R: A Language and Environment for
Statistical Computing

Reference Index

The R Core Team

Version 3.4.4 (2018-03-15)

Copyright (©) 1999-2012 R Foundation for Statistical Computing.

Permission is granted to make and distribute verbatim copies of this manual provided the copyright
notice and this permission notice are preserved on all copies.

Permission is granted to copy and distribute modified versions of this manual under the conditions for
verbatim copying, provided that the entire resulting derived work is distributed under the terms of a
permission notice identical to this one.

Permission is granted to copy and distribute translations of this manual into another language, under the
above conditions for modified versions, except that this permission notice may be stated in a translation
approved by the R Core Team.

R is free software and comes with ABSOLUTELY NO WARRANTY. You are welcome to redistribute
it under the terms of the GNU General Public License. For more information about these matters, see
https://www.gnu.org/copyleft/gpl.html.



Contents

1 The base package 1
base-package . . . . . .. 1
Jbincode . . .. L e e e 1
Device ..o e e e e 2
Machine . . . . . .. e e 3
LPlatform . . . L e 5
abbreviate . . . . . . ... 7
T4 () o 9
all . . e e 11
allequal . . . . . L L e 12
alllnames . . . ... L e e e e e e e e e 14
ANY . . o v e e e e e e e e e 15
APETIINL . . v v v v vt e e e e e e e e e e e e e e e e e 16
append . . .. L e 18
apply . . 19
ATES o o v e e e e e e e e e e e e e e e e e e e e e e 21
Arithmetic . . . . . . . . . . e e e 22
AMTAY © . v v v v e e e e e e e e e e e e e e 25
as.dataframe . . . . . . . ... 26
as.Date . ... . e e 28
AS.eNVIFONMENT . . . . . . o v v ot e e e e e e e e e e e e 31
as.function. . . . ... L L e 32
as.POSIX™ . . . e 33
Asls . . e e e 36
ASSIZN . . . e e e 37
assignOPS . . . . . L e 38
attach . . . . .. 40
11 42
attributes . . . . L L e e e e 43
autoload . . . . . L e e 44
backsolve . . . . . . . e e 45
basename . . . . . . . ... e e e e e e 47
Bessel . . . . .. e 48
bindenv . . . . . . L e e e e 51
DItWISE . . . . . . o e e e e 53
body . . . . e 54
bquote . . . . .. 55



il

CONTENTS
Drowser . . . . . . . . e e e e e 56
browserText . . . . . . . . . e e e 58
builtins . . . . . e 59
DY . e 59
C e e e e 60
call . . . e e 62
callCC . . . . e 64
CallExternal . . . . . . . . . . . e 65
capabilities . . . . . . . L 66
CAL . . . L e e 68
chind . . .. e 69
charexpand . . . . . . . L. L e 73
character . . . . . . . . .. 74
charmatch . . . . . . . . .. 75
chartr . . . . .. e e 76
chkDots . . . . . . e e 78
chol . . . . e 79
chol2inv . . . . . .. e 81
class . .. e e e 82
col . e e e 84
Colon . . . . e e e 85
COISUMS . . . . . e e 86
commandArgs . . . ... 88
COMMENL . . . v v v v v e e e e e e e e e e e e e e e e e e e e e e e 89
CompariSon . . . . . . . . e e e e e e e e e e e 90
COMPIEX . . . o o o e e e e e e 92
conditions . . . . . ... L. e 94
conflicts . . . . . . .. 98
CONNECHIONS . . . . v v v i e o e e e e e e e e e e e e e e e e e e 99
Constants . . . . . . ... e e e e 108
contributors . . . . ... L. e e 109
Control . . . . . . . e 110
copyright . . . . . .. 111
Crossprod . . . . ... 112
Cstack_info . . . . . . . e 113
CUMSUIM . & v v v v e e e e e e e e e e e e e e e e e e e e e e e e 114
curlGetHeaders . . . . . . . . . . . . e 115
CUL . L o e e 116
cutPOSIXt . . . . . e 118
data.class . . . . . .. e e 120
dataframe . . . . . . . . . ... 121
datamatriX . . . . ... e e e e e e e e e 123
date . . .. e e e e 124
Dates . . . . . . e e e 125
DateTimeClasses . . . . . . . . . . o v i i e e e 126
def .o e e e 130
debug . . . . e 132



CONTENTS iii

delayedAssSign . . . . . . . . e e e e e e 135
deparse . . . ..o L e e 136
deparseOpts . . . . . . .. e e e 138
Deprecated . . . . . . . L 140
det . . e e e 141
detach . . . . . . . e e 142
diag . . .. e 144
diff . . e 145
difftime . . . . . . .. 147
dim ... e 149
dimnames . . . . . ... e e e e e e 150
do.call . . . . . . e 152
dontCheck . . . . . . . . . . . e 153
double . . . . . . e 154
dput . . . e e e 156
drop . . .. 157
droplevels . . . . . . . . 158
dump ..o e e 159
duplicated . . . . . . . . .. e 161
dyndoad . . . . . .. 164
eapply . . . . 166
CIZEI . . . . v v e e e e e e e e e 167
encodeString . . . . ... L L. 169
Encoding . . . . . . . . e 171
ENVIFONMENT . . . . . . . . v v v it e e e e e e e e e e e e e e 172
EnvVar . . . . e e e 175
eval . .. e e e 177
EXISES . . . e e e e e 180
expand.grid . . . . .. L e e e e e 182
EXPIeSSION . . . . . . .. e e 183
Extract . . . . . . . e e e 184
Extract.data.frame . . . . . . . . . . .. ... 189
Extract.factor . . . . . . . . . . . 193
Extremes . . . . . ... e 194
extSoftVersion . . . . . . . . . . ... 196
factor . . . . .. e 198
file.access . . . . . .. e e e 201
file.choose . . . . . . . . .. e 202
fileinfo . . . . . . . e 203
filepath . . . . . . L 205
file.show . . . . . . . e 206
files . . . e e 207
files2 . . . . e 210
find.package . . . . . . . . L 212
findInterval . . . . . . . . . .. 213
force . . . . . e e 214
forceAndCall . . . . . . . . . . . e 215

Foreign . . . . . . . . e 216



iv

CONTENTS
formals . . . . .. 219
format . . . . . . L e 220
format.info . . . . . . L e e e 223
formatpval . . . ... 224
formatC . . . . . .. e 225
formatDL . . . . . . . . e 229
function . . . . .. L 230
funprog . . . .. e e e 232
BC o e 234
SCHME . . . . . o 236
GCLOTTUI® . .« o o v v v e e e e e e e e e e e e 237
BEL . e e e e 238
getDLLRegisteredRoutines . . . . . . .. . ... ... 239
getLoadedDLLs . . . . . . . . .. 241
getNativeSymbollnfo . . . . . . . . . .. .. 242
GEUEXL . . . . L e e e e e e e 244
getwd . .. e 246
gl e 247
(<] P 248
grepRaw . . . . L e 253
groupGeneriC . . . . . . . .. e e 255
GIOUPING .+« v v v v v e e et e e e e e e e e e e e e e e e e e 258
/7 ) o 259
hexmode . . . . . . . .. e e e e 260
Hyperbolic . . . . . . . . . e 261
ICOMV . . v ot e e e e e e e e e 262
icuSetCollate . . . . . . . . . . e e e e e 265
identical . . . . . ... 268
dentity . . . .. e e e e e e 270
ifelse . . . . . e e 271
INEEZET . . . . o o o e e e e e e e 273
INTEraction . . . . . . . . o i i e e e 274
INMETACHIVE . . . . . o o o e e e e e e e e e e e e e 275
Internal . . . . . ... e e e 276
InternalMethods . . . . . . . . ... 277
invisible . . . .. L 278
is.finite . ... L e e e 279
isfunction . . . ... 281
is.danguage . ... .. L e 281
1s.object . . .o 282
ISR e 283
ISTECUISIVE . . . o v v o o e e e e e e 283
i.8ingle . . . .. e e 285
isaunsorted . . . .. L L L e e e e e e e e 285
ISOdatetime . . . . . . . . . . . . 286
1SS4 L L e 287
iISSymmetric . . . . ... 288

L83 289



CONTENTS v

kappa . . . .. e e e 290
kronecker . . . . .. L e 292
HOn_info . . . . . e 293
labels . . . . . . e e e 294
lapply . . . . e e 295
Lastvalue . . . . . . . . . . e e 298
La_library . . . . . . . o o 299
La_version . . . . . . . . e e 299
length . . . . . .. 300
lengths . . . . . . . L 301
levels . . . o . e e e e e 303
libcurlVersion . . . . . . . . . . . e e 304
libPaths . . . . . . . . e 305
library . . . . . . e 307
library.dynam . . . . . . . .. e e e e e 310
license . . . . . . . . e e e e 312
LISt . . o e 312
list.files . . . . . e e e e 314
List2env . . . .o e e e e 316
load . . . . . . e e e 317
locales . . . . . . .. e e e e e 319
log . . o e e e 321
Logic . . . . . . e 323
logical . . . . . . .. 325
LongVectors . . . . . . . . o e e e 326
lowertri . . . . . . L e e 327
IS . e 328
Makenames . . . . . . . . . e e e e e e e e e e e e e e e e 329
make.unique . . . . . . .. e e e e e e e e e e e 331
mapply . ..o 332
margin.table . . . ... Lo 333
MALOLVEC © . v v v v v e e e e e e e e e e e e e e e e e e e e e e 334
match . . . . . e 334
match.arg . . . .. L e 337
match.call . . . . . . e 338
matchfun . . . . .. 339
MathFun . . . . . . . e e e 340
matmult . . . .. e e e e e e e e e 341
MAMIX . . v v s e e e e e e e e e e e e e e e e e e e e e e e 342
maxCol . . . . . e e e 344
10T 1 o P 346
MEMCOMPIESS . . v v v v v e e e e e e e e e e e e e e e e e e e e e e e 347
Memory . . . . .. e e e e 348
Memory-limits . . . . . ... 349
memory.profile . . ... 351
TMETEE . v o v v v v e e e e e e e e e e e e e e e e e e e e e e e 351
IMESSAZE .+ . v v v v e e e e e e e e e e e e e e e e e e 354

MISSING . . ¢ o v vt e e e e e e e 355



vi

CONTENTS
mode . ... e 356
NA e 358
NAME . . . . v o e e e e e e e e e e e e e e e e e e e e e e e 360
DAMES . . o o v v v e e e e e e e e e e e e e e e e 361
NATES o v v v v e e e e e e e e e e e e e e e e e e e e e e 363
nchar . . . . L e e e e 364
nlevels . . . . . L 367
NOQUOLE .« v v v v v e e e e e e e e e e e e e e e e e e e e e e e 367
107 30 0 1 368
normalizePath . . . . . . . . . . ... 370
NotYet . . . . . o o e 371
NIOW & o v v v e e e e e e e e e e e e e e e e e e e e e e e 372
ns-dblcolon . . . . . .. 373
ns-hooks . . . L 374
ns-load . . .. 375
DNS-TOPENV . . . . . o o e e e e e e e 377
NULL . . . e 378
NUIMETIC .« v v v v v v e e e e e e e e e e e e e e e e e e e e e e 379
NumericConstants . . . . . . . . o vt i e e e e e e e e e e 381
NUMETIC_VEISION . . . . . v o v e e e e e e e e e e s s e 383
octmode . . . ... e 384
OMLEXIL & v v v v e o e e e e e e e e e e e e e e e e e e e 386
Ops.Date . . . . . . . . e 387
OPLIONS . . . . . v v vt e e e e 388
OFder . . . . o o e e 397
OULET © . v v v v e e e e e e e e e e e e e e e e e e e e e 400
Paren . . . . . . e 402
PAISE .« o o o o e e e e 403
PaSte . . . e e e e e 405
patheexpand . . . . . . . . 407
pere_config . . . ... e e 408
pmatch. . . . . L e 408
polyroot . . . ... 410
POSLOBNV . .« ot it e e e e e e e e e 411
PIEttY . o o e 412
Primitive . . . . . . . e 413
Print . . . o e 414
print.dataframe . . . . . . ... 416
printdefault . . . . . ... L 417
PIMAtriX . . . . . o o i e e e e e e 419
PrOC.IME . . . . . . o e 420
Prod . .o e e e 421
prop.table . . . ... e 422
pushBack . . . . . . . 423
0 424
QR.Auxiliaries . . . . . . . .. e e 427
QUIE . .o e e e 429



CONTENTS vii

R.Version . . . . . . . . . 434
Random . . . . . . . . . e 435
Random.user . . . . . . . . . . . . . e 440
TANZE  © ¢ o e e e e e e e e e e e e e e e e e 441
TANK . . . . e e e e e 443
Tapply . . o e 444
TAW . o i e e e e e e e e e e 446
rawConnection . . . . . . . . ... e e e e e e e 447
rawConversion . . . . . . . .. e e e e e e e e 448
RAULlS . . . . . e 450
readBin . . . .. e e e 451
readChar . . . . . . . . . . e e e e 454
readline . . . . . . L. L e e 455
readlines . . . . . . .. L e e e 456
readRDS . . . . . . e e e 458
readRenviron . . . . . . . . . . e e 460
Recall . . . . . . . . e 461
reg.finalizer . . . . . . .. L e 462
TEEEX . v v e e e e e e e e e e e e e e e e e e e e e e 463
regmatches . . . . . . . . L e 467
TEMOVE & v o v v v e e e e e e e e e e e e e e e e e e e e 469
TED & v v e e e e e e e e e e e e e e e e e e 470
replace . . . ... L 473
Reserved . . . . . . . . e 473
TV o o v e e e e e e e e 474
Rhome . . . . . . . . . e 475
rle . . e 476
Round . . . . . . .. e 477
round.POSIXt . . . . . . . e e 479
TOW o o o e e e e e e e e e e e e e e e e e 480
TOWAHCOINAMES . . . . . . . . o o e e e e e e e 481
TOWAMES . & v o v v v e e e e e e e e e e e e e e e e e e e e e 482
TOWSUITL . . vt v v v e e e e e e e e e e e e e e e e e e e e e 483
sample . . ... 485
SAVE o bt e e e e e e e e 487
scale . ... e 490
SCAN & v v v v e e e e e e e e e e e e e e e e e e e e 491
Search . . . . . . L e 496
seek ..o e 497
SEU « v e e e e e e e 498
seg.Date . . . .. 500
seq.POSIXt . . . . . . e e 502
SEQUENICE .« v v v v v v e e e e e e e e e e e e e e e e e e 503
serialize . . . . ... L 504
SEES o L e e e e e e e 505
setTimeLLimit . . . . . . . . . . . . e e 506
showConnections . . . . . . . . . . . . . . e e 507

shQuote . . . . . . . . e e e 509



viii

CONTENTS
SIZN o . o e e e e e 510
SignalS. . . . . . e e e e 511
Sink . .o 512
slicedndex . . . . . . L. 514
SIOtOD . . o e 514
socketSelect . . . . . .. 515
SOIVE . . o o 516
SOTL . o o e e e e e e e e e 518
SOUICE « v v v v v e e e e e e e e e e e e e e e e e e e e e 521
Special . . . . . L 524
SPLt . . 527
Sprintf . . . oL e e e 530
SQUOLE . . . . . e e e e 534
srefile ... L 536
standardGeneric . . . . . . . ... e 538
startsWith . . . . . L L 539
Startup . . . . o e e e e 540
SEOD .+ e e e e e e e 543
stopifnot . . . . . 545
SIIPHME . . . . v o o e e e e e e e e e 546
]33 () o 552
SIISPIit « . . e e e e 553
] 30 555
SIIEFIM . . o o o o o i e e e e e 556
SLIUCLUIE . . . o o o o o et e e e e e e e e e e e e 557
SITWIAD .+ v v v o o e e e e e e e e e e e e e e e e e e 558
SUDSEL . . . . . e e e 559
SUDSLItULE . . . . . . . L e e 561
SUDSLT . . .. e e 563
SUM & . b vt v e e e e e e e e e e e e e e e e e e e 564
SUMMATY .+« o v o v v e v e e e e e e e e e e e e e e e 566
SVA . e 567
SWEED . v v v e e e e e e e e e e e e e e e e 569
sSwitch . . . . 571
SYNtax . . . . oo e e 573
SYS.EENV . . . v vt e e e e e e e e e 574
Sys.getpid . . . . 575
Sys.glob . . . e 576
Sysanfo . . . .. e e 577
Sysdocaleconv . . . ... e 579
SYS.PATENL .« . v vt e e e e e e e e e e e e e e e e e e e 580
Sys.readlink . . . . . ... 583
SYSSEENV .« o v vt e e e e e e e e e e e e e e e e 583
Sys.setFileTime . . . . . . . . . . . .. .. 584
Sys.sleep . . . o 585
SYS.SOUICE + « v v v v v e e e e e e e e e e e e e e e e e e e e e e e 586
Sys.time . . . . . ..o e e 587

Sys.which . . . . . .. 588



CONTENTS ix

SYSIEIM & . v o v v e e e e e e e e e e e e e e e e e e e e e 589
system.file . . . .. e e 592
SyStem.time . . . . . . ... e e e 593
SYStEM?2 . ... e 594
b e e e e 595
table . . . .. e e e 597
tabulate . . . . . .. e e 600
tapply . ..o 601
taskCallback . . . . . . . . . . . . e 603
taskCallbackManager . . . . . . . . . . . ... 605
taskCallbackNames . . . . . . . . . . . . . . . 607
tempfile . . . . . L e 608
textCoNNection . . . . . . . . . . e e e e e e e e e e e e e e e e 609
tilde . . . . . e 611
tMEZONES . . . . . o v v o e i e e e e e e e e e e e 612
tOSIING . . . . . e 615
LFACE . . . v o o e e e e e e e e e e e e e e e 617
traceback . . . . .. L. e 622
raCeMEIM . . . . . v v o e e e e e e e e e e e e e e e e e e e e e e e e 623
transform . . . . . ... L. 625
Trig . . . e 626
HIMWS . . . o e e e e e e e e e e e e e e e e e e e e e 628
Y o e e e e e 628
typeof . ..o 630
UNIQUE .+« ¢ v v v e e e e e e e e e e e e e e e e e e 631
unlink . . ... e e e 633
unlist . . .. e 634
UNNAME . . ot v v vt e e e e e e e e e e e e e e e e e e e e e 635
UseMethod . . . . . . . . . . . e 636
userhooks . . . . . L. e e e 639
utf8Conversion . . . . . . . .. 641
validUTFS . . . . . . . e 642
VECIOT . . o o o e o e e e e e e e e e e e e e e e e e e 643
Vectorize . . . . . . . e e e e e 645
WarNIng . . . . . . . . e e e 647
WAININGS .« . .« o v v v v e e e e e e e e e e e e e 648
weekdays . ..o 650
which . . . . . e 651
which.min . . . . . . .. L 653
With . . e 654
withVisible . . . . . . . . . .. 656
WIIEE . . . . o o e e e e e e 657
writeLines . . . . . . .. L. 658
XM . . e e 659
zapsmall . . . . . oL 660
zpackages . . ... L e e 661

ZUtilS . . L e 662



X CONTENTS

2 The compiler package 663
compile . . ... e e e 663
3 The datasets package 667
datasets-package . . . . . . ... e e e 667
ability.cov . . . . . e e e 667
airmiles . . . . .. e e e e 668
AirPassengers . . . . ... L 669
airquality . . . ... e 670
anscombe . . .. L. L e 671
AENU . . . . . . e e e e e e e e e e e 672
attitude . . . . . L e e e e 673
AUSITES & & o v v v e e e e e e e e e e e e e e e e e e e e e 674
beavers . . . .. L e e e 675
Blsales . . . . . . . 676
BOD . . . e e 677
CATS . v v v e e e e e e e e e e e e e e e e e e e 678
ChickWeight . . . . . . . . e 679
chickwts . . . . . . e e 680
CO2 . e e e 681
COZ . o e e e e 682
crimtab . ... L L e e 683
diSCOVETIES . . . . . o o o e e e e e e e e e e e e e e 685
DNase . . . . . . . e e e 686
€SOPh . . L e 687
CUIO . . o v v i e i e e e e e e e e e 688
eurodiSt . . . . . L e e e e 689
EuStockMarkets . . . . . . . . . . e e 690
faithful . . . . . . . e 690
Formaldehyde . . . . . . . . . ... . 691
freeny . . . . . .o 692
HairEyeColor . . . . . . . . . . . . e 693
Harman23.cor . . . . . . . . . . . e 694
Harman74.cor . . . . . . . . . . e 695
Indometh . . . . . . . . . . . . e 695
Infert . . . . . e e e 696
InsectSprays . . . . . . .. 698
IS . . o o e e e e e e e 698
islands . . . . L L e 700
JohnsonJohnson . . . . . . . . .. e 700
LakeHuron . . . . . . . . . . . . . e 701
Th e 702
LifeCycleSavings . . . . . . . . . . . e 702
Loblolly . . . . . . . 703
longley . . . . . e e e 704
Lynx . o e e e 705
morley . . . .. e 706
MECATS . . o v v v v e e e e e e e e e e e e e e e e e e 707

nhtemp . . . . . 708



CONTENTS xi

Nile . . . e e e 708
010 17<) ' 710
NpK . .o 710
occupationalStatus . . . . . . L. 711
Orange . . . . . . . . e e e e 712
OrchardSprays . . . . . . . . . . . 713
PlantGrowth . . . . . . . . . . . e e 714
PIECID . o o o e e e e e 715
presidents . . . ... . 716
PIESSUIE . © . v v v v ettt e e e e e e e e e e e 716
Puromycin . . . . . . .. 718
quakes . . ..o e 719
randu . ... e e 720
TIVETS o o o v i e e e e e e e e e e e e e e e e e e 721
TOCK . . . o e e e 722
sleep . . . . e 722
StackloSS . . . . . L e e e e e e 723
] 1 725
sunspot.month . . . . . . ... L e e e e 726
SUNSPOLYEAr . . . . . v v v v ettt e e e e e e e e e e e e e 727
SUNSPOLS .+ v v v v vt e e e e e e e e e e e e e e e e e e e e 728
SWISS o v v v o e e e e e e e e e e e e e e e e 729
Theoph . . . . . . 730
Titanic . . . . . . . e e e e e 732
ToothGrowth . . . . . . . . . e 733
TrEETING . . . . . . o o e e e e e 734
LIEBS . . v v v o e e e e e e e e e e e e e e e e e e e e 734
UCBAAMISSIONS . . . . . o vt o e e e e e e e e e e e e e 735
UKDriverDeaths . . . . . . . . . . . e e e 736
UKgas . . . . . e e 738
UKLungDeaths . . . . . . . . . . e 738
USAccDeaths . . . . . . . . . . e 739
USAITEStS . . . . o o e e e e e e e e 739
USJudgeRatings . . . . . . . . . . 741
USPersonalExpenditure . . . . . . . . . . . . . e 741
USPOD  « v v e e e e e e e e e e e e e e e e e e e e 742
VADeaths . . . . . . . . e 743
volcano . . . . .. e e 744
warpbreaks . . . ... L e e 744
WOIMEI .« v v v v v e e e e e e e e e e e e e e e e e e e e e e e e e e 745
WorldPhones . . . . . . . . . . e 746
WWWusage . . . . . . . . e e e 747
4 The grDevices package 749
grDevices-package . . . . . . ... e e 749
adjustcolor . . . . oL L L e e e e e 749
as.graphicsAnnot . . . . . . ... L e e 751
T 1] (3 751

