), type = "b", 1ty = 1, pch = 4, col = 6)
title("legend('top', 1ty = c(2, -1, 1), pch = c(NA, 3, 4), merge = TRUE)",
cex.main = 1.1)
legend("top”, c("sin"”, "cos", "tan"), col = c(3, 4, 6),
text.col = "green4”, 1ty = c(2, -1, 1), pch = c(NA, 3, 4),
merge = TRUE, bg = "gray90", trace=TRUE)

} # for(..)

## right-justifying a set of labels: thanks to Uwe Ligges

X <= 1:5; y1 <= 1/x; y2 <= 2/x

plot(rep(x, 2), c(yl, y2), type = "n", xlab = "x", ylab = "y")
lines(x, y1); lines(x, y2, 1ty = 2)

)



temp <- legend("topright”, legend = c(" ", " "),
text.width = strwidth("1,000,000"),
1ty = 1:2, xjust = 1, yjust = 1, inset = 1/10,
title = "Line Types"”, title.cex = 0.5, trace=TRUE)
text(temp$rect$left + temp$rect$w, temp$text$y,
c("1,000", "1,000,000"), pos = 2)

##--- log scaled Examples ----------------—---———--————-
leg.txt <- c("a one"”, "a two")

par(mfrow = c(2, 2))
for(1l in c("","x","y","xy")) {
plot(2:10, log = 11, main = paste@(”"log = '", 11, "'"))
abline(1, 1)
lines(2:3, 3:4, col = 2)
points(2, 2, col = 3)
rect(2, 3, 3, 2, col = 4)
text(c(3,3), 2:3, c("rect(2,3,3,2, col=4)",
"text(c(3,3),2:3,\"c(rect(...)\")"), adj = c(0, 0.3))
legend(list(x = 2,y = 8), legend = leg.txt, col = 2:3, pch = 1:2,
1ty = 1) #, trace = TRUE)
T # rnrnars to force lines -> automatic merge=TRUE
par(mfrow = c(1,1))

##-- Math expressions: -———-———-———-————————————————
x <- seq(-pi, pi, length.out = 65)
plot(x, sin(x), type = "1", col = 2, xlab = expression(phi),

ylab = expression(f(phi)))
abline(h = -1:1, v = pi/2%(-6:6), col = "gray90")
lines(x, cos(x), col = 3, 1ty = 2)
ex.cs1 <- expression(plain(sin) * phi, paste(”cos”, phi)) # 2 ways
utils::str(legend(-3, .9, ex.csl, 1ty = 1:2, plot = FALSE,

adj = c(0, 0.6))) # adj y !

legend(-3, 0.9, ex.csl, 1ty = 1:2, col = 2:3, adj = c(@, 0.6))

require(stats)
x <- rexp(100, rate = .5)
hist(x, main = "Mean and Median of a Skewed Distribution”)

abline(v = mean(x), col = 2, 1ty = 2, 1lwd = 2)

abline(v = median(x), col = 3, 1ty = 3, 1lwd = 2)

ex12 <- expression(bar(x) == sum(over(x[i], n), i == 1, n),
hat(x) == median(x[i], i == 1, n))

utils::str(legend(4.1, 30, ex12, col = 2:3, 1ty = 2:3, 1lwd = 2))

## 'Filled' boxes -- see also example(barplot) which may call legend(*, fill=)
barplot(VADeaths)
legend("topright”, rownames(VADeaths), fill = gray.colors(nrow(VADeaths)))

