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1 CapaBka, workspaces, 3alyCK CKPUITOB, ITaKeThI
1.1 CuopaBka

help(package = package_name) # Cnpaska no nakemy
> help(package = lattice)

?function_name # Cnpaska no QGYHKUUU
> 71s

?"keyword" # Cnpaseka no kawwesomy caosy

> ?"for"

> P4

> Pn [

> 7' [[<="

??pattern # Ilouck no cnpaske

> ?7glm

apropos("pattern") # Bosepawaem HaldexHble umena Pyrkyul, nodzodswyue nod
wabaok

> apropos ("GLM")

1.2 Tlepemennsbie, paboune pocTpaHcTBa (wWorkspaces), uctopus Ko-
MaH/I, BbIXO/J

1s() # Bosepawyaem 6eKmop u3 UMEH NEPEMEHHLIT 8 MeKYWyemM SCope, eCAU 3anyyeHr 6
mepMmurane, Mo 03epauaem UMEHa nepemennsiT u3 pabouezo workspace

1s(all.values = TRUE) # Bosepawaem BCE umeHra nepeMenHbT mekyuyez0 Scope
(ekaonas HawuHaYuECs C . )

rm(varname) # Ydaasem nepemennyw. Hma 6e3 kasbluek
rm(list = 1ls(all.values = TRUE)) # llpu ewizoge u3 MepMuKaAG -- HUCMUM
workspace

save.image(file = "workspace_file_name.rda") # cozpansem workspace (npouye
2080pa, ece nepemerHvie) 8 Pain
load.image(file = "workspace_file_name.rda") # Bazpymxaem workspace uz dalisra

Inf) # Iokassieaem ucmopuw KoMaHO
"history_file_name.R") # Coxzpansem ucmopuw komard & @paln

history(max.show
savehistory(file



q() # Boixod us R
q("no") # Buoixod us R 6e3 coxpanenus workspace (npednoumumensvHee)

1.3 3amyck cKkpunToB

source("script_file_name.R") # Beinoansem ckpunm us galna

Takke ectb yrmmra Rscript, KoTopas MO3BOJILET BBIIOJHUTHL R-daiin npsaMo u3 Ko-
MaHJIHON CTPOKU:

> Rscript script.R
Mozxuo BiounTh ee B shabang u cienars ckpunt uctnosHsgeMbiM daitiom (B Unix):

script.R
#!/usr/bin/Rscript

args <- commandArgs(TRUE) # Iloayuume apzymenmst koManOHOU cmpoku 6 eude
gekmopa Cmpok

print (args)

II0CJI€ 49€ero:

> chmod +x script.R
> ./script.R just command line args 3 14 15
[1] |ljuStll Ilcommandll lllinell |largsll Il3l| I|14II II15II

Ecimu ecth HEOOXOIMMOCTH B JIeTaJIbHOM pa3bope apryMeHTOB KOMAHIHOW CTPOKHU, He
HY2KHO IIICaTh CBOIl BesoerHeA 11apcep, eCcTh IIaKeThl getopt u optparse.

1.4 Ilakern!

library("package_name") # [loOkmouwaem ycmaroeaerksl nakem.
# Kaebluku MOKHO onycmums:
> library(lattice)

install.package("package_name") # Vcmarasausaem nakem c sepkansa CRAN
> install.packages("latticeExtra")

[Ipu nepsBoMm 3arycke B ceccuu R nipejioxkut Boiopars 3epkajio CRAN, noctarouso BeIGpaTh
“Cloud” (mepBoe B crmcke). O6parure BHEMaHue, 910 B Unix makeThl CKAUNBAIOTCS B BUJIE UC-
XOJHUKOB 1 cobuparorcsa y Bac Ha mammmae, mo3TOMY JT017KeH OBITH YCTAHOBJIEH KOMITHJISTOD
C/C++ /fortran u mHeobxoaumMblie 6uGIMOTEKN (TIPUYEM JIeBeJIONEPCKUe BEPCUH, B TTAKETHOM
MeHe Kepe OHU 00bIYHO mMeroT cydduke “~-dev”, manpumep “libfftw3-dev”). Iloq Windows
MAKETHl CKAYMBAIOTCS YK€ COOPAHHBIMU.