axisTICKS . . . . . e 753



Xii

CONTENTS
boxplot.stats . . . . . .. e e e e e 755
CAITO . . . . o o e 756
check.options . . . . . . . .. 759
chull . . . . o o 760
CIM . b v v et e e e e e e e e e e e 761
col2rgb . .. e 761
colorRamp. . . . . . . . . e 763
ColOIs . . . L e 765
contourLines . . . . . ... L e e e 766
convertColor . . . . . . . L 767
densCols . . . . . . . . e 769
dev . . . e 770
dev.capabilities . . . . . . . ... 772
devicapture . . . . ... e e e 773
devflush . . . . . . L e 774
devinteractive . . . . . . . . ... e e e e e e e 775
devisize . . . . L e 776
dev2 . . e 776
dev2bitmap . . . . . . . .. e e e 778
devAskNewPage . . . . . . . . . . .. 781
Devices . . . . . . e 782
embedFonts . . . . . . . L 783
extendrange . . . . .. ... e 784
getGraphicsEvent . . . . . . . ... 785
SIAY o v e e e e e e e e e e e e e e e e e e e e 788
gray.Colors . . . . . .. e e e e e e 789
erSoftVersion . . . . . . ... e 790
hel oo 791
Hershey . . . . . . . e 793
hSv . e 796
Japanese . . . . ... L e 797
make.rgb . ... e e 798
N2miTowW . . . . . L e e e e 800
NClass . . ... e e e 801
palette . . . .. L 802
Palettes . . . . . . .. e 803
PAf . e 805
pdfioptions . . . ... 809
PICEX . . o o e e e e e e e 810
plotmath . . . . . . . 812
PRE - o e e e e 817
POSESCIIPt . . o o ot e e e e e e e e e e e 821
postscriptFonts . . . . . ... 827
pretty.Date . . . . . . .. 830
PSOPHONS .« . . v v v e e e e e 831
QUATEZ . o o v e e e e e e e e e e e e e e e e e e e e e e e e 833
quartzFonts . . . . . .. 835

recordGraphics . . . . . . ... 836



CONTENTS Xiii

recordPlot . . . . .. 837
TED . e e 839
rgb2Zhsv . . Lo e 840
savePlot . . . . . L 842
trans3d . . ..o 843
TypelFont . . . . . . . . . 844
. 1 845
XITFonts . . . . . . o e e 850
XA . . 851
XY.COOTAS . . . o o i e e e 853
xyTable . . . . . . . 855
XYZ.COOTAS . o v v v o e e e e e e e e e e e e 856
5 The graphics package 859
graphics-package . . . . . . . ... 859
abline . . . . L 860
AITOWS .« o o o v e e e e e e e e e e e e e e e e e 861
assocplot . . . L e e e 863
AXIS . L L e 864
e 1 865
axis.POSIXct . . . . . . 868
axTicks . . . . L 869
barplot . . . . . L e 871
bOX . . e e 875
boxplot . . . . e 876
boxplot.matrixX . . . . . . . ... e e 879
DXP . o e 880
cdplot . . . . . e e 883
Clip . . e 885
COMIOUT . . v v v v v it e e e e et e e e e e e e e e e e e 886
convertXY . . ..o e e e 889
coplot . . . e 890
CUIVE . o v et e et e e e e e e e e e e 892
dotchart . . . . . . . . . 895
filled.contour . . . . . . . . ... 896
fourfoldplot . . . . . . . . . L 899
frame . . . . . .. 901
grid . .. 902
hist. . . . e 903
hist POSIXt . . . . . . e 906
identify . . . . . L e 908
IMAge . . . . . . o e 910
layout . . . . . 913
legend . . . . . . 915
lines . . . . o 920
locator . . . . ..o e e 921
matplot . . .. e 923
mosaicplot . . . ... e 925

MEEXE . . . o . e e e e e e e e e e e e 928



Xiv CONTENTS
PAITS . . o o e e e e e 930
panel.smooth . . . . . .. L e 933
PAT . . o e 934
PEISD .« o v v e 944
PIE . . o e e 947
Plot . e 949
plot.dataframe . . . . . . . .. ... 951
plotdefault . . . . . . . . 952
plotdesign. . . . . . . L 954
plotfactor . . . . ... 956
plotformula . . . . . . ... 957
plothistogram . . . . . . . . ... 959
PIOLIaster . . . . . . .. e e e e e e e e e 960
plot.table . . . ... e e 961
plotwindow . . . . . ... 962
PIOLXY . . o 963
POINES .« . . o o o e e e 964
polygon . . ..o e e e e 968
polypath . . . . . . . e e 971
rasterlmage . . . . . .. L 973
TECE  © vt e e e e e e 974
TUZ © o ot e e e e e e e 975
SCICCIL . . v v v o e e e e e e e e e e e e e e e e 977
SEEMENLS .+« v v v v v e e e e e e e e e e e e e e e e e e e e e 979
smoothScatter . . . . . . . . . e 980
spineplot . . . . ..o 982
SEATS . . . L e 985
] ) ' 988
stripchart . . . . . L 989
strwidth . . . 0 oo 991
sunflowerplot . . . . . . . .. 992
symbols . . .. e 995
EEXE . o e e e e e e e e e 997
title . ... e 1000
UNIES . . . . o e e e e e e e 1002
XSPHNE . . . . L e e e e e e 1002

6 The grid package 1005
grid-package . . . . ... 1005
absolute.Size . . . . . . .. e 1006
AITOW . o o ot e e e e e e e e e e e e e e e 1007
calcStringMetric . . . . . . ... 1007
dataViewport . . . . . . . . L 1009
depth . . . . o L 1010
drawDetails . . . . . . . . L 1011
editDetails . . . . . . . . . 1012
explode . . . . .. 1013
gEdit. . . . e 1013

getNames . . . . . . . e e e 1014



CONTENTS XV

EPAT . . e e e e e e e e e e e e e e e e 1015
gPath . . . . e 1017
Grid . . . . . 1018
Grid VIewports . . . . . . . . . e 1019
gridadd . . . ... 1022
gridbezier . . . . . ... 1023
grid.cap . . ..o e 1025
gridcircle . . . . L L L e e e 1026
gridclip . . .. 1027
grid.convert . . . . ... 1028
rid.COPY .+« o o 1031
Grid.CUTVE . . . . o o e e e e e e 1031
griddelay . . . .. ... 1033
grid.display.list . . . . . ... 1035
grid DLapply . . . . . . . e e e 1036
griddraw . . . ... L 1037
grideedit . . . . Lo 1038
gridforce . . ... e e e e e 1039
gridframe . . . . . .. L e e 1041
gridfunction . . . . . . .. 1042
grid.get . . . L 1044
grid.grab . . . .. e e e 1045
grid.grep . . . ... e 1047
grid.grill . . . ..o 1048
grid.grob . . . .o e e 1049
gridJayout . . . . . L. e e e 1050
gridines . . ... L. 1052
grid.ocator . . . ... 1054
gridlds . . .. 1055
gridmove.to . . . . ... 1057
Grid.NeWPAZE . . . . . . e e e 1059
gridnull . . . ..o 1060
gridipack . . ... 1061
gridipath . . . . . . L 1062
gridpplace . . . . . L. 1065
grid.plotand.degend . . . . . . . .. L. 1066
grid.points . . . . . .. e e e e e 1066
grid.polygon . . . . ... 1067
grid.pretty . . . . oL e e e e e e e 1069
gridraster . . . ... .. 1070
gridorecord . . . ... L 1072
GridireCt . . . . L e 1073
gridorefresh . . . . . . L 1074
rid.remove . . . . . ... e e 1075
gridoreorder . . . ... 1076
grid.SEEMENLS . . . . . . . e e e e e e e e e e e e e 1077
grid.set . . .o 1079

grid.showlayout . . . . . . . ... 1080



XVvi CONTENTS
grid.show.viewport . . . . . . . . L e e e e 1081
gridteXt . . . . e e e e 1082
grid.XaxiS . . . ... . e 1084
grid.xspline . . . . . ... 1086
grid.yaxiS . . . ... 1088
grobName . . . . . . . . 1090
grobWidth . . . . . . . L e 1090
grobX . . e e 1091
legendGrob . . . . . . . L 1092
makeContent . . . . . . . . L. e e e e e e e e 1093
plotViewport . . . . . . . L 1094
Querying the Viewport Tree . . . . . . . . . . ... 1095
resolveRasterSize . . . . . . . . ... 1096
roundreCt . . ... L L e e e e e e 1097
showGrob . . . . . . . . 1098
showViewport . . . . . . . .. 1100
stringWidth . . . . o oL L 1101
UNIE . o o e e e e e e e e e e e e e e e e 1102
UNIEC . v v o et e e e e e e e e e e e e e e e e e 1104
unitlength . . . . . . oo oL 1105
UNILPIMIN . . o b v ot e e e e e e e e e e e e e e e e e 1105
UNIETECP  © o o v v v v e e e e e e e e e e e e e e e e 1106
validjust . . . . . L 1107
validDetails . . . . . . . . . e e e 1108
vpPath . . . . . e 1109
widthDetails . . . . . . . . . . . . 1110
Working with Viewports . . . . . . . . . ... 1111
xDetails . . . . . e e e e e e 1113
xsplinePoints . . . . . . L 1114

7 The methods package 1117
methods-package . . . . . . ... 1117
BasicFunsList . . . . . ... 1118
AS o e e e e e e e 1118
BasicClasses . . . . . . . . o i e e e e e 1120
callGeneric . . . . . . . . . e e e e e 1121
callNextMethod . . . . . . . . . . . . . . e 1123
CanNCOBICE . . « . v v v v e e it e e e 1127
chind2 . . . L e e e 1128
Classes . . . . i e e e e 1129
classesTOAM . . . . . . . . e e 1130
Classes_Details . . . . . . . . . . . e 1131
className . . . . . . . . . . e e e e e e e e e 1135
classRepresentation-class . . . . . . . . . ... L 1137
Documentation . . . . . . . . . ... e e e e e e 1138
dotsMethods . . . . . . . . . . . e 1140
environment-class . . . . . . .. ... L e 1143
envRefClass-class . . . . . . . . . . . . . e e 1143

evalSource . . . . ... e e 1145



CONTENTS xvii

findClass . . . . . . . . e 1148
findMethods . . . . . . . . . . . e 1150
fixPrel.8 . . . . . . e 1152
genericFunction-class . . . . . . . ... L 1153
GenericFunctions . . . . . . . . . . .. 1154
getClass . . . . . . . 1158
getMethod . . . . . . . . e 1160
getPackageName . . . . . . . . . L. e 1163
hasArg . . . . . L 1164
implicitGeneric . . . . . . . . . . .. 1165
inheritedSlotNames . . . . . . . . . . . . ... 1167
initialize-methods . . . . . . . . . .. 1168
Introduction . . . . . . . . ... 1170
IS o o e e e e e e 1172
isSealedMethod . . . . . . . . . ... 1173
language-class . . . . . . . . ... 1175
LinearMethodsList-class . . . . . . . . . . . . . .. ... 1176
LocalReferenceClasses . . . . . . . . . . . . . . e 1177
makeClassRepresentation . . . . . . . . . ... L. L e 1178
method.skeleton . . . . . . . . . .. 1179
MethodDefinition-class . . . . . . . . . . ... 1180
Methods . . . . . . . . . e e 1181
MethodsList-class . . . . . . . . . . . . e e e 1182
Methods_Details . . . . . . . . . e 1183
Methods_for_Nongenerics . . . . . . . . . . . . e 1188
Methods_for_S3 . . . . . .. e 1192
MethodWithNext-class . . . . . . . . . . . . . . . . . e 1194
NEW . . o o e e e e e e e e e e e e e e e e e 1195
nonStructure-class . . . . . . . . L. L. e 1197
ObjectsWithPackage-class . . . . . . . .. ... ... ... . 1198
promptClass . . . . . .. e 1198
promptMethods . . . . . . ... L 1200
ReferenceClasses . . . . . . . . . . . . e 1201
removeMethod . . . . . . . . .. 1212
TEPresentation . . . . . . . . ... e e e e e e 1213
S3Part . . . .. e e 1215
S4groupGeneric . . . . . . ..o L e e e e e e e e 1218
SClassExtension-class . . . . . . . . . . . . ... 1220
selectSuperClIasses . . . . . . . . e e e e e 1221
SELAS . . L e e e 1223
SetClass . . . . . . . 1226
setClassUnion . . . . . . . . . . . . . . 1231
SEtGENETIC . . . v . v v e e e e e e e e 1232
SEtGroupGeneric . . . . . . . o i e e e e 1237
setls . . . e 1238
setLoadActions . . . . . . . .. e 1242
setMethod . . . . . . . . . . e 1245

SetOIdCIass . . . . . . . e 1250



Xviii

8 The parallel package
parallel-package
clusterApply . . . . .. ... ... ...
detectCores . . . .. ... ... .......
makeCluster . . . . . ... ... ... ...
mcaffinity . . ... ... ... ........
mcchildren . . . . . ... oL
mefork . . . . ...
mclapply . ... ... oL
mcparallel . . .. ... ... ... ... ..
PVEC . . o o
RNGstreams . . . . . . ... ... ......
splitlndices . . . . . ... ... ... ....

9 The splines package
splines-package

asVector . . . . .. ...
backSpline. . . ... ... ..........
bs ..

10 The stats package

slot. . . . ... ..
StructureClasses
testInheritedMethods

TraceClasses

validObject . . . .. ... ... ... ...

NS« v e e e
periodicSpline
polySpline . . . ... ... .. ........
predictbs . . . ... ... ... L.
predict.bSpline

splineDesign

splineKnots . . . . ... ... .. ......
splineOrder . . . . .. ... .. .......
xyVector . . . . .. ... o

stats-package

.checkMFClasses

addmargins . . . ... ...
agEregate . . . . ...
AIC . ..

CONTENTS



CONTENTS Xix

ANOVA . . v v v e e e e e e e e e e e e e e e e e e e 1324
anova.glm . . ... 1325
anova.lm . . . ... 1326
anova.mlm . . . . . ... e 1328
anSariteSt . . . . . . . e e e e e e e e e e 1330
A0V . o o e e e e e e 1332
approxfun . . ... L 1334
AT L o e e e e e e e e e e 1336
arols . . . L e e e 1340
' 1 ' - 1342
arima.SImM . . . . . . ot e e e e e e e e e e e e e e e 1346
arimal . . . . .. e e e e 1347
ARMAact . . . . . e 1351
ARMAOMA . . . . e e e 1352
as.helust . . . L L 1353
asOneSidedFormula . . . . . . . . . . . . . . . e 1354
AVE . o o e e e e e e e e e e 1354
bandwidth . . . . . . . . . e e e 1355
bartlett.test . . . . . . L e e e e 1357
Beta . . . . e e 1359
binomutest . . . . . . . .. e e e e e e 1362
Binomial . . . . . . ... 1364
biplot . . . . e 1366
biplot.princomp . . . . . . ... 1367
birthday . . . . . . . e e 1368
Box.test . . . .. e e e e 1370
C o e e 1371
CANCOT . . . v v e v e e e e e e e e e e e e e e e e 1372
case+variable.names . . . . . . .. ... e e e 1373
Cauchy . . . . . . . e 1374
chisqutest . . . . . . . 1376
Chisquare . . . . . . . . . e e e e e 1378
cmdscale . . ... e e e e 1381
coef . L e 1384
COmPIete.CaSes . . . . . . e e e 1385
confint . . . . . .o e e e e 1386
constrOptim . . . . . . . . e e 1387
CONITASE . . . . o o o i e i e e e e e e e e e e e 1389
CONMTASES . . . v o v e o e e e e e e e e e e e e e e e e e 1391
CONVOLVE . . . . . . e e e e 1392
COPhENELiC . . . . . . . o oo 1393
COT & v o e e e e e e e e e e e e e e e e 1395
COLLESE . . o v o e e e e e e e e e e e e e e e e 1398
COV.WE . o o o e e e e e e e e 1401
CPEIAM . o o vttt e e e e e e e e e 1402
CULTEE . . v v o e i e e e e e e e e e e e e e e e e 1404
decompose . . . . ... 1405

delete.response . . . . ... L. e e e e e 1406



XX

CONTENTS

dendrapply . . . . . . .. e e e e 1408
dendrogram . . . . . . . . L 1409
density . . . . . L. 1414
deriv . . . . e 1418
deviance . . . . . ... e e 1421
dfiresidual . . . . . . . . 1422
diffinv . . . . e e e e 1423
dist. . . . e e e 1424
Distributions . . . . . . . . L e 1427
dummy.coef . . . . . . .. 1428
ecdf . .. 1429
effaovlist . . . . . . e 1432
effects . . . . . . e e 1433
embed . . .. L 1434
expand.model.frame . . . . . . .. ... 1435
Exponential . . . . . . . . ... 1436
extractAIC . . . . . . . e 1438
factanal . . . . . . .. e e 1439
factor.scope . . . . . . L e e 1443
family . . . . . . e 1444
FDist . . . o e 1447
. e 1450
filter . . . . . e 1451
fishertest . . . . . . . e e e 1453
fitted . . . . . e 1456
fivenum . . . ... e 1457
fligner.test . . . . . ... 1458
formula . . . ... 1459
formulanls . . . . . . e 1461
friedman.test . . . . . . . . L. 1462
ftable . . . . . L 1464
ftable.formula . . . . . . . . ... 1466
GammabDist . . . . . ... 1467
GEOMELIIC . . . . v o o e e e e e e e e e e e e e e 1470
getlnitial . . . . . . . . 1472
glm . e e 1473
glm.control . . . . .. 1478
glmsummaries . . . . . . . ... e e e 1479
helust . . . o e 1480
heatmap . . . . . . . . 1484
HoltWinters . . . . . . . . . . e e e e e e e 1487
Hypergeometric . . . . . . . . . . . . 1490
identify.hclust . . . . . . . 1492
influence.measures . . . . . . .. ... L. e e 1493
INTEGrate . . . . . . o e e e e e 1497
interaction.plot . . . . . .. L e e e e 1499
IQR . . . e 1502

is.empty.model . . . ... 1503



CONTENTS XX1

ISOTEZ . v v o e e e e e e e e e e e e e e e e e 1503
KalmanLike . . . . . . . . . . . e 1505
kernapply . . . . .. 1507
kernel . . . . . . e e e 1509
kmeans . . . . .. L e e e 1511
kruskal.test . . . . . .. L e e e 1513
Ks.test . . .o e e e 1515
ksmooth . . . . . . . .. e 1518
lag . . . e 1519
lag.plot . . . . L 1520
ine . . . . e e e 1521
Listof . . . e e 1522
Im .. e 1522
Imfit . . . e 1526
Iminfluence . . . . . . . . . .. 1528
Im.summaries . . . . . . . . .. e e e e e e e e e 1529
loadings . . . . . . . . 1531
JOSS . . . e e e e 1532
loess.control . . . . . . . . e 1534
Logistic . . . . . . . . e 1536
loglik . . . . o o 1537
loglin . . . . . . e e 1539
Lognormal . . . . . . . . . .. 1541
JIOWESS . . . o o e e e 1543
Is.diag . . . . . e e 1544
Is.print . . . . . . e e e e 1545
Isfit . . e 1546
mad . . . .. e e e e e 1547
mahalanobis . . . . . ... 1548
make.link . . . . ... e e 1549
makepredictcall . . . . . ... 1550
MANOVA . . o v v v e o e e e e e e e e e e e e e e e 1551
mantelhaen.test . . . . . . . . L e e 1552
mauchly.test . . . . . . . . 1555
MCNEMALLESt . . . . . . . o o v ot e e e e e e e e e 1557
median. . . . . ... e e e e e e e e e e 1558
medpolish . . . . . . .. 1559
model.extract . . . . . . . . .. e 1560
model.frame . . . . . . . ... 1562
model.matriX . . . . . . . .. e e e e e e e 1564
model.tables . . . . . . ... 1566
monthplot . . . . . . . . e e e e e e e 1567
mMOOd.teSt . . . . .. e e e e e e e e e e 1569
Multinom . . . . . ... e e e 1571
NA.ACHION . . . . . . . . i e e e e e e e e e 1572
NA.CONLZUOUS . . . . v v v v ot e e e e e e e e e e e e e e e e e e e 1573
nafail . . . . .. L e e e 1574