## Using 'ncol'

X <- 0:64/64

for(R in c(identity, rev)) { # normal *and* reverse x-axis works fine:
x1 <= R(range(x)); x1 <- x1[1]

matplot(x, outer(x, 1:7, function(x, k) sin(k * pi * x)), xlim=x1,

type = "0", col = 1:7, ylim = c(-1, 1.5), pch = "x")
op <- par(bg = "antiquewhitel”)
legend(x1, 1.5, paste(”"sin(", 1:7, "pi * x)"), col = 1:7, 1ty = 1:7,



pch = "*" ncol = 4, cex = 0.8)
legend("bottomright”, paste(”sin("”, 1:7, "pi * x)"), col = 1:7, 1ty = 1:7,
pch = "x" cex = 0.8)
legend(x1, -.1, paste(”"sin(", 1:4, "pi * x)"), col = 1:4, 1ty = 1:4,
ncol = 2, cex = 0.8)
legend(x1, -.4, paste(”"sin(", 5:
ncol = 2, cex = 1.5, lwd
par(op)

7, "pi * x)"), col = 4:6, pch = 24,
= 2, pt.bg = "pink"”, pt.cex = 1:3)

Y # for(..)

## point covering line :
y <= sin(3#*pi*x)
plot(x, y, type = "1", col = "blue”,
main = "points with bg & legend(*, pt.bg)")
points(x, y, pch = 21, bg = "white")
legend(.4,1, "sin(c x)", pch = 21, pt.bg = "white", 1ty = 1, col = "blue")

## legends with titles at different locations
plot(x, y, type = "n")
legend("bottomright”, "(x,y)", pch=1, title= "bottomright")

legend("bottom”, "(x,y)", pch=1, title= "bottom")

legend("bottomleft”, "(x,y)", pch=1, title= "bottomleft")

legend("left”, "(x,y)", pch=1, title= "left")

legend("topleft”, "(x,y)", pch=1, title= "topleft, inset = .05", inset = .05)
legend("top”, "(x,y)", pch=1, title= "top")

legend("topright”, "(x,y)", pch=1, title= "topright, inset = .02",inset = .02)
legend("right”, "(x,y)", pch=1, title= "right")

legend("center”, "(x,y)", pch=1, title= "center")

# using text.font (and text.col):
op <- par(mfrow = c(2, 2), mar = rep(2.1, 4))
c6 <- terrain.colors(10)[1:6]
for(i in 1:4) {
plot(1, type = "n", axes = FALSE, ann = FALSE); title(paste("text.font =",i))
legend("top"”, legend = LETTERS[1:6], col = c6,
ncol = 2, cex = 2, lwd = 3, text.font = i, text.col = c6)
3
par (op)

# using text.width for several columns

plot(1, type="n")

legend("topleft”, c("This legend”, "has", "equally sized”, "columns."),
pch = 1:4, ncol = 4)

legend("bottomleft”, c("This legend”, "has”, "optimally sized”, "columns."),
pch = 1:4, ncol = 4, text.width = NA)

legend("right”, letters[1:4]1, pch = 1:4, ncol = 4,
text.width = 1:4 / 50)

lines




lines(x, ...)

## Default S3 method:

lines(x, y = NULL, type = "1", ...)
Xy
type typeplot.default

parltylwdcoltype = "b"pchpointslendljoinlmitre

Xyxy.coords
NANAXy

type = "h"col
lwd

lines.formulapointstype %in% c("p”,"b","0")plotplot.xy
abline

parlty

# draw a smooth line through a scatter plot
plot(cars, main = "Stopping Distance versus Speed")
lines(stats::lowess(cars))

locator
locator(n = 512, type = "n", ...)
n
type “nll llpll lllll HOII Ilpll “O“ Illﬁl 1Ioll

n.n

type != "n



locatorX11windowsquartz

n

X11quartzESC
plot.defaulttype
locatoroptions(locatorBell = FALSE)

locatorl

ocator

xypar ("usr")

identify

dev.capa

grid.locator

bilities

matplot

matplot(

matpoint

matlines

Xy

type
ltylwdle
pch

col

cex

bg
xlabylab
xLlimylim
log. ..
add

verbose

n.n

X, y, type = "p", 1ty = 1:5, lwd = 1, lend = par("lend"”),
pch = NULL,

col = 1:6, cex = NULL, bg = NA,

xlab = NULL, ylab = NULL, xlim = NULL, ylim = NULL,

log = "", ..., add = FALSE, verbose = getOption("verbose"))
s(x, y, type = "p", 1ty = 1:5, 1lwd = 1, pch = NULL,

col = 1:6, ...)

