R: A Language and Environment for
Statistical Computing

Reference Index

The R Core Team

Version 4.4.1 (2024-06-14)

Copyright (©) 1999-2024 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.



I

1

1 The base package 3
base-package . . . . . .. 3
Jbincode . . ... e e e 3
Device ..o e e e e e e 4
Machine . . . . . .. e e e 5
LPlatform . . . . L e 7
abbreviate . . . . . . .. L. e 9
T4 () o P 11
all . . e e 13
allequal . . . . . L e e e 14
alllnames . . . ... L. e e e e 18
AY . . ot e e e e e e e e e 19
APETIINL . . ¢ v v v vt e e e e e e e e e e e e e e e e e e 20
append . . .. e e 21
apPLy . . e e e 22
ATES o v e e e e e e e e e e e e e e e e e 24
Arithmetic . . . . . . . . . e e e 25
AITAY © o v v v v e e e e e e e e e e e e e e e e e e e 28
array2DF . . . e 29
as.dataframe . . . . . . ... L 32
as.Date . . ... e 34
AS.ENVIFONMENT . . . . . . v v v ot e e e e e e e e e e e e e e e e e e 37
asfunction . . . . ... L e e e 38
as.POSIX* . . . . e 39
Asls . . e e e e e 42
asplit. . . . 43
ASSIZN . . . L . e e e e e e e e 44
assignOPS . . . . . . e e e e 45
attach . . . . . e e 46
A . . . e e e 48
attributes . . . . . . L e e e e 50
autoload . . . . . .. L e 51
backsolve . . . . . . .. e 52
balancePOSIXIt . . . . . . . . . e 53
basename . . . . . ... L. e e e 54
Bessel . . . . .. 56
bindenv . . . . . . L e e e 59
DItWISE . . . . o o e e e e 60
body . . . . e e 62
bquote . . . . L L 63
browser . . . . . . . e e e 64
browserTeXt . . . . . . . . e e e e 66
builtins . . . . .. e e e e 67
DY . e e e 67
C e e e e e 69
call . . . e e e 70
callCC . . . . . e 72
CallExternal . . . . . . . . . . . . e 73
capabilities . . . . . . . 74
CAL . L e e e e e e 76



ii

charexpand . . . . . . . L 81
character . . . . . . . . . .. e e 82
charmatch . . . . . . . . .. 83
chartr . . . . . . e e 84
chkDots . . . . . . . e e e 86
chol . . . . e 87
chol2inv . . . . . .. e 89
chooseOpsMethod . . . . . . . . .. .. L 90
class . ..o e 91
COl . o e e e 93
Colon . . . . . . e e e 94
COISUMS . . . . . . . e e e 95
commandATgs . . . ... e e e e e e e e e 97
COMMENE . . . . v 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 98
CompariSon . . . . . . ..o e e e 98
COMPIEX . . . o o e e e e e e 101
conditions . . . . . . ... e 103
conflicts . . . . . . .. 107
CONNECLIONS . . . vt v vt e e e e e e e e e e e e e e e e e e e e e e 108
Constants . . . . . . .. e e e e e e e e 118
contributors . . . . . .. L. e e e 119
Control . . . . . . e e e 120
copyright . . . . . L e 121
Crossprod . . . . . .. e e e e e e 122
Cstack_info . . . . . . . 123
CUMSUI . & ot v v et e e e e e e e e e e e e e e e e e e e e e e e 124
curlGetHeaders . . . . . . . . . . . . . . . 125
CUL . . o e e e 126
cutPOSIXt . . . . . e 128
data.class . . . . . .. e e e 130
dataframe . . . . . . . . ... e 131
datamatriX . . . . ... e e e e e e e e e 133
date . . ... e e e 134
Dates . . . . .. e e 135
DateTimeClasses . . . . . . . . . . o v i i e e e e 136
def . o e 141
debug . . . . L 143
declare . . . . . . . . e e 145
Defunct . . . . . . . . e 145
delayedAssSign . . . . . . .. e e e e e e 146
deparse . . . ..o L e e e 147
deparseOpts . . . . . . .. e e e e 149
Deprecated . . . . . . . .. e 151
det . . e 152
detach . . . . . . . . e 153
diag . . . e e e 155
diff . . e 157
difftime . . . . . . . . 158
dim ..o e e 160
dimnames . . . . . . ... e 161
do.call . . . . . . e 163



il

dOts . . . e e 165
double . . . . . . L e 166
dput . . .o e 168
drop . . . e e e e 170
droplevels . . . . . . e 170
dump . ... e e 171
duplicated . . . . . . . . .. e e 173
dynload . . . . . . .. 175
eapply . . . . e 178
CIZEN . . . . v v e e e e e e e 179
encodeString . . . . . ... 181
Encoding . . . . . . . . 182
ENVITONMENE . . . . . . . v v et v et e e e e e e e e e e e e e e e 184
EnvVar . . . .. 186
eval . oL e e e 188
BXISES . . e e e e e e 191
expand.grid . . ... 193
EXPIESSION .« . v v v v v o e e e e e e e e e e e e e e e e e e e 194
Extract . . . . . . . e e e 195
Extract.data.frame . . . . . . . . . ... 200
Extractfactor . . . . . . . . e 204
Extremes . . . . . . ... e e 205
extSoftVersion . . . . . . . . . e e 207
factor . . . .. e 208
file.access . . . . . . . e e e e e e e e 212
file.choose . . . . . . . . . e e e e 213
fileinfo . . . . . . . e 214
filepath . . . . . . e 216
file.show . . . . . . . e e e 217
files . . . e e 218
files2 . . . . o e e e e 221
find.package . . . . . . . .. e 222
findInterval . . . . . . . . . . e 224
force . . . . . e e e 226
forceAndCall . . . . . . . . e 227
Foreign . . . . . . . . . e 227
formals . . . . . . . e e 230
format . . . . . . L e 231
format.info . . . . . . L. e e 234
format.pval . . . . . . e 235
formatC . . . . . . . e 236
formatDL . . . . . . . e e e e 241
function . . . . . ... e e e 242
funprog . . . . L 243
BC o e 245
GCHME . . . . e e e e e e 247
GCLOTLUTE . . . . o . ot i it e et e e e e e e e e e e e e e e 248
O . o e 249
getDLLRegisteredRoutines . . . . . . . . . . . ... L 250
getLoadedDLLs . . . . . . . . .. 252
getNativeSymbollnfo . . . . . . . . . .. L 253

GEUEXL . . . o L e e e e e e e e e 255



v

getwd .. L 258
gl e e 259
GIED « o v e e e e e e e e e e e e e e e e e 260
grepRaw . . . . L 266
GrOUPGENETIC . . . . . v v v et e e e e e e e e e e e e e 267
SIOUPINE .+« o v v v v v e e e e e e e e e e e 270
97770 & P 271
hexmode . . . . . . . . .. e e 272
Hyperbolic . . . . . . . . e 274
ICONV . . o o e e e e e e e e e e e 275
icuSetCollate . . . . . . . . . . e e e 278
identical . . . . . . .. 281
identity . . . .. e e e e e e e 283
ifelse . . . . . e 284
INMEZET . . . o o o o e e e e e e 286
INETaCtiON . . . . . . . v v e i e e e e e e e e e e e e e e e e e e e e 287
INEractiVve . . . . . . . . . . e e e e e e 288
Internal . . . . . . . .. e 289
InternalMethods . . . . . . . . . . .. 290
invisible . . . .. 290
IS.finite . . . . e e 291
isfunction . . . ... L L e e e e 293
isdanguage . .. ... 294
1S.0DJECE . . o o e e e e 294
ISTECUISIVE . . . . o o o i e i e e e e e e e e e e 295
is.single . . ..o 296
isaunsorted . . ... . L. e e e e e e e e 296
ISOdatetime . . . . . . . . . . . . . e 297
1SS4 L e 298
iISSymmetric . . . . ... e 299
JIEET . L L e 300
kappa . . . .. e e e 301
kronecker . . . . . . . .. e e 304
110n_Info . . . . . o e 306
Iabels . . . . . . e 307
lapply . . . . e 307
Lastvalue . . . . . . . . . . e e e 310
La_library . . . . . . . . e e 311
La version . . . . . . .. 312
length . . . . . o 312
lengths . . . . . . . L 314
levels . . . . . e 315
libcurlVersion . . . . . . . . . . . . e 316
libPaths . . . . . . . . . e 317
library . . . . . . e 319
library.dynam . . . . . . . .. e e e 323
License . . . . . . . e e e 325
LISt . o e e e e 325
listfiles . . . . . . . e e e 327
Lst2DE . . . e 329
LSt2eNV . . . . . e e e e e e e 330

load . . . . . e e e e 331



locales . . . . . . . . e e 333
log . . o e 336
Logic . . . . . . e 337
logical . . . . . . . L 340
LongVectors . . . . . . . . o e 341
lowertri . . . . . .. e 342
IS . e e 342
mMake.names . . . . . . . . . i e e e e e e e e e e e e 344
make.unique . . . . . ... e e 345
mapply . . . . e e e e 346
mMarginSUMS . . . . . . . o oot e e 347
MALOLVEC . . . v v v v e e e e e e e e e e e e e e e e e 348
match . . . . . e e 349
match.arg . . . . .. 351
match.call . . . . . . . . .. 352
match.fun . . . . .. L 353
MathFun . . . . . . . . . e 354
matmult . . . ... e 355
10 L 0« 357
maxCol . . . . .. 359
MEAN . . o v v v e v e e e e e e e e e e e e e e e e e e 360
memCOMPIESS . . . . . . . oot e e e e e e 361
memlimits . . . . . . ... e e 363
MEMmOTY . . . . e e e e e e 364
Memory-limits . . . . . . ... L 365
memory.profile . . . .. 366
METEE .« 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 367
MESSAZE .« « . o v e e e e e e e e e e e e e e e 369
MISSING . . . o o e e e e e e e e e e 371
mode . . ... e e e 372
mtfrm . . . e 373
NA e e 374
NAME . . . 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 376
NAMES . . . o o v v e e e e e e e e e e e e e e e e e 377
NATES o 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 e e e 379
nchar . . . .. e e e 380
nlevels . . . . . . e e e 382
NOQUOLE .+ o v v o v e e e e e e e e e e e e e e e e e e e e 383
103 0 0 O 384
normalizePath . . . . . . . . .. ... 386
NotYet . . . . . e e e e 387
NIOW . & o v vt e e e e e e e e e e e e e e e e e e 388
ns-dblcolon . . . . . ... 389
ns-hooks . . . . . L e e 390
ns-load . . . ... L e 391
NS-TOPENV  + . v v v vt e e e e e e e e e e e e e e e e e e e e e 394
NULL . . . e 394
NUMETIC . . . . o v e o e e e e e e e e e e e e e e e e e 396
NumericConstants . . . . . . . . . . . . i i e e e e e e 397
NUMETIC_VETSION . . . . . v v vt e e e e e e e e e e e e e e e 399
octmode . . ... .. e e e 401

OMLEXIL . . . vt v o e e e e e e e e 402



vi

Ops.Date . . . . . . e 403
OPLIONS .+ v v v v o e e e e e e e e e e e e e e e e e e e e 404
Order . . . . . . e e e e e e 415
OULET . o v v v ot e e e e e e e e e e e e e e e 418
Paren . . . . L 419
PATSE . . o ot e e e e e e e e e e 420
PaSte . . . e e e e e e e 423
patheexpand . . . . . . . ... 425
pere_config . . . ... e 426
PIPEOD . .« o o e e e 427
PIOt . o e 428
pmatch. . . . .. 430
POlyroot . . . . Lo e e e 431
POSLOBNV . . o . o i e e e e e e e e 432
PIELLY . o o e 433
Primitive . . . . . . . . 435
PIINt . . . o e 436
print.dataframe . . . . . . ... 438
print.default . . . . . .. 439
PIMAriX . . . . o vt e e e e e e e e e e 441
ProC.time . . . . . . .. e e e e e e e e e 442
prod . ..o 443
PIOPOItIONS . . . . . o vttt e e e e e e 444
pushBack . . . . . . e 445
6 ) PP 446
QR.AuxIliaries . . . . . . . .. e 449
QUIE . o e e e e e e e e e 450
QUOLES . . . . . e e e 452
R.Version . . . . . . . e 455
Random . . . . . . . . . e 457
Random.user . . . . . . . . . . .. 462
TANZE  + 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 e 463
TANK . . . L e e e e 465
rapply . .o 466
TAW o e e e e e e e e e e e e e e e 468
rawConnection . . . . . . . . ... e e e e e e e 469
rawConversion . . . . . . ... L e e 470
RAUtls . . . . o e 473
readBin . . . . ... e e e 474
readChar . . . . . . . . 476
readline . . . . ... L e 478
readlines . . . . . . ... e e e e e 479
readRDS . . . . L L 481
readRenviron . . . . . . . . . L e e 483
Recall . . . . . . e 484
reg.finalizer . . . . . ... L 484
TEEEX .« v vt e e e e e e e e e e e e 485
regmatches . . . . . .. e 490
TEMOVE  « v v v v e e e e e e e e e e e e e e e e 492
] 0 493
replace . . . .. L L 496

Reserved . . . . . . . . e 496



vii

TEV o v e e e e e e e e 497
Rhome . . . . . . . . . e 497
le . . e e e 498
Round . . . . . . . e 499
round.POSIXt . . . . . . . . e e 501
TOW o v o e e e e e e e e e e e e e e 502
TOWACOINAMES . . . . . . o v e e e e e e e e e e e e e 503
TOWNAMES & . & 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 e e e 505
TOWSUIN . . . vttt v e e e e e e e e e e e e e e e e e e 506
S3method . . . . . . . . 508
sample . . . ... e e 508
SAVE . .t e e e e e e e 510
scale . .. L e 513
SCAM & v v v e e e e e e e e e e e e e e 515
Search . . . . . . L e 519
seek ..o 519
SEU « v e e e e e e e e e e e e e 521
seg.Date . . . .. e 523
seq.POSIXt . . . . . . e 524
SEQUENCE . .« « o v v e e e e e e e e e e e e e e e e e e e 525
serialize . . . . . . . e 526
SEES . . . . e e e e e e e e 528
setTimeLimit . . . . . . . . . . . . e 529
showConnections . . . . . . . . . . . . . e e e 530
shQuote . . . . . . . . e e 531
SIZN . . o e e 533
SignalS. . . . . . e e e 534
SINK . . . e 534
slicedndex . . . . . .. 536
SIotOp . . . . e 537
socketSelect . . . . . . .. L 538
SOIVE . . o o e e 539
70 ) o 540
SOrt_by . . 543
SOUICE & v v v v v e e e e e e e e e e e e 544
Special . . . . . L e 548
SPIIE . . 551
sprintf . . . L e e 553
SQUOLE . . . . . o e e e 557
srefile . . L 559
StackOverflows . . . . . . . . . e 561
standardGeneric . . . . . . . . ... 562
startsWith . . . . . . e 563
Startup . . . .. e e 564
170 567
Stopifnot . . . . L e 569
SIIPHME . . . o v o o o e e e e e e e e 571
] 0 () o 578
SISPIit « . . e e 579
SIITOL . . o v v e o e e e e e e e e e 581
SIIIIM . . . . . o o e e e e 582

SITUCIULE . . . . v v v e e e e e e e e e e e e e e 583



viii

SIIWIAD . . v o e e e e e e e e e 584
SUDbSEt . . .. e 585
SUDSHItULE . . . . . . . 587
SUDSET . . . L 588
SUM . . .ttt e e e e e e e e e e e e 590
SUMIMATY .+« 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 591
SVA . e 593
SWEED © v v et e e e e e e e e e e 595
SWItCh . . . . e 596
SYNEAX . . v o o e e e e e e e e e e e e e e 598
Sys.getenv . . . . ..o e 599
Sys.getpid . . . . .o 601
Sys.glob . . . . e e 601
Sys.anfo . . .. 603
Sysdocaleconv . . . ... 604
SYS.PATENL .« v v v vt e e e e e e e e e e e e e e e e e e e e e 605
Sys.readlink . . . . . ... 608
SYSSELENV . . v vt v v e e e e e e e e e e e e e e e e e e 609
Sys.setFileTime . . . . . . . .. .. ... e 610
Sys.sleep . . . o 611
SYS.SOUICE + 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 612
Systime . . . . . .. e 613
Sys.which . . . . . . . 614
4] 1 1 0 615
system.file . . . .o 618
SYSIEMLLME . . . . . . oL e e e e e 619
SYSEMZ . . . L L e e e e e e e e e e e 620
b e 622
table . . . .o 623
tabulate . . . . .. L e 626
Tailcall . . . . . . . 627
@ApPLY . . e e e 628
taskCallback . . . . . . . . . . L 630
taskCallbackManager . . . . . . . . . . . ... 632
taskCallbackNames . . . . . . . . . . . L 634
tempfile . . . . .. L 635
teXtCONNECtion . . . . . . . . .. e e e e 636
tilde . . . . . e 639
tIMEZONES . . . . o v v v o i e e e e e e e e e e 639
tOSIIING . . . . . e 644
TFACE . . . o o o o e e e e e e e e e 645
traceback . . . .. L. 649
18 R217c) 1) 1 651
transform . . . . ... L e e 652
Trig . . . e 654
MWS . . oo e e e e 655
Y o e e e 656
typeof . . . e 658
UNIQUE &« 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 659
UNIES . . o oo e e e e e e e e e 661
unlink . . .o 661



iX

UNNAIME . . . . v e e e e e e e e e e e e e e e e 664
USC & o v e e e e e e e e e e e e e e e 664
UseMethod . . . . . . . . . . e e e 665
userhOOKS . . . . . . . . e e e 668
utf8CONVErsion . . . . . .. .. e e e 670
UTF8filepaths . . . . . . . . . . . . e 671
validUTFS . . . . . . e e e e e 672
VECIOT . . . o o e o e e e e e e e e e e e e e e e e e e e 673
Vectorize . . . . . . . . e e e e 676
WAIMING . . 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 677
WAIMINGS . . v v v v 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 679
weekdays ... .. e e e e 680
which . . . . . e 682
which.min . . . . . . . . .. 684
WIth . . e e e e e 685
withVisible . . . . . . . . e e 687
WIIEE . . . o o e e e e e e e e e e e e e 688
writeLines . . . . . . .. e 689
XM . . e 690
zapsmall . . . . L e e 691
zpackages . . . ... e e e 692
ZUtils . . . L e e 693
2 The compiler package 695
compile . . . .. 695
3 The datasets package 699
datasets-package . . . . .. ... 699
ability.Ccov . . . . . . e e e e e 699
airmiles . . . . .. e e 700
AIrPassengers . . . . . . . .. e e e e e e e e e 701
airquality . . . . .. e e e e 702
anscombe . . .. L. L e e e e e 703
AENU . . . . . . e e e e e e e e e e e 704
attitude . . . .. L e e 705
AUSITES & . v v v e o e e e e e e e e e e e e e e e e e e 706
DEAVEIS . . . . . e e e e e e e e 706
Blsales . . . . . . . 707
BOD . . . e e 708
CATS . v v v e i e e e e e e e e e e e e e e 709
ChickWeight . . . . . . . . . e 710
Chickwits . . . . . . . e e 711
CO2 . e e e 712
COZ . o e e e e e e e 713
crimtab . . . oL . L e e e e 714
diSCOVETIES . . . . . o o o e e e e e e e e e e e e 716
DNase . . . . . . e 716
ESOPh . . L e 717
CUID . . v v e o e e e e e e e e e e e e e e e e e e 719
eurodiSt . . . . . L e e e e e e 720
EuStockMarkets . . . . . . . . . . e 720
faithful . . . . . . . e 721