[Ipu HEOOXOIMMOCTH, MOYKHO YCTAHOBUTH CTOPOHHUE ITAKEThl U3 UCXOIHUKOB. [l 9T0TO
YJI00HO TIOJTb30BATLCs MaKeToM devtools:

install.packages("devtools")

library(devtools)

install_github("asl/rssa")

# Arnanoz2uuHo:

install_git(...); install_bitbucket(...); install_url(...); install_local
...)


http://cran.r-project.org/web/packages/getopt/index.html
http://cran.r-project.org/web/packages/optparse/index.html

3Jiech akeT B JIIOOOM cirydae Oy/ier coouparhes U3 UCXOAHUKOB, 1101 Windows Hy»KHO ycTa-
HABJINBATH W HAacTpanmBaTh Bech toolchain (msys + mingw + neBesnomepckue m6bi). [losm
Unix MoryT moHaobuTcsi HEKOTOPbIE CTaHIAPTHBIE YTHIUTHI TUIIA curl (Kak MpaBujio, OHU
y’Ke yCTaHOBJIEHBI ).

2 Bekropa, MmaTpuiibl, MacCCUBbI

2.1 BekTopa, OCHOBHbIE OIlepaIluu

Haunem ¢ Toro, uto B R Her “ckayspHbIX’ 3HaUeHHil, 000 CKAJISpHOe 3HadYeHue (THcIo,
CTPOKa) 3TO BEKTOp JIMHBL 1. BekTopa 6BIBAIOT CJIEAYIONMX TUIOB: numeric, complex,
logical, character, T.e. 4HCJIOBblE, KOMIIJIEKCHbIE, OYJI€BCKHE U CTPOKOBBIE. UHCJIOBbIE
BEKTOpa JleidTcd Ha integer m double, HO 3TO JAejleHME UCKJ/IOYUTEIBHO BHYTDEHHEE —
Ipu AJeJICHUU UJIA BbBIXOJE U3 Jralla30Ha IIeJIbI€ YrCJ/la aBTOMATUYECKU IIPUBOAATCA K BEHIE-
CTBEHHOMY THILY.

Coznanne u mpocreiiast paboTa ¢ BEKTOPAMU:

> v <-1:10

> print(v)

[1] 1 2 3 4 5 6 7 8 910

> 10:1

[1] 10 9 8 7 6 5 4 3 2 1

> seq(l, 10, 2)

(11 13579

> seq(from = 10, by = 5, length.out = 6)
[1] 10 15 20 25 30 35

# Cosdarue “‘nycmeiz’ eekmopos

> v <- numeric(10)

> v

[1] 0000000000

> b <- logical(10)

>b

[1] FALSE FALSE FALSE FALSE FALSE FALSE FALSE FALSE FALSE FALSE
> cplx <- complex(10)

> cplx

[1] 0+0i 0+0i 0+0i 0+0i 0+0i 0+0i 0+0i 0+0i 0+0i 0+0i
> ch <- character(10)

> ch

[1] (LI 1 L A L I [ 1

# IIpowumame saemeHm
> v[2]

(11 0

> ch[3]

(1] "

> b[4]

[1] FALSE

> cplx[5]

[1] 0+0i



# Banucame saeMeHm
> v[6] <- 42

> ch[7] <- "Hello"
> b[8] <- TRUE
>i<-9

> 4i + 3 -> cplx[i]

# Iloesmoperusa

> rep(1:3, 5) # Illocaedosamensvras ckaelka

[11 123123123123123

> rep(1:3, each = 5) # I nosmop kaxdozo saemerma
[1] 111112222233333

# Konkamerayus (ckaelka)
> c(1:5, 5:1, 3:4)
[11 123455432134

Hemuoro ciyxkebubix orepariuii. BoiBor:

> print(ch)
[1] nn nn nn nn nn nn "Hello" "M nn
[10] nn

Ecim Bwr paboraere B KOMaHHON ceccuu, TO BBIBOJIUTCH PE3YIHTAT KarKJION BBIMTOTHEHHOMN
koManbl. Ho eciim Bol mpoBojinTe Kakue-To JIeficTBUS B IUKJE, B (DYHKIIUU, B BHI3LIBAEMOM
o source () min Rscript ckpurire, TO »KeJIaeMblil BHIBOJ, HEOOXOIUMO JIe/IaTh sIBHO.