NAPIINL . . . . . o o L e e e e 1575



xxil

CONTENTS
naresid . . . .. L L e 1575
NegBinomial . . . . . . . .. ... . L 1576
013 1 1 1579
nlm .o 1579
nlminb . . . . oL 1582
NS . . e e e 1585
nls.control . . . . L. 1590
NLSStASYMPLOtIC . . . . v v o o e o e e e e e e e e e e e e e e e e e e 1592
NLSstClosestX . . . . o o o o e e e e e 1593
NLSstLfASymptote . . . . . . . . o oo oo 1593
NLSStRtASYMPLOte . . . . . . o o o e e e e e 1594
NODS . . . e e e e 1595
Normal . . . . . . e 1596
numericDeriv . . . . ..o 1598
offset . . . . e 1599
oneway.test . . . ... L. e 1599
OPLIM . . . . o o o e 1601
OPtIMIZE . . . . o v v i e e e e e e e e e e e e e e e e e e e 1606
orderdendrogram . . . . . . . ... e e e e 1608
padjust . . .o e 1610
PAIrWISE.Prop.test . . . . . . .. e e 1612
PAlTWISE.LIESt . . . . . . e e e e e e 1613
pairwise.table . . . . ..o 1614
pairwise. wilcoxX.test . . . . . . ... L. 1615
plotact . . . . e e 1616
plotdensity . . . . . ... e 1617
plotHoltWinters . . . . . . . . . . . . 1618
plotisoreg . . . . . . . e 1619
plotIm . . . . . L e 1620
Plot.ppr . . .o 1623
plotprofilenls . . . . . . . . L. 1624
PIOLSPEC . . . o o o e e e e e 1625
plotstepfun . . . . . .. 1627
PlOtts . 1629
Poisson . . . . .. 1630
POISSOMLEESt . . . . . o o e e e e e e e e e e e 1632
POlY . . e 1634
POWEL .« o oottt e e e e e e 1636
POWELANOVALESt . . . . . v v v v i e e e e e e e e e e e e e e e 1637
POWELPIOP.teSt . . . . . . . . . e e 1638
POWELLLESt . . . . . . o e e 1640
PPtest . . . . o e 1641
PPOINES . . . . o o o e e e e e e e e e 1642
PDL - o o e e e e 1644
PICOMP .« o v v vt e e e e e e e e e e e 1647
predict . . . . e e e e 1650
predict. Arima . . . . . . ... L 1651

predict.glm . . . . .. 1652



CONTENTS xxiii

predict HoltWinters . . . . . . . . . . . . . . e 1654
predict.Im . . . . .. 1655
predict.loess . . . . . .. 1658
predict.nls . . . ... 1659
predict.smooth.spline . . . . . . . ... L 1661
preplot . . . . e 1662
PrNCOMP . . . o v vt e ettt e e e e e 1663
print.powerhtest. . . . . . . L. L e e e 1666
PrINEES . . . . o o e e e e 1667
printCoefmat . . . . . . . . . ... 1668
profile . . . .o 1669
profilenls . . . . . . 1670
PIOJ o o o e e e e e e 1671
PIOPAESt « . o o o e e 1673
prop.trend.test . . . .. L. L e e e e e 1675
a1 ) o 0 3 1676
quade.test . . . ... L e e 1678
quantile . . . .. L L e e e e e e e 1679
r2dtable . . ... L. 1682
read.ftable . . . . . .. 1683
rect.hclust . . . . . . 1686
relevel . . . .o e 1687
reorderdefault . . . . . . . ... 1687
reorder.dendrogram . . . . .. L. L. Ll 1689
replications . . . . . . . . e e e e e e e e 1690
reshape . . . . ... e e 1691
residuals . . . .. L. 1694
runmed ... L e 1695
rWishart . . . . L L e 1697
scatter.smooth . . . . . . ... oL e 1699
SCreeplot . . . . . e 1700
SA e 1701
SE.CONLIASE .« . v v vt e i e e e e e e e e e e e e e e e e e e 1702
selfStart . . . . . oL 1704
setNames . . . . . .. L. e e 1706
Shapiro.test . . . . . . . L e e e e e e 1707
SIZMA © . v v v e e e e e e e e e e e e e e e e 1708
SignRank . . . . . .. 1710
simulate . . . .. e e 1711
SMOOth . . . . . . e e e 1713
smooth.spline . . . . . . . . . . L 1715
smoothEnds . . . . . . . .. 1720
sortedXyData . . . . . . .. e 1722
SPEC.AT « . v v v e e e e e e e e e e e e e e e e e e e e 1723
SPEC.PEIAM . o ¢ o v i e e e e e e e e e e e e e e e 1724
SPEC.EAPET .« v v e e e e e e e e e e e e e e e e e e e e 1726
SPECITUI .+« v v v v v e et e e e e e e e e e e e e e e e e e e e e 1727

splinefun . . . . L 1729



XX1V

CONTENTS

SSasymp . ... e e e 1732
SSasympOff . . . . . . e 1734
SSasympOrig . . . . ... e 1735
SSBIEXP . .« « o o e 1736
SSD . 1737
SSfol . e 1738
SSEpl . 1739
SSEOMPEItZ . . . . . . e e e e e e 1741
SSlogis . . .. e e 1742
SSmicmen . . . . ...l e 1743
SSweibull . . . . . L 1744
] o 1745
StAL.ANOVA . . . . . L e e e e e e e e e e e e 1746
stats-deprecated . . . .. ... 1747
SEED  « e e e e e e e e e e e 1748
stepfun. . . . . L e 1750
StL 1752
stimethods . . . . . . . . . 1755
StructTS . . . e 1755
SUMMATY.A0V .« ¢ o v v e v e e e e e e e e e e e e e e e e e e e e e 1758
summary.glm . . ..o e 1759
summary.lm . . ... e e 1761
SUMMATY.MANOVA . . . . . o v v v et e e et e e e e e e e e e e e 1763
summary.nls . . ..o 1765
SUMMATY.PINCOMP . .« v v v v v v e e e e e e e e e e e e e e e e e e 1767
SUPSIIIU . v v v v v e v e e e e e e e e e e e e e e e e e e e e 1768
SYIMOUI . . . o v v v vt et e e e e e e e e e e e e e 1769
LEESE . . o e e e 1771
TDist . . . e 1773
termplot . . . ... 1776
TBITNS . . ¢ v v e o e e e e e e e e e e e e e 1778
termsformula . . . . ..o 1779
termsS.object . . . . ... 1780
tME . . . . o o e e 1781
toeplitz . . . . L 1782
IS e e e 1783
ts-methods . . . . . L. L 1785
tS.plot . L L 1786
(SUMION .« . . o v vt e e e e e e e e e e e e e 1787
tsdiag . . . ... 1788
ISP« o o e e e 1789
tsSmooth . . . . . .. 1790
Tukey . . . . . e e 1791
TukeyHSD . . . . . . e 1792
Uniform . . . . . . . 1794
UNITOOL . . . o o ot ot e e e e e e e e 1795
update . . ... e e 1799

updateformula . . . . ... 1800



CONTENTS

var.test .
varimax
vCov . .
Weibull

weighted.mean . . . . . . . ... L e
weighted.residuals . . . . . . . . L

weights

WIICOX.EESt . . . . . e e e

Wilcoxon

11 The stats4 package
statsd-package . . . . . . L e e e e e
coef-methods . . . . . . . . ..
confint-methods . . . . . . . ...
logLik-methods . . . . . . . . . . . . .

mle . .
mle-class

plot-methods . . . . . . . ... e
profile-methods . . . . . . . ...
profilemle-class . . . . . . . .. ..
show-methods . . . . . . . . . L

summary-

methods . . . . . . . ... e

summary.mle-class . . . . . . ... L e
update-methods . . . . . . . L. e e e e
veov-methods . . . . ..

12 The tcltk package
teltk-package . . . . ...
Tcllnterface . . . . . . . . . . . e e e
telServiceMode . . . . . .. L. e
TkCommands . . . . . . . . . . . e

tkpager

tkProgressBar . . . . . . ..
tkStartGUL . . . . . . . . e
TkWidgetemds . . . . . . . . L e e
TKWIdgets . . . . . . . o e e e e
tk_choose.dir . . . . . . . . e
tk_choose.files . . . . . . . e
tk_messageBoxX . . . . ...
tk_select.list . . . . . . s

13 The tools package
tools-package . . . . . . .. L
pprintviaformat . .. L. oL L e
add_datalist . . . . . . . e e e
assertCondition . . . . . . ... e

bibstyle

XXV



XXVi

CONTENTS
buildVignette . . . . . . . . . . e e 1857
buildVignettes . . . . . . . . ... 1858
charsets . . . . . . .. e 1859
checkFF . . . . . . . e 1860
checkMDSsums . . . . . . . .. e e e 1862
checkPoFiles . . . . . . . . . . . e 1862
checkRd . . . . . . . . . e 1864
checkRdaFiles . . . . . . . . . . . . . . e 1866
checkTnF . . . . . . . . e e 1867
checkVignettes . . . . . . . . . . . 1868
check_packages_in_dir . . . . . . . ... Lo 1869
codOoC . .. e e 1872
compactPDF . . . . . .. 1873
CRANILOOIS . . . . . o e e e 1875
delimMatch . . . . . . . . . .. 1877
dependsOnPkgs . . . . . . . . ... 1878
encoded_text_to_latex . . . . . . . ... e 1879
fileutils . . . . . . . 1880
find_gs_cmd . . . . . . .. e 1882
getVignetteInfo . . . . . . . ... 1883
HTMLheader . . . . . . . . . . . . . e e 1884
HTMLINKS . . . . . . . e e e e e e 1885
loadRAMacros . . . . . . . . . . . e e 1886
MAaKEVAIS . . . . . . . i e e e e e e e e e e e 1887
make_translations_pkg . . . . . . ... e 1888
mASSUM . . . . . . e e e e e e e e e e e e 1888
package dependencies . . . . .. ... 1889
package_native_routine_registration_skeleton . . . . . . ... ... 0oL L. 1891
parselatex . . . . ... e e e e e e 1893
parse_Rd . . . oL 1895
pskill . . e 1896
PSIICE . . . . e e e e e 1898
QC . e e e 1899
Remd . . . . . e 1900
RA2ZHTML . . . . . e e 1901
Rd2txt_options . . . . . . . . . . e e 1904
RAiff . . . . e 1905
Rdindex . . . . . . . . . e 1906
RdTextFilter . . . . . . . . . . . e 1907
Rdutils . . . . . . . e 1908
read.00Index . . . . . . . . .. 1909
showNonASCII . . . . . . . . . 1910
startDynamicHelp . . . . . . . . . . ... L 1911
SweaveTeXFilter . . . . . . . . . . . . . e 1912
testlnstalledPackage . . . . . . . . . ... 1913
texi2dvi . . .. e e 1914
toHTML . . . . . . e 1916



CONTENTS XXVil

toRd . . . e 1917
toTitleCase . . . . . . . . e 1918
undoc . ... e e e 1919
update_pKg po . . . .. 1920
vignetteDepends . . . . . . . L. 1921
vignetteEngine . . . . . ... 1922
write_PACKAGES . . . . . . . . e 1924
XEEUEXL . . . v e e e e e e e e e 1926
14 The utils package 1929
utils-package . . . . . L e 1929
adist . . . . e 1929
alarm ... L e e e 1931
APTOPOS .+ v v v i e e e e e e e e e e e e 1932
ATEZEXEC .+« v v e v v e e e e e e e e e e e e e e e e e e e e e e 1933
aspell . . . e e 1935
aspell-utils . . . . . . . e e e 1937
available.packages . . . . . . .. 1938
BATCH . . . . . . e 1941
bibentry . . . . ... 1942
browseEnv. . . . . .. 1946
browseURL . . . . . . . . . . 1948
browseVignettes . . . . . . . . ... e e e 1949
bugreport . . . ... 1950
capture.output . . . . . ... 1952
changedFiles . . . . . . . . . . . . 1954
chooseBioCmirror. . . . . . . . . .. 1956
chooseCRANmMirror . . . . . . . . . . . . 1957
CItation . . . . . ... e e 1958
CIEE . o o v o e e e e e e e e e e e e e e 1960
CItENtry . . . . . o 1963
close.socket . . . . . .. 1964
combn . ... e 1964
compareVersion . . . . . . v v vt e e e e e e e e e e e e e e e e e e e 1966
COMPILE . . . . . . e 1967
contriburl . . . ... 1968
countfields . . . . . . .. 1968
CIEAE.POSE . .« o v v v v e e e e e e 1969
data . ..o 1971
dataentry . . ... .. e e e e 1973
debugcall . . . . . . . 1976
debugger . . . . ... 1977
demo . ... e e 1979
download.file . . . . .. . . . ... 1980
download.packages . . . . . . . . ... e e 1984
edit . ..o e 1985
edit.dataframe . . . . . . . .. L 1987
example . . . ... 1989

file.edit . . . . . . e e 1991



XX viil

CONTENTS
file_test . . . . . e 1992
findLineNum . . . . . . ... L 1993
X 1995
flush.console . . . . . . ... 1996
format . . . . . 1996
getAnywhere . . . ... L 1997
getFromNamespace . . . . . . . . . .. L 1998
getParseData . . . . . ... e 2000
getS3method . . . . .. 2002
glob2rx . ..o 2003
globalVariables . . . . . . . ... 2004
hasName . . . . . . . . L 2006
head . . . . . 2007
help . . . o e 2008
helprequest . . . . . . . L e e e e e 2011
help.search . . . . . . . . L 2013
help.start . . . . . . . e 2015
hsearch-utils . . . . . . . . . . L 2017
INSTALL . . . . . e 2018
install.packages . . . . . . . ... 2020
installed.packages . . . . . . . ... 2025
isS3method . . . . . .. 2026
1sS3stdGeneric . . . . . ... e e e e 2027
LINK . . 2028
localeToCharset . . . . . . . . . . . . o i e 2029
ISt . o o e e 2030
Maintainer . . . . . . . . . .o e e e e e 2031
make.packages.html . . . . . . ... oL 2032
make.socket . . . ... 2033
MEMOTY.SIZ€ . . . .« v v v ettt it e e e e e e e e 2034
01331 2035
methods . . . . .. L 2036
mirrorAdmin . . ... 2038
modifyList. . . . . .. 2039
NEWS © o v v vt e e e e e e e e e e e e e 2040
nsl .o e 2042
ODJECL.SIZE . . . . . o o e e e e e 2043
package.skeleton . . . . . ... 2045
packageDescription . . . . . . . . ... e e e e e 2047
packageName . . . . . . .. ... 2048
packageStatus . . . . . ... e 2049
PAZC . o e 2051
PEISON .« . o o i i i e e e e e e e e e e e 2052
PkgULtIls . . . . o o 2055
PIOCESS.EVENLS . . . v v v v v v v e e e e e e e e e e e e e e 2056
PIOMPL . . . . o o o e e e e e e e e e e 2057
promptData . . . . ... 2059

promptPackage . . . . . . ... 2060



CONTENTS XXiX

QUESHION . . . . . . . e e e e e e e 2061
e8] 10107 4) PPN 2063
read.DIF . . . . . . . e 2068
read.fortran . . . . . ... L e e 2071
read fwf . . . . L 2072
read.socket . . . .. L. L e e e 2074
read.table . . .. L L L e e e 2075
TECOVET  © v v v v v e i e e e e e e e e e e e e e e e e e e e e 2080
relist . . . . e e e e e 2082
REMOVE . . . . e 2084
remove.packages . . ... ... Lo e e 2085
TEMOVESOUICE . . . . v v v o v v e i e e e e e e e e e e e e 2085
RHOME . . . . . e 2086
TOMAN . . v v v v e e e e e e e e e e e e e e e e e e e e e e e e e 2086
Rprof . . . o e 2087
Rprofmem . . . . . . . . . 2089
Rscript . . . . o o e 2090
RShowDoc . . . . . . e 2092
RSiteSearch . . . . . . . . . e 2093
1 2094
Rtangle . . . . . . . e 2096
RweaveLatex . . . . . . . . . . . e 2098
savehistory . . . . .. L. e 2102
select.list . . . . . L e e e e 2104
sessionlnfo . . . . ... e 2105
setRepositories . . . . . . . . oL e 2107
SHLIB . . . . . 2108
sourceutils . . . ... L e e e e 2109
StACK . . . . e 2111
] 2112
SLICAPLUIE . . . o o o v vt e e e e e e e e 2116
summaryRprof . . . . . ... 2117
SWEAVE . . . v v o i e e e e e e e e e 2119
SweaveSyntConv . . . . . .. oL e e 2121
TAT . . o e e e e e e e e e 2122
toLateX . . . . e e e e 2124
txtProgressBar. . . . . ... L 2125
EYPE.CONVEIT . . . . . v v ittt it e e e e e e e e e e e e e 2127
UNEAT & . v o v e e e e e e e e e e e e e e e e e e e e e e e 2128
UNZIP .« o oo e e e e e e e e e e e 2130
update.packages . . . . .. ... 2131
url.show . . . . . L e e 2134
URLencode . . . . . . . . . e e 2134
utils-deprecated . . . . . . ... 2135
VIEW . . o e 2136
VINEME . . . . o o e e e e e e e e 2137
write.table . . . . .. L 2138



XXX CONTENTS

Index 2143



Chapter 1

The base package

base-package The R Base Package

Description

Base R functions

Details

This package contains the basic functions which let R function as a language: arithmetic, in-
put/output, basic programming support, etc. Its contents are available through inheritance from
any environment.

For a complete list of functions, use library(help = "base”).
.bincode Bin a Numeric Vector
Description

Bin a numeric vector and return integer codes for the binning.

Usage

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



2 .Device

Arguments
X a numeric vector which is to be converted to integer codes by binning.
breaks a numeric vector of two or more cut points, sorted in increasing order.
right logical, indicating if the intervals should be closed on the right (and open on the

left) or vice versa.

include.lowest logical, indicating if an ‘x[i]” equal to the lowest (or highest, for right = FALSE)
‘breaks’ value should be included in the first (or last) bin.

Details

This is a ‘barebones’ version of cut.default(labels = FALSE) intended for use in other
functions which have checked the arguments passed. (Note the different order of the arguments
they have in common.)

Unlike cut, the breaks do not need to be unique. An input can only fall into a zero-length interval
if it is closed at both ends, so only if include.lowest = TRUE and it is the first (or last for
right = FALSE) interval.

Value

An integer vector of the same length as x indicating which bin each element falls into (the leftmost
bin being bin 1). NaN and NA elements of x are mapped to NA codes, as are values outside range of
breaks.

See Also

cut, tabulate

Examples

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

b <- c(0, 9, 1, 1)

.bincode(x, b, TRUE)

.bincode(x, b, FALSE)

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

.Device Lists of Open/Active Graphics Devices

Description

A pairlist of the names of open graphics devices is stored in .Devices. The name of the active
device (see dev. cur) is stored in .Device. Both are symbols and so appear in the base namespace.
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Value

.Device is a length-one character vector.

.Devices is a pairlist of length-one character vectors. The first entry is always "null device”,
and there are as many entries as the maximal number of graphics devices which have been simul-
taneously active. If a device has been removed, its entry will be "" until the device number is
reused.

Devices may add attributes to the character vector: for example devices which write to a file may
record its path in attribute "filepath”.

.Machine Numerical Characteristics of the Machine

Description

.Machine is a variable holding information on the numerical characteristics of the machine R is
running on, such as the largest double or integer and the machine’s precision.

Usage

.Machine

Details

The algorithm is based on Cody’s (1988) subroutine MACHAR. As all current implementations of
R use 32-bit integers and use IEC 60559 floating-point (double precision) arithmetic, all but three
of the last four values are the same for almost all R builds.

Note that on most platforms smaller positive values than .Machine$double.xmin can occur. On a
typical R platform the smallest positive double is about 5e-324.

Value
A list with components

double.eps the smallest positive floating-point number x such that 1 + x != 1. It equals
double.base * ulp.digits if either double.base is 2 or double.rounding
is 0; otherwise, it is (double.base * double.ulp.digits) / 2. Normally
2.220446e-16.

double.neg.eps a small positive floating-point number x such that 1 - x I= 1.
It equals double.base . double.neg.ulp.digits if
double.base is 2 or double.rounding is 0; otherwise, it 1is
(double.base * double.neg.ulp.digits) / 2. Normally 1.110223e-16.
As double.neg.ulp.digits is bounded below by -(double.digits + 3),
double.neg.eps may not be the smallest number that can alter 1 by subtraction.

double.xmin the smallest non-zero normalized floating-point number, a power of the radix,
i.e., double.base * double.min.exp. Normally 2.225074e-308.
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double.base
double.digits

double.rounding

double.guard

.Machine

the largest normalized floating-point number.  Typically, it is equal to
(1 - double.neg.eps) * double.base * double.max.exp, but on some
machines it is only the second or third largest such number, being too small by
1 or 2 units in the last digit of the significand. Normally 1.797693e+308. Note
that larger unnormalized numbers can occur.

the radix for the floating-point representation: normally 2.

the number of base digits in the floating-point significand: normally 53.

the rounding action, one of

0 if floating-point addition chops;

1 if floating-point addition rounds, but not in the IEEE style;

2 if floating-point addition rounds in the IEEE style;

3 if floating-point addition chops, and there is partial underflow;

4 if floating-point addition rounds, but not in the IEEE style, and there is partial
underflow;

5 if floating-point addition rounds in the IEEE style, and there is partial under-
flow.

Normally 5.

the number of guard digits for multiplication with truncating arithmetic. It is
1 if floating-point arithmetic truncates and more than double digits base-
double.base digits participate in the post-normalization shift of the floating-
point significand in multiplication, and O otherwise.

Normally 0.

double.ulp.digits

the largest negative integer i such that 1 + double.base * i != 1, except that
it is bounded below by -(double.digits + 3). Normally -52.

double.neg.ulp.digits

double.exponent

double.min.exp

double.max.exp
integer.max

sizeof.long

sizeof.longlong

the largest negative integer i such that 1 - double.base * i != 1, except that
it is bounded below by -(double.digits + 3). Normally -53.

the number of bits (decimal places if double.base is 10) reserved for the repre-
sentation of the exponent (including the bias or sign) of a floating-point number.
Normally 11.

the largest in magnitude negative integer i such that double.base * 1i is posi-
tive and normalized. Normally -1022.

the smallest positive power of double.base that overflows. Normally 1024.
the largest integer which can be represented. Always 231 — 1 = 2147483647.

the number of bytes in a C long type: 4 or 8 (most 64-bit systems, but not
Windows).

the number of bytes in a C long long type. Will be zero if there is no such type,
otherwise usually 8.

sizeof.longdouble

the number of bytes in a C long double type. Will be zero if there is no such
type (or its use was disabled when R was built), otherwise possibly 12 (most
32-bit builds) or 16 (most 64-bit builds).
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sizeof.pointer the number of bytes in a C SEXP type. Will be 4 on 32-bit builds and 8 on 64-bit
builds of R.

Note

sizeof.longdouble only tells you the amount of storage allocated for a long double (which are
normally used internally by R for accumulators in e.g. sum, and can be read by readBin). Often
what is stored is the 80-bit extended double type of IEC 60559, padded to the double alignment used
on the platform — this seems to be the case for the common R platforms using ix86 and x86_64
chips.

Source

Uses a C translation of Fortran code in the reference, modified by the R Core Team to defeat over-
optimization in recent compilers.

References

Cody, W. J. (1988) MACHAR: A subroutine to dynamically determine machine parameters. Trans-
actions on Mathematical Software, 14, 4, 303-311.

See Also

.Platform for details of the platform.

Examples

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

.Platform Platform Specific Variables

Description

.Platformis a list with some details of the platform under which R was built. This provides means
to write OS-portable R code.

Usage

.Platform



Value

.Platform

A list with at least the following components:

0S. type

file.sep

dynlib.ext

GUI

endian

pkgType

path.sep

r_arch

AQUA

character string, giving the Operating System (family) of the computer. One of
"unix"” or "windows".

character string, giving the file separator used on your platform: "/" on both
Unix-alikes and on Windows (but not on the former port to Classic Mac OS).

character string, giving the file name extension of dymamically loadable
libraries, e.g., ".d11"” on Windows and ".so" or ".sl" on Unix-alikes. (Note
for macOS users: these are shared objects as loaded by dyn. 1load and not dylibs:
see dyn.load.)

character string, giving the type of GUI in use, or "unknown” if no GUI can
be assumed. Possible values are for Unix-alikes the values given via the ‘-g’
command-line flag ("X11", "Tk"), "AQUA" (running under R.app on macQOS),
"Rgui” and "RTerm"” (Windows) and perhaps others under alternative front-ends
or embedded R.

character string, "big"” or "little"”, giving the ‘endianness’ of the processor in
use. This is relevant when it is necessary to know the order to read/write bytes
of e.g. an integer or double from/to a connection: see readBin.

character string, the preferred setting for options("”pkgType”). Values
"source”, "mac.binary.el-capitan” and "win.binary" are currently in use.
This should not be used to identify the OS.

character string, giving the path separator, used on your platform, e.g.,
on Unix-alikes and ";" on Windows. Used to separate paths in environment
variables such as PATH and TEXINPUTS.

nn

n,n

character string, possibly
used in this build of R.

. The name of an architecture-specific directory

.Platform$GUI is set to "AQUA" under the macOS GUI, R. app. This has a number of consequences:

* ‘/usr/local/bin’ is appended to the PATH environment variable.

the default graphics device is set to quartz.

* selects native (rather than Tk) widgets for the graphics = TRUE options of menu and
select.list.

See Also

HTML help is displayed in the internal browser.
the spreadsheet-like data editor/viewer uses a Quartz version rather than the X11 one.

R.version and Sys.info give more details about the OS. In particular, R.version$platform is
the canonical name of the platform under which R was compiled.

.Machine for details of the arithmetic used, and system for invoking platform-specific system

commands.

capabilities and extSoftVersion (and links there) for availability of capabilities partly external
to R but used from R functions.
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Examples

## Note: this can be done in a system-independent way by dir.exists()
if(.Platform$0S. type == "unix") {
system.test <- function(...) system(paste("test”, ...)) == 0L
dir.exists2 <- function(dir)
sapply(dir, function(d) system.test(”-d", d))

dir.exists2(c(R.home(), "/tmp", "~", "/NO")) # > T TTF
3
abbreviate Abbreviate Strings
Description

Abbreviate strings to at least minlength characters, such that they remain unique (if they were),
unless strict = TRUE.