Formaldehyde . . . . . . . . . . .. 722



freeny . . . . .o 723

HairEyeColor . . . . . . . . . e 724
Harman23.cor . . . . . . . . . . e 725
Harman74.cor . . . . . . . . . . 725
Indometh . . . . . . . . .. e 726
Infert . . . . . . e e e e e e 727
InsectSprays . . . . . . . .. e e e e e e 728
0 729
islands . . . . L 730
JohnsonJohnson . . . . . . . ... 730
LakeHuron . . . . . . . . . . . . e 731
Ih e 732
LifeCycleSavings . . . . . . . . . o o e e 732
Loblolly . . . . . . . e 733
longley . . . . . . 734
Lynx . .. e e 735
morley . . . . .o 735
MECATS .« o o o v v e e e e e e e e e e e e e e e e e e 736
nhtemp . . . . ... 738
Nile . . . e 739
NOLEIM . . . . c ottt e e e e e e e e e e 740
NPK . L e e 741
occupationalStatus . . . . .. L. L. 742
Orange . . . . . . o o e e e e 743
OrchardSprays . . . . . . . . . e 744
PlantGrowth . . . . . . . . . . . 745
PIECID . o o o e e e e e e 745
presidents . . . . ... 746
PIESSUIC . . . o v v v o it e e e e e e e e e e e e e e e e e e e e 747
Puromycin . . . . . ..o 747
QUAKES . . . e e e e e e e e e e e e 749
randu ... e e 749
TIVETS . v v o v e e e e e e e e e e e e e e e e e e e 750
TOCK . . e 751
Sleep . . . . e e e 751
stackloss . . . . .. L e 752
SEALE . . . . . e e 753
sunspot.month . . . . . . ... L e e e 755
SUNSPOLYEAT . . o« o v v v v e e e e e e e e e e e e e e e 756
SUNSPOLS . 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 757
SWISS o v v v o e e e e e e e e e e e e 758
Theoph . . . . . . . e 759
Titanic . . . . . . L e 760
ToothGrowth . . . . . . . . . . . . e 761
tECTING . . . .« o o v v e e e e e e e e e 762
TEES . o v o e e e e e e e e e e e e e e 763
UCBAdMISSIONS . . . . . . o v ot e e e e e e e e e e e e e e e e 763
UKDriverDeaths . . . . . . . . . . 765
UKgas . . . . . e e 766
UKLungDeaths . . . . . . . .. . 766
USAccDeaths . . . . . . . . . 767

USAITESES . . . . o o o e e e e e 767



Xi

USJudgeRatings . . . . . . . . . . 768
USPersonalExpenditure . . . . . . . . . . . . . e 769
USPOD  « 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 770
VADeaths . . . . . . . . e 770
VOICANO . . . . L e e e e e 771
warpbreaks . . .. L L. L 772
WOIMETL .« o v v o v v e e e et e e e e e e e e e e e 773
WorldPhones . . . . . . . .. 773
WWWusage . . . . . . . e e e 774
4 The grDevices package 777
grDevices-package . . . . . . . .. e 77
adjustcolor . . . . L L e e e e e 777
as.graphicsAnnot . . . . . . . ... 779
ASTASIET . . . . L e e e e e e e e e e e e 779
axisTicks . . . . . . 781
boxplot.stats . . . . . .. e e e e e e 782
bringToTop . . . . . . . . o e 784
CAITO © . v v v e e e e e e e e e e e e 785
cairoSymbolFont . . . . . . ... L 787
check.options . . . . . . . . L 788
chull . . . . o o 789
CIM . b v v et e e e e e e e e e 790
col2rgb . . L e e e 790
colorRamp. . . . . . . . . 792
COlOTS . . . . e e e 794
contourLines . . . . . .. L 795
convertColor . . . . . . . L 796
densCols . . . . . . . . e 798
dev . . . e 800
dev.capabilities . . . . . . ... 801
devcapture . . . . .. L e e e e 803
devflush . . . . . . . e 803
devinteractive . . . . . . . ... L. e 804
dev.size . . . L e 805
dev2 . .o e 806
dev2bitmap . . . . . . . .. 808
devAskNewPage . . . . . . . . . . 810
Devices . . . . . . 810
embedFonts . . . . . . . L 812
eXtendrange . . . . .. .. . e e e e e e e e e e e 813
getGraphicsEvent . . . . . . . ... L 814
glyphInfo . . . . . . . . 817
SIAY o v e e e e e e e e e e e e e 819
gray.colors . . . . ... 820
grSoftVersion . . . . . . . . L e e 821
hel Lo o e 822
Hershey . . . . . . . . e 824
hSv . e 827
Japanese . . . . ... e 828
make.rgb . .. 829
msgWindow . . . . . . L e e e e e e 831

N2mETOW . . . . . L e e e e e 831



Xii

nclass ..o 832
palette . . . . .o e e e 834
Palettes . . . . . . .. 836
PAf . e 840
pdfioptions . . . . ... 846
PICIEX . . o o e 847
plotmath . . . . . . .. 849
PIE o o e e 854
POSESCIIPL . . . . o o o e e e e e e 858
postscriptFonts . . . . . ... Lo 863
prettyDate . . . . . .. 865
PSOPHONS .« . . o v v e e e e e 866
QUATEZ . o 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 867
quartzFonts . . . . .. e e e e 870
recordGraphics . . . . . . ... 871
recordPlot . . . . . . .. L e e 872
524 o 873
rgb2hsv . . Lo 875
savePlot . . . . L e 877
trans3d . . . ... L e 878
TypelFont . . . . . . . . . e 879
WINAOWS . . . . o e e e e e e e e e e e e e 881
WINdOWS.OPHONS . . . . . . . o o e e e 885
windowsFonts . . . . . . .. 886
. 1 887
XITFonts . . . . . . e 892
XAZ . . 893
XY.Coords . . ... 895
xyTable . . . . . . . 896
XYZ.COOTAS .« v v v ot e e e e e e e e e e e 897
5 The graphics package 899
graphics-package . . . . . . . ... 899
abline . . . .. 900
AITOWS .+ o o v e e e e e e e e e e e e e e e e e e 901
assocplot . . . L e 903
AXIS . L L e 904
e 905
axis.POSIXct . . . . . . 908
axTicks . . . . L 910
barplot . . . . . L e e e 912
bOX . . e 916
boxplot . . . ... 917
boxplotmatrixX . . . . . . . ... e 920
DXP . o e 921
cdplot . . . . . e e e e e 924
Clip . . e e e 926
COMIOUT . . v v v v v it e e e e et e e e e e e e e e e e e e 927
convertXY . . .. e e e 930
coplot . . .o e 931
CUIVE . o v e i e e e e e e e e e e e e e 933
dotchart . . . . . . . . . 935

filled.contour . . . . . . . . . . e e e 937



fourfoldplot . . . . . . . . . 939
frame . . . . ... 941
grid . ..o e 942
hist. . . . e 943
hist POSIXt . . . . . . e 946
identify . . . .. 948
IMAZE . . . o oo e 950
layout . . . . . . e e 953
legend . . . . . . L e 955
Lines . . . . . oL e 960
locator . . . . . . L e 962
matplot . . .o 963
mMoSACPIOt . . . . . . . e e e e e e e 965
MEEXE . . o o e e e e e e e e 968
PAITS . . . o e 970
panel.smooth . . . . . ... 973
S 974
PEISP -« o o e e e e e 983
DI€ . o o e e 986
plot.dataframe . . . . . . . . ... e 988
plotdefault . . . . . . .. .. 989
plotdesign. . . . . . .. 992
plotfactor . . . . . .. 993
plotformula . . . . . . ... 994
plot.histogram . . . . . . . . . .. e e e 996
plotraster . . . . . . ... e e e e e e 997
plottable . . . . ... 998
plotwindow . . . . . ... 999
PIOLXY .« o e 1000
POINES . . . o o e e e e e e e e e e 1001
Polygon . . ..o e e 1005
polypath . . . . . . . e 1007
rasterlmage . . . . . .. L 1009
TECL . o o e e e e e e e e 1010
TUZ © o v e e e e e e e e e e e e e 1011
SCIECIL . . v v v e e it e e e e e e e e e e e e e e 1012
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 1014
smoothScatter . . . . . . . . . . e e 1015
spineplot . . . . . . L e e 1017
SEAS . . o . e e e e 1020
SIEIM . . v v v e e e e e e 1023
stripchart . . . . . L L e e e 1024
strwidth . . . 0 oo e 1026
sunflowerplot . . . . . . .. 1027
symbols . . . .. e 1030
TBXE . o e 1032
title . .. e 1035
UNQES . . o v v o e e e e e e e e e e e e 1036
XSPHNE . . . . L e e e e 1037
6 The grid package 1041
grid-package . . . . .. 1041

absolute.SIZe . . . . . . . . e e e 1042



X1V

AITOW  + v v v v v e e i e e e e e e e e e e e 1043
asmask ... L L L 1043
caleStringMetric . . . . . . ... L 1044
dataViewport . . . . . . . . e e e e e e e e 1046
depth . . . . . e 1047
deviceLoc . . . . . ... e 1048
drawDetails . . . . . . . ... 1049
editDetails . . . . . . . . . . e 1050
editVIEwport . . . . . . .. 1051
explode . . . . .. e e e 1052
gEdit. . . . 1052
GetNAMES . . . . . L e 1053
GPAT . . . e e e e e e e e e e e e 1054
gPath . . . . . 1056
Grid . . . . . 1057
Grid VIEWpOrts . . . . . . . o e e e e e e 1057
gridaadd . . . .. e 1061
gridbezier . . . . . .. e e e e e 1062
grid.cap . . ... e 1063
grideircle . . . . .. 1064
gridclip . . . L L L 1065
grid.convert . . . . . . L e e e e e e 1067
rid.COPY .« o o e 1069
Grid.CUTVE . . . . o o e e e e e e 1069
griddelay . . . .. ... 1071
grid.display.list . . . . . ..o 1073
grid DLapply . . . . . .. e 1074
griddraw . . . ... 1075
grideedit . . . .. e e e 1076
gridforce . . . . ... 1077
gridframe . . . . . ... 1079
gridfunction. . . . . . ... L e e e e 1080
grid.get . . . .. 1082
grid.glyph . . . . . L 1083
grid.grab . . . .. e 1084
grid.grep . . . . . . 1085
grid.grill . . . . L 1087
grid.grob . . . .. 1087
erid.group . . . ..o 1089
gridJayout . . . ... 1091
gridines . . . ... 1093
grid.docator . . .. ... 1095
gridlds . . .. 1096
grid.move.to . . . . ... 1098
Grid.NeWPAZE . . . . . . e e e e e 1099
gridnull . . . ..o 1100
gridopack . . .. 1101
gridipath . . . . . L L 1103
gridoplace . . . . . .. e e e 1105
grid.plotand.legend . . . . . . ... .. 1106
grid.pOINts . . . . . . . e e 1107

gridpolygon . . . . . .. 1108



XV

grid.pretty . . . . .. e 1109
GrIALTaSter . . . . . . e e e e e e e e e e e 1110
gridarecord . . . . . L L L e e e 1111
gridrect . . . .o e e e 1112
gridrrefresh . . . . . .. L 1114
rid.remoOve . . . . ... e e 1114
gridoreorder . . . . ... 1115
grid.SEEMENLS . . . . . . . e e e e e e e e e e e e e e 1117
grid.set . .. L e e e e 1118
grid.showlayout . . . . . . . ... 1119
grid.show.viewport . . . . . . ... L 1120
grid.stroke . . . . L. L 1121
grideXt . . . . e e e e e e 1123
grid.XaxisS . . ... e e e e e e 1125
grid.xspline . . . . ... 1126
grid.yaxis . . ... L e e e 1128
gridCoords . . . . . ... 1130
grobCoords . . . . . . . 1131
grobName . . . . . . . e e e e e e 1132
grobWidth . . . . . . . e 1132
grobX ..o 1133
legendGrob . . . . . . ... 1134
makeContent . . . . . .. L e e 1135
PAEINS .« . . . o o e e e e e e e 1136
PlOtViewport . . . . . . . e e e e 1138
Querying the Viewport Tree . . . . . . . . . . . . . . 1139
resolveRasterSize . . . . . . . . ... 1140
roundreCt . . . ... e e e e e 1141
showGrob . . . . . . . 1142
ShOWVIEWDPOIL . . . . . . . o o e e e e e e e 1143
stringWidth . . . . . . oL 1145
UNIE . o o e e e e e e 1145
UNIE.C . v o v ot e e e e e e e e e e e e e e e e e e e 1148
unitlength . . . . . . . L 1148
UNIEPMIN . . . o oL e e e e e 1149
UNIETED .+ v v 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 1150
unitType . . . . . e e 1150
validjust . . . . . L. 1151
validDetails . . . . . . . . . ... 1152
viewportTransform . . . . . . . . . .. 1153
vpPath . . . . . L 1155
widthDetails . . . . . . . . . . 1156
Working with Viewports . . . . . . . . . .. L 1156
xDetails . . . . . L 1159
xsplinePoints . . . . . .. 1160
7 The methods package 1163
methods-package . . . . . . . . . 1163
BasicFunsList . . . . . .. .. 1164
AS o e e e e e e e 1164
BasicClasses . . . . . . . e 1166
callGeneric . . . . . . . . L e 1167

callNextMethod . . . . . . . . . . . . . . e 1169



XVi

CaANCOBICE . . . . . v v e o e e e e e e e e e e e e e 1173
chind2 . . . .. 1173
Classes . . . . . . e e e 1175
classesTOAM . . . . . . . . e e 1175
Classes_Details . . . . . . . . . . . . e 1177
className . . . . . . . . .. e 1180
classRepresentation-class . . . . . . . . . . . . L. e 1182
Documentation . . . . . . . . . . .. e e e 1183
dotsMethods . . . . . . . . . . . . e 1185
environment-class . . . . . . . . L. L. L. e e 1187
envRefClass-class . . . . . . . . . . . . . . . . e 1188
evalSource . . . . . . .. e e 1189
findClass . . . . . . . . e e 1192
findMethods . . . . . . . . . . .. 1194
fixPrel.8 . . . . . . e 1196
genericFunction-class . . . . . . . ... Lo 1197
GenericFunctions . . . . . . . . . ... 1198
getClass . . . . . e e 1201
getMethod . . . . . . . . L 1203
getPackageName . . . . . . . ... 1206
hasATgZ . . . . . e e e e e 1207
implicitGeneric . . . . . . . . . ... 1208
inheritedSlotNames . . . . . . . . . . . . ... 1210
initialize-methods . . . . . . . . .. . 1211
Introduction . . . . . . . . . .. 1212
IS o o e e e e 1214
isSealedMethod . . . . . . . . . . .. 1216
language-class . . . . . . . . L 1217
LinearMethodsList-class . . . . . . . . . . . . . . ... 1218
LocalReferenceClasses . . . . . . . . . . . . . . e e 1219
makeClassRepresentation . . . . . . . ... ..o 1220
method.skeleton . . . . . . . ... 1221
MethodDefinition-class . . . . . . . . . . . ... 1222
Methods . . . . . . . . e e 1223
MethodsList-class . . . . . . . . . . .. 1223
Methods_Details . . . . . . . . . 1224
Methods_for_Nongenerics . . . . . . . . . ... oo 1228
Methods_for_S3 . . . . . . e 1233
MethodWithNext-class . . . . . . . . . . . . . . . . . e 1235
NEW . o o o e e e e e e e e e e e e e e e e e 1236
nonStructure-class .. . . . . . . . ... e 1238
ObjectsWithPackage-class . . . . . . . . . ... .. .. ... 1238
promptClass . . . . . ... e e e e e e e 1239
promptMethods . . . . . . ... 1241
ReferenceClasses . . . . . . . . . . . . e 1242
removeMethod . . . . . . . . .. 1252
TEPresentation . . . . . . . . ... e e e e e e e e 1253
S3Part . . . .. e 1254
S4groupGeneric . . . . . . . .o e e e e e e e e e 1258
SClassExtension-class . . . . . . . . . . . ... 1260
selectSuperClasses . . . . . . . . ... e 1261

SELAS . . L e e e 1262



SetClass . . . . . . e
setClassUnion . . . . . . . . . . . . . . e
SEtGENETIC . . . . . . . o e
setGroupGeneric . . . . . . . .. ... e
setls . . . e e e
setLoadActions . . . . . . . .. e
setMethod . . . . . . . . . .
setOIdClass . . . . . . . . . e

Slot . .
StructureClasses . . . . . . . . . e e e
testinheritedMethods . . . . . . . . .. .. ..
TraceClasses . . . . . . . v i v i e e e e
validObject . . . . . . . . e

8 The parallel package

parallel-package . . . . . . . . . L
clusterApply . . . . . L
detectCores . . . . . . . . . . ..
makeCluster . . . . . . . . L
meaffinity . . . . . . . e e e e
mechildren . . . . ..o
mefork . . . . L
melapply . . ..
meparallel . . . . .. e
PVEC . o o
RNGstreams . . . . . . . . . .
splitindices . . . . . . . ..