(x, y, type = "1", 1ty = 1:5, lwd = 1, pch = NULL,

col = 1:6, ...)

yx1:nNAclass(.)xy"Date"

yplottypetypetype”pl”
nd

points

par("cex")NULL1.0

pch = 21:25pointsNAplot.xy

plot

plot
parplotplot.defaultpanel.firstpartitle
TRUEpointslines

TRUE



matplot(x,y, ..)
plot(x[,1], y[,1], ..)add = TRUE
lines(x[,jl1, y(,31, ..)
class(.)xyplot()lines()

XyXyxy
col, cex, 1lty, 1wd
1ty =1

matplotmatpointsmatlines

plotpointslinesmatrixpar

require(grDevices)
matplot((-4:5)*2, main = "Quadratic"”) # almost identical to plot(*)
sines <- outer(1:20, 1:4, function(x, y) sin(x / 20 * pi * y))

matplot(sines, pch = 1:4, type = "0", col = rainbow(ncol(sines)))
matplot(sines, type = "b", pch = 21:23, col = 2:5, bg = 2:5,

main = "matplot(...., pch = 21:23, bg = 2:5)")
X <- 0:50/50

matplot(x, outer(x, 1:8, function(x, k) sin(kxpi * x)),
ylim = c¢(-2,2), type = "plobcsSh”,
main= "matplot(,type = \"plobcsSh\" )")

## pch & type = vector of 1-chars :

matplot(x, outer(x, 1:4, function(x, k) sin(k*pi * x)),
pch = letters[1:4], type = c("b","p","0"))

lends <- c("round”,"butt”,"square”)
matplot(matrix(1:12, 4), type="c", lty=1, lwd=10, lend=lends)
text(cbind(2.5, 2*c(1,3,5)-.4), lends, col= 1:3, cex = 1.5)

table(iris$Species) # is data.frame with 'Species' factor

iS <- iris$Species == "setosa"

iV <- iris$Species == "versicolor"”

op <- par(bg = "bisque")

matplot(c(1, 8), c(@, 4.5), type = "n", xlab = "Length”, ylab = "Width",
main = "Petal and Sepal Dimensions in Iris Blossoms")

matpoints(iris[iS,c(1,3)], iris[iS,c(2,4)]1, pch = "sS", col = c(2,4))
matpoints(iris[iV,c(1,3)], iris[iV,c(2,4)], pch = "wW", col = c(2,4))
legend(1, 4, c(” Setosa Petals”, " Setosa Sepals”,
"Versicolor Petals”, "Versicolor Sepals"),
pch = "sSvV", col = rep(c(2,4), 2))



matplot(iris3[, "Petal L."”,], iris3[, "Petal W."”,]1, pch = "SCV",
col = rainbow(3, start = 0.8, end = 0.1),
sub = paste(c("S", "C", "V"), dimnames(iris3)[[311],
sep = "=", collapse= ", "),
main = "Fisher's Iris Data")
par(op)

## 'x' a "Date” vector :

nd <- length(dv <- seq(as.Date(”1959-02-21"), by = "weeks", length.out = 100))
mSC <- cbind(I=1, sin=sin(pi*(1:nd)/8), cos=cos(pi*(1:nd)/8))

matplot(dv, mSC, type = "b", main = "matplot(<Date>, y)")

## 'x' a "POSIXct” date-time vector :

ct <- seq(c(ISOdate(2000,3,20)), by = "15 mins”, length.out = 100)
matplot(ct, mSC, type = "b"”, main = "matplot(<POSIXct>, y)")