Usage

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

Arguments
names.arg a character vector of names to be abbreviated, or an object to be coerced to a
character vector by as.character.
minlength the minimum length of the abbreviations.
use.classes logical: should lowercase characters be removed first?
dot logical: should a dot (".") be appended?
strict logical:  should minlength be observed strictly? Note that setting
strict = TRUE may return non-unique strings.
method a character string specifying the method used with default "left.kept"”, see
‘Details’ below. Partial matches allowed.
named logical: should names (with original vector) be returned.
Details

The default algorithm (method = "left.kept") used is similar to that of S. For a single string
it works as follows. First spaces at the ends of the string are stripped. Then (if necessary) any
other spaces are stripped. Next, lower case vowels are removed followed by lower case consonants.
Finally if the abbreviation is still longer than minlength upper case letters and symbols are stripped.

Characters are always stripped from the end of the strings first. If an element of names . arg contains
more than one word (words are separated by spaces) then at least one letter from each word will be
retained.

Missing (NA) values are unaltered.

If use.classes is FALSE then the only distinction is to be between letters and space.
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Value

A character vector containing abbreviations for the character strings in its first argument. Duplicates
in the original names.arg will be given identical abbreviations. If any non-duplicated elements
have the same minlength abbreviations then, if method = "both.sides"” the basic internal
abbreviate() algorithm is applied to the characterwise reversed strings; if there are still duplicated
abbreviations and if strict = FALSE as by default, minlength is incremented by one and new
abbreviations are found for those elements only. This process is repeated until all unique elements
of names. arg have unique abbreviations.

If names is true, the character version of names.arg is attached to the returned value as a names
attribute: no other attributes are retained.

If a input element contains non-ASCII characters, the corresponding value will be in UTF-8 and
marked as such (see Encoding).

Warning

If use.classes is true (the default), this is really only suitable for English, and prior to R 3.3.0
did not work correctly with non-ASCII characters in multibyte locales. It will warn if used with
non-ASCII characters (and required to reduce the length).

As from R 3.3.0 the concept of ‘vowel’ is extended from English vowels by including characters
which are accented versions of lower-case English vowels (including ‘o with stroke’). Of course,
there are languages (even Western European languages such as Welsh) with other vowels.

See Also

substr.

Examples

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, ]

## 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)
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agrep

Approximate String Matching (Fuzzy Matching)

Description

Searches for approximate matches to pattern (the first argument) within each element of the string
x (the second argument) using the generalized Levenshtein edit distance (the minimal possibly
weighted number of insertions, deletions and substitutions needed to transform one string into an-

other).

Usage

agrep(pattern, x, max.distance = 0.
ignore.case = FALSE, value =
useBytes

agrepl(pattern, x, max.distance =
ignore.case = FALSE, fixed

Arguments

pattern

max.distance

costs

1, costs = NULL,
FALSE, fixed = TRUE,
= FALSE)

0.1, costs = NULL,
= TRUE, useBytes = FALSE)

anon-empty character string or a character string containing a regular expression
(for fixed = FALSE) to be matched. Coerced by as.character to a string if
possible.

character vector where matches are sought. Coerced by as.character to a
character vector if possible.

Maximum distance allowed for a match. Expressed either as integer, or as a
fraction of the pattern length times the maximal transformation cost (will be
replaced by the smallest integer not less than the corresponding fraction), or a
list with possible components

cost: maximum number/fraction of match cost (generalized Levenshtein dis-
tance)

all: maximal number/fraction of all transformations (insertions, deletions and
substitutions)

insertions: maximum number/fraction of insertions

deletions: maximum number/fraction of deletions

substitutions: maximum number/fraction of substitutions

If cost is not given, all defaults to 10%, and the other transformation number
bounds default to all. The component names can be abbreviated.

a numeric vector or list with names partially matching ‘insertions’,
‘deletions’ and ‘substitutions’ giving the respective costs for computing
the generalized Levenshtein distance, or NULL (default) indicating using unit
cost for all three possible transformations. Coerced to integer via as.integer
if possible.
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ignore.case

value

fixed

useBytes

Details

agrep

if FALSE, the pattern matching is case sensitive and if TRUE, case is ignored
during matching.

if FALSE, a vector containing the (integer) indices of the matches determined is
returned and if TRUE, a vector containing the matching elements themselves is
returned.

logical. If TRUE (default), the pattern is matched literally (as is). Otherwise, it is
matched as a regular expression.

logical. in a multibyte locale, should the comparison be character-by-character
(the default) or byte-by-byte.

The Levenshtein edit distance is used as measure of approximateness: it is the (possibly cost-
weighted) total number of insertions, deletions and substitutions required to transform one string

into another.

This uses tre by Ville Laurikari (http://laurikari.net/tre/), which supports MBCS character

matching.

The main effect of useBytes is to avoid errors/warnings about invalid inputs and spurious matches
in multibyte locales. It inhibits the conversion of inputs with marked encodings, and is forced if any
input is found which is marked as "bytes” (see Encoding).

Value

agrep returns a vector giving the indices of the elements that yielded a match, or, if value is TRUE,
the matched elements (after coercion, preserving names but no other attributes).

agrepl returns a logical vector.

Note

Since someone who read the description carelessly even filed a bug report on it, do note that this
matches substrings of each element of x (just as grep does) and not whole elements. See also adist
in package utils, which optionally returns the offsets of the matched substrings.

Author(s)

Original version in R < 2.10.0 by David Meyer. Current version by Brian Ripley and Kurt Hornik.

See Also

grep, adist.

Examples

agrep("lasy”, "1 lazy 2")
agrep("”lasy”, c(” 1 lazy 2", "1 lasy 2"), max = list(sub = 0))

agrep("laysy"”, c("1 lazy”, "1", "1 LAZY"), max
agrep("laysy”, c("1 lazy”, "1", "1 LAZY"), max

2)
2, value = TRUE)

agrep("laysy”, c("1 lazy"”, "1", "1 LAZY"), max = 2, ignore.case = TRUE)


http://laurikari.net/tre/
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all Are All Values True?

Description

Given a set of logical vectors, are all of the values true?

Usage
all(..., na.rm = FALSE)
Arguments
zero or more logical vectors. Other objects of zero length are ignored, and the
rest are coerced to logical ignoring any class.
na.rm logical. If true NA values are removed before the result is computed.
Details
This is a generic function: methods can be defined for it directly or via the Summary group generic.
For this to work properly, the arguments ... should be unnamed, and dispatch is on the first
argument.

Coercion of types other than integer (raw, double, complex, character, list) gives a warning as this
is often unintentional.

This is a primitive function.

Value

The value is a logical vector of length one.

Let x denote the concatenation of all the logical vectors in . .. (after coercion), after removing NAs
if requested by na.rm = TRUE.

The value returned is TRUE if all of the values in x are TRUE (including if there are no values), and
FALSE if at least one of the values in x is FALSE. Otherwise the value is NA (which can only occur if

na.rm = FALSE and ... contains no FALSE values and at least one NA value).
S4 methods

This is part of the S4 Summary group generic. Methods for it must use the signature x, ..., na.rm.
Note

That all(logical(@)) is true is a useful convention: it ensures that
all(all(x), all(y)) == all(x, y)

even if x has length zero.
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References

Becker, R. A., Chambers, J. M. and Wilks, A. R. (1988) The New S Language. Wadsworth &
Brooks/Cole.

See Also

any, the ‘complement’ of all, and stopifnot(*) which is an all(*) ‘insurance’.

Examples

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

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

all.equal Test if Two Objects are (Nearly) Equal

Description

all.equal(x, y) is a utility to compare R objects x and y testing ‘near equality’. If they are
different, comparison is still made to some extent, and a report of the differences is returned. Do not

use all.equal directly in if expressions—either use isTRUE(all.equal(....)) or identical
if appropriate.

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

## S3 method for class 'numeric'
all.equal(target, current,
tolerance = sqgrt(.Machine$double.eps), scale = NULL,
., check.attributes = 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, ...)

## S3 method for class 'POSIXt'

all.equal(target, current, ..., tolerance = 1e-3, scale)

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

target R object.

current other R object, to be compared with target.
Further arguments for different methods, notably the following two, for numer-
ical comparison:

tolerance numeric > 0. Differences smaller than tolerance are not reported. The default
value is close to 1.5e-8.

scale numeric scalar > 0 (or NULL). See ‘Details’.

check.attributes
logical indicating if the attributes of target and current (other than the
names) should be compared.

use.names logical indicating if 1ist comparison should report differing components by
name (if matching) instead of integer index. Note that this comes after . .. and
so must be specified by its full name.

all.names logical passed to 1s indicating if “hidden” objects should also be considered in
the environments.
check.names logical indicating if the names(.) of target and current should be compared.
Details

all.equal is a generic function, dispatching methods on the target argument. To see the available
methods, use methods(”all.equal”), but note that the default method also does some dispatching,
e.g. using the raw method for logical targets.

Remember that arguments which follow ... must be specified by (unabbreviated) name. It is
inadvisable to pass unnamed arguments in . . . as these will match different arguments in different
methods.

Numerical comparisons for scale = NULL (the default) are typically on relative difference scale
unless the target values are close to zero: First, the mean absolute difference of the two numeri-
cal vectors is computed. If this is smaller than tolerance or not finite, absolute differences are
used, otherwise relative differences scaled by the mean absolute target value. (Note that these
comparisons are computed only for those vector elements where target is not NA and differs from
current.)

If scale is positive, absolute comparisons are made after scaling (dividing) by scale.

For complex target, the modulus (Mod) of the difference is used: all.equal.numeric is called so
arguments tolerance and scale are available.

The 1ist method compares components of target and current recursively, passing all other ar-
guments, as long as both are “list-like”, i.e., fulfill either is.vector or is.list.

The environment method works via the 1ist method, and is also used for reference classes (unless
a specific all.equal method is defined).

The methods for the date-time classes by default allow a tolerance of tolerance = 0.001 seconds,
and ignore scale.

attr.all.equal is used for comparing attributes, returning NULL or a character vector.
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Value

Either TRUE (NULL for attr.all.equal) or a vector of mode "character” describing the differ-
ences between target and current.

References

Chambers, J. M. (1998) Programming with Data. A Guide to the S Language. Springer (for =).

See Also

identical, isTRUE, ==, and all for exact equality testing.

Examples

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

d45 <- pix(1/4 + 1:10)

stopifnot(
all.equal(tan(d45), rep(1, 10))) # TRUE, but
all (tan(d45) == rep(1, 10)) # FALSE, since not exactly

all.equal(tan(d45), rep(1, 10), tolerance = @) # to see difference
## 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")))

all.names Find All Names in an Expression

Description

Return a character vector containing all the names which occur in an expression or call.

Usage

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

all.vars(expr, functions = FALSE, max.names = -1L, unique = TRUE)
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Arguments
expr an expression or call from which the names are to be extracted.
functions a logical value indicating whether function names should be included in the
result.
max.names the maximum number of names to be returned. -1 indicates no limit (other than
vector size limits).
unique a logical value which indicates whether duplicate names should be removed
from the value.
Details

These functions differ only in the default values for their arguments.

Value

A character vector with the extracted names.

See Also

substitute to replace symbols with values in an expression.

Examples

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

any Are Some Values True?

Description

Given a set of logical vectors, is at least one of the values true?

Usage

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

Arguments

zero or more logical vectors. Other objects of zero length are ignored, and the
rest are coerced to logical ignoring any class.

na.rm logical. If true NA values are removed before the result is computed.
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Details
This is a generic function: methods can be defined for it directly or via the Summary group generic.
For this to work properly, the arguments ... should be unnamed, and dispatch is on the first
argument.

Coercion of types other than integer (raw, double, complex, character, list) gives a warning as this
is often unintentional.

This is a primitive function.

Value

The value is a logical vector of length one.

Let x denote the concatenation of all the logical vectors in . .. (after coercion), after removing NAs
if requested by na.rm = TRUE.

The value returned is TRUE if at least one of the values in x is TRUE, and FALSE if all of the values
in x are FALSE (including if there are no values). Otherwise the value is NA (which can only occur if

na.rm = FALSE and ... contains no TRUE values and at least one NA value).
S4 methods

This is part of the S4 Summary group generic. Methods for it must use the signature x, ..., na.rm.
References

Becker, R. A., Chambers, J. M. and Wilks, A. R. (1988) The New S Language. Wadsworth &
Brooks/Cole.

See Also

all, the ‘complement’ of any.

Examples

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

aperm Array Transposition

Description

Transpose an array by permuting its dimensions and optionally resizing it.
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Usage
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, ...)
Arguments
a the array to be transposed.
perm the subscript permutation vector, usually a permutation of the integers 1:n,
where n is the number of dimensions of a. When a has named dimnames, it
can be a character vector of length n giving a permutation of those names. The
default (used whenever perm has zero length) is to reverse the order of the di-
mensions.
resize a flag indicating whether the vector should be resized as well as having its ele-
ments reordered (default TRUE).
keep.class logical indicating if the result should be of the same class as a.
potential further arguments of methods.
Value

A transposed version of array a, with subscripts permuted as indicated by the array perm. If resize
is TRUE, the array is reshaped as well as having its elements permuted, the dimnames are also
permuted; if resize = FALSE then the returned object has the same dimensions as a, and the
dimnames are dropped. In each case other attributes are copied from a.

The function t provides a faster and more convenient way of transposing matrices.

Author(s)

Jonathan Rougier, <J.C.Rougier@durham.ac.uk> did the faster C implementation.

References

Becker, R. A., Chambers, J. M. and Wilks, A. R. (1988) The New S Language. Wadsworth &
Brooks/Cole.

See Also

t, to transpose matrices.

Examples

# 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]1) == x[,, 2],
t(xt[,,31) == xL,,31,
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t(xtl,,41) == x[,,4]1)

UCB <- aperm(UCBAdmissions, c(2,1,3))
ucBl1,,]
summary(UCB) # UCB is still a continency table

append Vector Merging

Description

Add elements to a vector.

Usage

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

Arguments

X the vector the values are to be appended to.

values to be included in the modified vector.

after a subscript, after which the values are to be appended.
Value

A vector containing the values in x with the elements of values appended after the specified element
of x.

References

Becker, R. A., Chambers, J. M. and Wilks, A. R. (1988) The New S Language. Wadsworth &
Brooks/Cole.

Examples

append(1:5, @:1, after = 3)
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apply Apply Functions Over Array Margins

Description

Returns a vector or array or list of values obtained by applying a function to margins of an array or

matrix.
Usage
apply (X, MARGIN, FUN, ...)
Arguments
X an array, including a matrix.
MARGIN a vector giving the subscripts which the function will be applied over. E.g., for
a matrix 1 indicates rows, 2 indicates columns, c(1, 2) indicates rows and
columns. Where X has named dimnames, it can be a character vector selecting
dimension names.
FUN the function to be applied: see ‘Details’. In the case of functions like +, %*%,
etc., the function name must be backquoted or quoted.
optional arguments to FUN.
Details

If X is not an array but an object of a class with a non-null dim value (such as a data frame), apply
attempts to coerce it to an array via as.matrix if it is two-dimensional (e.g., a data frame) or via
as.array.

FUN is found by a call to match. fun and typically is either a function or a symbol (e.g., a backquoted
name) or a character string specifying a function to be searched for from the environment of the call
to apply.

Arguments in ... cannot have the same name as any of the other arguments, and care may be
needed to avoid partial matching to MARGIN or FUN. In general-purpose code it is good practice to
name the first three arguments if . . . is passed through: this both avoids partial matching to MARGIN
or FUN and ensures that a sensible error message is given if arguments named X, MARGIN or FUN are
passed through . . ..

Value

If each call to FUN returns a vector of length n, then apply returns an array of dimension
c(n, dim(X)[MARGIN]) if n > 1. If n equals 1, apply returns a vector if MARGIN has length 1
and an array of dimension dim(X) [MARGIN] otherwise. If n is @, the result has length O but not
necessarily the ‘correct’ dimension.

If the calls to FUN return vectors of different lengths, apply returns a list of length
prod(dim(X) [MARGIN]) with dim set to MARGIN if this has length greater than one.

In all cases the result is coerced by as. vector to one of the basic vector types before the dimensions
are set, so that (for example) factor results will be coerced to a character array.
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References

Becker, R. A., Chambers, J. M. and Wilks, A. R. (1988) The New S Language. Wadsworth &
Brooks/Cole.

See Also

lapply and there, simplify2array; tapply, and convenience functions sweep and aggregate.

Examples

## 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, cl1, c2) c(mean(x[c1]), mean(x[c2]1))
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) seg_len(max(x)))
zseq ## a 2 x 3 matrix

typeof (zseq) ## list

dim(zseq) ## 2 3

zseq[1,]

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

# a list without a dim attribute
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args Argument List of a Function

Description

Displays the argument names and corresponding default values of a function or primitive.

Usage
args(name)
Arguments
name a function (a closure or a primitive). If name is a character string then the func-
tion with that name is found and used.
Details

This function is mainly used interactively to print the argument list of a function. For programming,
consider using formals instead.

Value

For a closure, a closure with identical formal argument list but an empty (NULL) body.

For a primitive, a closure with the documented usage and NULL body. Note that some primitives do
not make use of named arguments and match by position rather than name.

NULL in case of a non-function.

References

Becker, R. A., Chambers, J. M. and Wilks, A. R. (1988) The New S Language. Wadsworth &
Brooks/Cole.

See Also

formals, help; str also prints the argument list of a function.

Examples

## "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.
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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(*+%)

## primitive functions without well-defined argument list return NULL:

args(tift)

Arithmetic

Arithmetic Arithmetic Operators

Description

These unary and binary operators perform arithmetic on numeric or complex vectors (or objects

which can be coerced to them).

Usage

+

+ X X

K K K K K

> Nk

%%y
%%y

X X X X X X X

Arguments

X, Y numeric or complex vectors or objects which can be coerced to such, or other

objects for which methods have been written.

Details

The unary and binary arithmetic operators are generic functions: methods can be written for them
individually or via the Ops group generic function. (See Ops for how dispatch is computed.)

If applied to arrays the result will be an array if this is sensible (for example it will not if the

recycling rule has been invoked).

Logical vectors will be coerced to integer or numeric vectors, FALSE having value zero and TRUE

having value one.

1~ yandy * Qare 1, always. x * y should also give the proper limit result when either (numeric)

argument is infinite (one of Inf or -Inf).

Objects such as arrays or time-series can be operated on this way provided they are conformable.
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For double arguments, %% can be subject to catastrophic loss of accuracy if x is much larger than vy,
and a warning is given if this is detected.

%% and x %/% y can be used for non-integer y, e.g. 1 %/% .2, but the results are subject to
representation error and so may be platform-dependent. Because the IEC 60059 representation of
0.2 is a binary fraction slightly larger than 0.2, the answer to 1 %/% @.2 should be 4 but most
platforms give 5.

Users are sometimes surprised by the value returned, for example why (-8)*(1/3) is NaN. For
double inputs, R makes use of IEC 60559 arithmetic on all platforms, together with the C system
function ‘pow’ for the * operator. The relevant standards define the result in many corner cases. In
particular, the result in the example above is mandated by the C99 standard. On many Unix-alike
systems the command man pow gives details of the values in a large number of corner cases.

Arithmetic on type double in R is supposed to be done in ‘round to nearest, ties to even’ mode, but
this does depend on the compiler and FPU being set up correctly.

Value

Unary + and unary - return a numeric or complex vector. All attributes (including class) are pre-
served if there is no coercion: logical x is coerced to integer and names, dims and dimnames are
preserved.

The binary operators return vectors containing the result of the element by element operations. If
involving a zero-length vector the result has length zero. Otherwise, the elements of shorter vectors
are recycled as necessary (with a warning when they are recycled only fractionally). The operators
are + for addition, - for subtraction, * for multiplication, / for division and * for exponentiation.

%% indicates x mod y and %/% indicates integer division. It is guaranteed that x == (x %% y) +y * (
X %/% y ) (up to rounding error) unless y == @ where the result of %% is NA_integer_ or NaN
(depending on the typeof of the arguments), and for non-finite arguments.

If either argument is complex the result will be complex, otherwise if one or both arguments are
numeric, the result will be numeric. If both arguments are of type integer, the type of the result of /
and * is numeric and for the other operators it is integer (with overflow, which occurs at :l:(231 —1),
returned as NA_integer_ with a warning).

The rules for determining the attributes of the result are rather complicated. Most attributes are
taken from the longer argument. Names will be copied from the first if it is the same length as the
answer, otherwise from the second if that is. If the arguments are the same length, attributes will
be copied from both, with those of the first argument taking precedence when the same attribute
is present in both arguments. For time series, these operations are allowed only if the series are
compatible, when the class and tsp attribute of whichever is a time series (the same, if both are) are
used. For arrays (and an array result) the dimensions and dimnames are taken from first argument
if it is an array, otherwise the second.

S4 methods

These operators are members of the S4 Arith group generic, and so methods can be written for them
individually as well as for the group generic (or the Ops group generic), with arguments c(e1, e2)
(with e2 missing for a unary operator).
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Implementation limits

R is dependent on OS services (and they on FPUs) for floating-point arithmetic. On all current R
platforms IEC 60559 (also known as IEEE 754) arithmetic is used, but some things in those stan-
dards are optional. In particular, the support for denormal numbers (those outside the range given
by .Machine) may differ between platforms and even between calculations on a single platform.

Another potential issue is signed zeroes: on IEC 60659 platforms there are two zeroes with internal
representations differing by sign. Where possible R treats them as the same, but for example direct
output from C code often does not do so and may output ‘-0.@’ (and on Windows whether it does
so or not depends on the version of Windows). One place in R where the difference might be
seen is in division by zero: 1/x is Inf or -Inf depending on the sign of zero x. Another place is
identical(@, -0, num.eq = FALSE).

Note

All logical operations involving a zero-length vector have a zero-length result.

The binary operators are sometimes called as functions as e.g. *&*(x, y): see the description of
how argument-matching is done in Ops.

*% is translated in the parser to *, but this was undocumented for many years. It appears as an index
entry in Becker et al (1988), pointing to the help for Deprecated but is not actually mentioned on
that page. Even though it had been deprecated in S for 20 years, it was still accepted in R in 2008.

References

Becker, R. A., Chambers, J. M. and Wilks, A. R. (1988) The New S Language. Wadsworth &
Brooks/Cole.

D. Goldberg (1991) What Every Computer Scientist Should Know about Floating-Point Arithmetic
ACM Computing Surveys, 23(1).

Postscript version available at http://www.validlab.com/goldberg/paper.ps Extended PDF
version at http://www.validlab.com/goldberg/paper.pdf

See Also

sqrt for miscellaneous and Special for special mathematical functions.
Syntax for operator precedence.

%% for matrix multiplication.

Examples

x <- -1:12

x + 1

2 xx + 3

X %% 2 #-- is periodic
X %/% 5


http://www.validlab.com/goldberg/paper.ps
http://www.validlab.com/goldberg/paper.pdf
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array Multi-way Arrays

Description

Creates or tests for arrays.