9 The splines package

splines-package . . . . . ...
asVECIOr . . . . . . L e e e e
backSpline . . . . . . . .
DS e e

DS o v v e e e e e e e e e e e e
periodicSpline . . . . . . . L. e
polySpline . . . . . . . .
predict.bs . . . ...
predict.bSpline . . . . . ...
splineDesign . . . . . . ... e
splineKnots . . . . . . . ..
splineOrder . . . . . . . . . . e e
XYVECIOT . . . . o o e e e

10 The stats package

stats-package . . . .. ...
checkMFClasses . . . . . . . . . e



XViii

addmargins . . . . . .. 1350
AZETEZALE . . v . . i e e e e e e e e e e e e e e e e e e e e 1351
AIC . e 1354
alias . . .. e e e 1356
ANOVA .« 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 1358
anova.glm . . . ... 1359
anova.lm . . . ... e 1360
anova.mlm . . . . . . ... e e e e 1362
ansari.test . . . . . . .. e e e e 1364
A0V . o o e e e e e e e e e e e e e e e e 1366
approxfun . . . ... 1368
AT . L e e e e e e e e e 1370
arolS . . . L e e e e e 1374
ArMA . . . o v e e e e e e e e e e e e e e e e 1376
arima.SimM . . . . . . ot s e e e e e e e e e e e e e e e 1380
arimal . . . . .. e e e e e e e 1381
ARMAacf . . . . . . e 1384
ARMAOMA . . . . e e e 1385
as.helust . . . . L L e e e 1386
asOneSidedFormula . . . . . . . . . . . . .. .. 1387
AVE . o o e e e e e e e e e e e e e e e 1388
bandwidth . . . . . . . .. 1389
bartlett.test . . . . . . . L e e e e e e 1391
Beta . . . .. e e 1392
binom.test . . . . . . .. e e e e e e 1395
Binomial . . . . . . .. .. 1396
biplot . . .. e 1398
biplot.princomp . . . . . . . ... 1400
birthday . . . . . . . e e 1401
Box.test . . . . . e e e 1402
C o e e e 1403
CANCOT . . . v v e v e e e e e e e e e e e e e e e e 1404
case+variable.names . . . . . . . . ... L 1406
Cauchy . . . . . . . e 1407
chisq.test . . . . . . e e e e e e 1408
Chisquare . . . . . . . . . . e 1411
cmdscale . ... .. L e 1413
coef . L e e e e 1415
complete.Cases . . . .. .. 1416
confint . . . . . .o e e e 1417
constrOptim . . . . . . . . e e e e e e e 1418
CONIAST . . . . . v o et e e e e e e e e 1420
CONMTASES . . . v v v e o e e e e e e e e e e e e e e e e 1422
CONVOLVE . . . . . . e e e 1423
cophenetic . . . . . . . . L 1425
COT & v o e e e e e e e e e e e e e e e e 1426
COLLESE . . . . o o o e e e e e e e e e e e 1429
COV.WL . o o e e e e e e e e e e e 1432
CPEIAM ot 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 1433
CULTEE . . v v v v v e e e e e e e e e e e e e e e 1434
decompose . . ... .. 1435

delete.reSponse . . . . . ... L e e e e e e e e e 1436



XiX

dendrapply . . . . . . . 1438
dendrogram . . . . . . ... L e e e e e e e 1439
density . . . . ... L e 1444
deriv . . . . 1448
deviance . . . . . ... L e e 1451
dfiresidual . . . . . . . L e e e e e e 1452
diffinv . . .o 1452
dist. . . . e e e 1453
Distributions . . . . . . .. 1456
dummy.coef . . . . . . . e 1457
ecdf . .. e 1458
effaovlist . . . . . . . 1461
effects . . . . . L 1462
embed . . . . L. L e e 1463
expand.model.frame . . . . . .. ... 1464
Exponential . . . . . . . . L 1465
extractAIC . . . . . . . e e e e e 1466
factanal . . . . . . .. e 1468
factor.scope . . . . . . L e 1471
family . . . . . . 1472
FDist . . . e 1476
L 1478
filter . . . . . 1480
fishertest . . . . . . e e 1481
fitted . . . . . e 1485
fivenum . . ... 1486
fligner.test . . . . . .. L e e e e 1486
formula . . . . . .. e e e e 1488
formulanls . . . . . . e 1490
friedman.test . . . . . . . . L. 1491
ftable . . . . . . e e e e e e 1493
ftable.formula . . . . . . . . ... 1495
GammaDist . . . . . . . e 1496
GEOMELIIC . . . . v v v e e e e e 1498
getlnitial . . . . . . . . L e 1500
glm . . e 1501
glm.control . . . ... 1506
glm.summaries . . . . . . . ... e e e e e e e e e 1507
helust . . . o L e e e 1508
heatmap . . . . . . . . e e e e 1512
HoltWinters . . . . . . . . . . e e 1515
Hypergeometric . . . . . . . . . . . . 1517
identify.hclust . . . . . . L. e 1519
influence.measures . . . . . . . .. ... e e e 1521
INEEGIAte . . . . . o v v e e e e e 1524
interaction.plot . . . . . .. L e e e e e 1526
IQR . . . e 1528
isempty.model . . . ... 1529
ISOTEZ . v v v v e e e e e e e e e e e e e e 1530
KalmanLike . . . . . . . . . . . e e 1531
kernapply . . . . .. 1534

kernel . . . . . L e e e e 1535



XX

kmeans . . . . ... e e e 1536
kruskal.test . . . . . L. L e e e 1539
KS.teSt . . . . e e e 1541
ksmooth . . . . . . . .. e 1544
lag . . . e e 1545
lag.plot . . . . L 1546
line . . . . . e 1547
Listof . . . . e e e 1549
Im .. e 1549
Imfit . . . e 1552
Im.influence . . . . . . . . .. e e 1554
Im.Summaries . . . . . . . . . . . e e e e e e e e 1556
loadings . . . . . . .. e e e 1557
loess . . . . e e e 1558
loess.control . . . . . . ... L 1560
Logistic . . . . . . . e e e 1561
loglik . . . . o L e 1563
loglin . . . . . . e e e e 1564
Lognormal . . . . . . . . . ... 1566
TIOWESS . . . . o e e e 1568
Is.diag . . . . . e e e 1569
Isprint . . . . ... 1570
Isfit . . e 1571
mad . . ... e e e e e e e e e 1572
mahalanobis . . . . . . ... 1573
make.link . . . ... e 1574
makepredictcall . . . . ... oL 1575
MANOVA . . . o v v e e e e e e e e e e e e e e e e 1576
mantelhaen.test . . . . . . . L. L 1577
mauchly.test . . . . . . . 1579
MCNEMALIESt . . . . . . . . o o e e e e e e e e e e e e e e e e e 1581
median. . . . . ... e e e e e e e 1582
medpolish . . . . . . .. 1583
model.extract . . . . . . . . .. e 1584
model.frame . . . . . . . .. L. 1586
model.matrix . . . . . . ... e 1588
model.tables . . . . . . ... e 1590
monthplot . . . . . . . L e e e e e 1591
mood.teSt . . . . . L e e e e e e 1593
Multinom . . . . . . .. e e e 1595
NA.ACHON . . . . . . . ot o e e e e e e e e e e e e e e e e 1596
NA.CONLZUOUS .« . . . v v v ottt it e e e et e e e e 1597
nafail . . . . .. 1597
NAPIINt . . . . . . L L e e e 1598
naresid . . . . .. L. L e e 1599
NegBinomial . . . . . . . . . . . . 1600
NEXIN . . . . . . e e e e e e e 1602
NIM .. e e 1603
nlminb . . . . .. 1605
IS . . e e 1608
nls.control . . . . . . L. e 1614

NLSStASYyMptotic . . . . .« o v v vt e e e e e e e 1615



XXI1

NLSstClosestX . . . . . . o o 1616
NLSstLfAsymptote . . . . . . . . . . o e e 1616
NLSStRtAsymptote . . . . . . . . . . o e e 1617
nobs . . L 1618
Normal . . . . . . . e 1619
numericDeriv . . . . .. 1621
offset . . . .. 1622
oneway.test . . . ... L e 1623
OPLIM . . . . o oo e e e 1624
OPHIMIZE . . . . o v v o o e e e e e e e e e e e e e e e 1629
orderdendrogram . . . . . . ... L. e e 1631
padjust . ..o e 1632
Pair . . . . . 1634
PAIrWISe.prop.test . . . . . . ... e 1635
PAITWISE.LIESt . . . . . . e e 1636
pairwise.table . . . . . L. 1637
pairwise.wilcoxX.test . . . . . . ... 1637
plotact . . . . e e 1638
plotdensity . . . . . ... 1640
plotHoltWinters . . . . . . . . . . . . 1640
PIOLASOTEE . . . . . . o e e e e e e e 1641
plotIm . . . . .. 1643
PlOt.PPr . . e 1646
plotprofile . . . . . . . . . e 1647
plotprofilenls . . . . . . . .. 1649
PIOtSPEC . . . . L 1650
plot.stepfun . . . . . ... 1651
PIOtES . . e 1653
Poisson . . . . . . . .. 1654
POISSOMLEES . . . . . . o o o e e e 1656
POly . e 1658
POWET .« o o i e e e e e e e e e 1659
power.anova.test . . . ... ... L 1660
POWEL.PIOP.LESt . . . . . o o ot e e e e e e 1661
POWELLIESt . . . . . o o e e e e e e e e 1663
PPtest . . . . . o 1664
PPOINES .« . . o o e e e 1665
PDT - o o e e e 1667
PICOMD . . .t ot it e e e e e e e e e e e 1670
predict . . . .. e e e e e 1673
predict. Arima . . . . . . .. L. 1674
predict.glm . . . . .. 1675
predict HoltWinters . . . . . . . . . . . . . . e e 1677
predict.m . . . . . .. 1678
predict.loess . . . . . ... 1681
predictnls . . . ... e e 1682
predict.smooth.spline . . . . . ... .. oL oL 1684
preplot . . . oL 1685
PriNCOMP . . . . . o o e e e e e e e 1686
print.powerhtest. . . . . . .. L. 1688
PINLES « . o o o o e e 1689

printCoefmat . . . . . . . . . ... 1690



XXii

profile . . . .o 1692
profile.glm . . . . . . . e 1692
profilenls . . . . ... 1694
PIOJ o v e e e e e 1695
PIOPAESt . . . . L e e e 1697
prop.trend.test . . . ... L 1699
a1 T ) 0 0 1P 1700
quade.est . . . ... e e 1702
quantile . . . .o 1704
r2dtable . . ... 1707
read.ftable . . . . . . ... L 1708
rect.hclust . . . . . . 1710
relevel . . . .o 1711
reorderdefault . . . . . ... 1712
reorder.dendrogram . . . . . ... Lol 1713
replications . . . . . . .. e e e e e 1714
reshape . . . . . 1716
residuals . . . . oL L 1720
runmed ... L e e e e e e e 1720
rWishart . . . . L L L 1723
scatter.smooth . . . . . ... 1725
screeplot . . . ..o e 1726
SA 1727
SE.CONMIASE . .« o v v v v v v e e e e e e e e e e e e 1727
selfStart . . . . . L 1729
setNames . . . . . . .. e 1731
shapiro.test . . . . . . . L e e e e 1732
SIMA . . . . e e 1733
SignRank . . . . . . . . e e 1735
simulate . . . . .. e e e e e 1737
SMINOV . . . . o oo o e e 1738
SMooth . . . . . . L e 1740
smooth.spline . . . . . . . . . L e e 1742
smoothEnds . . . . . . . .. 1746
sortedXyData . . . . . . .. e 1748
SPEC.AT .« . vttt e e e e e 1749
SPEC.PEIAML . o o o v e e e e e e e e e e e e e e 1750
SPEC.LAPET .« . v i e e e e e e e e e e e e e e e e e e e 1752
SPECIIUI .+« v v v v v e e e e et e e e e e e e e e e e e e e 1753
splinefun . . . . . ... e 1754
SSasymp . ... e e e e 1758
SSasympOff . . . . . .. 1760
SSasympOrig . . . . .. e e e e 1761
SSDIEXP . . . o 1763
SSD . 1764
SSfol . e 1765
SSEpl . 1767
SSEOMPErtz . . . . . . e e 1768
SSIOZIS . . . o e e e e 1769
SSmicmen . . . ... 1771
SSweibull . . . . . L 1772

STATL . . . . . . e e e e e e e 1773



StALANOVA . . . . .. e e 1774
stats-deprecated . . . . . . L. L e e e 1775
] 7] o P 1775
stepfun. . . . . L 1778
StL 1780
stlmethods . . . . . . . . .. 1782
StructTS . . . e 1783
SUMMATY.A0V .+« 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 1785
summary.glm . . . ... e e e e e e e e 1786
summary.Im . . ..o 1788
SUMMATY.MANOVA . . . . . . v v v v v e e e e e e e e e e e e 1790
summary.nls . . ... e 1792
SUMMATY.PINCOMP .+ .+« v v v v v e e e e e e e e e e e e e e e e e e 1793
SUPSIIIU . 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 e 1794
SYMNUIM . . . o ottt e e et e e e e e e e e e e e e 1795
LEESE . . o o e 1798
TDist . . . e 1800
termplot . . . .. 1802
TBIMS . . . o o e e e e e e 1805
terms.formula . . . ..o Lo 1806
termS.object . . . . ... 1807
HIME . . o o e e e e e e e e e e e e e e e e e e e e e 1808
toeplitz . . . . L e 1809
IS e e 1811
ts-methods . . . . ... 1813
tS.PlOt . . e e e e e 1814
ESLUNION . . . . o et s e e e e e e e e e e e e e e e e e e e 1814
tsdiag . . . .o e 1815
ESP o o e 1816
tsSmooth . . . . . .. 1817
Tukey . . . . . e e e 1818
TukeyHSD . . . . . e 1819
Uniform . . . . . . . . e 1821
UNITOOL . & 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 1822
update . . ..o L e 1825
update.formula . . . . ... L e 1827
VALIESt . . . . o e e e e e e e e 1828
VAMMAX . . 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 1829
VEOV o o v o e e e e e e e e e e e e e e e e e e e e e 1830
Weibull . . . . e e 1831
weighted.mean . . . . . . . ... L 1833
weighted.residuals . . . . . . . . L 1834
weights . . . . e 1835
WIICOX.EESt . . . . . . e e e e 1835
WIICOXON . . . . . . e e e e 1839
WIndow . . . .. e 1841
XtabS . . . e 1842
11 The stats4 package 1847
statsd-package . . . . ... 1847
coef-methods . . . . . . . . . . . e 1847
confint-methods . . . . . . . ... L e e 1848

logLik-methods . . . . . . . . . . e 1848



XX1V

mMIE . .. e e e 1848
mle-class . . . ... e e e e e e e 1852
plot-methods . . . . . . ... 1853
profile-methods . . . . . . . ... 1853
profilemle-class . . . . . . . ... 1854
show-methods . . . . . . . . . L 1855
summary-methods . . . . . ..o 1855
summary.mle-class . . . . . ... 1856
update-methods . . . . . . ... 1856
veov-methods . . . . . . L 1857
12 The tcltk package 1859
teltk-package . . . ... 1859
Tcllnterface . . . . . . . . . . . e 1859
telServiceMode . . . . . . . L. e 1864
TkCommands . . . . . . . . . . . . e 1865
tkpager . . . .. L 1868
tkProgressBar . . . . . . ..o 1869
tkStartGUL . . . . . . . e 1870
TkWidgetemds . . . . . . . . L e e 1871
TkWidgets . . . . . . . . e 1873
tk_choose.dir . . . . . . . . s 1875
tk_choose.files . . . . . . . 1876
tk_messageBoxX . . . . ... 1877
tk_select.list . . . . . .o 1878
13 The tools package 1879
tools-package . . . . . ... 1879
printviaformat . . ... L L L L e 1879
add_datalist . . . . . . .. e e e e e e e 1880
assertCondition . . . . . . . . L. e e e e e e 1881
bibstyle . . . . . e e 1882
buildVignette . . . . . . . . . . e e 1884
buildVignettes . . . . . . . . . . e e e e 1885
charsets . . . . . .. e e e e e 1887
checkFF . . . . . L e 1888
checkMDSsums . . . . . . . .. e e e e 1889
checkPoFiles . . . . . . . . . . . e 1890
checkRd . . . . . . . e 1891
checkRdaFiles . . . . . . . . . . . . e 1893
checkTnF . . . . . . . e 1894
checkVignettes . . . . . . . . . . L e 1895
check_packages_in_dir . . . . . . . . . ... 1896
CodOC . . . e e 1899
compactPDF . . . . . . 1901
CRANLMOOIS . . . . . e e e e 1902
delimMatch . . . . . . . . . e 1905
dependsOnPkgs . . . . . . . . L e 1905
encoded_text_to_latex . . . . . . ... 1906
fileutils . . . . . . e e e 1908
find_gs_cmd . . . . . . .. e 1909
getVignetteInfo . . . . . . . .. L 1910