## or the same with even more axis flexibility:

matplot(ct, mSC, type = "b", main = "matplot(<POSIXct>, y)", xaxt="n")
Axis(ct, side=1, at = ct[1+4*x(0:24)1])

iS <- 1:3 # indices of subset

matplot(gaitl, iS, 11, gait[, iS, 21, pch = "123", type = "b",
col = rainbow(3, start = 0.8, end = 0.1),
sub = paste(iS, dimnames(gait)[[2]1][iS],

sep = "=", collapse= ", "),
xlab = "Hip angle"”, ylab = "Knee angle”,
main = "Hip and knee angle while walking")

## Also works for data frame columns:
matplot(iris[1:50,1:4])

mosaicplot

mosaicplot(x, ...)

## Default S3 method:

mosaicplot(x, main = deparsel(substitute(x)),
sub = NULL, xlab = NULL, ylab = NULL,
sort = NULL, off = NULL, dir = NULL,
color = NULL, shade = FALSE, margin = NULL,
cex.axis = 0.66, las = par("las"), border = NULL,
type = c("pearson”, "deviance"”, "FT"), ...)

## S3 method for class 'formula'

mosaicplot(formula, data = NULL, ...,
main = deparsel(substitute(data)), subset,
na.action = stats::na.omit)
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color shadeFALSENULLcolor = TRUEgrey.colorscolor = FALSE
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require(stats)

mosaicplot(Titanic, main = "Survival on the Titanic”, color = TRUE)
## Formula interface for tabulated data:

mosaicplot(~ Sex + Age + Survived, data = Titanic, color = TRUE)

mosaicplot(HairEyeColor, shade = TRUE)

## Independence model of hair and eye color and sex. Indicates that
## there are more blue eyed blonde females than expected in the case
## of independence and too few brown eyed blonde females.

## The corresponding model is:

fm <- loglin(HairEyeColor, list(1, 2, 3))

pchisq(fm$pearson, fm$df, lower.tail = FALSE)

mosaicplot(HairEyeColor, shade = TRUE, margin = list(1:2, 3))

## Model of joint independence of sex from hair and eye color. Males
## are underrepresented among people with brown hair and eyes, and are
## overrepresented among people with brown hair and blue eyes.

## The corresponding model is:

fm <- loglin(HairEyeColor, list(1:2, 3))

pchisq(fm$pearson, fm$df, lower.tail = FALSE)

## Formula interface for raw data: visualize cross-tabulation of numbers
## of gears and carburettors in Motor Trend car data.

mosaicplot(~ gear + carb, data = mtcars, color = TRUE, las = 1)

# color recycling

mosaicplot(~ gear + carb, data = mtcars, color = 2:3, las = 1)

mtext

mtext(text, side = 3, line = @, outer = FALSE, at = NA,

adj = NA, padj = NA, cex = NA, col = NA, font = NA, ...)
text as.graphicsAnnot
side
line
outer
at atadj
adj adj = @adj =1
adjpar(”las")
padj adjpadj = @padj = 1
padjpar(”las")
cex NULLNAT.@par("cex")par("mfrow")par("mfcol”)
col NApar("col")
font NApar ("font")

parfamilylasxpdouter = TRUE



adjtextadj = 0.5outer = TRUE
lassrtatlassrt

adjat

"ylbias"par

titletextplotparplotmath

plot(1:10, (-4:5)*2, main = "Parabola Points”, xlab = "xlab")
mtext(”10 of them")
for(s in 1:4)

mtext(paste("mtext(..., line= -1, {side, col, font} = ", s,
", cex =", (1+s)/2, ")"), line = -1,
side = s, col = s, font = s, cex = (1+s)/2)
mtext("mtext(..., line= -2)", line = -2)
mtext("mtext(..., line= -2, adj = 0@)", line = -2, adj = @)

##--- log axis :
plot(1:10, exp(1:10), log = "y", main = "log =\"y\"", xlab
for(s in 1:4) mtext(paste("mtext(...,side=", s ,")"), side

"X].ab”)
s)

##--- illustrating padj behavior :

plot(@, axes=FALSE, ann=FALSE, frame.plot=TRUE)

for(si in 1:4) mtext(c("padj=0", "----------- " "padj=1"),
side = si, padj = c(@, 0.5, 1))

pairs

pairs(x, ...)