Usage

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

Arguments
data a vector (including a list or expression vector) giving data to fill the array.
Non-atomic classed objects are coerced by as.vector.
dim the dim attribute for the array to be created, that is an integer vector of length
one or more giving the maximal indices in each dimension.
dimnames either NULL or the names for the dimensions. This must a list (or it will be
ignored) with one component for each dimension, either NULL or a character
vector of the length given by dim for that dimension. The list can be named, and
the list names will be used as names for the dimensions. If the list is shorter than
the number of dimensions, it is extended by NULLs to the length required.
X an R object.
additional arguments to be passed to or from methods.
Details

An array in R can have one, two or more dimensions. It is simply a vector which is stored with addi-
tional attributes giving the dimensions (attribute "dim") and optionally names for those dimensions
(attribute "dimnames”).

A two-dimensional array is the same thing as a matrix.

One-dimensional arrays often look like vectors, but may be handled differently by some functions:
str does distinguish them in recent versions of R.

The "dim" attribute is an integer vector of length one or more containing non-negative values: the
product of the values must match the length of the array.

The "dimnames" attribute is optional: if present it is a list with one component for each dimension,
either NULL or a character vector of the length given by the element of the "dim” attribute for that
dimension.

is.array is a primitive function.

For a list array, the print methods prints entries of length not one in the form ‘integer, 7’ indicat-
ing the type and length.
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Value

array returns an array with the extents specified in dim and naming information in dimnames. The
values in data are taken to be those in the array with the leftmost subscript moving fastest. If there
are too few elements in data to fill the array, then the elements in data are recycled. If data has
length zero, NA of an appropriate type is used for atomic vectors (@ for raw vectors) and NULL for
lists.

Unlike matrix, array does not currently remove any attributes left by as.vector from a classed
list data, so can return a list array with a class attribute.

as.array is a generic function for coercing to arrays. The default method does so by attaching a
dim attribute to it. It also attaches dimnames if x has names. The sole purpose of this is to make it
possible to access the dim[names] attribute at a later time.

is.array returns TRUE or FALSE depending on whether its argument is an array (i.e., has a dim
attribute of positive length) or not. It is generic: you can write methods to handle specific classes of
objects, see InternalMethods.

Note

is.array is a primitive function.

References

Becker, R. A., Chambers, J. M. and Wilks, A. R. (1988) The New S Language. Wadsworth &
Brooks/Cole.

See Also

aperm, matrix, dim, dimnames.

Examples

dim(as.array(letters))

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

#[1,1] 1 3 2 1

#02,] 2 1 3 2

as.data.frame Coerce to a Data Frame

Description

Functions to check if an object is a data frame, or coerce it if possible.
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Usage

as.

#it

as.

#it

as.

#it

as.

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

S3 method for class 'character'
data.frame(x, ...,
stringsAsFactors = default.stringsAsFactors())

S3 method for class 'list'

data.frame(x, row.names = NULL, optional = FALSE, ...,
cut.names = FALSE, col.names = names(x), fix.empty.names = TRUE,
stringsAsFactors = default.stringsAsFactors())

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

stringsAsFactors = default.stringsAsFactors())

.data.frame(x)

Arguments

X any R object.

row.names NULL or a character vector giving the row names for the data frame. Missing
values are not allowed.

optional logical. If TRUE, setting row names and converting column names (to syntac-
tic names: see make.names) is optional. Note that all of R’s base package
as.data.frame() methods use optional only for column names treatment,
basically with the meaning of data.frame(x, check.names = l!optional).

e additional arguments to be passed to or from methods.

stringsAsFactors
logical: should the character vector be converted to a factor?

cut.names logical or integer; indicating if column names with more than 256 (or cut . names
if that is numeric) characters should be shortened (and the last 6 characters re-
placedby " ...").

col.names (optional) character vector of column names.

fix.empty.names

Details

as

nn

logical indicating if empty column names, i.e.,
data.frame) or not.

should be fixed up (in

.data.frame is a generic function with many methods, and users and packages can supply fur-

ther methods. For classes that act as vectors, often a copy of as.data. frame.vector will work as
the method.

If a list is supplied, each element is converted to a column in the data frame. Similarly, each
column of a matrix is converted separately. This can be overridden if the object has a class which
has a method for as.data.frame: two examples are matrices of class "model.matrix” (which
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are included as a single column) and list objects of class "POSIX1t"” which are coerced to class
"POSIXct".

Arrays can be converted to data frames. One-dimensional arrays are treated like vectors and two-
dimensional arrays like matrices. Arrays with more than two dimensions are converted to matrices
by ‘flattening’ all dimensions after the first and creating suitable column labels.

Character variables are converted to factor columns unless protected by I.

If a data frame is supplied, all classes preceding "data.frame” are stripped, and the row names are
changed if that argument is supplied.

If row.names = NULL, row names are constructed from the names or dimnames of x, otherwise are
the integer sequence starting at one. Few of the methods check for duplicated row names. Names
are removed from vector columns unless I.

Value

as.data. frame returns a data frame, normally with all row names "" if optional = TRUE.

is.data.frame returns TRUE if its argument is a data frame (that is, has "data. frame” amongst its
classes) and FALSE otherwise.

References

Chambers, J. M. (1992) Data for models. Chapter 3 of Statistical Models in S eds J. M. Chambers
and T. J. Hastie, Wadsworth & Brooks/Cole.

See Also

data.frame, as.data.frame.table for the table method (which has additional arguments if
called directly).

as.Date Date Conversion Functions to and from Character

Description

Functions to convert between character representations and objects of class "Date"” representing
calendar dates.

Usage
as.Date(x, ...)
## S3 method for class 'character'
as.Date(x, format, ...)
## S3 method for class 'numeric'
as.Date(x, origin, ...)

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

## S3 method for class 'Date'’

as.character(x, ...)
Arguments
X An object to be converted.
format A character string. If not specified, it will try "%Y-%m-%d" then "%Y/%m/%d"

on the first non-NA element, and give an error if neither works. Otherwise, the
processing is via strptime

origin a Date object, or something which can be coerced by as.Date(origin, ...)
to such an object.

tz a time zone name.

Further arguments to be passed from or to other methods, including format for
as.character and as.Date methods.

Details

The usual vector re-cycling rules are applied to x and format so the answer will be of length that
of the longer of the vectors.

Locale-specific conversions to and from character strings are used where appropriate and available.
This affects the names of the days and months.

The as.Date methods accept character strings, factors, logical NA and objects of classes "POSIX1t"
and "POSIXct”. (The last is converted to days by ignoring the time after midnight in the represen-
tation of the time in specified time zone, default UTC.) Also objects of class "date” (from package
date) and "dates” (from package chron). Character strings are processed as far as necessary for
the format specified: any trailing characters are ignored.

as.Date will accept numeric data (the number of days since an epoch), but only if origin is sup-
plied.

The format and as.character methods ignore any fractional part of the date.

Value

The format and as.character methods return a character vector representing the date. NA dates
are returned as NA_character_.

The as.Date methods return an object of class "Date”.

Conversion from other Systems

Most systems record dates internally as the number of days since some origin, but this is fraught
with problems, including

* Is the origin day O or day 1? As the ‘Examples’ show, Excel manages to use both choices for
its two date systems.
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* If the origin is far enough back, the designers may show their ignorance of calendar systems.
For example, Excel’s designer thought 1900 was a leap year (claiming to copy the error from
earlier DOS spreadsheets), and Matlab’s designer chose the non-existent date of ‘January
0, 0000’ (there is no such day), not specifying the calendar. (There is such a year in the
‘Gregorian’ calendar as used in ISO 8601:2004, but that does say that it is only to be used for
years before 1582 with the agreement of the parties in information exchange.)

The only safe procedure is to check the other systems values for known dates: reports on the Internet
(including R-help) are more often wrong than right.

Note

The default formats follow the rules of the ISO 8601 international standard which expresses a day
as "2001-02-03".

If the date string does not specify the date completely, the returned answer may be system-specific.
The most common behaviour is to assume that a missing year, month or day is the current one. If
it specifies a date incorrectly, reliable implementations will give an error and the date is reported as
NA. Unfortunately some common implementations (such as ‘glibc’) are unreliable and guess at the
intended meaning.

Years before 1CE (aka 1AD) will probably not be handled correctly.

References

International Organization for Standardization (2004, 1988, 1997, ...) ISO 8601. Data elements
and interchange formats — Information interchange — Representation of dates and times. For links to
versions available on-line see (at the time of writing) http://www.qgsl.net/glsmd/isopdf.htm.

See Also

Date for details of the date class; locales to query or set a locale.

Your system’s help pages on strftime and strptime to see how to specify their formats. Windows
users will find no help page for strptime: code based on ‘glibc’ is used (with corrections), so all
the format specifiers described here are supported, but with no alternative number representation
nor era available in any locale.

Examples

## 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 <= c("1jan1960", "2jan1960", "31mar1960", "30jul1960")

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

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

z


http://www.qsl.net/g1smd/isopdf.htm
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## read in date/time info in format 'm/d/y'
dates <- c("02/27/92", "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")

## 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, origin = "1970-01-01") - 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 Coerce to an Environment Object

Description

A generic function coercing an R object to an environment. A number or a character string is
converted to the corresponding environment on the search path.

Usage

as.environment(x)

Arguments

X an R object to convert. If it is already an environment, just return it. If it is a
positive number, return the environment corresponding to that position on the
search list. If it is -1, the environment it is called from. If it is a character string,
match the string to the names on the search list.

If it is a list, the equivalent of 1ist2env(x, parent = emptyenv()) is
returned.

If is.object(x) is true and it has a class for which an as.environment
method is found, that is used.
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Value

The corresponding environment object.

Note

This is a primitive function.

Author(s)
John Chambers

See Also

environment for creation and manipulation, search; list2env.

Examples

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 Convert Object to Function

Description

as.function is a generic function which is used to convert objects to functions.

as.function.default works on a list x, which should contain the concatenation of a formal argu-
ment list and an expression or an object of mode "call” which will become the function body. The
function will be defined in a specified environment, by default that of the caller.

Usage

as.function(x, ...)

## Default S3 method:

as.function(x, envir = parent.frame(), ...)
Arguments
X object to convert, a list for the default method.

additional arguments, depending on object

envir environment in which the function should be defined
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Value

The desired function.

Note

For ancient historical reasons, envir = NULL uses the global environment rather than the base
environment. Please use envir = globalenv() instead if this is what you want, as the special
handling of NULL may change in a future release.

Author(s)

Peter Dalgaard

See Also

function; alist which is handy for the construction of argument lists, etc.

Examples
as.function(alist(a = , b = 2, ath))
as.function(alist(a =, b = 2, atbh))(3)
as.POSIX* Date-time Conversion Functions

Description

Functions to manipulate objects of classes "POSIX1t"” and "POSIXct" representing calendar dates

and times.

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

## S3 method for class 'character'
as.POSIX1t(x, tz = "", format, ...)

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

## S3 method for class 'POSIX1t'
as.double(x, ...)
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Arguments
X An object to be converted.
tz A time zone specification to be used for the conversion, if one is required.
System-specific (see time zones), but "" is the current time zone, and "GMT" is
UTC (Universal Time, Coordinated). Invalid values are most commonly treated
as UTC, on some platforms with a warning.
further arguments to be passed to or from other methods.
format character string giving a date-time format as used by strptime.
origin a date-time object, or something which can be coerced by
as.POSIXct(tz = "GMT") to such an object.
Details

The as.POSIX* functions convert an object to one of the two classes used to represent date/times
(calendar dates plus time to the nearest second). They can convert a wide variety of objects, in-
cluding objects of the other class and of classes "Date”, "date” (from package date), "chron”
and "dates” (from package chron) to these classes. Dates without times are treated as being at
midnight UTC.

They can also convert character strings of the formats "2001-02-03" and "2001/02/@3" option-
ally followed by white space and a time in the format "14:52" or "14:52:03". (Formats such as
"01/02/03" are ambiguous but can be converted via a format specification by strptime.) Frac-
tional seconds are allowed. Alternatively, format can be specified for character vectors or factors:
if it is not specified and no standard format works for all non-NA inputs an error is thrown.

If format is specified, remember that some of the format specifications are locale-specific, and you
may need to set the LC_TIME category appropriately via Sys.setlocale. This most often affects
the use of %b, %B (month names) and %p (AM/PM).

Logical NAs can be converted to either of the classes, but no other logical vectors can be.
If you are given a numeric time as the number of seconds since an epoch, see the examples.

Character input is first converted to class "POSIX1t" by strptime: numeric input is first converted
to "POSIXct"”. Any conversion that needs to go between the two date-time classes requires a time
zone: conversion from "POSIX1t” to "POSIXct"” will validate times in the selected time zone. One
issue is what happens at transitions to and from DST, for example in the UK

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"))

are respectively invalid (the clocks went forward at 1:00 GMT to 2:00 BST) and ambiguous (the
clocks went back at 2:00 BST to 1:00 GMT). What happens in such cases is OS-specific: one should
expect the first to be NA, but the second could be interpreted as either BST or GMT (and common
OSes give both possible values). Note too (see strftime) that OS facilities may not format invalid
times correctly.

Value

as.POSIXct and as.POSIX1t return an object of the appropriate class. If tz was specified,
as.POSIX1t will give an appropriate "tzone" attribute. Date-times known to be invalid will be
returned as NA.
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Note

Some of the concepts used have to be extended backwards in time (the usage is said to be ‘pro-
leptic’). For example, the origin of time for the "POSIXct” class, ‘1970-01-01 00:00.00 UTC’,
is before UTC was defined. More importantly, conversion is done assuming the Gregorian cal-
endar which was introduced in 1582 and not used universally until the 20th century. One of the
re-interpretations assumed by ISO 8601:2004 is that there was a year zero, even though current
year numbering (and zero) is a much later concept (525 AD for year numbers from 1 AD).

If you want to extract specific aspects of a time (such as the day of the week) just convert it to class
"POSIX1t" and extract the relevant component(s) of the list, or if you want a character representa-
tion (such as a named day of the week) use the format method.

If a time zone is needed and that specified is invalid on your system, what happens is system-specific
but attempts to set it will probably be ignored.

Conversion from character needs to find a suitable format unless one is supplied (by trying common
formats in turn): this can be slow for long inputs.

See Also

DateTimeClasses for details of the classes; strptime for conversion to and from character repre-
sentations.

Sys.timezone for details of the (system-specific) naming of time zones.

locales for locale-specific aspects.

Examples
(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"
unlist(unclass(now)) # a list shown as a named vector
now$year + 1900 # see ?DateTimeClasses
months(now); weekdays(now) # see ?months

## 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)
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# 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")

AsIs Inhibit Interpretation/Conversion of Objects

Description

Change the class of an object to indicate that it should be treated ‘as is’.

Usage
I

Arguments

X an object

Details
Function I has two main uses.

¢ In function data. frame. Protecting an object by enclosing it in I() in a call to data.frame
inhibits the conversion of character vectors to factors and the dropping of names, and ensures
that matrices are inserted as single columns. I can also be used to protect objects which are to
be added to a data frame, or converted to a data frame via as.data. frame.
It achieves this by prepending the class "AsIs"” to the object’s classes. Class "AsIs” has a few
of its own methods, including for [, as.data.frame, print and format.

* In function formula. There it is used to inhibit the interpretation of operators such as "+",
"="o"x" and "*" as formula operators, so they are used as arithmetical operators. This is
interpreted as a symbol by terms. formula.

Value

A copy of the object with class "AsIs"” prepended to the class(es).
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References

Chambers, J. M. (1992) Linear models. Chapter 4 of Statistical Models in S eds J. M. Chambers
and T. J. Hastie, Wadsworth & Brooks/Cole.

See Also

data.frame, formula

assign Assign a Value to a Name

Description

Assign a value to a name in an environment.

Usage
assign(x, value, pos = -1, envir = as.environment(pos),
inherits = FALSE, immediate = TRUE)
Arguments
X a variable name, given as a character string. No coercion is done, and the first
element of a character vector of length greater than one will be used, with a
warning.
value a value to be assigned to x.
pos where to do the assignment. By default, assigns into the current environment.
See ‘Details’ for other possibilities.
envir the environment to use. See ‘Details’.
inherits should the enclosing frames of the environment be inspected?
immediate an ignored compatibility feature.
Details

There are no restrictions on the name given as x: it can be a non-syntactic name (see make . names).

The pos argument can specify the environment in which to assign the object in any of several
ways: as -1 (the default), as a positive integer (the position in the search list); as the character
string name of an element in the search list; or as an environment (including using sys. frame to
access the currently active function calls). The envir argument is an alternative way to specify an
environment, but is primarily for back compatibility.

assign does not dispatch assignment methods, so it cannot be used to set elements of vectors,
names, attributes, etc.

Note that assignment to an attached list or data frame changes the attached copy and not the original
object: see attach and with.
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Value

This function is invoked for its side effect, which is assigning value to the variable x. If no envir
is specified, then the assignment takes place in the currently active environment.

If inherits is TRUE, enclosing environments of the supplied environment are searched until the
variable x is encountered. The value is then assigned in the environment in which the variable is
encountered (provided that the binding is not locked: see lockBinding: if it is, an error is signaled).
If the symbol is not encountered then assignment takes place in the user’s workspace (the global
environment).

If inherits is FALSE, assignment takes place in the initial frame of envir, unless an existing
binding is locked or there is no existing binding and the environment is locked (when an error is
signaled).

References

Becker, R. A., Chambers, J. M. and Wilks, A. R. (1988) The New S Language. Wadsworth &
Brooks/Cole.

See Also

<-, get, the inverse of assign(), exists, environment.

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

assign(nam, 1:1i)
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 Assignment Operators
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Description

Assign a value to a name.

Usage

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

x = value
Arguments
X a variable name (possibly quoted).
value a value to be assigned to x.
Details

There are three different assignment operators: two of them have leftwards and rightwards forms.

The operators <- and = assign into the environment in which they are evaluated. The operator
<- can be used anywhere, whereas the operator = is only allowed at the top level (e.g., in the
complete expression typed at the command prompt) or as one of the subexpressions in a braced list
of expressions.

The operators <<- and ->> are normally only used in functions, and cause a search to be made
through parent environments for an existing definition of the variable being assigned. If such a
variable is found (and its binding is not locked) then its value is redefined, otherwise assignment
takes place in the global environment. Note that their semantics differ from that in the S language,
but are useful in conjunction with the scoping rules of R. See ‘The R Language Definition’ manual
for further details and examples.

In all the assignment operator expressions, x can be a name or an expression defining a part of an
object to be replaced (e.g., z[L[1]]). A syntactic name does not need to be quoted, though it can be
(preferably by backticks).

The leftwards forms of assignment <- = <<- group right to left, the other from left to right.

Value

value. Thus one canuse a <- b <- ¢ <- 6.

References

Becker, R. A., Chambers, J. M. and Wilks, A. R. (1988) The New S Language. Wadsworth &
Brooks/Cole.

Chambers, J. M. (1998) Programming with Data. A Guide to the S Language. Springer (for =).
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See Also
assign (and its inverse get), for “subassignment” such as x[i] <- v, see [<-; further,
environment.
attach Attach Set of R Objects to Search Path
Description

The database is attached to the R search path. This means that the database is searched by R when
evaluating a variable, so objects in the database can be accessed by simply giving their names.
Usage

attach(what, pos = 2L, name = deparse(substitute(what)),
warn.conflicts = TRUE)

Arguments
what ‘database’. This can be a data.frame or a list or a R data file created with
save or NULL or an environment. See also ‘Details’.
pos integer specifying position in search() where to attach.
name name to use for the attached database. Names starting with package: are re-

served for library.

warn.conflicts logical. If TRUE, warnings are printed about conflicts from attaching the
database, unless that database contains an object .conflicts.OK. A conflict
is a function masking a function, or a non-function masking a non-function.

Details

When evaluating a variable or function name R searches for that name in the databases listed by
search. The first name of the appropriate type is used.

By attaching a data frame (or list) to the search path it is possible to refer to the variables in the
data frame by their names alone, rather than as components of the data frame (e.g., in the example
below, height rather than women$height).

By default the database is attached in position 2 in the search path, immediately after the user’s
workspace and before all previously attached packages and previously attached databases. This can
be altered to attach later in the search path with the pos option, but you cannot attach at pos = 1.

The database is not actually attached. Rather, a new environment is created on the search path and
the elements of a list (including columns of a data frame) or objects in a save file or an environment
are copied into the new environment. If you use <<- or assign to assign to an attached database,
you only alter the attached copy, not the original object. (Normal assignment will place a modified
version in the user’s workspace: see the examples.) For this reason attach can lead to confusion.

One useful ‘trick’ is to use what = NULL (or equivalently a length-zero list) to create a new envi-
ronment on the search path into which objects can be assigned by assign or load or sys. source.
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Names starting "package:" are reserved for library and should not be used by end users. At-
tached files are by default given the name file: what. The name argument given for the attached
environment will be used by search and can be used as the argument to as.environment.

There are hooks to attach user-defined table objects of class "UserDefinedDatabase”, supported
by the Omegahat package RObjectTables. See http://www.omegahat.net/RObjectTables/.

Value

The environment is returned invisibly with a "name" attribute.

Good practice

attach has the side effect of altering the search path and this can easily lead to the wrong object of
a particular name being found. People do often forget to detach databases.

In interactive use, with is usually preferable to the use of attach/detach, unless what is a save()-
produced file in which case attach() is a (safety) wrapper for load().

In programming, functions should not change the search path unless that is their purpose. Often
with can be used within a function. If not, good practice is to

* Always use a distinctive name argument, and

* To immediately follow the attach call by an on.exit call to detach using the distinctive

name.

This ensures that the search path is left unchanged even if the function is interrupted or if code after
the attach call changes the search path.

References

Becker, R. A., Chambers, J. M. and Wilks, A. R. (1988) The New S Language. Wadsworth &
Brooks/Cole.

See Also

library, detach, search, objects, environment, with.

Examples

require(utils)

summary (women$height)  # refers to variable 'height' in the data frame
attach(women)
summary (height) # The same variable now available by name
height <- height*2.54 # Don't do this. It creates a new variable

# in the user's workspace
find("height")

summary (height) # The new variable in the workspace
rm(height)
summary (height) # The original variable.

height <<- height*25.4 # Change the copy in the attached environment
find("height")


http://www.omegahat.net/RObjectTables/
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summary (height) # The changed copy
detach("women")
summary (women$height)  # 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 Object Attributes

Description

Get or set specific attributes of an object.

Usage

attr(x, which, exact = FALSE)
attr(x, which) <- value

Arguments
X an object whose attributes are to be accessed.
which a non-empty character string specifying which attribute is to be accessed.
exact logical: should which be matched exactly?
value an object, the new value of the attribute, or NULL to remove the attribute.
Details

These functions provide access to a single attribute of an object. The replacement form causes the
named attribute to take the value specified (or create a new attribute with the value given).

The extraction function first looks for an exact match to which amongst the attributes of x, then
(unless exact = TRUE) a unique partial match. (Setting options(warnPartialMatchAttr = TRUE)
causes partial matches to give warnings.)

The replacement function only uses exact matches.

Note that some attributes (namely class, comment, dim, dimnames, names, row.names and tsp)
are treated specially and have restrictions on the values which can be set. (Note that this is not true
of levels which should be set for factors via the levels replacement function.)

The extractor function allows (and does not match) empty and missing values of which: the re-
placement function does not.

NULL objects cannot have attributes and attempting to assign one by attr gives an error.

Both are primitive functions.
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Value

For the extractor, the value of the attribute matched, or NULL if no exact match is found and no or
more than one partial match is found.