HTMLheader . . . . . . . . . . . . e e 1911



XXV

HTMLIinks . . . . . . . o 1912
loadRAMacros . . . . . . . . oo e e e 1912
makevars . . . ... e e e 1914
make_translations_pkg . . . . . . ... 1914
matchConcordance . . . . . . . . . . . . . . . e 1915
mdSsum . . ... e e e e e e 1917
package_dependencies . . . . . .. ..o 1918
package_native_routine_registration_skeleton . . . . . . ... ... L. 1919
parselateX . . . . .. e e e e e 1922
parse_Rd . . .o 1923
Pkg2HTML . . . . . . e 1925
pskill . . e 1926
PSNICE . . . o e e e e e e 1928
QC . e 1929
Remd . . . o . e 1930
RAZHTML . . . . . e 1931
Rd2txt_options . . . . . . . . .. 1934
RAiff . . . 1935
Rdindex . . . . . . . . e 1936
RdTextFilter . . . . . . . . . . e 1937
Rdutils . . . . . . . e 1938
read.00Index . . . . . . . .. e e 1939
showNonASCII . . . . . . . . e 1939
startDynamicHelp . . . . . . . . . ... 1940
SweaveTeXFilter . . . . . . . . . . .. e 1941
testlnstalledPackage . . . . . . . . . ... L 1942
texXi2dvi ... e 1944
toHTML . . . . . . e 1945
tools-deprecated . . . . . . .. L. 1946
toRd . . . e 1946
toTitleCase . . . . . . . . e 1947
undoc . ... e e e 1947
update_PACKAGES . . . . . . . . . . e 1948
update_pkg po . . ... L L 1951
userdir . . . ... e e 1952
vignetteEngine . . . . . .. L. e e 1953
vignetteInfo . . . . . . oL L 1955
write_PACKAGES . . . . . . . . . e 1955
XgetteXt . . . .. 1957
14 The utils package 1961
utils-package . . . . ... 1961
adist . . . . e e e e e 1961
alarm .. L L e e e e e 1963
APIOPOS  + ¢ o e e e e e e e e e e e e e e e 1964
ATEZEXEC .« « 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 1965
arrangeWindows . . . . .. L L e e e e 1967
askYesNO . . . . . . e 1968
aspell . . .o 1969
aspell-utils . . . . . . L 1971
available.packages . . . . . .. ... 1973
BATCH . . . . . e 1975

bibentry . . . . . .. e 1976



XXV1i

browseEnv. . . . . .. 1981
browseURL . . . . . . . . .. e 1982
browseVignettes . . . . . . . ... 1984
bugreport . . . ... e 1985
CaPture.OULPUL . . . . . . . . ottt e e e e e e e 1987
changedFiles . . . . . . . . . . . .. 1988
charClass . . . . . . . . e 1990
choose.dir . . . . . . . . .. 1992
choosefiles . . . . . . . . L e 1993
chooseBioCmirror. . . . . . . . . . .. 1994
chooseCRANmMirror . . . . . . . . . . . . . e 1995
CItAtion . . . . . . .. e 1996
CItE . . . o e 1998
CitEntry . . . . L 2000
clipboard . . . . . .. 2001
close.socket . . . . . .. 2002
combn . . ... e e 2003
CompareVErSion . . . . . . v v vt e e e e e e e e e e e e e e e e e e e e 2004
COMPILE . . . . . . e 2005
contriburl . . . . . L L e e e e 2006
countfields . . . . . . . L 2006
Create.post . . . . . . . ... e 2007
data . ... 2009
dataentry . . . ... . e e e e e e e 2011
debugcall . . . . . .. 2013
debugger . . . ... 2014
demo . . .. e 2016
DLL.VErsion . . . . . . . . . o e e e e e e e e e e e e e 2018
download.file . . . . .. . ... ... 2019
download.packages . . . . . .. ... 2023
edit . .. 2024
edit.dataframe . . . . . . . .. ... 2025
example . . ... 2027
file.edit . . . . . .. 2029
file_test . . . . .. e 2031
findCRANMIITOr . . . . . . . o . e e e e e e e e e e e e e 2032
findLineNum . . . . . . . .. 2033
fiX . e 2034
flush.console . . . . . . . . ... e 2035
format . . . . . L 2036
getAnywhere . . . . . L. e 2037
getFromNamespace . . . . . . . . . .. L e 2038
getParseData . . . . . ... e e 2039
getS3method . . . . .. L 2041
getWindowsHandle . . . . . . .. . ... Lo 2042
getWindowsHandles . . . . . . . . . . . .. 2043
glob2rx . .o L e 2044
globalVariables . . . . . . . . .. 2045
hashtab . . . . . . . . e 2047
hasName . . . . . . . . . . e e e 2050
head . . . . . . L 2051



helprequest . . . . . . . oL 2056
help.search . . . . . . . . e 2057
help.start . . . . . . . . 2060
hsearch-utils . . . . . . . . . L 2061
INSTALL . . . 2062
install.packages . . . . . . . ... 2065
installed.packages . . . . . . . . . L. e e e 2070
isS3method . . . . . . L 2071
isS3stdGeneric . . . . ... 2072
LINK . . e 2073
localeToCharset . . . . . . . . . . . . e e 2074
ISSSIr . o o e 2075
Maintainer . . . . . . . . . .. e e e e 2076
make.packages.html . . . . . ... Lo 2077
make.socket . . . ... 2078
MENU . o ottt e e e e e e e e e e e e e e 2079
methods . . . . .. L 2080
mirrorAdmin . . . ... 2082
modifyList. . . . . . . 2083
DEWS & o 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 2084
nsl . e 2086
object.size . . . . . . .. 2087
package.skeleton . . . . ... 2089
packageDescription . . . . . . . ... e e e 2091
packageName . . . . . . . ... 2093
packageStatus . . . . .. L 2094
PACE . o o e e e e 2096
PEISON . . . . . o it e e e 2096
personList . . . . .. e e e e e 2100
PkgUtils . . . . . . . e 2100
PIOCESS.EVENLS . . . . . . v o vt i e e e e e e e e e e e e e e 2101
PIOMPL . . . . o o o e e e e e e e e e e e e e 2102
promptData . . . . . .. 2104
promptPackage . . . . . . ... 2105
QUESHION . . . . . .. e e e e e e e 2106
e8] 10174 PPN 2108
read DIF . . . . o L 2113
read.fortran . . . . .. L 2116
read Wl . . L L L 2117
read.socket . . .. L. 2119
read.table . . . ... 2120
readRegistry . . . . . . . . L 2125
TECOVET  « v v v v v e e e e e e e e e e e e e e e 2126
TeliSt . . . . e e 2127
REMOVE . . . . e 2130
remove.packages . . . .. L e e 2130
TEMOVESOUICE . . . . . v v v v v et e et e e e e e e e e e e 2131
RHOME . . . . e 2132
TOMAN © © . vt v v e e e e e e e e e e e e e e e e 2132
Rprof . . . . e 2134
Rprofmem . . . . . . . . . 2137

Rscript . . . . . o e 2138



XXViii

RShowDoc . . . . . . e 2140
RSiteSearch . . . . . . . . 2141
TEAZS © o o o o e e e e e e e e e e e e e e 2142
Rtangle . . . . . . . e 2144
RweaveLatex . . . . . . . . . . . e 2146
Rwin configuration . . . . . . . . . ... 2150
SAVEhiStOTY . . . . . . . L e e e e e e 2151
select.list . . . . L e e 2153
sessionlnfo . . . . L. 2154
setRepositories . . . . . . . . L e 2156
setWindowTitle . . . . . . . . . . . L 2157
SHLIB . . . . e 2159
shortPathName . . . . . . . . .. . .. 2160
sourceutils . . . ... L L 2161
stack . . . L e 2162
] 2163
SIICAPLUTE .« . v v v e e e e e e e e e e e e e e e e e e e e 2167
summaryRprof . . . . . .. 2168
SWeAVE . . . . . e e e 2170
SweaveSyntConv . . . . . ..o e e 2172
7 P 2173
tolateX . . . . . e e e e e e 2176
txtProgressBar. . . . . .. L 2176
EYPE.CONVETT . . . . . v v vttt e it e e e e e e e e e e e e 2178
1010171 2180
UNZIP .« . o o o e e e e e e e 2183
update.packages . . . . . .. 2184
upgrade . ... e 2186
url.show . . . . L L 2187
URLencode . . . . . . . . e 2188
utils-deprecated . . . . . .. L e e 2189
VIBW . . . e 2189
VINEME . . . . o e e e e e e e e e 2190
warnErrList . . . ... oL 2191
winDialog . . . . . .. e e 2192
WINEXITAS © . 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 2193
WINMENUS . . . . . . . o e e e e e e e 2194
winProgressBar . . . . . ... Lo 2196
write.table . . . . .. L e 2197
ZID o o e e e 2200
I 2201
15 The KernSmooth package 2203
bkde . . . . . e 2203
bkde2D . . . . e 2204
bkfe . . . . e 2206
dpih . . . e e 2207
dpik . . . e 2208
dpill . . . e 2209



16 The MASS package 2213
abbey . .. e 2213
accdeaths . . . . . . .. e 2213
addterm . . . . .. L e e 2214
ALdS2 . . e e e e e 2215
Animals . . . . ... 2216
ANOTEXIA . . . . v v v o e e e e e e e e e e e e e e e e e 2217
anova.negbin . . . ... oL e e e e e e 2217
ATCA . . v v v e e e e e e e e e e e e e e e 2218
bacteria . . . . . . . . . e e e e e e 2219
bandwidth.nrd . . . . . . . . . . . 2220
DOV . e e e 2221
beavl . . .o e e e e 2222
beav2 . . . e e e 2223
Belgian-phones . . . . . . . ... 2224
DIOPSY . . . . e e e 2225
birthwt . . . . . . e e e 2226
Boston . . . . .. e e 2227
DOXCOX . . . . . e e e e 2228
cabbages . . . . ... e 2229
caith . . . . . e 2230
CarsO3 . . . e 2230
CALS . . o e e e e e 2232
COMENL . . . . v v v v i e e e e e e e e e e e e e e e e e e e 2232
chem . . . . .. 2233
CONZLT . . v o o e e e e e e e e e e e e e e e 2234
confint-MASS . . . . e 2234
contr.sdif . . ... L 2235
COOP & v v v e e e e e e e e e e e e e e e e 2236
COITESP .+ 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 2236
COV.IOD . . . . . L e e e 2238
COV.LTOD . . . o o e e e e e 2240
CPUS « o v v e e e e e e e e e e e e e e e e e e 2241
Crabs . . . .. e e 2242
Cushings . . . . . . . o e e e 2242
DDT . . . e 2243
deaths . . . . . . . . e 2243
denumerate . . . . . . . .. e e e e e e e e e e 2244
dOSE.P . . o e e 2245
dArivers . . . . . . e e e e 2245
dropterm . . . . . . .. e 2246
eagles . . . . L 2247
epil . . e e e 2248
eqscplot . . . oL L 2250
farms . . . . 2251
fel . e e 2252
fitdistr . . . . .. e 2252
forbes . . . . .. e 2254
fractions . . . . . . . .. e e 2255
GAGUIINE . . . . . . . e 2256
galaxies . . ... 2257

gamma.diSpersion . . . . . .. L. L. e e e 2257



XXX

gamma.shape . . . . . . . L 2258
gehan . . . L L 2259
GENOLYPE .« . v v v v e e e e e e e e e e e e e e e e e 2260
BEYSCT . vt o i e e e e e e e e e e e e e 2261
gilgais . . . . . L e 2261
SNV . . L e e 2262
gIM.CONVEIT . . . . . . . . e e e e e e e 2263
glmmnb . . .. 2264
glmmPQL . . . .. 2265
hills . . . e 2266
hist.scott . . . . . . . e e e e e 2267
housing . . . . . . . 2268
huber . . . . . 2269
hubers . . . . . . e e e 2270
IMMEr . . . . oo oo e e 2271
Insurance . . . . . . .. 2272
1ISOMDS . . e 2273
kde2d . . . . e 2274
Ida . . . . e 2275
Idahist . . . . . .. 2278
leuk . . . e 2279
Im.gls . . . . 2280
Imridge . . . . . . L 2281
loglm . . . . . e 2282
logtrans . . . . . ... e e 2284
Igs . o o e 2285
mammalS . . ... e e e 2288
MCA . . vt v v e e e e e e e e e e e e e e e 2289
MCYCIE . . . . o e e e e e e e e 2290
Melanoma . . . . . . . ... e e e 2290
menarche . . . . . . .. 2291
michelson . . . . . .. 2292
minn38 . . ... e e e 2292
001010 P 2293
muscle . . . .o e 2294
MVINOIT . . & v v v v v e e et e e e e e e e e e e e e e e e e 2295
negative.binomial . . . . ... 2296
newcomb . ... 2297
nlschools . . . . . . . . 2297
NPK . o e e e 2298
nprl . .o e 2299
Null . . e 2300
0AS . v v e e e e e e e e 2301
OME . . . e 2302
PAINIEIS . . . . . . e e 2304
pairsdda . . .. oL L e 2305
parcoord . . .. oL L. e e e e 2306
petrol . .o L 2307
Pimadtr. . . . . .. 2308
plotlda . . . . . . 2309
plotmea . . . ... 2310

POIr . e e 2310



predict.glmmPQL . . . . . . ... 2313
predictdda . . . . . . .. e e 2314
predictlgs . . . . .. e e 2315
predictmea . . . . .. 2316
predict.gda . . . . . .. 2317
profile.glm . . . . . .. 2318
qda. . .o e 2318
QUINE . o 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 2320
Rabbit . . . . . . e 2321
rational . . ... L L e e 2322
TENUIMETAE . . . . . . v vt e v e e e e e e e e e e e e e e e e e e e 2323
rlm . .. e e e 2323
TMS.CUTV . o o v b vt e e e e e e e e e e e e e e e e e e e e e e e e 2326
megbin . . . . . L e e e 2327
road . . .o e e e 2328
rotifer . . . . . L 2328
Rubber. . . . . . . e 2329
SAMIMON . . . & v v vt e e e e e e e e e e e e e e 2330
ShIPS . . . e e 2331
shoes . . . . L 2332
shrimp . . . . . e 2332
shuttle . . . . . . e 2333
Sitka . . . . L e 2333
Sitka89 . . .. e 2334
SKYE . . o e e e 2335
snails . ... L 2336
SP500 . . . . e e e 2337
stdres . . . . L e 2337
SEAM . . . . . e 2338
StepAIC . . . e e 2338
] 1)1 001 2340
SUATES . . . . . . e e e e 2341
summary.loglm . . . . . ..o 2342
summary.negbin . . . . .. ..o 2343
summary.rlm . . ..o e 2344
SUIVEY & 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 2345
SYNthutr . . e e e e e 2346
thetamd . . . . . . . .. e 2346
1703 00 P 2348
Traffic . . . . . . . e 2348
truehist . . . . . .. e 2349
UCV . o o e e e e e e e e e e e e e e e e e e 2350
UScereal . . . . . . . . . e e 2351
UScrime . . . . . . . e e e e 2352
VA e e 2353
waders . . . ... e e e 2353
whiteside . . . . . ... 2355
width.ST . . . e 2356
WIItE.MALTIX . . . . . o o o e o e et e e e e e e e e e e e e e e e e 2357
WHOSS . . . o e e e e 2358
17 The Matrix package 2359

ablndex-class . . . . . . . . .. e e 2359



XXXI11

ablseq . . . . . 2360
allequal-methods . . . . . . . . . L 2361
asUniqueT . . . . . . . . e 2362
band-methods . . . . . . ... 2363
bandSparse . . . . . .. L 2365
bdiag . . . .. e 2366
boolmatmult-methods . . . . . . . . . . ... .. 2368
BunchKaufman-class . . . . . . . . ... ... ... . ... 2369
BunchKaufman-methods . . . . . . ... ... ... ... 2372
CABX . . e 2373
chbind2-methods . . . . . . . . . . .. 2374
CHMfactor-class . . . . . . . . . . . i i 2375
chol-methods . . . . . . . . . . e 2379
chol2inv-methods . . . . . . . . . . . . . e 2382
Cholesky-class . . . . . . . . . . 2384
Cholesky-methods . . . . . . . . . . . L 2386
coerce-methods-graph . . . . . .. ..o 0oL 2392
coerce-methods-SparseM . . . . . . ... e 2393
colSums-methods . . . . . . . . . . .. 2394
condest . . ... e e e e e e e e e e e e 2395
CsparseMatrix-class . . . . . . . . . . . e e e 2397
ddenseMatrix-class . . . . . . . . . .. 2399
ddiMatrix-class . . . . . . . ... 2399
denseLU-class . . . . . . . . . . . e e 2400
denseMatrix-class . . . . . . . . ... e e e e e e 2402
dgCMatrix-class . . . . . . . . . . e e 2403
dgeMatrix-class . . . . . . . . .. e e 2404
dgRMatrix-class . . . . . . . . . . . e 2405
dgTMatrix-class . . . . . . . . o e e e e e e e e e 2406
Diagonal . . . . . . . . . 2407
diagonalMatrix-class . . . . . . . ... 2409
diagU2N . . . oo e 2410
dimScale . . . . . . . ... e 2412
dMatrix-class . . . . . . . L 2413
dmperm . . . ... e e e e 2414
dpoMatrix-class . . . . . . . ... 2416
drop0 . . . e 2417
dsCMatrix-class . . . . . . . . . e e e e e 2419
dsparseMatrix-class . . . . . . ... .. 2420
dsRMatrix-class . . . . . . . . . . e e e e 2421
dsyMatrix-class . . . . . . . .. e e e 2422
dtCMatrix-Class . . . . . . . o v e e e e e e e e e e e e 2423
dtpMatrix-class . . . . . . . .. e e e e e e e e 2425
dtRMatrix-class . . . . . . . . . . e 2426
dirMatrix-class . . . . . . ... 2427
expand-methods . . . . . . . L. L e 2429
expm-methods . . . . . ... L e 2431
externalFormats . . . . . . . ... 2432
facmul-methods . . . . . . . ... 2434
fastMisSC . . . . . . . e e e e e e 2435
forceSymmetric-methods . . . . . . . ... oo 2439