## S3 method for class 'formula’
pairs(formula, data = NULL, ..., subset,
na.action = stats::na.pass)

## Default S3 method:
pairs(x, labels, panel = points, ...,
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horInd = 1:nc, verInd = 1:nc,

lower.panel = panel, upper.panel = panel,
diag.panel = NULL, text.panel = textPanel,
label.pos = 0.5 + has.diag/3, line.main = 3,
cex.labels = NULL, font.labels =1,
rowlattop = TRUE, gap = 1, log = "",

horOdd = !rowlattop, verOdd = !rowlattop)
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pairs(iris[1:4], main = "Anderson's Iris Data -- 3 species”,
pch = 21, bg = c("red"”, "green3"”, "blue")[unclass(iris$Species)])

## formula method, "graph” layout (row 1 at bottom):
pairs(~ Fertility + Education + Catholic, data = swiss, rowlattop=FALSE,
subset = Education < 20, main = "Swiss data, Education < 20")

pairs(USJudgeRatings, gap=1/10) # (gap: not wasting plotting area)
## show only lower triangle (and suppress labeling for whatever reason):
pairs(USJudgeRatings, text.panel = NULL, upper.panel = NULL)

## put histograms on the diagonal
panel.hist <- function(x, ...)
{
usr <- par("usr")
par(usr = c(usr[1:2], @, 1.5) )
h <- hist(x, plot = FALSE)
breaks <- h$breaks; nB <- length(breaks)
y <- h$counts; y <- y/max(y)
rect(breaks[-nB], @, breaks[-1], y, col = "cyan", ...)
3
pairs(USJudgeRatings[1:5], panel = panel.smooth,
cex = 1.5, pch = 24, bg = "light blue”, horOdd=TRUE,
diag.panel = panel.hist, cex.labels = 2, font.labels = 2)

## put (absolute) correlations on the upper panels,
## with size proportional to the correlations.
panel.cor <- function(x, y, digits = 2, prefix = "", cex.cor, ...)
{
par(usr = c(@, 1, 0, 1))
r <- abs(cor(x, y))
txt <- format(c(r, ©.123456789), digits = digits)[1]
txt <- paste@(prefix, txt)
if(missing(cex.cor)) cex.cor <- 0.8/strwidth(txt)
text (0.5, 0.5, txt, cex = cex.cor * r)
3
pairs(USJudgeRatings, lower.panel = panel.smooth, upper.panel = panel.cor,
gap=0, rowlattop=FALSE)

pairs(iris[-5], log = "xy") # plot all variables on log scale
pairs(iris, log = 1:4, # log the first four
main = "Lengths and Widths in [logl”, line.main=1.5, oma=c(2,2,3,2))

panel.smooth

panelcoplotpairs

panel.smooth(x, y, col = par(”"col”), bg = NA, pch = par("pch"),
cex = 1, col.smooth = 2, span = 2/3, iter = 3,

>



Xy

colbgpchcex pointspar
col.smooth lines
span flowess
iter lowess

lines
coplotpairspanel.smoothlowess

pairs(swiss, panel

panel.smooth, pch

non

.") # emphasize the smooths

pairs(swiss, panel = panel.smooth, 1wd = 2, cex = 1.5, col = 4) # hmm...
par

parpartag = value

par(..., no.readonly = FALSE)

<highlevel plot> (...., <tag> = <value>)

tag = value

no.readonly TRUEpar ()

paroptions("device")
par

par()par(no.readonly = TRUE)graphics
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