References
Becker, R. A., Chambers, J. M. and Wilks, A. R. (1988) The New S Language. Wadsworth &
Brooks/Cole.

See Also

attributes

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

attributes Object Attribute Lists

Description

These functions access an object’s attributes. The first form below returns the object’s attribute
list. The replacement forms uses the list on the right-hand side of the assignment as the object’s
attributes (if appropriate).

Usage

attributes(obj)
attributes(obj) <- value
mostattributes(obj) <- value

Arguments

obj an object

value an appropriate named list of attributes, or NULL.
Details

Unlike attr it is possible to set attributes on a NULL object: it will first be coerced to an empty list.

Note that some attributes (namely class, comment, dim, dimnames, names, row.names and tsp)
are treated specially and have restrictions on the values which can be set. (Note that this is not true
of levels which should be set for factors via the levels replacement function.)

Attributes are not stored internally as a list and should be thought of as a set and not a vector. They
must have unique names (and NA is taken as "NA", not a missing value).
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autoload

Assigning attributes first removes all attributes, then sets any dim attribute and then the remaining
attributes in the order given: this ensures that setting a dim attribute always precedes the dimnames
attribute.

The mostattributes assignment takes special care for the dim, names and dimnames attributes,
and assigns them only when known to be valid whereas an attributes assignment would give an
error if any are not. It is principally intended for arrays, and should be used with care on classed
objects. For example, it does not check that row.names are assigned correctly for data frames.

The names of a pairlist are not stored as attributes, but are reported as if they were (and can be set
by the replacement form of attributes).

NULL objects cannot have attributes and attempts to assign them will promote the object to an empty
list.

Both assignment and replacement forms of attributes are primitive functions.

References

Becker, R. A., Chambers, J. M. and Wilks, A. R. (1988) The New S Language. Wadsworth &
Brooks/Cole.

See Also

attr, structure.

Examples

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 On-demand Loading of Packages

Description

autoload creates a promise-to-evaluate autoloader and stores it with name name in . AutoloadEnv
environment. When R attempts to evaluate name, autoloader is run, the package is loaded and
name is re-evaluated in the new package’s environment. The result is that R behaves as if file was
loaded but it does not occupy memory.

.Autoloaded contains the names of the packages for which autoloading has been promised.
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Usage
autoload(name, package, reset = FALSE, ...)
autoloader(name, package, ...)
.AutoloadEnv
.Autoloaded

Arguments
name string giving the name of an object.
package string giving the name of a package containing the object.
reset logical: for internal use by autoloader.

other arguments to library.
Value

This function is invoked for its side-effect. It has no return value.

See Also

delayedAssign, library

Examples

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”)

45

backsolve Solve an Upper or Lower Triangular System

Description

Solves a triangular system of linear equations.
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Usage

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

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

Arguments
r, 1 an upper (or lower) triangular matrix giving the coefficients for the system to be
solved. Values below (above) the diagonal are ignored.
X a matrix whose columns give the right-hand sides for the equations.
k The number of columns of r and rows of x to use.
upper.tri logical; if TRUE (default), the upper triangular part of r is used. Otherwise, the
lower one.
transpose logical; if TRUE, solve v’ x y = x for y, i.e., t(r) %*% y == x.
Details

Solves a system of linear equations where the coefficient matrix is upper (or ‘right’, ‘R”) or lower
(‘left’, ‘L) triangular.

x <- backsolve (R, b) solves Rz = b, and
x <- forwardsolve(L, b) solves Lx = b, respectively.

The r/1 must have at least k rows and columns, and x must have at least k rows.

This is a wrapper for the level-3 BLAS routine dtrsm.

Value

The solution of the triangular system. The result will be a vector if x is a vector and a matrix if x is
a matrix.

References

Becker, R. A., Chambers, J. M. and Wilks, A. R. (1988) The New S Language. Wadsworth &
Brooks/Cole.

Dongarra, J. J., Bunch, J. R., Moler, C. B. and Stewart, G. W. (1978) LINPACK Users Guide.
Philadelphia: STAM Publications.

See Also

chol, gr, solve.

Examples

## upper triangular matrix 'r':
r <- rbind(c(1,2,3),
C(0!1!1)!

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

basename Manipulate File Paths

Description

basename removes all of the path up to and including the last path separator (if any).

n on

dirname returns the part of the path up to but excluding the last path separator, or ". " if there is no
path separator.

Usage

basename (path)
dirname(path)

Arguments

path character vector, containing path names.

Details

For dirname tilde expansion of the path is done.

Trailing path separators are removed before dissecting the path, and for dirname any trailing file
separators are removed from the result.

Value

A character vector of the same length as path. A zero-length input will give a zero-length output
with no error.

Paths not containing any separators are taken to be in the current directory, so dirname returns ".".
If an element of path is NA, so is the result.

nn

is not a valid pathname, but is returned unchanged.

Behaviour on Windows

On Windows this will accept either \ or / as the path separator, but dirname will return a path using
/ (except if on a network share, when the leading \\ will be preserved). Expect these only to be
able to handle complete paths, and not for example just a network share or a drive.

UTF-8-encoded path names not valid in the current locale can be used.

Note

These are not wrappers for the POSIX system functions of the same names: in particular they do
not have the special handling of the path "/" and of returning ". " for empty strings.
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See Also

file.path, path.expand.

Examples

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

Bessel Bessel Functions

Description

Bessel Functions of integer and fractional order, of first and second kind, J,, and Y,,, and Modified
Bessel functions (of first and third kind), I,, and K.

Usage

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

Arguments
X numeric, > 0.
nu numeric; The order (maybe fractional!) of the corresponding Bessel function.

expon.scaled  logical; if TRUE, the results are exponentially scaled in order to avoid overflow
(1) or underflow (K,), respectively.

Details

If expon.scaled = TRUE, e~ *I,(x), or e* K, (x) are returned.

For v < 0, formulae 9.1.2 and 9.6.2 from Abramowitz & Stegun are applied (which is probably
suboptimal), except for besselK which is symmetric in nu.

The current algorithms will give warnings about accuracy loss for large arguments. In some cases,
these warnings are exaggerated, and the precision is perfect. For large nu, say in the order of
millions, the current algorithms are rarely useful.

Value

Numeric vector with the (scaled, if expon.scaled = TRUE) values of the corresponding Bessel
function.

The length of the result is the maximum of the lengths of the parameters. All parameters are recycled
to that length.
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Author(s)

Original Fortran code: W. J. Cody, Argonne National Laboratory
Translation to C and adaptation to R: Martin Maechler <maechler@stat.math.ethz.ch>.

Source

The C code is a translation of Fortran routines from http://www.netlib.org/specfun/ribesl,
‘../rjbesl’, etc. The four source code files for bessel[IJKY] each contain a paragraph “Acknowl-
edgement” and ‘“References”, a short summary of which is

bessell based on (code) by David J. Sookne, see Sookne (1973). .. Modifications. . . An earlier ver-
sion was published in Cody (1983).

besselJ as bessell

besselK based on (code) by J. B. Campbell (1980). .. Modifications. ..

besselY draws heavily on Temme’s Algol program for Y'...and on Campbell’s programs for Y,, (x)
....... heavily modified.

References

Abramowitz, M. and Stegun, L. A. (1972) Handbook of Mathematical Functions. Dover, New York;
Chapter 9: Bessel Functions of Integer Order.
In order of “Source” citation above:

Sockne, David J. (1973) Bessel Functions of Real Argument and Integer Order. NBS Jour. of Res.
B. 77B, 125-132.

Cody, William J. (1983) Algorithm 597: Sequence of modified Bessel functions of the first kind.
ACM Transactions on Mathematical Software 9(2), 242-245.

Campbell, J.B. (1980) On Temme’s algorithm for the modified Bessel function of the third kind.
ACM Transactions on Mathematical Software 6(4), 581-586.

Campbell, J.B. (1979) Bessel functions J_nu(x) and Y_nu(x) of float order and float argument.
Comp. Phy. Comm. 18, 133-142.

Temme, Nico M. (1976) On the numerical evaluation of the ordinary Bessel function of the second
kind. J. Comput. Phys. 21, 343-350.
See Also

Other special mathematical functions, such as gamma, I'(z), and beta, B(x).

Examples

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)


http://www.netlib.org/specfun/ribesl
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legend(@, 6, legend = paste("nu=", nus), col = nus + 2, lwd = 1)

x <- seq(@, 40, length.out = 801); yl <- c(-.8, .8)
plot(x, x, ylim = yl, ylab = "", type = "n",

main = "Bessel Functions J_nu(x)")
for(nu in nus) lines(x, besselJ(x, nu = nu), col = nu + 2)
legend(32, -.18, legend = paste(”"nu=", nus), col = nus + 2, 1lwd = 1)

## Negative nu's :
Xx <- 2:7
nu <- seq(-10, 9, length.out = 2001)
op <- par(lab = c(16, 5, 7))
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(hw))),
xlab = expression(nu))
abline(v = 0, col = "light gray”, 1ty = 3)
legend(5, 200, legend = paste(”x=", xx), col=seq(xx), lty=seq(xx))
par(op)
X0 <- 2%(-20:10)
plot(x0, x0*-8, log = "xy", ylab = "", type = "n",
main = "Bessel Functions J_nu(x) near @0\n log - log scale")
for(nu in sort(c(nus, nus+0.5)))
lines(x@, besselJ(x@, nu = nu), col = nu + 2)
legend(3, 1e50, legend = paste(”"nu=", paste(nus, nus+0.5, sep=",")),
col = nus + 2, 1wd = 1)

nn "o

plot(x@, x0*-8, log = "xy", ylab = , type = "n",
main = "Bessel Functions K_nu(x) near @\n log - log scale")
for(nu in sort(c(nus, nus+0.5)))
lines(x@, besselK(x@, nu = nu), col = nu + 2)
legend(3, 1e50, legend = paste(”"nu=", paste(nus, nus + @.5, sep = ",")),
col = nus + 2, 1lwd = 1)

x <= x[x > 0]

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

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

}
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(-0.2, -2, by = -0.1)))

Bessel
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curve(besselY(x, nu), add = TRUE)

title(expression(besselY(x, nu) * " " %
{nu == list(-0.1, -0.2, ..., -2)}))
bindenv Binding and Environment Locking, Active Bindings
Description

These functions represent an interface for adjustments to environments and bindings within envi-
ronments. They allow for locking environments as well as individual bindings, and for linking a
variable to a function.

Usage

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

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

Arguments
env an environment.
bindings logical specifying whether bindings should be locked.
sym a name object or character string.
fun a function taking zero or one arguments.
Details

The function lockEnvironment locks its environment argument, which must be a normal environ-
ment (not base). (Locking the base environment and namespace may be supported later.) Locking
the environment prevents adding or removing variable bindings from the environment. Changing
the value of a variable is still possible unless the binding has been locked. The namespace environ-
ments of packages with namespaces are locked when loaded.

lockBinding locks individual bindings in the specified environment. The value of a locked binding
cannot be changed. Locked bindings may be removed from an environment unless the environment
is locked.

makeActiveBinding installs fun in environment env so that getting the value of sym calls fun with
no arguments, and assigning to sym calls fun with one argument, the value to be assigned. This
allows the implementation of things like C variables linked to R variables and variables linked to
databases, and is used to implement setRefClass. It may also be useful for making thread-safe
versions of some system globals.
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Value

The bindingIsLocked and environmentIsLocked return a length-one logical vector. The remain-
ing functions return NULL, invisibly.

Author(s)

Luke Tierney

Examples

# 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
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bitwise Bitwise Logical Operations

Description

Logical operations on integer vectors with elements viewed as sets of bits.

Usage

bitwNot(a)

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

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

Arguments
a, b integer vectors; numeric vectors are coerced to integer vectors.
n non-negative integer vector of values up to 31.

Details

Each element of an integer vector has 32 bits.
Pairwise operations can result in integer NA.

Shifting is done assuming the values represent unsigned integers.

Value

An integer vector of length the longer of the arguments, or zero length if one is zero-length.

The output element is NA if an input is NA (after coercion) or an invalid shift.

See Also

The logical operators, !, &, |, xor. Notably these do work bitwise for raw arguments.

The classes "octmode” and "hexmode” whose implementation of the standard logical operators is
based on these functions.

Package bitops has similar functions for numeric vectors which differ in the way they treat integers
231 or larger.


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

bitwNot(0:12) # -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(0:12) ; rbind(rri12, !rri2)
c(r15 <- as.raw(15), r7 <- as.raw(7)) # of o7
ri5 & r7 # 07

ri5 | r7 # of

xor(ri15, r7)# 08

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

body Access to and Manipulation of the Body of a Function

Description

Get or set the body of a function.

Usage

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

Arguments
fun a function object, or see ‘Details’.
envir environment in which the function should be defined.
value an object, usually a language object: see section ‘Value’.
Details

For the first form, fun can be a character string naming the function to be manipulated, which is
searched for from the parent frame. If it is not specified, the function calling body is used.

The bodies of all but the simplest are braced expressions, that is calls to {: see the ‘Examples’
section for how to create such a call.

Value

body returns the body of the function specified. This is normally a language object, most often a
call to {, but it can also be an object (e.g., pi) to be the return value of the function.

The replacement form sets the body of a function to the object on the right hand side, and (poten-
tially) resets the environment of the function. If value is of class "expression” the first element
is used as the body: any additional elements are ignored, with a warning.
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See Also

alist, args, function.

Examples

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 Partial substitution in expressions

Description
An analogue of the LISP backquote macro. bquote quotes its argument except that terms wrapped
in . () are evaluated in the specified where environment.

Usage

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

Arguments

expr A language object.

where An environment.

Value

A language object.

See Also

quote, substitute
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Examples

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 )

browser Environment Browser

Description

Interrupt the execution of an expression and allow the inspection of the environment where browser
was called from.

Usage
browser(text = "", condition = NULL, expr = TRUE, skipCalls = @L)
Arguments
text a text string that can be retrieved once the browser is invoked.
condition a condition that can be retrieved once the browser is invoked.
expr An expression, which if it evaluates to TRUE the debugger will invoked, other-
wise control is returned directly.
skipCalls how many previous calls to skip when reporting the calling context.
Details

A call to browser can be included in the body of a function. When reached, this causes a pause in
the execution of the current expression and allows access to the R interpreter.

The purpose of the text and condition arguments are to allow helper programs (e.g., external
debuggers) to insert specific values here, so that the specific call to browser (perhaps its location in
a source file) can be identified and special processing can be achieved. The values can be retrieved
by calling browserText and browserCondition.

The purpose of the expr argument is to allow for the illusion of conditional debugging. It is an
illusion, because execution is always paused at the call to browser, but control is only passed to the
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evaluator described below if expr evaluates to TRUE. In most cases it is going to be more efficient to
use an if statement in the calling program, but in some cases using this argument will be simpler.

The skipCalls argument should be used when the browser () call is nested within another debug-
ging function: it will look further up the call stack to report its location.

At the browser prompt the user can enter commands or R expressions, followed by a newline. The
commands are

¢ exit the browser and continue execution at the next statement.
cont synonym for c.

f finish execution of the current loop or function

help print this list of commands

n evaluate the next statement, stepping over function calls. For byte compiled functions interrupted
by browser calls, n is equivalent to c.

s evaluate the next statement, stepping into function calls. Again, byte compiled functions make s
equivalent to c.

where print a stack trace of all active function calls.

r invoke a "resume” restart if one is available; interpreted as an R expression otherwise. Typically
"resume” restarts are established for continuing from user interrupts.

Q exit the browser and the current evaluation and return to the top-level prompt.

Leading and trailing whitespace is ignored, except for an empty line. Handling of empty lines
depends on the "browserNLdisabled"” option; if it is TRUE, empty lines are ignored. If not, an
empty line is the same as n (or s, if it was used most recently).

Anything else entered at the browser prompt is interpreted as an R expression to be evaluated in
the calling environment: in particular typing an object name will cause the object to be printed, and
1s() lists the objects in the calling frame. (If you want to look at an object with a name such as n,
print it explicitly.)

The number of lines printed for the deparsed call can be limited by setting
options(deparse.max.lines).

The browser prompt is of the form Browse[n]>: here var{n?} indicates the ‘browser level’. The
browser can be called when browsing (and often is when debug is in use), and each recursive call
increases the number. (The actual number is the number of ‘contexts’ on the context stack: this is
usually 2 for the outer level of browsing and 1 when examining dumps in debugger.)

This is a primitive function but does argument matching in the standard way.

References

Becker, R. A., Chambers, J. M. and Wilks, A. R. (1988) The New S Language. Wadsworth &
Brooks/Cole.

Chambers, J. M. (1998) Programming with Data. A Guide to the S Language. Springer.

See Also

debug, and traceback for the stack on error. browserText for how to retrieve the text and condi-
tion.
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browserText Functions to Retrieve Values Supplied by Calls to the Browser

Description
A call to browser can provide context by supplying either a text argument or a condition argument.
These functions can be used to retrieve either of these arguments.

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

Arguments
n The number of contexts to skip over, it must be non-negative.

Details
Each call to browser can supply either a text string or a condition. The functions browserText and
browserCondition provide ways to retrieve those values. Since there can be multiple browser con-
texts active at any time we also support retrieving values from the different contexts. The innermost
(most recently initiated) browser context is numbered 1: other contexts are numbered sequentially.
browserSetDebug provides a mechanism for initiating the browser in one of the calling functions.
See sys.frame for a more complete discussion of the calling stack. To use browserSetDebug
you select some calling function, determine how far back it is in the call stack and call
browserSetDebug with n set to that value. Then, by typing c at the browser prompt you will
cause evaluation to continue, and provided there are no intervening calls to browser or other inter-
rupts, control will halt again once evaluation has returned to the closure specified. This is similar to
the up functionality in gdb or the "step out" functionality in other debuggers.

Value
browserText returns the text, while browserCondition returns the condition from the specified
browser context.
browserSetDebug returns NULL, invisibly.

Note
It may be of interest to allow for querying further up the set of browser contexts and this function-
ality may be added at a later date.

Author(s)

R. Gentleman
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See Also

browser

builtins Returns the Names of All Built-in Objects

Description

Return the names of all the built-in objects. These are fetched directly from the symbol table of the
R interpreter.

Usage

builtins(internal = FALSE)

Arguments
internal a logical indicating whether only ‘internal’ functions (which can be called via
.Internal) should be returned.
Details

builtins() returns an unsorted list of the objects in the symbol table, that is all the objects in the
base environment. These are the built-in objects plus any that have been added subsequently when
the base package was loaded. It is less confusing to use 1s(baseenv(), all = TRUE).

builtins(TRUE) returns an unsorted list of the names of internal functions, that is those which can
be accessed as . Internal (foo(args ...)) for foo in the list.

Value

A character vector.

by Apply a Function to a Data Frame Split by Factors

Description

Function by is an object-oriented wrapper for tapply applied to data frames.

Usage
by(data, INDICES, FUN, ..., simplify = TRUE)



60 c

Arguments
data an R object, normally a data frame, possibly a matrix.
INDICES a factor or a list of factors, each of length nrow(data).
FUN a function to be applied to (usually data-frame) subsets of data.
further arguments to FUN.
simplify logical: see tapply.
Details

A data frame is split by row into data frames subsetted by the values of one or more factors, and
function FUN is applied to each subset in turn.

For the default method, an object with dimensions (e.g., a matrix) is coerced to a data frame and
the data frame method applied. Other objects are also coerced to a data frame, but FUN is applied
separately to (subsets of) each column of the data frame.

Value
An object of class "by", giving the results for each subset. This is always a list if simplify is false,
otherwise a list or array (see tapply).

See Also

tapply, simplify2array. ave also applies a function block-wise.

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

by (warpbreaks, warpbreaks[,"tension"],
function(x) 1lm(breaks ~ wool, data = x))

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

c Combine Values into a Vector or List

Description

This is a generic function which combines its arguments.

The default method combines its arguments to form a vector. All arguments are coerced to a com-
mon type which is the type of the returned value, and all attributes except names are removed.
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## S3 Generic function

c(...)

## Default S3 method:

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

objects to be concatenated.

recursive logical. If recursive = TRUE, the function recursively descends through lists
(and pairlists) combining all their elements into a vector.
use.names logical indicating if names should be preserved.
Details

The output type is determined from the highest type of the components in the hierarchy NULL <
raw < logical < integer < double < complex < character < list < expression. Pairlists are treated as
lists, whereas non-vector components (such names and calls) are treated as one-element lists which
cannot be unlisted even if recursive = TRUE.

Note that factors are treated only via their internal integer codes; one proposal has been to use
c.factor <- function(..., recursive=TRUE) unlist(list(...), recursive=recursive)

if factor concatenation by c() should give a factor.

c is sometimes used for its side effect of removing attributes except names, for example to turn an
array into a vector. as.vector is a more intuitive way to do this, but also drops names. Note that
methods other than the default are not required to do this (and they will almost certainly preserve a
class attribute).

This is a primitive function.

Value

NULL or an expression or a vector of an appropriate mode. (With no arguments the value is NULL.)

S4 methods

This function is S4 generic, but with argument list (x, ...).

References

Becker, R. A., Chambers, J. M. and Wilks, A. R. (1988) The New S Language. Wadsworth &
Brooks/Cole.

See Also

unlist and as.vector to produce attribute-free vectors.
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Examples

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 *not*x use

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

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

c(list(A = c¢(B = 1)), recursive = TRUE)

c(options(), recursive = TRUE)
c(list(A=c(B =1, C=2), B=c(E =17)), recursive = TRUE)

call

call Function Calls

Description

Create or test for objects of mode "call”.

Usage

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

Arguments

name a non-empty character string naming the function to be called.

arguments to be part of the call.

X an arbitrary R object.
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Details

call returns an unevaluated function call, that is, an unevaluated expression which consists of the
named function applied to the given arguments (name must be a quoted string which gives the name
of a function to be called). Note that although the call is unevaluated, the arguments ... are
evaluated.

call is a primitive, so the first argument is taken as name and the remaining arguments as arguments
for the constructed call: if the first argument is named the name must partially match name.

is.call is used to determine whether x is a call (i.e., of mode "call").

Objects of mode "1ist" can be coerced to mode "call”. The first element of the list becomes the
function part of the call, so should be a function or the name of one (as a symbol; a quoted string
will not do).

All three are primitive functions.

Warning

call should not be used to attempt to evade restrictions on the use of . Internal and other non-API
calls.

References

Becker, R. A., Chambers, J. M. and Wilks, A. R. (1988) The New S Language. Wadsworth &
Brooks/Cole.

See Also

do. call for calling a function by name and argument list; Recall for recursive calling of functions;
further is.language, expression, function.

Examples

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

## such a call can also be evaluated.

eval(cl) # [1] 10

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)
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## alternatively but less transparently

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

mode(g) <- "call”

g

eval(g)

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

callcC Call With Current Continuation

Description

A downward-only version of Scheme’s call with current continuation.

Usage

callCC(fun)

Arguments

fun function of one argument, the exit procedure.

Details

callCC provides a non-local exit mechanism that can be useful for early termination of a com-
putation. callCC calls fun with one argument, an exit function. The exit function takes a single
argument, the intended return value. If the body of fun calls the exit function then the call to callCC
immediately returns, with the value supplied to the exit function as the value returned by callCC.

Author(s)

Luke Tierney

Examples

# 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))
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CallExternal

Modern Interfaces to C/C++ code

Description

Functions to pass R objects to compiled C/C++ code that has been loaded into R.