formatSparseM . . . . . .. L e 2440



XXXiii

generalMatrix-class . . . . . . .. L. 2441
Hilbert . . . . . . . . e 2442
image-methods . . . . . . . .. 2442
index-class . . . . . ... e e 2445
indMatrix-class . . . . . . . ... 2445
invertPerm . . . . . ... L 2448
is.na-methods . . . . . ... L 2449
iS.null.DN . . . L e e e e 2450
isSymmetric-methods . . . . . . ... oL 2451
isTriangular-methods . . . . . . . . . . . . .. 2453
KhatriRao . . . . . . . . . e 2454
KNex . . . e e 2456
kronecker-methods . . . . . . ... 2457
IdenseMatrix-class . . . . . . . . . ... 2457
IdiMatrix-class . . . . . . . . .. e e 2458
IgeMatrix-class . . . . . . . .. e e 2459
IsparseMatrix-class . . . . . . . . . ... 2460
IsyMatrix-class . . . . . . . . o e e e e e e e 2461
ItrMatrix-class . . . . . . . . . . e e e e e 2462
Iu-methods . . . . . . . . . e 2463
mat2triplet . . . . . .. e e e e e e 2466
matmult-methods . . . . . . ... 2467
Matrix . . . . .. e e e e e e e 2469
Matrix-Class . . . . . . . .. e e e e e e e e 2471
Matrix-notyet . . . . . . . . .. e e e 2473
MatrixClass . . . . . . . . . e e e e e 2473
MatrixFactorization-class . . . . . . . . . . . . ... 2474
ndenseMatrix-class . . . . . . . . ... 2475
nearPD . . . .. e 2476
ngeMatrix-class . . . . . . ... 2479
nMatrix-class . . . . . ... e 2480
nnzero-methods . . . . . . . ... 2481
norm-methods . . . . . . . .. L 2482
nsparseMatrix-class . . . . . ... 2483
nsyMatrix-class . . . . . .. L e e 2485
ntrMatrix-class . . . . . . .. e 2486
pack-methods . . . . . . ... 2487
packedMatrix-class . . . . . . ... e 2488
pMatrix-class . . . . . . ... 2489
printSpMatrixX . . . . . . . e e e e e e e 2491
gr-methods . . . . . .. 2494
rankKMatriX . . . . . ... e e e e 2497
rcond-methods . . . . . ... 2499
rep2abl . ..o 2501
rleDiff-class . . . . . . . . . e e 2502
TSPATSEMALTIX . . . o v v o e e e e e e e e e e e e e e e e e e e e 2503
RsparseMatrix-class . . . . . . . . . . . L e 2504
Schur-class . . . . . . . . . e 2505
Schur-methods . . . . . . . . . . e 2507
solve-methods . . . . . . . . . .. 2508
sparse.model.matrix . . . . . . . ... 2511

sparseLU-class . . . . . . . . L e 2513



XXX1V

sparseMatrix . . ... L. e e e e 2515
sparseMatrix-class . . . . . . L. e e e 2518
sparseQR-class . . . . . ... 2520
SParseVector . . . . . . ... e e 2524
sparseVector-class . . . . . . .. L.l 2525
SPMALIiX . . . . o o e 2528
subassign-methods . . . . . . . ... L 2529
subscript-methods . . . . . . . L. e e 2530
symmetricMatrix-class . . . . . ... L. 2531
symmpart-methods . . . . . ... 2532
triangularMatrix-class . . . . . . .. ... 2533
TsparseMatrix-class . . . . . . . . . .. L 2534
unpackedMatrix-class . . . . . . ... e e 2535
updown-methods . . . . . . . .. 2536
USCounties . . . . . . . . o o e e 2537
wrld_Ideg . . . . . . 2538
18 The boot package 2541
ADC.CI . v o e e e 2541
o) 1 0 2543
aAldS . .. e e e 2543
aircondit . . . ... e 2544
AMIS . . o o e e e e e e e e e e e 2545
aml ..o e 2546
beaver . . . . . . e e e 2547
bigeity . . . . . e 2548
bOOt . . e e 2548
boot.array . . . . . .. e e 2554
DOOL.CL . . . . o o o e 2555
brambles . . . . . .. 2558
breslow . . . . . e e e 2559
calcium . . . .. e e e e e e 2560
CANC . o v v et e e e e e e e e e e 2561
capability . . . . . .. e e e e 2562
catsM . . . e 2562
CAV . b v v e e e e 2563
cdd . e 2564
cddmested . . . . ... e e e e e e 2564
Censboot . . . . . . L e 2565
channing . . . . . . . . L e e e e 2569
claridge . . . . . . . e 2570
cloth . . . . . e 2571
cotransfer . . . . . .. L. e e e e e 2572
coal ... e e 2572
CONrol . . . . . . . e 2573
COTT . v v vttt e e e e e e e e e e e e e 2575
CUM3 . . . e e e 2576
cv.glm . .o 2576
darwin . . ... L e e e e e e e 2578
dogs . ... 2579
downsbc . . .. 2580
ducks . . . e 2581



XXXV

empinf . . ..o 2583
envelope . . . . . L L e 2585
exp.tilt . ..o 2587
1 2589
freqarray . . . . ... e e 2590
frets . . . . e 2590
glmdiag . . . . . . e e 2591
glmdiag.plots . . . . . .. L 2592
SIAVILY . . . o o e e e e 2594
hirose . . . . . . . L e 2594
Imp.Estimates . . . . . . .. .. ... 2595
imp.weights . . . . . . . 2597
INVIOgit . . . L e e e 2599
BSlay . . 2599
jackafterboot . . . ... 2600
k3dinear . . . . . . .. 2602
liNar.approX . . . . . . . o o e e e e 2603
lines.saddle.distn . . . . . . ... 2605
logit . . . . e 2606
MANAUS .« ¢ o v v v e e e e e e e e e e e e e e e e e e 2607
melanoma . . . ... L 2607
00 0] 10 ) 2608
NEUIO .+ o et e e e e e e e e e e e e e e e e 2609
nitrofen . . ... 2610
nodal . . ... 2611
NOMMLCL . . v vttt e e e e e e e e e e e e 2612
nuclear. . . . ... e 2613
paulsen . ... oL e e 2615
Plot.boot . . . . L e e 2615
POISONS .« . v v v v e e e e e 2618
polar . . . . L 2618
Print.boot . . . ... e e e e e 2619
printbootci . . . . .. 2620
printsaddle.distn . . . . . ... 2621
print.simplex . . ... L e e 2621
TEMISSION . . . . o v o o e e 2622
saddle . . . . . 2623
saddle.distn . . . . . ... e 2625
saddle.distn.object . . . . . . .. L. 2628
Salinity . . . . . . e e e e e e e 2629
SIMPIEX . . . . e e 2629
simplex.object . . . . . . ... 2631
smooth.f . . . . oL e 2632
SUNSPOL . . . . v o b e e 2634
survival ... e 2634
TAU . . . L e e e 2635
tiltboot . . . . L 2636
tShOOt . . . e 2639
tUNA . . . . e e 2642
UMNE . . o v vt v e e e e e e e e e e e e e e e 2643
vardinear . . ... L. 2644

WOOL . . e e e 2644



XXXVI

19 The class package 2647
batchSOM . . . . . . . e 2647
CONABNSE . . . . . v . e e e 2648
knn ..o 2649
knnev . .o 2650
knnl . .. 2651
Ivgl .« o 2652
Iva2 . e e 2653
Ivg3 . e 2654
Ivginit . . . . oL 2655
Ivqtest . . . . o e 2656
multiedit . . . . ... 2657
olvql . . . e 2658
reduce.nn . . . ... e e 2659
SOM . . o 2660
somgrid . ... oL e e 2661

20 The cluster package 2663
AZNES . o o e e e e e e e e e e e e e 2663
agnes.object . . . . .. L e e e e 2667
agriculture . . . .. L. L 2668
animals . . . ... 2669
bannerplot . . . . . . L L e e e 2670
chorSub . . . . . L 2672
clara . . . .o e 2673
clara.object . . . . . ... 2676
clusGap . . . .. e 2677
clusplot . . . . . e 2681
clusplot.default . . . . . . . . . . .. e 2682
coef.hclust . . . . . L . o e 2686
daisy . . ... 2687
diana . . . . .. 2690
dissimilarity.object . . . . . . ... 2693
ellipsoidhull . . . . . . . .. L 2694
fanny . ... L e 2696
fanny.object . . . . . .. 2698
flower . . . . . e 2699
lowerto.upper.triinds . . . . . .. L. 2700
medoids . . . ... 2701
0103 2702
MONA.ObJECt . . . . . . . . e e e e e e e e e 2704
PAIl . . . . L e e 2704
Pam.Object . . . . ... e 2708
partition.object . . . .. . L. L e 2709
plantTraits . . . . . . . . oL 2710
PlOt.agnes . . . . . .. e e e e e e 2712
plotdiana . . . . . . .. e e 2714
plotmona . . . . . .. 2715
plotpartition . . . . . . . ... 2717
pPltree . . . . L 2718
pluton . . . Lo e 2720
predictellipsoid . . . . . . . .. 2721

Print.agnes . . . . . . . ... e e e e e e e e e 2722



XXXVii

print.clara . . ... L. 2722
print.diana . . . . ... e 2723
print.dissimilarity . . . . . ... ... 2723
print.fanny . . . ... L e 2724
Print.mona . . . . . . ... e e e e e e e e 2725
Print.pam . . . . . .o e e e e e e e 2725
TUSPINL . . . 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 2726
silhouette . . . . . . . L. 2726
SIZEDISS . . ..o 2730
SUMMATY.AZNES .« « . v v v v v e e v e e e e e e e e e e e e e e e e e e 2731
summary.clara . . . . ... Lo e 2731
summary.diana . . . ..o L. oL e e e e e e 2732
SUMMATY.INONA .+« & v v o v v e v v e e e e e e e e e e e e e e e e e 2733
SUMMATY.PAM .« « « . o v v v e e et e e e e e e e e e e e e e 2733
twins.object . . . . . ... 2734
volume.ellipsoid . . . . . . . . . ... 2734
votes.repub . ... L L 2735
xclara . .. 2736
21 The codetools package 2739
checkUsage . . . . . . . . . e 2739
codetools . . . ... e 2740
findGlobals . . . . . . . . 2742
showTree . . . . . . . . . e 2742
22 The foreign package 2745
LoOKUP.XPOIt . . . . o v e 2745
readarff . . ... L 2746
read.dbf . . .. L 2746
read.dta . . ... L e 2748
read.epiinfo . . . . . ... 2749
read P . . . . L. e e e e e e e e 2751
read.OCtave . . . ... e e 2752
read.SPSS . . o o e 2752
read.ssd . ... L 2756
read.systat . . . ... L 2758
1ead.XPOTt . . . . o i e e e e e e e 2759
S3read functions . . . . . .. 2760
write.arff . .o 2761
write.dbf . . . L 2762
write.dta . . . .. e 2763
write.foreign . . . . ... L 2765
23 The lattice package 2767
A_Ol_Lattice . . . . . . . . e 2767
B_00_xyplot . . . . . e 2770
B_O1_xyplot.ts . . . . . o e e e e e e e 2788
B_02 barchart.table . . . . . . . . .. e 2791



XXXViil

B_O8_splom . . . . . . . 2813
B_09_tmd . . . . .. e 2817
B_10_rfs . . . . . e 2818
B_ll_oneway . . . . . . . . e e e e e 2819
C_Ol_trellis.device . . . . . . . . . o o i e e e e 2820
C_02a_standard.theme . . . . . . . . . . . e 2822
C_02b_trellis.par.get . . . . . . . o o e e e e e e e e 2824
C_03_simpleTheme . . . . . . . . . . . . . . e 2827
C_04_lattice.options . . . . . . . . .. e 2829
C_O05_print.trellis . . . . . . . . . e e e e 2831
C_06_update.trellis . . . . . . . . .. . e 2834
C_O7_shingles. . . . . . . . . e 2837
D_draw.colorkey . . . . . . ... 2838
D_drawkey . . . . . . L 2839
D _level.colors . . . . . . . . e e 2840
D_make.groups . . . . . . . .. e e e 2841
D_simpleKey . . . . . . . . . .. 2842
D_strip.default . . . . . . . . .. 2843
D_trellis.object . . . . . . . . . L e e e 2846
E_ interaction . . . . . . . . . e 2847
F_l_panelbarchart . . . . . .. . . . . . . . . e 2853
F_1_panelbwplot . . . . . . . . . . 2855
F_l_panelcloud. . . . . . . .. . . . 2857
F_l_panel.densityplot. . . . . . . . . . . . . . e 2861
F_1_paneldotplot . . . . . . . . . . . . 2863
F_l1_panelhistogram . . . . . . . . . . . ... 2864
F_1_panellevelplot . . . . . . . . . . . . e 2865
F_l_panelpairs . . . . . . . . . . 2867
F_l1_panel.parallel . . . . ... .. . . . .. e 2870
F_1 _panel.qgmath . . . . .. ... .. .. ... 2872
F_l_panelstripplot . . . . . . . . . . 2873
F_l_panel.xyplot . . . . . . . . . e e 2874
F 2 1lines . . . . . . . . . e 2877
F_2_panelfunctions. . . . . . . . . . . ... 2881
F_2 panel.doess . . . . . . . . . . e 2884
F_2_panel.qgmathline . . . ... ... ... ... 2885
F_2_panel.smoothScatter . . . . . . . . . ... ... 2886
F_2 panelspline . . . . . . . . . . . . e 2888
F_2 panelsuperpose . . . . . . . . ... ... 2889
F_2 panel.violin . . . . . . . . . .. 2891
F_3_prepaneldefault . . . . . ... ... ... ... 2892
F_3_prepanel.functions . . . . . . . . .. ... 2894
G_axisdefault . . . . . . . . e 2895
G_banking . . . . . . . .. 2899
G_latticeParseFormula . . . . . . . . . . .. 2900
G_packet.panel.default . . . . ... ... ... ... 2901
G_panel.axis . . . . . . .. e e 2902
G_panelnumber. . . . . . . ... 2904
G_ROWS . . . . e 2905
G_utilities.3d . . . . . . .. e 2906
H barley . . . . . . . . e 2907

H_environmental . . . . . . . . . . . . .. . e 2908



H_ethanol . . . . . . . . e 2909
H melanoma . . . . . . . . . . e 2910
H_singer. . . . . . . . . e 2911
H_USMortality . . . . . . . . . e 2912
LIset . . o e e e 2914
24 The mgcv package 2915
ANOVAZAMM . . . . . v v ot v et e e e e e e e e e e e 2915
bam . ... 2917
bam.update . . . . ... 2923
bandchol . . . . . . . .. 2925
betar . . . . . L e 2926
blas.thread.test . . . . . . . . ... 2927
bug.reports.mgev . . ... 2928
choldrop . . . . . . . . . 2929
choose.k . . . . . . L 2930
CNOIMIL .+« v v v vt e e e ettt e e e e e e e e e e e e 2933
columb . . .. e 2935
CONCUIVILY . . . . . L o it ittt e sttt e e e e e 2936
COX.Ph . . . e 2937
COX.pht . . . . L 2942
cSplineDes . . . . ... 2944
dDeta . . . . . e 2945
dpnorm . ... e e e e 2946
exclude.too.far . . . . . .. L 2947
extractlme.cov . . . . ... 2948
factor.smooth . . . . . . . L 2950
family.mgev . . . . L L 2951
FFRdes . . . . . . . e 2953
fix.familylink . . . . . ... L 2953
fixDependence . . . . . . . . .. ... 2955
formula.gam . . . . . ... 2956
formXtVIX . . .. 2958
fs.test . .. 2959
fullscore . . . . . .. e 2960
GAM . . v ot e e e e e e e e e e e e e e 2961
gam.check . . . . ... 2970
2am.control . . . ..o 2972
GAM.CONVEIZENCE . . . « o o o vt v e e e et e e e e e e e e e 2975
gamufit . . . . e e e e e 2976
gam.fit3 . . L L e e 2978
gam.fitS.post.proc . . . . . ... 2980
gammh . . ... 2981
gammodels . . . ... 2983
GAMLOULET . . . . v v v v e e e e e e e e e e e e e e e e 2989
GAMLIEPATAM . . . 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 2991
gam.scale . ... oL e e e 2992
gam.selection . . . . . ... 2992
gam.side . . ..o 2995
GAMLVCOIMP .« ¢ o v v e e v e e e e e e e e e e e e e e e e e e e e 2997
gam20bjective . . . . .. oL e e 2999
gamlss.etamu . . . . . . L. e e e e e e e e e e e 3000

gamlss.gH . . . . . . 3001



x1

SAMM . . ottt ot e e e e e e e e e e e e e 3002
gammals . . . ... L e e e e e e e 3008
gamObject . . . . . . .. 3010
SAMSIM . . . . L e 3013
gaulSS . ..o e e e e 3014
GELVAT . . . . L L e e e 3015
GEVISS . . e e e e 3016
gfam . . . e 3018
ginla . . .. 3020
gumbls . . . Lo e e e 3023
identifiability . . . . . . . . ... 3025
ILOUEL . . o o o 3026
influence.gam . . . . . ... L e 3027
mitial.sp . . . . L 3028
inSide . . . . 3029
INEETPIEt.AM . . . . o . v v ot e e e e e e e e e e e e e e e e e 3030
JAZAM . . L L e e e e e e e 3031
kicheck . . . o L e 3035
IdetS . . . . 3037
IdTweedie . . . . . . . . o e 3038
linearfunctional.terms . . . . . . ... 3039
loglik.gam . . . . . . . . L 3043
[S.SIZ€ . . . o e 3045
MAZIC . 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 3045
MAZIC.POSEPIOC . . . v v v o et e i e e e e e e e e 3050
mgcv.FAQ . . . . 3051
mgev.package . . . . . .. L e e e e e 3053
mgev.parallel . . ... 3055
MINLIOOLS .« . . . . v v ottt e e e e e e 3057
missing.data . . . . ... L 3058
model.matrix.gam . . . . . . ... L 3059
MONO.COM « « « v v v v v e e et e e e e e e e e e e e e e e 3060
001 (00 3061
multinom . . . . ... e 3062
MVIL .0 vttt e e e e e e e e e e e e e e e 3064
NCV . e 3065
negbin . . . . . L 3068
NEW.NAME . . . . o v v vt ettt e e e e e e e e e e e e e 3070
notEXp . . . . . 3071
NOtEXP2 . . . . e e 3072
null.space.dimension . . . . . ... ..o oo 3073
OCAL © v v v e e e e e e e e e e e e 3074
one.serule . . ... L e 3076
PClS o e 3077
pdldnot . . . ..o 3080
pdTens . . . . . L e e e 3082
penedf . ..o 3083
placeknots . . . ... 3084
plot.gam . . . . ... e e e 3085
polys.plot . . . . .. 3090
predict.bam . . . . . . L 3091

predict.gam . . . . ... e e 3094



Predictmatrix . . . . . . . . . . . e 3100
Predict.matrix.cr.smooth . . . . . .. ... ... oL 3101
Predict.matrix.soap.film . . . . . . . . . .. ... 3102
Print.gam . . . . . . .. e e e 3104
psum.chisq . . . . . . .. e 3105
0 T 251 1 3107
randomeeffects . . . . . . ... 3109
residuals.gam . . . . .o Lo 3111
TIZ . o 3112
TINVIL . o ettt e e e e e e e e e e e e e e e e e e e 3114
Rrank . . . . . 0 3115
rTweedie. . . . . . . . L 3116
S e e e 3117
SCAL . v L e e e 3119
sdiag . . . .. 3120
shash . . . . o e 3121
single.dndex . . . . ... L. 3124
SLINIIEp . . . . . o e e e e e e e e e 3125
Shrepara . . . . . . ... e e 3126
SLSEIUP . . . o o e e 3127
slanczos . . . .. 3128
SMOOth.CONSIIUCE . . . . . . . . . . oot e e e e e e 3129
smooth.construct.ad.smooth.spec . . . . . . ... ... oL 3134
smooth.construct.bs.smooth.spec . . . . . . . .. ... Lo o 3136
smooth.construct.cr.smooth.spec . . . . . . ... ... 0oL oL 3139
smooth.construct.ds.smooth.spec . . . . . . . .. ... Lo o 3141
smooth.construct.fs.smooth.spec . . . . . . . .. ... L L oo 3144
smooth.construct.gp.smooth.spec . . . . . . . . . ... 3146
smooth.construct.mrf.smooth.spec . . . . . . . . .. .. ... . 3149
smooth.construct.ps.smooth.spec . . . . . . . ... ..o oL oL 3151
smooth.construct.re.smooth.spec . . . . . . .. ..o oL 3154
smooth.construct.so.smooth.spec . . . . . . . . . ... 3156
smooth.construct.sos.smooth.spec . . . . . ... ... oL oL 3162
smooth.construct.sz.smooth.Spec . . . . . . . . . ... 3165
smooth.construct.t2.smooth.spec . . . . . . . . . .. .. 3167
smooth.construct.tensor.smooth.spec . . . . . . . .. . ... oo 3168
smooth.construct.tp.smooth.spec . . . . . . . ... Lo 3169
smooth.nfo . . . . . ... 3172
SMOOth.terms . . . . . . . . . e e e e 3173
smooth2random . . . . . ... L 3176
smoothCon . . . . . . . . . . e 3178
SP-VCOV o v v e e e e e e e e e e e e 3181
SPASIMLCONSIIUCE . . . . v v v v vt e e e e e e e e e e e e e e e e e 3182
SIEP.EAIM . . . . . ... e e 3183
SUMMATY.ZAM « « o . o v v v e e e et e e e e e e e e e e e e e 3184
B2 3188
B o e e 3192
tensor.prod.model.matrix . . . . . . . ..o 3196
totalPenaltySpace . . . . . . . .. 3198
trichol . . . . . . . e 3199
trind.generator . . . . . .. ... L e e e e 3200

Tweedie . . . . . . . e e e 3201



xlii

tWISS . . L e e 3203
UNiqUeCcOMDS . . . . . e e e e e e e e e e e e e e e 3205
VCOV.ZAMN  + & 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 3206
VIS.ZAM . . . .. e e e 3207
XWXA . . . e 3210
ZIP e 3213
ZIPISS . . e 3215
25 The nlme package 3219
ACF . . e e 3219
ACEgls . . o o e 3220
ACEIme . . . . . . . e e 3221
Alfalfa . . . . . . . e 3222
allCoef . . . . . . . e 3223
anova.gls . ... L 3224
anova.lme . . . . ... 3226
aS.MatriX.COrSIIUCt . . . . . . . . o o e e e e e e e e e 3229
as.matrix.pdMat . . ... e e e 3230
as.matriX.reStruCt . . . . . . . . e e e e e e e e 3231
asOneFormula . . . . . . . . . . . . . e 3232
ASSAY . . e e e e e 3232
asTable . . . . . . . . . e 3233
augPred . . . . . L L 3234
balancedGrouped . . . . . . . ... 3235
bdf . .. 3236
BodyWeight . . . . . . . . . . e 3238
Cefamandole . . . . . . . . . . . . . e 3238
Coef . . . e e 3239
coef.corStruct . . . . . . .. e 3240
coef.gnls . . . . . L e 3241
coefllme . . . . . . . .. e 3242
coefdmlist . . . . . ... 3243
coef.modelStruct . . . . . . . . ... 3245
coefpdMat . . . . . . e e e e 3246
coefreStruct . . . . . ... e e 3247
coefovarFunc . . . . . . L. L 3248
collapse . . . . . ... 3249
collapse.groupedData . . . . . . . . . . .. 3250
compareFits . . . . . .. 3251
comparePred . . . . . ... 3252
corARL . . . e 3254
corARMA . . . . e 3255
corCARL . . . . . e 3257
COrClIasses . . . . . . . i e e e e 3258
corCompSymm . . . . . . ... e e 3259
COTEXp . . . o o e e 3260
corFactor . . . . . . . . e 3262
corFactor.corStruct . . . . . . . . . . .. 3263
CorGaus . . . . . . e e 3264
corLin . . . ... e 3265
COrMALIiX . . . . . o o e o e e e e e e e e e e 3267
COrMatrix.corStruct . . . . . . . . . . e e 3268

corMatrix.pdMat . . . . . . ... e e 3269



corMatrix.reStruct . . . . . . . ... e 3270
corNatural . . . . . . . . L 3271
corRatio . . . . . . . . 3272
corSpatial . . . . ... e e e e 3273
corSpher . . . . . ... e 3275
COTSYMIM . . . . vttt et et e e e e e et e e e e 3277
Covariate . . . . . . . . 3278
Covariate.varFunc . . . . . . . . . oL 3279
Dialyzer . . . . . . . e 3280
Dim . . . e 3280
Dim.corSpatial . . . . . . . ... 3281
Dim.corStruct . . . . . . . . 3282
Dim.pdMat . . . . . . . e 3283
Earthquake . . . . . . . . . 3284
ergoStool . ... L e 3285
Fatigue . . . . . . . e 3285
fdHess . . . . . . . e 3286
fitted.glsStruct . . . . . . .. e e 3287
fitted.gnlsStruct . . . . ... 3288
fittedIme . . . . . . .. 3288
fitted.ImeStruct . . . . . ... 3289
fitted.ImList . . . . . . . .. 3290
fitted.nlmeStruct . . . . . . . .. 3291
fixed.effects . . . . . . . . L 3292
fixefdmList . . . . . . . . e 3293
formula.pdBlocked . . . . . . . ... 3294
formulapdMat . . . . . .. L e 3295
formula.reStruct . . . . . ... 3296
CAPPLY . . o e e 3296
Gasoline . . . . . . .. e e 3298
getCovariate . . . . . . . .. e 3298
getCovariate.corStruct . . . . . . . . . e e e e e e 3299
getCovariate.data.frame . . . . . . . ... ... o0 oL 3300
getCovariate.varFunc . . . . . . . . .o oL 3301
getCovariateFormula . . . . . . . . .. ... 3302
getData . . . . . L L e e e e 3302
getData.gls . . . . . . . 3303
getData.lme . . . . . . . .. 3304
getDatadmlist . . . . . . . ... 3305
etGIoups . . . ... e 3305
getGroups.COTSIIUCE . . . . . .« o v o ot e e e e e e e e e e e e 3306
getGroups.dataframe . . . . . . .. ... 3307
getGroups.gls . . . . . e e e 3308
getGroups.dme . . . . . . . 3309
getGroups.dmList . . . . . ... 3310
getGroups.varFunc . . . . . ... L 3311
getGroupsFormula . . . . . .. ..o 3312
getResponse . . . . ... 3313
getResponseFormula . . . . . . . ... L L 3314
getVarCov . . . . . L e e 3314
gls 3315

glsControl . . . . . . . L e e e 3317



xliv

glsObject . . . . . . 3319
glsStruct . . . . . e e 3320
Glucose . . . . . . . e e e 3320
GlUCOSE2 . . . . . L e 3321
gnlsS ..o e 3321
gnlsControl . . . . . . . . L 3323
gnlsObject . . . . . . . L e e e e 3325
gnlsStruct . . . ... 3326
groupedData . . . . . . . . L 3327
GSUMMATY © . v v o 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 e 3329
GUN . .. e e e e e 3331
IGF . . e 3331
Initialize . . . . . . . .. 3332
Initialize.corStruct . . . . . . . . . .. e e e 3333
Initialize.glsStruct . . . . . . . ... 3334
Initialize.ImeStruct . . . . . . ... 3334
Initialize.reStruct . . . . . . . .. e e e 3335
Initialize.varFunc . . . . . . . ... 3336
intervals . . . . .. e e e e 3337
intervals.gls . . . . ... 3338
intervalsdme . . . . . . . L 3339
intervals.Imlist . . . . . .. .. 3340
isBalanced . . . . . . ... 3341
isInitialized . . . . . . . L 3342
LDEsysMat . . . . . . . . e 3343
Ime . . . . 3344
Ime.groupedData . . . . . . . .. L 3347
ImedmList . . . . . . . e e 3349
ImeControl . . . . . . . . 3351
ImeObject . . . . . . . . e 3353
ImeStruct . . . . . . e e e e e 3354
ImList . . . . . e 3355
ImList.groupedData . . . . . . . . ... L 3356
logDet . . . . . . e 3357
logDet.corStruct . . . . . . . . .. e e e e e 3358
logDet.pdMat . . . . . . . . ... 3359
logDet.reStruct . . . . . . ... e e e 3360
logLik.corStruct . . . . . . . . . . e 3360
logLlik.glsStruct . . . . . . . . .. L 3361
loghik.gnls . . . . . . . 3362
logLik.gnlsStruct . . . . . . . . ... 3363
loghikdme . . . . . . . . . e 3363
logLik.ImeStruct . . . . . . . . .. e e 3364
loglikdmList . . . . . . . . ... 3365
loglikreStruct . . . . . . . oL 3366
logLik.varFunc . . . . . . . . . . e 3367
Machines . . . . . . . . e e e 3368
MathAchieve . . . . . . . . . . 3369
MathAchSchool . . . . . . . . .. 3369
Matrix . . . . e e e e e e e 3370
Matrix.pdMat . . . . . . .. 3370

Matrix.reStruct . . . . . .. e e e e 3371



Meat . . . . . e 3372
Milk . . . e 3373
model.matrix.reStruct . . . . ... L L 3373
Muscle . . . . . . 3374
Names . . . . . oot e 3375
Names.formula . . . . . . . ... 3376
Names.pdBlocked . . . . . . . . . . . .. e 3377
Names.pdMat . . . . . . . . ... 3378
Names.reStruct . . . . . . . . . e e 3379
needUpdate . . . . . . . . . e 3380
needUpdate.modelStruct . . . . . . . . ..o oL 3380
Nitrendipene . . . . . . . . ... 3381
nlme . . . .. e 3382
nlme.nlsList . . . . . .. 3384
nlmeControl . . . . . . . . L 3387
nlmeObject . . . . . . . . e e e e e e 3388
nlmeStruct . . . .. L. 3390
nIsLASt . . . o e 3391
nlsList.selfStart . . . . . . . . . . e 3393
Oats . . . o e 3394
Orthodont . . . . . . . . . e 3395
Ovary . . . . . e 3395
OXbOYS . . o o e 3396
Oxide . . . . . . . e 3397
pairs.compareFits . . . . . ... 3397
pairs.dme . . . ... 3398
pairsdmLlist . . . . . oL e 3400
PBG . . . e 3401
pdBlocked . . . . . . . e 3402
pdClasses . . . . . . . e 3403
pdCompSymm . . . . ... 3404
pdConstruct . . . . . . .. e e e e e 3405
pdConstruct.pdBlocked . . . . . . . ... ... oo 3406
pdDiag. . . . . 3408
pdFactor . . . . . .. e 3409
pdFactorreStruct . . . . . ... 3410
pdldent . . . . . .. 3411
pdLogChol . . . . . . . e 3412
pAMat . . . Lo e 3414
pAMatrix . . . . e e e e e e 3415
pAMatrix.reStruct . . . . . ... L e e 3416
pdNatural . . . . . . . 3417
pASymm . . .. e e e 3418
Phenobarb . . . . . . . .. 3420
phenoModel . . . . . . . L 3421
Pixel . . . . o e 3422
Plot ACF . . . . e 3422
plotaugPred . . . . . . . . 3423
plot.compareFits . . . . . . ... 3424
Plot.gls . . .o e 3425
plotintervals.ImList . . . . . . . ... oL 3427

plot.Ime . . . . . . . e 3428



xIvi

plotdmList. . . . . . . . 3429
plot.nffGroupedData . . . . . . . . . ... 3431
plotnfnGroupedData . . . . . . . . ... 3432
plot.nmGroupedData . . . . . . . .. ... 3434
plotraneflme . . . . . . . .. ... 3436
plotranefImList . . . . . . .. ... 3438
plot.Variogram . . . . . . . ... e e e e e 3439
pooledSD . . . . .. 3440
predict.gls . . . . .. 3441
predict.gnls . . . . . L. e e 3442
predictlme . . . . . .. 3443
predict.ImList . . . . . . ... 3444
predictnlme . . . . . ... L e e 3445
print.summary.pdMat . . . . ... 3447
print.varFunc . . . . ..o oL 3448
qqnorm.gls . . . . L. e e e e e e 3448
gqnorm.me . . . ... L. 3450
Quinidine . . . . . . .. 3451
quinModel . . . . ... 3452
Rail . . . e 3453
randomeeffects . . . . . . ... 3454
ranefdme . . . . . . L 3454
ranef.lmbist . . . . .. 3456
RatPupWeight . . . . . . . . . . e 3457
recalC ... oL e 3458
recalc.corStruct . . . . . . ... L 3459
recalc.modelStruct . . . . ... L 3460
recalcreStruct . . . . .. L 3461
recalc.varFunc . . . . . . oL Lo 3461
Relaxin . . . . . . . . e 3462
Remifentanil . . . . . . . . . ... 3463
residuals.gls . . . . . . L e 3464
residuals.glsStruct . . . . . ... Lo 3465
residuals.gnlsStruct . . . . . ... 3466
residuals.dme . . . . .. oL 3467
residuals.dmeStruct . . . . . ... 3468
residuals.dmlist . . . . . . L. 3469
residuals.nlmeStruct. . . . . ... oL 3470
TESITUCE . . . o o o e e e e e e e 3471
simulatelme . . . . ... L 3473
solvepdMat . . . . . .. e 3474
SOIVe.reStruct . . . . . ... e 3475
Soybean . . . . .. e e e e e 3476
splitFormula . . . . . . . ..o 3476
SPruce . . . . . o e 3477
SUMMATY.COTSIIUCE . . . . . v o v v e o e e e e e e e e e e e e e 3478
summary.gls . . ..o 3479
summary.lme . . . ... 3480
summary.Imlist . . . . . oL o 3481
summary.modelStruct . . . . . ... L 3482
summary.nlsList . . . . . . .. L e 3483

summary.pdMat . . . . ... e e 3485



summary.varFunc . . . . ..o L
Tetracyclinel . . . . . . .
Tetracycline2 . . . . . . . . L
update.modelStruct . . . . .. L.
update.varFunc . . . . ..o oL
varClasses . . . . . ...

VarCorr . . . . .o e
varEXp . . . . e
varFixed . . . . . L L
varFunc . . . .o
varldent . . . . . L L
Variogram . . . . . .. e e e e e e e e e e e
Variogram.corEXp . . . . . . . . . e
Variogram.corGaus . . . . . . . ... e e e e e e e e
Variogram.corLin . . . . . . . .. L e e
Variogram.corRatio . . . . . . . . . . . .
Variogram.corSpatial . . . . . . . . ... e
Variogram.corSpher . . . . . . . . L
Variogram.default . . . . . . . . . ...
Variogram.gls . . . . . . . . e e
Variogram.lme . . . . . . . L e e
varPower . . ... L
varWeights . . . . . . . L e e e e e
varWeights.glsStruct . . . . . . . . L. e
varWeights.ImeStruct . . . . . . . . . ..
Wafer . . . . o e

26 The nnet package

classind . . . . ...
multinom . . . . ... e e e
NNEL . . . . L e e e e e e e e e e e e e e e e e e
nnetHess . . . . . . . . e
predictnnet . . . . . .. e
whichds.max . . . . . . . . . ..