Usage
.Call(.NAME, ..., PACKAGE)
.External (.NAME, ..., PACKAGE)
Arguments
.NAME a character string giving the name of a C function, or an object of class
"NativeSymbolInfo”, "RegisteredNativeSymbol” or "NativeSymbol" re-
ferring to such a name.
arguments to be passed to the compiled code. Up to 65 for .Call.
PACKAGE if supplied, confine the search for a character string . NAME to the DLL given by
this argument (plus the conventional extension, ‘.so’, ‘.d11’,...).
This argument follows . .. and so its name cannot be abbreviated.
This is intended to add safety for packages, which can ensure by using this
argument that no other package can override their external symbols, and also
speeds up the search (see ‘Note’).
Details

The functions are used to call compiled code which makes use of internal R objects, passing the
arguments to the code as a sequence of R objects. They assume C calling conventions, so can
usually also be used for C++ code.

For details about how to write code to use with these functions see the chapter on ‘System and
foreign language interfaces’ in the ‘Writing R Extensions’ manual. They differ in the way the
arguments are passed to the C code: .External allows for a variable or unlimited number of

arguments.

These functions are primitive, and .NAME is always matched to the first argument supplied (which
should not be named). For clarity, avoid using names in the arguments passed to . .. that match or
partially match . NAME.

Value

An R object constructed in the compiled code.

Header files for external code

Writing code for use with these functions will need to use internal R structures defined in
‘Rinternals.h’ and/or the macros in ‘Rdefines.h’.
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Note

If one of these functions is to be used frequently, do specify PACKAGE (to confine the search to a
single DLL) or pass .NAME as one of the native symbol objects. Searching for symbols can take a
long time, especially when many namespaces are loaded.

You may see PACKAGE = "base" for symbols linked into R. Do not use this in your own code: such
symbols are not part of the API and may be changed without warning.

PACKAGE = "" used to be accepted (but was undocumented): it is now an error.

References

Chambers, J. M. (1998) Programming with Data. A Guide to the S Language. Springer. (.Call.)

See Also

dyn.load, .C, .Fortran.

The ‘Writing R Extensions’ manual.

capabilities Report Capabilities of this Build of R

Description

Report on the optional features which have been compiled into this build of R.

Usage

capabilities(what = NULL)

Arguments
what character vector or NULL, specifying required components. NULL implies that all
are required.
Value

A named logical vector. Current components are

jpeg is the jpeg function operational?

png is the png function operational?

tiff is the tiff function operational?

tcltk is the teltk package operational? Note that to make use of Tk you will almost

always need to check that "X11" is also available.

X11 are the X11 graphics device and the X11-based data editor available? This loads
the X11 module if not already loaded, and checks that the default display can be
contacted unless a X11 device has already been used.
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aqua

http/ftp

sockets
libxml

fifo
cledit

iconv

NLS
profmem

cairo

ICU

long.double

libcurl

Note to macOS users

Capabilities

67

is the quartz function operational? Only on some macOS builds, including
CRAN binary distributions of R.

Note that this is distinct from .Platform$GUI == "AQUA", which is true only
when using the Mac R. app GUI console.

does the internal method for url and download.file support ‘http://’ and
‘ftp://> URLs? Always TRUE as from R 3.3.0.

are make . socket and related functions available? Always TRUE as from R 3.3.0.

is there support for integrating 1ibxml with the R event loop? Always TRUE as
from R 3.3.0.

are FIFO connections supported?

is command-line editing available in the current R session? This is false in non-
interactive sessions. It will be true for the command-line interface if readline
support has been compiled in and ‘--no-readline’ was not used when R was
invoked. (If ‘--interactive’ was used, command-line editing will not actually
be available.)

is internationalization conversion via iconv supported? Always true in current
R.

is there Natural Language Support (for message translations)?
is there support for memory profiling? See tracemem.

is there support for the svg, cairo_pdf and cairo_ps devices, and for
type = "cairo” inthe X11, bmp, jpeg, png, and tiff devices?

is ICU available for collation? See the help on Comparison and icuSetCollate:
it is never used for a C locale.

does this build use a C long double type which is longer than double? Some
platforms do not have such a type, and on others its use can be suppressed by
the configure option ‘--disable-long-double’.

Although not guaranteed, it is a reasonable assumption that if present long dou-
bles will have at least as much range and accuracy as the ISO/IEC 60559 80-bit
‘extended precision’ format.

is libcurl available in this build? Used by function curlGetHeaders and op-
tionally by download.file and url. As from R 3.3.0 always true for Unix-
alikes, and true for CRAN Windows builds.

jpeg", "png" and "tiff" refer to the X11-based versions of these devices. If

capabilities("aqua") is true, then these devices with type = "quartz"” will be available, and
out-of-the-box will be the default type. Thus for example the tiff device will be available if
capabilities("aqua”) || capabilities("tiff") if the defaults are unchanged.

See Also

.Platform and extSoftVersion (and links there) for availability capabilities external to R but
used from R functions.
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Examples

capabilities()

cat

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

## See also the examples for 'connections'.

cat

Concatenate and Print

Description

Outputs the objects, concatenating the representations. cat performs much less conversion than

print.

Usage

cat(... , file = "", sep = " ", fill = FALSE, labels = NULL,
append = FALSE)

Arguments

file

sep
fill

labels
append

Details

R objects (see ‘Details’ for the types of objects allowed).

A connection, or a character string naming the file to print to. If "" (the default),
cat prints to the standard output connection, the console unless redirected by
sink. If it is "|cmd"”, the output is piped to the command given by ‘cmd’, by
opening a pipe connection.

a character vector of strings to append after each element.

a logical or (positive) numeric controlling how the output is broken into suc-
cessive lines. If FALSE (default), only newlines created explicitly by ‘“\n"’ are
printed. Otherwise, the output is broken into lines with print width equal to the
option width if fill is TRUE, or the value of fill if this is numeric. Non-
positive fill values are ignored, with a warning.

character vector of labels for the lines printed. Ignored if fill is FALSE.

logical. Only used if the argument file is the name of file (and not a connection
or "|cmd"). If TRUE output will be appended to file; otherwise, it will overwrite
the contents of file.

cat is useful for producing output in user-defined functions. It converts its arguments to character
vectors, concatenates them to a single character vector, appends the given sep = string(s) to each
element and then outputs them.

No linefeeds are output unless explicitly requested by ‘"\n"’ or if generated by filling (if argument
fill is TRUE or numeric).



cbind

69

If file is a connection and open for writing it is written from its current position. If it is not open,

it is opened for the duration of the call in "wt"” mode and then closed again.

Currently only atomic vectors and names are handled, together with NULL and other zero-length
objects (which produce no output). Character strings are output ‘as is’ (unlike print.default
which escapes non-printable characters and backslash — use encodeString if you want to output
encoded strings using cat). Other types of R object should be converted (e.g., by as.character
or format) before being passed to cat. That includes factors, which are output as integer vectors.

cat converts numeric/complex elements in the same way as print (and not in the same way as
as.character which is used by the S equivalent), so options "digits” and "scipen” are rele-
vant. However, it uses the minimum field width necessary for each element, rather than the same
field width for all elements.

Value

None (invisible NULL).

Note

If any element of sep contains a newline character, it is treated as a vector of terminators rather than
separators, an element being output after every vector element and a newline after the last. Entries

are recycled as needed.

References

Becker, R. A., Chambers, J. M. and Wilks, A. R. (1988) The New S Language. Wadsworth &

Brooks/Cole.

See Also

print, format, and paste which concatenates into a string.

Examples

iter <- stats::rpois(1, lambda = 10)
## print an informative message
cat("iteration = ", iter <- iter + 1, "\n")

## 'fill' and label lines:

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

cbhind

Combine R Objects by Rows or Columns

Description

Take a sequence of vector, matrix or data-frame arguments and combine by columns or rows, re-
spectively. These are generic functions with methods for other R classes.
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Usage

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

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

## S3 method for class 'data.frame'

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

stringsAsFactors = default.stringsAsFactors())

Arguments

(generalized) vectors or matrices. These can be given as named arguments.
Other R objects may be coerced as appropriate, or S4 methods may be used:
see sections ‘Details’ and ‘Value’. (For the "data.frame" method of cbind
these can be further arguments to data. frame such as stringsAsFactors.)

deparse.level integer controlling the construction of labels in the case of non-matrix-like ar-
guments (for the default method):
deparse.level = 0 constructs no labels; the default,
deparse.level = 1 or 2 constructs labels from the argument names, see the
“Value’ section below.

make.row.names (only for data frame method:) logical indicating if unique and valid row. names
should be constructed from the arguments.

stringsAsFactors

logical, passed to as.data. frame; only has an effect when the ... arguments
contain a (non-data.frame) character.

Details

The functions cbind and rbind are S3 generic, with methods for data frames. The data frame
method will be used if at least one argument is a data frame and the rest are vectors or matrices.
There can be other methods; in particular, there is one for time series objects. See the section on
‘Dispatch’ for how the method to be used is selected. If some of the arguments are of an S4 class,
i.e., isS4(.) is true, S4 methods are sought also, and the hidden cbind / rbind functions from
package methods maybe called, which in turn build on cbind2 or rbind2, respectively. In that
case, deparse.level is obeyed, similarly to the default method.

In the default method, all the vectors/matrices must be atomic (see vector) or lists. Expressions
are not allowed. Language objects (such as formulae and calls) and pairlists will be coerced to lists:
other objects (such as names and external pointers) will be included as elements in a list result.
Any classes the inputs might have are discarded (in particular, factors are replaced by their internal
codes).

If there are several matrix arguments, they must all have the same number of columns (or rows)
and this will be the number of columns (or rows) of the result. If all the arguments are vectors, the
number of columns (rows) in the result is equal to the length of the longest vector. Values in shorter
arguments are recycled to achieve this length (with a warning if they are recycled only fractionally).

When the arguments consist of a mix of matrices and vectors the number of columns (rows) of the
result is determined by the number of columns (rows) of the matrix arguments. Any vectors have
their values recycled or subsetted to achieve this length.
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For cbind (rbind), vectors of zero length (including NULL) are ignored unless the result would
have zero rows (columns), for S compatibility. (Zero-extent matrices do not occur in S3 and are not
ignored in R.)

Matrices are restricted to less than 23! rows and columns even on 64-bit systems. So input vectors
have the same length restriction: as from R 3.2.0 input matrices with more elements (but meeting

the row and column restrictions) are allowed.

Value

For the default method, a matrix combining the ... arguments column-wise or row-wise. (Excep-
tion: if there are no inputs or all the inputs are NULL, the value is NULL.)

The type of a matrix result determined from the highest type of any of the inputs in the hierarchy
raw < logical < integer < double < complex < character < list .

For cbind (rbind) the column (row) names are taken from the colnames (rownames) of the argu-
ments if these are matrix-like. Otherwise from the names of the arguments or where those are not
supplied and deparse.level > 9, by deparsing the expressions given, for deparse.level = 1
only if that gives a sensible name (a ‘symbol’, see is.symbol).

For cbind row names are taken from the first argument with appropriate names: rownames for a
matrix, or names for a vector of length the number of rows of the result.

For rbind column names are taken from the first argument with appropriate names: colnames for a
matrix, or names for a vector of length the number of columns of the result.

Data frame methods

The cbind data frame method is just a wrapper for data.frame(..., check.names = FALSE).
This means that it will split matrix columns in data frame arguments, and convert character columns
to factors unless stringsAsFactors = FALSE is specified.

The rbind data frame method first drops all zero-column and zero-row arguments. (If that leaves
none, it returns the first argument with columns otherwise a zero-column zero-row data frame.)
It then takes the classes of the columns from the first data frame, and matches columns by name
(rather than by position). Factors have their levels expanded as necessary (in the order of the levels
of the levelsets of the factors encountered) and the result is an ordered factor if and only if all
the components were ordered factors. (The last point differs from S-PLUS.) Old-style categories
(integer vectors with levels) are promoted to factors.

Dispatch
The method dispatching is not done via UseMethod(), but by C-internal dispatching. Therefore
there is no need for, e.g., rbind.default.

The dispatch algorithm is described in the source file (‘. . ./src/main/bind.c’) as

1. For each argument we get the list of possible class memberships from the class attribute.
2. We inspect each class in turn to see if there is an applicable method.

3. If we find an applicable method we make sure that it is identical to any method determined for
prior arguments. If it is identical, we proceed, otherwise we immediately drop through to the
default code.



72 cbind

If you want to combine other objects with data frames, it may be necessary to coerce them to data
frames first. (Note that this algorithm can result in calling the data frame method if all the arguments
are either data frames or vectors, and this will result in the coercion of character vectors to factors.)

References

Becker, R. A., Chambers, J. M. and Wilks, A. R. (1988) The New S Language. Wadsworth &
Brooks/Cole.

See Also

¢ to combine vectors (and lists) as vectors, data. frame to combine vectors and matrices as a data
frame.

Examples

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, "a++" = 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@(”o", seq_along(bd)))

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)))
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char.expand Expand a String with Respect to a Target Table

Description

Seeks a unique match of its first argument among the elements of its second. If successful, it returns
this element; otherwise, it performs an action specified by the third argument.

Usage

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

Arguments

input a character string to be expanded.

target a character vector with the values to be matched against.

nomatch an R expression to be evaluated in case expansion was not possible.
Details

This function is particularly useful when abbreviations are allowed in function arguments, and need
to be uniquely expanded with respect to a target table of possible values.

Value

A length-one character vector, one of the elements of target (unless nomatch is changed to be a
non-error, when it can be a zero-length character string).

See Also

charmatch and pmatch for performing partial string matching.

Examples

locPars <- c("mean”, "median”, "mode")
char.expand("me"”, locPars, warning("Could not expand!"))
char.expand("mo", locPars)
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character Character Vectors

Description

n

Create or test for objects of type "character”.

Usage

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

Arguments
length A non-negative integer specifying the desired length. Double values will be
coerced to integer: supplying an argument of length other than one is an error.
X object to be coerced or tested.
further arguments passed to or from other methods.
Details

as.character and is.character are generic: you can write methods to handle specific classes of
objects, see InternalMethods. Further, for as.character the default method calls as.vector, so
dispatch is first on methods for as. character and then for methods for as.vector.

as.character represents real and complex numbers to 15 significant digits (technically the com-
piler’s setting of the ISO C constant DBL_DIG, which will be 15 on machines supporting IEC60559
arithmetic according to the C99 standard). This ensures that all the digits in the result will be reli-
able (and not the result of representation error), but does mean that conversion to character and back
to numeric may change the number. If you want to convert numbers to character with the maximum
possible precision, use format.

Value

character creates a character vector of the specified length. The elements of the vector are all

nn

equal to "".

as.character attempts to coerce its argument to character type; like as. vector it strips attributes
including names. For lists and pairlists (including language objects such as calls) it deparses the
elements individually, except that it extracts the first element of length-one character vectors.

is.character returns TRUE or FALSE depending on whether its argument is of character type or
not.

Note

as.character breaks lines in language objects at 500 characters, and inserts newlines. Prior to
2.15.0 lines were truncated.
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References

Becker, R. A., Chambers, J. M. and Wilks, A. R. (1988) The New S Language. Wadsworth &
Brooks/Cole.

See Also

options: option scipen affects the conversion of numbers.

paste, substr and strsplit for character concatenation and splitting, chartr for character trans-
lation and casefolding (e.g., upper to lower case) and sub, grep etc for string matching and substi-
tutions. Note that help.search(keyword = "character™) gives even more links.

deparse, which is normally preferable to as. character for language objects.

Examples

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

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

format(a@, digits = 16) # shows one more digit

a2 <- as.numeric(al)

a2 - ao # normally around -1e-17
as.character(a2) # normally different from al

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

charmatch Partial String Matching

Description

charmatch seeks matches for the elements of its first argument among those of its second.

Usage

charmatch(x, table, nomatch = NA_integer_)

Arguments
X the values to be matched: converted to a character vector by as.character.
Long vectors are supported.
table the values to be matched against: converted to a character vector. Long vectors

are not supported.

nomatch the (integer) value to be returned at non-matching positions.



76 chartr

Details

Exact matches are preferred to partial matches (those where the value to be matched has an exact
match to the initial part of the target, but the target is longer).

If there is a single exact match or no exact match and a unique partial match then the index of the
matching value is returned; if multiple exact or multiple partial matches are found then @ is returned
and if no match is found then nomatch is returned.

NA values are treated as the string constant "NA".

Value

An integer vector of the same length as x, giving the indices of the elements in table which
matched, or nomatch.

Author(s)

This function is based on a C function written by Terry Therneau.

See Also

pmatch, match.

startsWith for another matching of initial parts of strings; grep or regexpr for more general
(regexp) matching of strings.

Examples
charmatch("", "") # returns 1
charmatch("m", c("mean”, "median”, "mode")) # returns 0
charmatch("med”, c("mean”, "median”, "mode")) # returns 2
chartr Character Translation and Casefolding
Description

Translate characters in character vectors, in particular from upper to lower case or vice versa.

Usage

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

toupper (x)

casefold(x, upper = FALSE)
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Arguments
X a character vector, or an object that can be coerced to character by
as.character.
old a character string specifying the characters to be translated. If a character vector
of length 2 or more is supplied, the first element is used with a warning.
new a character string specifying the translations. If a character vector of length 2 or
more is supplied, the first element is used with a warning.
upper logical: translate to upper or lower case?.
Details

chartr translates each character in x that is specified in old to the corresponding character specified
in new. Ranges are supported in the specifications, but character classes and repeated characters are
not. If old contains more characters than new, an error is signaled; if it contains fewer characters,
the extra characters at the end of new are ignored.

tolower and toupper convert upper-case characters in a character vector to lower-case, or vice
versa. Non-alphabetic characters are left unchanged.

casefold is a wrapper for tolower and toupper provided for compatibility with S-PLUS.

Value

A character vector of the same length and with the same attributes as x (after possible coercion).

Elements of the result will be have the encoding declared as that of the current locale (see Encoding)
if the corresponding input had a declared encoding and the current locale is either Latin-1 or UTF-
8. The result will be in the current locale’s encoding unless the corresponding input was in UTF-8,
when it will be in UTF-8 when the system has Unicode wide characters.

See Also

sub and gsub for other substitutions in strings.

Examples

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"
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## 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 Warn About Extraneous Arguments in the "..." of Its Caller

Description

Warn about extraneous arguments in the ... of its caller. A utility to be used e.g., in S3 methods
which need a formal . . . argument but do not make any use of it. This helps catching user errors in
calling the function in question (which is the caller of chkDots()).

Usage

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

Arguments

“the dots”, as passed from the caller.

which.call passed to sys.call(). A caller may use -2 if the message should mention its

caller.
allowed not yet implemented: character vector of named elements in ... which are

“allowed” and hence not warned about.
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Author(s)

Martin Maechler, first version outside base, June 2012.

See Also

warning, .. ..

Examples
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 The Choleski Decomposition

Description

Compute the Choleski factorization of a real symmetric positive-definite square matrix.

Usage

chol(x, ...)

## Default S3 method:

chol(x, pivot = FALSE, LINPACK = FALSE, tol = -1, ...)
Arguments
X an object for which a method exists. The default method applies to numeric (or

logical) symmetric, positive-definite matrices.
arguments to be based to or from methods.

pivot Should pivoting be used?

LINPACK logical. Should LINPACK be used (now ignored)?

tol A numeric tolerance for use with pivot = TRUE.



80 chol

Details

chol is generic: the description here applies to the default method.
Note that only the upper triangular part of x is used, so that R’ R = x when x is symmetric.

If pivot = FALSE and x is not non-negative definite an error occurs. If x is positive semi-definite
(i.e., some zero eigenvalues) an error will also occur as a numerical tolerance is used.

If pivot = TRUE, then the Choleski decomposition of a positive semi-definite x can be computed.
The rank of x is returned as attr(Q, "rank"), subject to numerical errors. The pivot is returned
as attr(Q, "pivot"). It is no longer the case that t(Q) %*% Q equals x. However, setting
pivot <- attr(Q, "pivot"”) and oo <- order(pivot),itis true that t(Q[, oo]) %*% Q[, ool
equals x, or, alternatively, t(Q) %*% Q equals x[pivot, pivot]. See the examples.

The value of tol is passed to LAPACK, with negative values selecting the default tolerance of
(usually) nrow(x) * .Machine$double.neg.eps * max(diag(x)). The algorithm terminates
once the pivot is less than tol.

Unsuccessful results from the underlying LAPACK code will result in an error giving a positive
error code: these can only be interpreted by detailed study of the FORTRAN code.

Value

The upper triangular factor of the Choleski decomposition, i.e., the matrix R such that R'R = x
(see example).

If pivoting is used, then two additional attributes "pivot"” and "rank” are also returned.

Warning

The code does not check for symmetry.

If pivot = TRUE and x is not non-negative definite then there will be a warning message but a
meaningless result will occur. So only use pivot = TRUE when x is non-negative definite by
construction.

Source

This is an interface to the LAPACK routines DPOTRF and DPSTRF,
LAPACK is from http://www.netlib.org/lapack and its guide is listed in the references.

References

Anderson. E. and ten others (1999) LAPACK Users’ Guide. Third Edition. STAM.
Available on-line at http://www.netlib.org/lapack/lug/lapack_lug.html.

Becker, R. A., Chambers, J. M. and Wilks, A. R. (1988) The New S Language. Wadsworth &
Brooks/Cole.

See Also

chol2inv for its inverse (without pivoting), backsolve for solving linear systems with upper trian-
gular left sides.

gr, svd for related matrix factorizations.


http://www.netlib.org/lapack
http://www.netlib.org/lapack/lug/lapack_lug.html
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Examples

( 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[, 1] + 3*x[, 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 gr() does not use a tolerance.
try(chol(m))

(Q <~ chol(m, pivot = TRUE))

## we can use this by

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 Inverse from Choleski (or QR) Decomposition

Description

Invert a symmetric, positive definite square matrix from its Choleski decomposition. Equivalently,
compute (X'X)~! from the (R part) of the QR decomposition of X.

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

Arguments
X a matrix. The first size columns of the upper triangle contain the Choleski
decomposition of the matrix to be inverted.
size the number of columns of x containing the Choleski decomposition.

LINPACK logical. Defunct and ignored (with a warning for true value).
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Value

The inverse of the matrix whose Choleski decomposition was given.

Unsuccessful results from the underlying LAPACK code will result in an error giving a positive
error code: these can only be interpreted by detailed study of the FORTRAN code.

Source

This is an interface to the LAPACK routine DPOTRI. LAPACK is from http://www.netlib.org/
lapack and its guide is listed in the references.

References

Anderson. E. and ten others (1999) LAPACK Users’ Guide. Third Edition. STAM. Available on-line
athttp://www.netlib.org/lapack/lug/lapack_lug.html.

Dongarra, J. J., Bunch, J. R., Moler, C. B. and Stewart, G. W. (1978) LINPACK Users Guide.
Philadelphia: STAM Publications.
See Also

chol, solve.

Examples

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

class Object Classes

Description

R possesses a simple generic function mechanism which can be used for an object-oriented style of
programming. Method dispatch takes place based on the class of the first argument to the generic
function.