27 The rpart package

cartestframe . . . . . . .. L e
car90 . . L e
CULSUMMALY + & & 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
kyphosis . . . . . . e e
labels.rpart . . . . . . . L e e e e e
MEANVALIPAIt . . . o v v v o v e e e e e e e e e e e e e e e
NATPATL . o o v vt e i e e e e e e e e e e e e e e e e e



x1viii

predictrpart . . . ... e e 3538
PriNCIPArt . . . . . . e e e e 3540
PINICD .« o o o o e e e 3541
PIUNE.IPArt . . . . o v v ottt e e e e e e e e e e e e 3542
residuals.rpart . . . ..o oL 3543
5 1 3544
rpart.control . . . . ... L e e e e 3545
TPATEEXD « 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 3547
part.object . . . . . e e e e e e e 3547
TSQUIPAIT © o 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 3549
SMP.IPAT . . o o o e e e e e e e e e e e e e e e e 3550
solderbalance . . . . . . . . . L 3551
SLAZEC & . e e e e e e e e e e e e e 3552
SUMMATY.IPATL . o o 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 3552
TEXEIPATE .« v 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 3553
Xpreduapart . ... oL L e e e e e e e e e e e e e e 3555
28 The spatial package 3557
anova.trls ... L e 3557
COITElOZram . . . . . . . . it e e e e e e e e 3558
EXPCOV & o v v v v i e e e e e e e e 3559
Kaver . . . . . e 3560
Kenvl . . . o . e 3561
G 3562
PPEEIEZION . . . . . . . e e e 3563
PPINIE . . . o e 3563
PPl . . e 3564
PPregion . . . . . . .. e 3565
predict.trls . . . ... 3565
PIMAt . . . . oo e e e 3566
Psim . . . . e 3567
SEMAL . . . . e e e e e 3568
N 3569
STrauss . . . . o v o e e e e e e 3570
surf.gls . .. e 3571
surflds .. L 3572
trlsinfluence . . . . . ... 3573
Mat . . . . .. e e e e e 3574
VArIOZIAM . . . . v v v e e e e e e e e e e e e e e e e 3575
29 The survival package 3577
1 Y 3577
ABGSUIV . . . L e e e e e e 3580
aggregate.surviit. . . . .. . L L L e 3581
agreg.fit . . . .. e e 3582
aml ..o e 3583
anova.coxph . . . . .. L e 3583
attrasSign . . . . . . . e e e e e e e e 3584
basehaz . . . . . . .. 3586
bladder . . . . . . . . e 3587
blogit . . . . . . e 3588
brier . . . . . e 3589



cgd . .o e 3593
cgd0 . . . e 3594
CIPOISSOM . . . v v v vt i e et e e e e e e e e 3595
clogit . . . . 3596
Cluster . . . . . . . L e 3598
colon . ... e 3598
ConCordance . . . . . ... e e e 3600
concordancefit . . . . . . .. L. L e 3603
cox.zph . . .o 3604
COXph . . e e e 3606
coxph.control . . . . . . .. L 3610
coxph.detail . . . . . . . . L 3612
coxphobject . . . . . . . L 3613
coxph.wtest . . . . . . L 3614
coxphms.object . . . . . . . ... 3615
coxsurv.fit . . ..ol 3616
diabetic . . . . . . .. 3617
dSUrvreg . . . . . . e e e e e e 3618
finegray . . . . . ... 3620
flichain . . . . . . .. 3622
frailty . . . . . . 3623
gbsg . e 3625
heart . . . . . L 3626
hoel . . . . e 3627
isratetable . . . . . L L. L 3628
kidney . . . . . .. 3629
levels.Surv . . . . . . . 3630
lines.surviit . . . . . . .. 3630
logan . . . .. e e e 3632
loglik.coxph . . . . . . o e 3633
lung . . . . 3634
TNZUS . 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 e e 3635
MEUSZ . . . ot e e e e e 3637
model.frame.coxph . . . . . ... 3638
model.matrix.coXph . . . . . . .. L e 3638
myeloid . . . ... L 3639
myeloma . . ... 3640
nafld . . . . e 3641
neardate . . . . . ... L e e e e e e 3643
NSK . . e 3644
NWECO . o o ot e e e e e e e e e e e 3646
OVAIAN . . . o v v v vt e e e e e e e e e 3647
PbC . o e e e 3648
POCSEq .« . e e 3649
plotaareg . . . . . .. 3651
plot.cox.zph . . . . . . L e 3652
plotsurviit . . . . . .. 3653
predict.coxph . . . . . . . 3656
predict.Survreg . . ... . e e e e e e e e e 3658
PriNt.AAreg . . . . . . o o il e e e e e e e e 3659
print.summary.coxph . . . . ... 3660

Print.sSUMMAry.SUIVEXP . . .« v v v v v v e et e e e e e e e e e e 3661



print.summary.surviit . . . ... Lo 3661

print.survfit . ... Lo e 3662
pseudo . . .o L e 3663
PSPne . . . . . e e e e 3665
PYCATS .« o o e e e e e e e e 3667
quantile.survfit . . . ... oL 3669
ratetable . . . . .. L 3671
ratetableDate . . . . . . . oL 3672
ratetables . . .. oL L L 3672
TALS . . L e e e e e e e e e 3673
TAS2 . . L e e e e e e 3674
reliability . . . . . . . 3674
residuals.coxph . . . . . . L 3676
residuals.survfit . . . . .. oL L 3678
residuals.survreg . . .. . L 3679
retinopathy . . . . . . .. e 3680
rhDNase . . . . . . . . e 3681
TdZe . . . o e e e e 3683
rotterdam . . . ... L L e e e e e 3684
0741 o) K 3685
ritright . . . L L e e 3687
solder . . . . .. e 3688
stanford2 . . . . L L 3689
statefig . . . . . e e 3690
SIrata . . . . .. L e e 36901
SUMMATY.QATEE  « « « . v v v e e e et e e e e e e e e e e e e e e e 3692
summary.coxph . . . . . L. e 3694
SUIMMATY.PYEATS . . . . . o v v o v v v e et e e e e e e 3695
SUMMATY.SUIVEXD « . v v v v v e e v e e e e e e e e e e e e e e e e e e 3696
summary.surviit . . ... L oL 3697
SUIV . o o 3699
Surv-methods . . . . . ... 3701
SUrv2 .o 3703
Surv2data . . .. 3704
surveheck . . . . . L L L e 3705
SUrVCONdeNSEe . . . . . . .. e e e e e e e e e e e e 3707
survdiff . ..o 3708
SUIVEXD .« 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 3710
survexp.fit . . ..o L 3713
SUIVEXP.ODJECE . . . . o o o e e e e e e e e e e 3714
surviit . ..o e e 3715
surviit.coxph . . . . L L L 3716
survfit.formula . . . . ... oL 3719
SurviitmatriX . . . . ..o e e e e e e e e 3724
surviit.object . . . . ... L 3725
surviitO . . L e 3727
survfitcoxph.fit . . . . . . o o 3729
survival-deprecated . . . . . ... L. 3730
survobrien . . . . ..o L e 3731
SUIVICZ .« v v v e v v e e e e e e e e e e e e e e e e e 3732
survreg.control . . ... L. oL 3734

survreg.distributions . . . .. L L. L L L 3735



Index

li

SUIVIEZ.ODJECt . . . . . . . e e 3736
survregDest . . . .. L e e e e e 3737
SUrvSPlit . . . . L e e 3738
ECUL . . o e e e e e 3740
TMEIZE . . . . v ot e e e e e e e e e e e e e 3741
tobin . . . .o 3743
transplant . . . . ... L e e e e e e e e e 3744
udca . . .. e 3745
untangle.specials . . . . ... Lo 3746
USPOP2 .« o o v e e e e e e e e e e e e e e e e e e e 3747
VCOV.COXPh . . . o o e 3748
VEBIAN . . o v v vt e e e e e e e e e e e e 3748
xtfrm.Surv . . oL 3749
VAES © o 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 3750
VAES_SEIUP . .« ¢ o v e e e e e e e e e e e e e e e e e e e e e 3751

3753



lii



Part 1






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 1ibrary (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)

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.
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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¢c(0, 0, 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 ac-
tive device (see dev.cur) is stored in .Device. Both are symbols and so appear in the base
namespace.

Usage

.Device
.Devices

Details

.Device is a length-one character vector.

.Devices is apairlist 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".
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.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, the "integer"
and "double" related 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

double.

double.

double.
double.

double.

xmin

Xmax

base

a small positive floating-point number x such that 1 -x !=1. It
equals double.base ”~ double.neg.ulp.digits if double.base
is 2 or double.rounding is 0; otherwise, it is (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.

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

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.

digits

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

rounding

the rounding action, one of
0 if floating-point addition chops;
1 if floating-point addition rounds, but not in the IEEE style;
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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.

double.guard 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 0 otherwise.
Normally 0.
double.ulp.digits
the largest negative integer i such that 1 + double.base ~ 1 != 1, except
that it is bounded below by — (double.digits + 3). Normally -52.
double.neg.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 -53.
double.exponent
the number of bits (decimal places if double.base is 10) reserved for the
representation of the exponent (including the bias or sign) of a floating-point
number. Normally 11.
double.min.exp
the largest in magnitude negative integer i such that double.base ~ 1 is
positive and normalized. Normally —1022.
double.max.exp
the smallest positive power of double .base that overflows. Normally 1024.

integer.max the largest integer which can be represented. Always 23! — 1 = 2147483647.

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

sizeof.longlong
the number of bytes in a C ‘1long long’ type. Will be zero if there is no such
type, otherwise usually 8.

sizeof.longdouble
the number of bytes in a C ‘1long 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), 16 (most 64-bit builds) or 8 (CPUs such as ARM where
for most compilers ‘1long double’ is identical to double).

sizeof.pointer
the number of bytes in the C SEXP type. Will be 4 on 32-bit builds and 8 on
64-bit builds of R.

sizeof.time_t
the number of byfes in the C time_t type: a 64-bit time_t (value
8) is much preferred these days. Note that this is the type used by
code in R itself, not necessarily the system type if R was configured with
‘~—with-internal-tzcode’ as also used on Windows.

longdouble.eps, longdouble.neg.eps, longdouble.digits, ...
introduced in R 4.0.0. When capabilities ("long.double") is
true, there are 10 such "longdouble.kind" values, specifying the ‘long
double’ property corresponding to its "double. " counterpart. See also
‘Note’.
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Note

In the (typical) case where capabilities ("long.double") is true, R uses the ‘long
double’ C type in quite a few places internally for accumulators in e.g. sum, reading non-
integer numeric constants into (binary) double precision numbers, or arithmetic such as x $% v;
also, ‘long double’ can be read by readBin.

For this reason, in that case, .Machine contains ten further components, longdouble.eps,
*.neg.eps, x.digits, . rounding x.guard, x.ulp.digits, r.neg.ulp.digits,
*.exponent, *.min.exp, and *.max.exp, computed entirely analogously to their
double. x counterparts, see there.

sizeof.longdouble only tells you the amount of storage allocated for a long double. 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. There are other implementation of long double, usually in software for example on Sparc
Solaris and AIX.

Note that it is legal for a platform to have a ‘longdouble’ C type which is
identical to the °‘double’ type — this happens on ARM CPUs. In that case
capabilities ("long.double") will be false but on versions of R prior to 4.0.4,
.Machine may contain "longdouble. kind" elements.

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

References
Cody, W.J. (1988). MACHAR: A subroutine to dynamically determine machine parameters. Trans-
actions on Mathematical Software, 14(4), 303-311. doi:10.1145/50063.51907.

See Also

.Plat form for details of the platform.

Examples

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

.Platform Platform Specific Variables

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

Usage

.Platform
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Value

A list with at least the following components:

0S.type character string, giving the Operating System (family) of the computer. One of
"unix" or "windows".

file.sep 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).

dynlib.ext character string, giving the file name extension of dymamically loadable
libraries, e.g., ".d11" on Windows and ".so" or ".s1" on Unix-alikes.
(Note for macOS users: these are shared objects as loaded by dyn . load and
not dylibs: see dyn.load.)

GUI 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 ma-
cOS), "Rgui" and "RTerm" (Windows) and perhaps others under alternative
front-ends or embedded R.

endian character string, "big" or "1ittle", 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.

pkgType character string, the preferred setting for options ("pkgType™). Values
"source", "mac.binary" and "win.binary" are currently in use.

This should not be used to identify the OS.

path.sep 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.

r_arch character string, possibly "". The name of an architecture-specific directory
used in this build of R.

AQUA
.Platform$GUI is set to "AQUA" under the macOS GUI, R. app. This has a number of conse-
quences:
* ‘/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.

HTML help is displayed in the internal browser.

* the spreadsheet-like data editor/viewer uses a Quartz version rather than the X11 one.

See Also

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 com-
piled. osVersion may give more details about the platform R is running on.

.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 T T F
}
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 "1eft . 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 du-
plicated 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 name s
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). It is unlikely to work well with inputs
not in the Unicode Basic Multilingual Plane nor on (rare) platforms where wide characters are not
encoded in Unicode.

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) # >> 1lst 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)

cbind(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)



agrep

11

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 possi-
bly weighted number of insertions, deletions and substitutions needed to transform one string into

another).
Usage
agrep (pattern, x, max.distance = 0.1, costs = NULL,
ignore.case = FALSE, value = FALSE, fixed = TRUE,

useBytes = FALSE)

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

Arguments

pattern

max.distance

costs

ignore.case

value

a non-empty character string to be matched. For fixed = FALSE this should
contain an extended regular expression. Coerced by as.character to a
string if possible.

character vector where matches are sought. Coerced by as.character toa
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 comput-
ing the generalized Levenshtein distance, or NULL (default) indicating using unit
cost for all three possible transformations. Coerced to integer viaas . integer
if possible.

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

useBytes logical. If TRUE the matching is done byte-by-byte rather than character-by-
character. See ‘Details’.

Details

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 the t re code by Ville Laurikari (https://github.com/laurikari/tre), which
supports MBCS character matching.

The main effect of useBytes = TRUE 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. A different interface to approximate string matching is provided by aregexec ().

Examples
agrep ("lasy", "1 lazy 2")

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

agrep ("laysy", c("1 lazy", "1", "1 LAZY"), max.distance = 2)

agrep ("laysy", c("1 lazy", "1", "1 LAZY"), max.distance = 2, value = TRUE)

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

"
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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 (0)) is true is a useful convention: it ensures that
all(all(x), all(y)) == all(x, Vv)
even if x has length zero.

References

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

any, the ‘complement’ of al1, and stopifnot (*) whichisanall (%) ‘insurance’.

Examples
range (x <- sort (round(stats::rnorm(10) - 1.2, 1)))
if(all(x < 0)) cat("all x values are negative\n")
all(logical(0)) # 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
notuse all.equal directly in if expressions—either use 1sTRUE (all.equal(....)) or
identical if appropriate.

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

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

## S3 method for class 'numeric'
all.equal (target, current,

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

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

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

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

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

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

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

target

current

tolerance

scale

countEQ

formatFUN

15

R object.
other R object, to be compared with target.

further arguments for different methods, notably the following two, for numeri-
cal comparison:

numeric > 0. Differences smaller than tolerance are not reported. The
default value is close to 1. 5e-8.

NULL or numeric > 0, typically of length 1 or length (target). See ‘De-
tails’.

logical indicating if the target == current cases should be counted when
computing the mean (absolute or relative) differences. The default, FALSE may
seem misleading in cases where target and current only differ in a few
places; see the extensive example.

a function of two arguments, err, the relative, absolute or scaled error, and
what, a character string indicating the kind of error; may be used, e.g., to format
relative and absolute errors differently.

check.attributes

check.class

giveErr

use.names

all.names

evaluate

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

logical indicating if the data.class () of target and current should be
compared.

logical indicating if the result should contain the numerical error as an
"err" attribute.

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.

logical passed to 1s indicating if “hidden” objects should also be considered in
the environments.

for the environment method: logical indicating if “promises should be
forced”, i.e., typically formal function arguments be evaluated for comparison.
If false, only the names of the objects in the two environments are checked for
equality.

check.environment

check.tzone

check.names

Details

logical requiring that the environment () s of functions should be compared,
too. You may need to set check.environment=FALSE in unexpected
cases, such as when comparing two nls () fits.

logical indicating if the "t zone" attributes of target and current should
be compared.

logical indicating if the names (.) of target and current should be com-
pared.

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.
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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 a relative difference scale
unless the target values are close to zero or infinite. Specifically, the scale is computed as the
mean absolute value of target. If this scale is finite and exceeds tolerance, differences are
expressed relative to it; otherwise, absolute differences are used. Note that this scale and all fur-
ther steps are computed only for those vector elements where target is not NA and differs from
current. If countEQ is true, the equal and NA cases are counted in determining the “sample”
size.

If scale is numeric (and positive), absolute comparisons are made after scaling (dividing) by
scale. Note that if all of scale is close to 1 (specifically, within le-7), the difference is still
reported as being on an absolute 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 11ist method compares components of target and current recursively, passing all other
arguments, as long as both are “list-like”, i.e., fulfill either is.vectororis.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 method for date-time objects uses all.equal .numeric to compare times (in "POSIXct"
representation) with a default tolerance of 0.001 seconds, ignoring scale. A time zone mis-
match between target and current is reported unless check.tzone = FALSE.

attr.all.equal isused for comparing attributes, returning NULL or a character vec-
tor.

Value

Either TRUE (NULL for attr.all.equal) or a vector of mode "character" describing the
differences 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

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

tan(d45), one)) # TRUE, but not if we are picky:

all.equal (tan(d45), one, tolerance = 0) # to see difference
all.equal (tan(d45), one, tolerance = 0, scale = 1)# "absolute diff.."
all.equal (tan(d45), one, tolerance = 0, scale = 1+(-2:2)/1e9) # "absolute"
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all.equal (tan(d45), one, tolerance = 0, scale = 1+(-2:2)/1e6) # "scaled"

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

## A situation where 'countEQ = TRUE' makes sense:

x1l <— x2 <- (1:100)/10; =x2[2] <- 1.1%xx1([2]

## 99 out of 100 pairs (x1[i], x2[i]) are equal:

plot (x1,x2, main = "all.equal.numeric () —-- not counting equal parts")
all.equal (x1,x2) ## "Mean relative difference: 0.1"

mtext (paste ("all.equal (x1,x2) :", all.equal(xl,x2)), line= -2)

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

all.egNum <- function(...) as.numeric(sub(".x:", '', all.equal(...)))
set.seed (17)

## When x2 is Jjittered, typically all pairs (x1[1],x2[1]) do differ:
summary (r <- replicate (100, all.egNum(xl, x2x(l+rnorm(xl)=xle-=7))))

mtext (paste ("mean (all.equal (x1, x2x(1 + eps_k))) {100 x} Mean rel.diff.=",
signif (mean(r), 3)), line = -4, adj=0)

## With argument countEQ=TRUE, get "the same" (w/o need for jittering):

mtext (paste ("all.equal (x1,x2, countEQ=TRUE) :",

signif(all.egNum(x1l,x2, countEQ=TRUE), 3)), line= -6, col=2)

## Using giveErr=TRUE

x1l. <= x1 * (1+ le-9xrnorm(x1l))
str(all.equal(xl, x1., giveErr=TRUE))
## logi TRUE

## - attr(x, "err")= num 8.66e-10

## — attr(x, "what")= chr "relative"

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

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

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

c(r) # can drop attributes, as not used anymore
}

# checks, showing error in any case:

stopifnot (all.equalShow(xl, x1.)) # —-> relative err: 8.66002e-10
tryCatch (error=identity, stopifnot(all.equalShow(xl, 2%x1))) —-> ele
stopifnot (inherits (eAe, "error"))

# stopifnot(all.equal....()) giving smart msg:

cat (conditionMessage (eRAe), "\n")

two <- structure(2, foo = 1, class = "bar")
all.equal (two”20, 2720) # lots of diff

all.equal (two”20, 2720, check.attributes
all.equal (two”20, 2720, check.attributes

FALSE) # "target is bar, current is numeric"
FALSE, check.class = FALSE) # TRUE

## comparison of date-time objects

now <- Sys.time ()

stopifnot (

all.equal (now, now + le-4) # TRUE (default tolerance = 0.001 seconds)
)

all.equal (now, now + 0.2)
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all.equal (now, as.POSIX1lt (now, "UTC"))

stopifnot (

all.equal (now, as.POSIX1lt (now, "UTC"), check.tzone = FALSE) # TRUE
)

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)
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)))
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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.
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 vectorsin . . . (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.
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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.

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
dimensions.

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.



append 21

See Also

t, to transpose matrices.

Examples

# interchange the first two subscripts on a 3-way array x
X <- array(l:24, 2:4)
xt <- aperm(x, c(2,1,3))

stopifnot (t(xt[,,2]) == x[,,2],
t(Xt[113]) == X[IIBJI
t(xtl,,4]1) == x[,,4])

UCB <- aperm(UCBAdmissions, c(2,1,3))
UCBI[1,,]
summary (UCB) # UCB is still a contingency 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, 0:1, 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, ..., simplify = TRUE)
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, ¢ (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.
simplify a logical indicating whether results should be simplified if possible.
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 back-
quoted 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, and simplify is TRUE, 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 0, the
result has length O but not necessarily the ‘correct” dimension.

If the calls to FUN return vectors of different lengths, or if simplify is FALSE, 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 dimen-
sions 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(x1l = 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 = pastelO("cop.",1:3))))
identical (x, apply ( %, 2, identity))
identical (x3, apply(x3, 2:3, identity))

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

ma <- matrix(c(l: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(l: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

zseql[l,]

apply(z, 3, function(x) seg_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 (non-primitive or primitive)
function.

Usage

args (name)

Arguments
name a function (a primitive or a closure, i.e., “non-primitive”). If name is a character
string then the function 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 (function), 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 (1ls)

args (graphics::plot.default)

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

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

args ("scan")

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

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

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

args (" +7)

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

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

>N % |
KK KKK

XXX X X X X
o\
~

o° oo
S~

o\
g

Arguments

X, ¥ 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 ” 0are 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.

For double arguments, $% can be subject to catastrophic loss of accuracy if x is much larger than
v, and a warning is given if this is detected.

[e3ge)

%% and x $/% y can be used for non-integer v, e.g. 1 $/% 0.2, but the results are subject to
representation error and so may be platform-dependent. Mathematically, the answerto 1 $/% 0.2
should be 5, but because the IEC 60559 representation of 0. 2 is a binary fraction slightly larger
than 0 . 2 most platforms give 4.
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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 (“x modulo y”), i.e., computes the ‘remainder’ r <- x $% vy, and %/%
indicates integer division, where R uses “floored” integer division, ie., g<-x%/%$vy :=
floor (x/y), as promoted by Donald Knuth, see the Wikipedia page on ‘Modulo operation’,

and hence sign (r) == sign (y). It is guaranteed that
x==(x%%y) +y* (x%/%y) (uptorounding error)

unless y == 0 where the result of $% is NA_integer_ or NaN (depending on the t ypeof of the
arguments) or for some non-finite arguments, e.g., when the RHS of the identity above amounts to
Inf - Inf.

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 :I:(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 t sp 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(el, e2) (with e2 missing for a unary operator).

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 aka subnormal numbers (those outside
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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 60559 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 .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, -0, num.eqg=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 Arith-
metic. ACM Computing Surveys, 23(1), 5-48. doi:10.1145/103162.103163.

Also available at https://docs.oracle.com/cd/E19957-01/806-3568/ncg__
goldberg.html.

For the IEC 60559 (aka IEEE 754) standard: https://www.1iso.org/standard/57469.
html and https://en.wikipedia.org/wiki/IEEE_754.

On the integer division and remainder (modulo) computations, $% and %/%: https://en.
wikipedia.org/wiki/Modulo_operation, and Donald Knuth (1972) The Art of Com-
puter Programming, Vol.1.

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 * X + 3
X %% 3 # is periodic 2 0 1 20 1
x %% -3 # (ditto) -1 0 -2 -1 0 -2
X %/% 5
x %% Inf # now is defined by limit (gave NaN in earlier versions of R)

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


https://doi.org/10.1145/103162.103163
https://docs.oracle.com/cd/E19957-01/806-3568/ncg_goldberg.html
https://docs.oracle.com/cd/E19957-01/806-3568/ncg_goldberg.html
https://www.iso.org/standard/57469.html
https://www.iso.org/standard/57469.html
https://en.wikipedia.org/wiki/IEEE_754
https://en.wikipedia.org/wiki/Modulo_operation
https://en.wikipedia.org/wiki/Modulo_operation
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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 be 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
additional attributes giving the dimensions (attribute "dim") and optionally names for those di-
mensions (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 dimen-
sion, 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’
indicating 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 (0 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., hasa 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 [,21 (,31 [,4]
#11,] 1 3 2 1
#02,] 2 1 3 2
array2DF Convert array to data frame
Description

array2DF converts an array, including list arrays commonly returned by tapply, into data
frames for use in further analysis or plotting functions.

Usage

array2DF (x, responseName = "Value",
sep = "", base = 1list (LETTERS),
simplify = TRUE, allowLong = TRUE)
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array2DF

Arguments

X an array object.

responseName character string, used for creating column name(s) in the result, if required.

sep character string, used as separator when creating new names, if required.

base character vector, giving an initial set of names to create dimnames of x, if miss-
ing.

simplify logical, whether to attempt simplification of the result.

allowLong logical, specifying whether a long format data frame should be returned if x is

a list array and all elements of x are unnamed atomic vectors. Ignored unless
simplify = TRUE.

Details

The main use of array2DF is to convert an array, as typically returned by tapply, into a data
frame.

When simplify = FALSE, this is similar to as.data.frame.table, except that it works
for list arrays as well as atomic arrays. Specifically, the resulting data frame has one row for
each element of the array, with one column for each dimension of the array giving the correspond-
ing dimnames. The contents of the array are placed in a column whose name is given by the
responseName argument. The mode of this column is the same as that of x, usually an atomic
vector or a list.

If x does not have dimnames, they are automatically created using base and sep.
In the default case, when simplify = TRUE, some common cases are handled specially.

If all components of x are data frames with identical column names (with possibly different numbers
of rows), they are rbind-ed to form the response. The additional columns giving dimnames are
repeated according to the number of rows, and responseName is ignored in this case.

If all components of x are unnamed atomic vectors and allowLong = TRUE, each component is
treated as a single-column data frame with column name given by responseName, and processed
as above.

In all other cases, an attempt to simplify is made by simplify2array. If this results in multiple
unnamed columns, names are constructed using responseName and sep.

Value

A data frame with at least length (dim(x)) + 1 columns. The first length (dim(x) )
columns each represent one dimension of x and gives the corresponding values of dimnames,
which are implicitly created if necessary. The remaining columns contain the contents of x, after
attempted simplification if requested.

See Also

tapply,as.data.frame.table, split, aggregate.

Examples

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

s2 <- with (ToothGrowth,
tapply (len, list (dose, supp), mean, simplify = FALSE))
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str(sl) # atomic array
str(s2) # list array

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

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

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

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

with (ToothGrowth,
tapply(len, list (dose, supp),
function(x) with(t.test (x), data.frame(p.value, alternative)))) [>
array2DF () |> str()

## named vectors

with (ToothGrowth,
tapply(len, list (dose, supp),
quantile)) |> array2DF ()

## unnamed vectors: long format

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

## unnamed vectors: wide format

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

## unnamed vectors of unequal length

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

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

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

## data frame input
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tapply (ToothGrowth, ~ dose + supp, FUN = with,
data.frame(n = length(len), mean = mean(len), sd = sd(len))) |[|>
array2DF ()
as.data.frame Coerce to a Data Frame
Description

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

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

nm = deparsel (substitute(x)))

is.data.frame (x)

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 syn-
tactic names: see make.names) is optional. Note that all of R’s base pack-
age as.data.frame () methods use optional only for column names
treatment, basically with the meaning of data.frame (*, check.names =
loptional). See also the make .names argument of the mat rix method.
additional arguments to be passed to or from methods.

stringsAsFactors

logical: should the character vector be converted to a factor?
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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 replaced by " ... ").

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

fix.empty.names
logical indicating if empty column names, i.e., "" should be fixed up (in
data.frame) or not.

check.names logical; passed to the data. frame () call.

make.names a logical, i.e., one of FALSE, NA, TRUE, indicating what should happen
if the row names (of the matrix x) are invalid. If they are invalid, the default,
TRUE, calls make .names (x, unique=TRUE) ; make .names=NA will use
“automatic” row names and a FALSE value will signal an error for invalid row
names.

nm a character string to be used as column name.

Details

as.data.frame is a generic function with many methods, and users and packages can supply
further methods. For classes that act as vectors, often a copy of as.data. frame.vector will
work as the method.

Since R 4.3.0, the default method will call as.data.frame.vector for atomic (as by
is.atomic) x.

Direct calls of as.data.frame.class are still possible (base package!), for 12 atomic base
classes, but are deprecated where calling as .data.frame.vector instead is recommended.

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
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.
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See Also

as.Date

data.frame, as.data.frame.table for the table method (which has additional argu-
ments 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, tryFormats = c("%$Y-%m-%d", "%Y/%m/%d"),

optional = FALSE, ...)
## S3 method for class 'numeric'

as.Date (x,

origin, ...)

## S3 method for class 'POSIXct'

as.Date (x,

tz

= "gTCc", ...)

## S3 method for class 'Date'

format (x,

format = "$Y-%m-%d", ...)

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

Arguments

X

format

tryFormats

optional

origin

tz

an object to be converted.

a character string. If not specified when converting from a character rep-
resentation, it will try tryFormats one by one on the first non-NA element,
and give an error if none works. Otherwise, the processing is via st rptime ()
whose help page describes available conversion specifications.

character vector of format strings to try if format is not specified.

logical indicating to return NA (instead of signalling an error) if the format
guessing does not succeed.

a Date object, or something which can be coerced by as.Date (origin,
. ..) tosuch an object or missing. In that case, "1970-01-01" is used.

a time zone name.

further arguments to be passed from or to other methods.
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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 lastis converted to days by ignoring the time after midnight
in the representation 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), since R 4.3.0 also when
origin is not supplied.

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 0 or day 1? As the ‘Examples’ show, Excel manages to use both choices for
its two date systems.

* 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.
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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) https://www.gsl.net/glsmd/
isopdf.htm.

See Also

Date for details of the date class; 1ocales 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 st rpt ime: code based on ‘glibc’ is used (with cor-
rections), 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", "2janl960", "31lmarl960", "30jull960")

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

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

z

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

## 1904-01-01 as day 0 (Mac default), but this is complicated by Excel
## incorrectly treating 1900 as a leap year.

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

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

## and Mac Excel

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

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

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

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

## so Matlab day 734373 can be imported as

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

## (value from

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

## 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")


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

Details

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 itis —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.

This is a primitive generic function: you can write methods to handle specific classes of objects, see

InternalMethods.

Value

The corresponding

Author(s)
John Chambers

See Also

environment object.

environment for creation and manipulation, search; 1ist2env.

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]))

ls(ee) # names

of objects in ee

utils::1ls.str (ee)
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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
argument 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 to be passed to or from methods.

envir environment in which the function should be defined.

Value

The desired function.

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, a+b))
as.function(alist(a = , b = atb)) (3)

|
N
~



as.POSIX*

39

as.POSIXx*

Date-time Conversion Functions

Description

Functions to manipulate
dates and times.

objects of classes "POSIX1t" and "POSIXct" representing calendar

Usage
as.POSIXct(x, tz ="", ...)
as.POSIX1lt(x, tz = "", ...)
## S3 method for class 'character'
as.POSIX1lt(x, tz = "", format,
tryFormats = c("%$Y-%m—-%d %$H:%M:%0S",
"$Y/%m/%d $H:%M:%0S",
"$Y-%m-%d $H:%M",
"$Y/%m/%d $H:%M",
"$Y-%m—-%d",
"$Y/%Sm/%d"),
optional = FALSE, ...)
## Default S3 method:
as.POSIX1lt(x, tz = "",
optional = FALSE, ...)
## S3 method for class 'numeric'
as.POSIX1lt(x, tz = "", origin, ...)
## S3 method for class 'Date'
as.POSIXct (x, tz = "UTC", ...)
## S3 method for class 'Date'
as.POSIX1t (x, tz "uTc", ...)
## S3 method for class 'numeric'
as.POSIXct(x, tz = "", origin, ...)
## S3 method for class 'POSIX1t'
as.double (x, )
Arguments
R object to be converted.
tz a character string. The 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 st rptime.
tryFormats character vector of format strings to try if format is not specified.
optional logical indicating to return NA (instead of signalling an error) if the format

guessing does not succeed.
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origin a date-time object, or something which can be coerced by as.POSIXct (tz
= "GMT") to such an object. Optional since R 4.3.0, where the equivalent of
"1970-01-01" is used.

Details

The as.POSIXx* 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 objects of the other class and of
class "Date™" 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 "2001/02/03"
optionally followed by white space and a time in the format "14:52" or "14:52:03". (For-
mats such as "01/02/03" are ambiguous but can be converted via a format specification by
strptime.) Fractional seconds are allowed. Alternatively, format can be specified for charac-
ter 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 %$a, $A (weekday names), $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 con-
verted 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-
as.POSIXct (strptime ("2010-10-31 01:30:00", "&%Y-
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 "t zone™" attribute. Date-times known to be invalid will be
returned as NA.

Note

Some of the concepts used have to be extended backwards in time (the usage is said to be ‘prolep-
tic’). 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 calendar
which was introduced in 1582 and not used near-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 CE for year numbers from 1 CE).

Conversions between "POSIX1t" and "POSIXct" of future times are speculative except in UTC.
The main uncertainty is in the use of and transitions to/from DST (most systems will assume the
continuation of current rules but these can be changed at short notice).
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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
representation (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; st rpt ime 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())

unclass (z)

floor (unclass (z)/86400)

(now <- as.POSIX1lt (Sys.time())
str (unclass (now))

now$year + 1900

months (now) ; weekdays (now)

the current datetime, as class "POSIXct"

a large integer

the number of days since 1970-01-01 (UTC)
# the current datetime, as class "POSIX1t"
the internal list ; use nowS$Shour, etc

see ?DateTimeClasses

see ?months; using LC_TIME locale

H oW HE — H H

## 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 = "GMTI"))

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

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

op <- options(digits.secs = 3)
# avoid rounding down: milliseconds are not exactly representable
as.POSIXct ((z+0.1) /1000, origin = "1960-01-01")

options (op)

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

as.POSIX1lt (Sys.time (), "GMT") # the current time in UTC

## These may not be correct names on your system

as.POSIX1lt (Sys.time (), "America/New_York") # in New York
as.POSIX1lt (Sys.time (), "ESTSEDT") # alternative.
as.POSIX1lt (Sys.time (), "EST" ) # somewhere in Eastern Canada
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as.POSIX1t (Sys.time (), "HST") # in Hawaii
as.POSIX1lt (Sys.time (), "Australia/Darwin")

tab <- file.path(R.home ("share"), "zoneinfo", "zonel970.tab")
if(file.exists(tab)) { # typically on Windows; *notx on Linux
cols <= c("code", "coordinates", "Tz", "comments")
tmp <- read.delim(tab,

header = FALSE, comment.char = "#", col.names = cols)
if (interactive()) View (tmp)
head (tmp, 10)
}
AsIs Inhibit Interpretation/Conversion of Objects

Description

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

Usage

I(x)

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 "+",
" "« 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).

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.
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See Also

data.frame, formula

asplit Split Array/Matrix By Its Margins

Description

Split an array or matrix by its margins.

Usage

asplit (x, MARGIN)

Arguments

X an array, including a matrix.

MARGIN a vector giving the margins to split by. E.g., for a matrix 1 indicates rows, 2
indicates columns, ¢ (1, 2) indicates rows and columns. Where x has named
dimnames, it can be a character vector selecting dimension names.

Details

Since R 4.1.0, one can also obtain the splits (less efficiently) using apply (x, MARGIN,
identity, simplify = FALSE). The values of the splits can also be obtained (less efficiently)
by split (x, slice.index (x, MARGIN) ).

Value

A “list array” with dimension dv and each element an array of dimension de and dimnames pre-
served as available, where dv and de are, respectively, the dimensions of x included and not included
in MARGIN.

Examples

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

d <=2 : 4

x <— array(seq_len(prod(d)), d)

X

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

asplit (x, 2)

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

asplit (x, c(1, 2))

## Compare to

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

## A 2 x 3 matrix:

(x <— matrix(l : 6, 2, 3))

## To split x by its rows, one can use
asplit (x, 1)
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## or less efficiently
split(x, slice.index(x, 1))
split (x, row(x))
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.

Value

This function is invoked for its side effect, which is assigning value to the variable x. If noenvir
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 1lockBinding: if it is, an error is
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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:i)

}

ls (pattern = ""r..s$")
##-— Global assignment within a function:
myf <- function(x) {
innerf <- function(x) assign("Global.res", x"2, envir = .GlobalEnv)

innerf (x+1)
}
myf (3)
Global.res # 16

a <- 1:4
assign("af[l]", 2)
al[l] == 2 # FALSE
get ("a[l]l") == 2 # TRUE
assignOps Assignment Operators
Description

Assign a value to a name.

Usage

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

x = value
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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[ [1]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.

V