Usage

class(x)

class(x) <- value

unclass(x)

inherits(x, what, which = FALSE)

oldClass(x)
oldClass(x) <- value


http://www.netlib.org/lapack
http://www.netlib.org/lapack
http://www.netlib.org/lapack/lug/lapack_lug.html
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Arguments
X a R object
what, value a character vector naming classes. value can also be NULL.
which logical affecting return value: see ‘Details’.

Details

Here, we describe the so called “S3” classes (and methods). For “S4” classes (and methods), see
‘Formal classes’ below.

Many R objects have a class attribute, a character vector giving the names of the classes from
which the object inherits. If the object does not have a class attribute, it has an implicit class,
"matrix”, "array"” or the result of mode(x) (except that integer vectors have implicit class
"integer"). (Functions oldClass and oldClass<- get and set the attribute, which can also be

done directly.)

Note that NULL objects cannot have attributes (hence not classes) and attempting to assign a class is
an error.

When a generic function fun is applied to an object with class attribute c("first”, "second"),

the system searches for a function called fun.first and, if it finds it, applies it to the object. If no
such function is found, a function called fun. second is tried. If no class name produces a suitable
function, the function fun.default is used (if it exists). If there is no class attribute, the implicit
class is tried, then the default method.

The function class prints the vector of names of classes an object inherits from. Correspondingly,
class<- sets the classes an object inherits from. Assigning NULL removes the class attribute.

unclass returns (a copy of) its argument with its class attribute removed. (It is not allowed for
objects which cannot be copied, namely environments and external pointers.)

inherits indicates whether its first argument inherits from any of the classes specified in the what
argument. If which is TRUE then an integer vector of the same length as what is returned. Each
element indicates the position in the class(x) matched by the element of what; zero indicates no
match. If which is FALSE then TRUE is returned by inherits if any of the names in what match
with any class.

All but inherits are primitive functions.

Formal classes

An additional mechanism of formal classes, nicknamed “S4”, is available in package methods
which is attached by default. For objects which have a formal class, its name is returned by class
as a character vector of length one and method dispatch can happen on several arguments, instead
of only the first. However, S3 method selection attempts to treat objects from an S4 class as if they
had the appropriate S3 class attribute, as does inherits. Therefore, S3 methods can be defined for
S4 classes. See the ‘Introduction’ and ‘Methods_for_S3’ help pages for basic information on S4
methods and for the relation between these and S3 methods.

The replacement version of the function sets the class to the value provided. For classes that have
a formal definition, directly replacing the class this way is strongly deprecated. The expression
as(object, value) is the way to coerce an object to a particular class.
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The analogue of inherits for formal classes is is. The two functions behave consistently with one
exception: S4 classes can have conditional inheritance, with an explicit test. In this case, is will
test the condition, but inherits ignores all conditional superclasses.

Note

Functions oldClass and oldClass<- behave in the same way as functions of those names in S-
PLUS 5/6, but in R UseMethod dispatches on the class as returned by class (with some interpolated
classes: see the link) rather than oldClass. However, group generics dispatch on the oldClass for
efficiency, and internal generics only dispatch on objects for which is.object is true.

In older versions of R, assigning a zero-length vector with class removed the class: it is now an
error (whereas it still works for 01dClass). It is clearer to always assign NULL to remove the class.

See Also

UseMethod, NextMethod, ‘group generic’, ‘internal generic’

Examples

x <- 10

class(x) # "numeric”

oldClass(x) # NULL

inherits(x, "a") #FALSE

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

inherits(x,"a") #TRUE

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

inherits(x, c("a", "b", "c"), TRUE) # 1 2 0

col Column Indexes

Description
Returns a matrix of integers indicating their column number in a matrix-like object, or a factor of
column labels.

Usage

col(x, as.factor = FALSE)

Arguments
X a matrix-like object, that is one with a two-dimensional dim.
as.factor a logical value indicating whether the value should be returned as a factor of

column labels (created if necessary) rather than as numbers.
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Value

An integer (or factor) matrix with the same dimensions as x and whose i j-th element is equal to j
(or the j-th column label).

References

Becker, R. A., Chambers, J. M. and Wilks, A. R. (1988) The New S Language. Wadsworth &
Brooks/Cole.

See Also

row to get rows.

Examples

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

# create an identity 5-by-5 matrix
x <- matrix(@, nrow = 5, ncol = 5)
x[row(x) == col(x)] <- 1

Colon Colon Operator

Description

Generate regular sequences.

Usage
from:to
a:b
Arguments
from starting value of sequence.
to (maximal) end value of the sequence.

a, b factors of the same length.
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Details

The binary operator : has two meanings: for factors a:b is equivalent to interaction(a, b) (but
the levels are ordered and labelled differently).

For other arguments from:to is equivalent to seq(from, to), and generates a sequence from
from to to in steps of 1 or -1. Value to will be included if it differs from from by an integer up
to a numeric fuzz of about 1e-7. Non-numeric arguments are coerced internally (hence without
dispatching methods) to numeric—complex values will have their imaginary parts discarded with a
warning.

Value

For numeric arguments, a numeric vector. This will be of type integer if fromis integer-valued and
the result is representable in the R integer type, otherwise of type "double” (aka mode "numeric").

For factors, an unordered factor with levels labelled as 1a:1b and ordered lexicographically (that
is, 1b varies fastest).

References

Becker, R. A., Chambers, J. M. and Wilks, A. R. (1988) The New S Language. Wadsworth &
Brooks/Cole.
(for numeric arguments: S does not have : for factors.)

See Also

seq (a generalization of from: to).
As an alternative to using : for factors, interaction.

For : used in the formal representation of an interaction, see formula.

Examples

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 Form Row and Column Sums and Means

Description

Form row and column sums and means for numeric arrays (or data frames).
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Usage

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)

Arguments
X an array of two or more dimensions, containing numeric, complex, integer or
logical values, or a numeric data frame. For . colSums() etc, a numeric, integer
or logical matrix (or vector of length m * n).
na.rm logical. Should missing values (including NaN) be omitted from the calculations?
dims integer: Which dimensions are regarded as ‘rows’ or ‘columns’ to sum over.
For row*, the sum or mean is over dimensions dims+1, ...; for col* itis over
dimensions 1:dims.
m, n the dimensions of the matrix x for .colSums() etc.
Details

These functions are equivalent to use of apply with FUN = mean or FUN = sum with appropriate
margins, but are a lot faster. As they are written for speed, they blur over some of the subtleties of
NaN and NA. If na.rm = FALSE and either NaN or NA appears in a sum, the result will be one of
NaN or NA, but which might be platform-dependent.

Notice that omission of missing values is done on a per-column or per-row basis, so column means
may not be over the same set of rows, and vice versa. To use only complete rows or columns, first
select them with na.omit or complete.cases (possibly on the transpose of x).

The versions with an initial dot in the name (.colSums() etc) are ‘bare-bones’ versions for use in
programming: they apply only to numeric (like) matrices and do not name the result.

Value

A numeric or complex array of suitable size, or a vector if the result is one-dimensional. For the
first four functions the dimnames (or names for a vector result) are taken from the original array.

If there are no values in a range to be summed over (after removing missing values with
na.rm = TRUE), that component of the output is set to @ (*Sums) or NaN (*Means), consistent
with sum and mean.

See Also

apply, rowsum
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Examples

## 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 = 2)

colSums (UCBAdmissions); colSums(UCBAdmissions, dims = 2)

## 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 Extract Command Line Arguments

Description

Provides access to a copy of the command line arguments supplied when this R session was invoked.

Usage

commandArgs(trailingOnly = FALSE)

Arguments

trailingOnly  logical. Should only arguments after ‘--args’ be returned?

Details

These arguments are captured before the standard R command line processing takes place. This
means that they are the unmodified values. This is especially useful with the ‘--args’ command-
line flag to R, as all of the command line after that flag is skipped.
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Value

A character vector containing the name of the executable and the user-supplied command line argu-
ments. The first element is the name of the executable by which R was invoked. The exact form of
this element is platform dependent: it may be the fully qualified name, or simply the last component
(or basename) of the application, or for an embedded R it can be anything the programmer supplied.

If trailingOnly = TRUE, a character vector of those arguments (if any) supplied after ‘--args’.

See Also

Startup BATCH

Examples

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

## system(paste(commandArgs(), collapse = " "))
comment Query or Set a "comment” Attribute
Description

These functions set and query a comment attribute for any R objects. This is typically useful for
data.frames or model fits.

Contrary to other attributes, the comment is not printed (by print or print.default).

Assigning NULL or a zero-length character vector removes the comment.

Usage

comment (x)
comment(x) <- value

Arguments

X any R object

value a character vector, or NULL.
See Also

attributes and attr for other attributes.
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Comparison

Examples

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 Relational Operators

Description

Binary operators which allow the comparison of values in atomic vectors.

Usage

x <y
X >y
<=y
>=y
=y
=y

X X X X

Arguments

X, Y atomic vectors, symbols, calls, or other objects for which methods have been
written.

Details

The binary comparison operators are generic functions: methods can be written for them individu-
ally or via the Ops group generic function. (See Ops for how dispatch is computed.)

Comparison of strings in character vectors is lexicographic within the strings using the collating
sequence of the locale in use: see locales. The collating sequence of locales such as ‘en_US’ is
normally different from ‘C’ (which should use ASCII) and can be surprising. Beware of making
any assumptions about the collation order: e.g. in Estonian Z comes between S and T, and collation
is not necessarily character-by-character — in Danish aa sorts as a single letter, after z. In Welsh ng
may or may not be a single sorting unit: if it is it follows g. Some platforms may not respect the
locale and always sort in numerical order of the bytes in an 8-bit locale, or in Unicode code-point
order for a UTF-8 locale (and may not sort in the same order for the same language in different
character sets). Collation of non-letters (spaces, punctuation signs, hyphens, fractions and so on) is
even more problematic.

Character strings can be compared with different marked encodings (see Encoding): they are trans-
lated to UTF-8 before comparison.

Raw vectors should not really be considered to have an order, but the numeric order of the byte
representation is used.
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At least one of x and y must be an atomic vector, but if the other is a list R attempts to coerce it to
the type of the atomic vector: this will succeed if the list is made up of elements of length one that
can be coerced to the correct type.

If the two arguments are atomic vectors of different types, one is coerced to the type of the other,
the (decreasing) order of precedence being character, complex, numeric, integer, logical and raw.

Missing values (NA) and NaN values are regarded as non-comparable even to themselves, so compar-
isons involving them will always result in NA. Missing values can also result when character strings
are compared and one is not valid in the current collation locale.

Language objects such as symbols and calls are deparsed to character strings before comparison.

Value
A logical vector indicating the result of the element by element comparison. The elements of shorter
vectors are recycled as necessary.
Objects such as arrays or time-series can be compared this way provided they are conformable.

S4 methods

These operators are members of the S4 Compare group generic, and so methods can be written
for them individually as well as for the group generic (or the Ops group generic), with arguments
c(el, e2).

Note

Do not use == and ! = for tests, such as in if expressions, where you must get a single TRUE or FALSE.
Unless you are absolutely sure that nothing unusual can happen, you should use the identical
function instead.

For numerical and complex values, remember == and != do not allow for the finite representation
of fractions, nor for rounding error. Using all.equal with identical is almost always preferable.
See the examples. (This also applies to the other comparison operators.)

These operators are sometimes called as functions as e.g. *<*(x, y): see the description of how
argument-matching is done in Ops.

References
Becker, R. A., Chambers, J. M. and Wilks, A. R. (1988) The New S Language. Wadsworth &
Brooks/Cole.

Collation of character strings is a complex topic. For an introduction see https://en.wikipedia.
org/wiki/Collating_sequence. The Unicode Collation Algorithm (http://unicode.org/
reports/tr10/) is likely to be increasingly influential. Where available R by default makes use of
ICU (http://site.icu-project.org/) for collation (except in a C locale).

See Also

factor for the behaviour with factor arguments.
Syntax for operator precedence.

capabilities for whether ICU is available, and icuSetCollate to tune the string collation algo-
rithm when it is.


https://en.wikipedia.org/wiki/Collating_sequence
https://en.wikipedia.org/wiki/Collating_sequence
http://unicode.org/reports/tr10/
http://unicode.org/reports/tr10/
http://site.icu-project.org/
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Examples

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

x1 <- 0.5 -
X2 <- 0.3
x1 == x2 # FALSE on most machines
identical(all.equal(x1, x2), TRUE) # TRUE everywhere

# range of most 8-bit charsets, as well as of Latin-1 in Unicode
z <- c(32:126, 160:255)
x <= if(l1en_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))

complex Complex Numbers and Basic Functionality

Description

Basic functions which support complex arithmetic in R, in addition to the arithmetic operators +, -,
%, /,and *.

Usage

complex(length.out = @, real = numeric(), imaginary = numeric(),
modulus = 1, argument = 0)

as.complex(x, ...)

is.complex(x)

Re(z)
Im(z)
Mod(z)
Arg(z)
Conj(z)

Arguments

length.out numeric. Desired length of the output vector, inputs being recycled as needed.
real numeric vector.

imaginary numeric vector.
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modulus numeric vector.

argument numeric vector.

X an object, probably of mode complex.

z an object of mode complex, or one of a class for which a methods has been
defined.

further arguments passed to or from other methods.

Details

Complex vectors can be created with complex. The vector can be specified either by giving its
length, its real and imaginary parts, or modulus and argument. (Giving just the length generates a
vector of complex zeroes.)

as.complex attempts to coerce its argument to be of complex type: like as.vector it strips at-
tributes including names. Up to R versions 3.2.x, all forms of NA and NaN were coerced to a com-
plex NA, i.e., the NA_complex_ constant, for which both the real and imaginary parts are NA. Since
R 3.3.0, typically only objects which are NA in parts are coerced to complex NA, but others with NaN
parts, are not. As a consequence, complex arithmetic where only NaN’s (but no NA’s) are involved
typically will not give complex NA but complex numbers with real or imaginary parts of NaN.

Note that is.complex and is.numeric are never both TRUE.

The functions Re, Im, Mod, Arg and Conj have their usual interpretation as returning the real part,
imaginary part, modulus, argument and complex conjugate for complex values. The modulus and
argument are also called the polar coordinates. If z = x + iy with real z and y, for r = Mod(z) =

Va2 +y? and ¢ = Arg(z), x = r x cos(¢) and y = r * sin(¢). They are all internal generic
primitive functions: methods can be defined for them individually or via the Complex group generic.

In addition to the arithmetic operators (see Arithmetic) +, -, *, /, and *, the elementary trigonomet-
ric, logarithmic, exponential, square root and hyperbolic functions are implemented for complex
values.

Matrix multiplications (%*%, crossprod, tcrossprod) are also defined for complex matrices
(matrix), and so are solve, eigen or svd.

Internally, complex numbers are stored as a pair of double precision numbers, either or both of
which can be NaN (including NA, see NA_complex_ and above) or plus or minus infinity.

S4 methods

as.complex is primitive and can have S4 methods set.

Re, Im, Mod, Arg and Conj constitute the S4 group generic Complex and so S4 methods can be set
for them individually or via the group generic.

Note

Operations and functions involving complex NaN mostly rely on the C library’s handling of
‘double complex’ arithmetic, which typically returns complex(re=NaN, im=NaN) (but we have
not seen a guarantee for that). For + and -, R’s own handling works strictly “coordinate wise”.

Operations involving complex NA, i.e., NA_complex_, return NA_complex_.
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References

Becker, R. A., Chambers, J. M. and Wilks, A. R. (1988) The New S Language. Wadsworth &
Brooks/Cole.

See Also

Arithmetic; polyroot finds all » complex roots of a polynomial of degree n.

Examples

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, len = 9) + 1ix(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")

showC <- function(z) noquote(sprintf("(R = %g, I = %g)", Re(z), Im(z)))

## 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 not always is {shows '(R = NaN, I = NA)' on some platforms?}

## and this is not TRUE everywhere:

identical (NpNA, NA_complex_)

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

conditions Condition Handling and Recovery

Description

These functions provide a mechanism for handling unusual conditions, including errors and warn-
ings.
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Usage
tryCatch(expr, ..., finally)
withCallingHandlers(expr, ...)

signalCondition(cond)

simpleCondition(message, call = NULL)
simpleError (message, call = NULL)
simpleWarning (message, call = NULL)
simpleMessage (message, 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, ...)
invokeRestartInteractively(r)

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

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

.tryResumeInterrupt()
Arguments

c a condition object.

call call expression.

cond a condition object.
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expr expression to be evaluated.

finally expression to be evaluated before returning or exiting.
h function.

message character string.

msg character string.

name character string naming a restart.

r restart object.

X object.

additional arguments; see details below.

Details

The condition system provides a mechanism for signaling and handling unusual conditions, includ-
ing errors and warnings. Conditions are represented as objects that contain information about the
condition that occurred, such as a message and the call in which the condition occurred. Currently
conditions are S3-style objects, though this may eventually change.

Conditions are objects inheriting from the abstract class condition. Errors and warnings are ob-
jects inheriting from the abstract subclasses error and warning. The class simpleError is the
class used by stop and all internal error signals. Similarly, simpleWarning is used by warning,
and simpleMessage is used by message. The constructors by the same names take a string de-
scribing the condition as argument and an optional call. The functions conditionMessage and
conditionCall are generic functions that return the message and call of a condition.

Conditions are signaled by signalCondition. In addition, the stop and warning functions have
been modified to also accept condition arguments.

The function tryCatch evaluates its expression argument in a context where the handlers provided
inthe ... argument are available. The finally expression is then evaluated in the context in which
tryCatch was called; that is, the handlers supplied to the current tryCatch call are not active when
the finally expression is evaluated.

Handlers provided in the ... argument to tryCatch are established for the duration of the evalua-
tion of expr. If no condition is signaled when evaluating expr then tryCatch returns the value of
the expression.

If a condition is signaled while evaluating expr then established handlers are checked, starting
with the most recently established ones, for one matching the class of the condition. When several
handlers are supplied in a single tryCatch then the first one is considered more recent than the
second. If a handler is found then control is transferred to the tryCatch call that established the
handler, the handler found and all more recent handlers are disestablished, the handler is called with
the condition as its argument, and the result returned by the handler is returned as the value of the
tryCatch call.

Calling handlers are established by withCallingHandlers. If a condition is signaled and the ap-
plicable handler is a calling handler, then the handler is called by signalCondition in the context
where the condition was signaled but with the available handlers restricted to those below the han-
dler called in the handler stack. If the handler returns, then the next handler is tried; once the last
handler has been tried, signalCondition returns NULL.

User interrupts signal a condition of class interrupt that inherits directly from class condition
before executing the default interrupt action.
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Restarts are used for establishing recovery protocols. They can be established using withRestarts.
One pre-established restart is an abort restart that represents a jump to top level.

findRestart and computeRestarts find the available restarts. findRestart returns the most re-
cently established restart of the specified name. computeRestarts returns a list of all restarts. Both
can be given a condition argument and will then ignore restarts that do not apply to the condition.

invokeRestart transfers control to the point where the specified restart was established and calls
the restart’s handler with the arguments, if any, given as additional arguments to invokeRestart.
The restart argument to invokeRestart can be a character string, in which case findRestart is
used to find the restart.

New restarts for withRestarts can be specified in several ways. The simplest is in
name = function form where the function is the handler to call when the restart is invoked.
Another simple variant is as name = string where the string is stored in the description field
of the restart object returned by findRestart; in this case the handler ignores its arguments and
returns NULL. The most flexible form of a restart specification is as a list that can include several
fields, including handler, description, and test. The test field should contain a function of one
argument, a condition, that returns TRUE if the restart applies to the condition and FALSE if it does
not; the default function returns TRUE for all conditions.

One additional field that can be specified for a restart is interactive. This should be a function of
no arguments that returns a list of arguments to pass to the restart handler. The list could be obtained
by interacting with the user if necessary. The function invokeRestartInteractively calls this
function to obtain the arguments to use when invoking the restart. The default interactive method
queries the user for values for the formal arguments of the handler function.

.signalSimpleWarning, .handleSimpleError, and .tryResumeInterrupt are used internally
and should not be called directly.

References

The tryCatch mechanism is similar to Java error handling. Calling handlers are based on Common
Lisp and Dylan. Restarts are based on the Common Lisp restart mechanism.

See Also

stop and warning signal conditions, and try is essentially a simplified version of tryCatch.
assertCondition in package tools tests that conditions are signalled and works with several of
the above handlers.

Examples

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

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

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

conflicts Search for Masked Objects on the Search Path

Description

conflicts reports on objects that exist with the same name in two or more places on the search
path, usually because an object in the user’s workspace or a package is masking a system object of
the same name. This helps discover unintentional masking.

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

Arguments
where A subset of the search path, by default the whole search path.
detail If TRUE, give the masked or masking functions for all members of the search
path.
Value

If detail = FALSE, a character vector of masked objects. If detail = TRUE, a list of character
vectors giving the masked or masking objects in that member of the search path. Empty vectors are
omitted.

Examples

Im <= 1:3

conflicts(, TRUE)

## gives something like
# $.GlobalEnv

# [1] "1m"

#

# $package:base
# [1] "1m"

## Remove things from your "workspace” that mask others:
remove(list = conflicts(detail = TRUE)$.GlobalEnv)
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connections Functions to Manipulate Connections (Files, URLs, ...)

Description

Functions to create, open and close connections, i.e., “generalized files”, such as possibly com-

pressed files, URLs, pipes, etc.

Usage
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”))

gzfile(description, open = "" | encoding
compression = 6)

bzfile(description, open = "", encoding
compression = 9)

xzfile(description, open = "", encoding

compression = 6)

nn

unz(description, filename, open = ,

encoding = getOption("”encoding”))

getOption("encoding"),

getOption("encoding"),

getOption("encoding"”),

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"))

open(con, ...)
## S3 method for class 'connection'
open(con, open = "r", blocking = TRUE,

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

.2
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flush(con)

isOpen(con, rw = "")

isIncomplete(con)

Arguments

description character string. A description of the connection: see ‘Details’.

open character string. A description of how to open the connection (if it should be
opened initially). See section ‘Modes’ for possible values.

blocking logical. See the ‘Blocking’ section.

encoding The name of the encoding to be assumed. See the ‘Encoding’ section.

raw logical. If true, a ‘raw’ interface is used which will be more suitable for argu-
ments which are not regular files, e.g. character devices. This suppresses the
check for a compressed file when opening for text-mode reading, and asserts
that the ‘file’ may not be seekable.

method character string, partially matched to c("default”, "internal”, "wininet"”, "libcurl”):
see ‘Details’.

compression integer in 0-9. The amount of compression to be applied when writing, from
none to maximal available. For xzfile can also be negative: see the ‘Compres-
sion’ section.

timeout numeric: the timeout (in seconds) to be used for this connection. Beware that
some OSes may treat very large values as zero: however the POSIX standard
requires values up to 31 days to be supported.

filename a filename within a zip file.

host character string. Host name for the port.

port integer. The TCP port number.

server logical. Should the socket be a client or a server?

con a connection.

type character string. Currently ignored.

rw character string. Empty or "read” or "write”, partial matches allowed.
arguments passed to or from other methods.

Details

The first nine functions create connections. By default the connection is not opened (except for a
socketConnection), but may be opened by setting a non-empty value of argument open.

For file the description is a path to the file to be opened or a complete URL (when it is the same
as calling url), or "" (the default) or "clipboard” (see the ‘Clipboard’ section). Use "stdin" to
refer to the C-level ‘standard input’ of the process (which need not be connected to anything in a
console or