Kcraru roBops, eciim Bol pabotaere B KOMaH/IHOI CTpOKe, TO mlepeMenHas .Last.value
BCETIa COJIEPKUT PE3YJIbTaT MOCTIeTHel KOMaHIbI:

> 2 + 2

[1] 4

> print(.Last.value)
[1] 4

Summary:

> summary(1:10)
Min. 1st Qu. Median Mean 3rd Qu. Max.
1.00 3.25 5.50 5.50 7.75 10.00

Boobie summary () (kak, kcraru, u print () ) — 510 noauMopdHbie DYHKIH, JIJIs KazxKJ0TO
THIIa 00BEKTA OHH OIPEJIeJIEHbI TO-CBOoeMy. [[Jisi YMC/IOBBIX BEKTOPOB summary () BBIBOIUT
KBaHTUIN U cpegaHee. HezambicioBaTO, HO OBIBAET IOJIE3HO.

Jlmuna BekTOpa:

> length(v)

[1] 10

> length(v) <- b5

> v

[11 00000

> length(v) <- 10

> v

[11 0 0 O O O NA NA NA NA NA



Oyukmus length () paboraer u Ha npucanBanue. [Ipu nombiTKe yBeJIMIUTD JIIMHY BEKTOPA
HOBBIE 9JIEMEHTHI NOJIy4aloT 3HadeHue NA, T.e. IPOIYIIIEHHOE 3HAYECHUE.
Tun BekTOpAa:

> mode(v) # Jozuuweckull mun (mode)

[1] "numeric"

> storage.mode(v) # Xpanumel mun. Hyxen pedko, 68 OCHOBHOM, eCAU TOYEMCs
nepedams Yykaszameasv Ha obzekm ‘“‘hapyry’’

[1] "double"

O6e dyukMM paboTarOT Ha TPUCBAMBAHNE, U3MEHSIS THII OObHEKTA.
Tak>ke MOXKHO COBEPIIUTD IIPUBEJIEHNE TUIIA C IOMOIBIO (DYHKINI as.whatever ():

> as.character(10)

(1] 10"

> as.logical(10)

(1] TRUE

> as.numeric("33.5")
[1] 33.5

> as.integer("33.5")
[1] 33

> as.integer(33.5)
[1] 33

Bee CTaH/JapPTHBIC OIlepallil C BEKTOPpaMM BEKTOPU30BaHbI, T.€. BBITIOJIHAIOTCHA II03JIEMEHT-
HO:

> 1:10 + 10:1

[1] 11 11 11 11 11 11 11 11 11 11

> sin(1:10)

[1] 0.8414710 0.9092974 0.1411200 -0.7568025 -0.9589243 -0.2794155
[7] 0.6569866 0.9893582 0.4121185 -0.5440211

[Ipu sTOM ecoim B OMHapHO# ollepaliui BCTPEYalOTCd BEKTOPA HEOIUHAKOBOMN JIIMHBI, TO HC-
OJIB3YIOTCS TaK Ha3blBaeMoe IepenucbiBanne (recycling), BEKTOp MEHBINEH JJIMHBI aBTOMAa~
TUYIECKU TTOBTOPSIETCS Hy>KHOE YUCJIO Pas:

> 1:10 + 1:5
[1] 2 4 6 810 7 9 11 13 15

[Ipu sTOM, ectu jijTMHA MEHBIIEr0 BEKTOPA He SBJISAETCS JICJIUTE/IeM JIJIMHBI OOJIbINei, OyaeT
BBIBEJIEHO TIpeJIynpesKieHne (warning):
> 1:10 + 1:3
(1] 2 4 6 5 7 9 810 12 11
Warning message:
In 1:10 + 1:3 :
longer object length is not a multiple of shorter object length

OOBITHO MEHBIHI BEKTOP NMeeT JJINHY 1 1 TaKoil mpob/ieMbl He BOSHUKAET:

> (1:10)"2
[1] 1 4 9 16 25 36 49 64 81 100

I(CTELTI/I7 cTelleHb uMeeT 0oJjiee BBICOKMIA IIPUOPUTET, YEM ::



> 1:372
[1] 123456789

[Tonesnpre BeKTOpU30BaHHBIE (DYHKITAN:
a+b,a-b,a*xb,a/b#/ delicneus apudmemuru
a ~ b # cmenens

0 0 0/0
a h/h b, a %k b # yesouucaernnoe denenue u 83amue ocmamka
exp(x), log(x) # skcnonenwma u snozapugm

abs(x) # Modyas

Re(z), Im(z), Conj(z), Mod(z), Arg(z) # Bewecmsennas u MHUMOA 4aCMb,
KOMNAEKCHOE CONpAKEeHue, MoOYab U ap2yMeHm

cos(x), sin(x), tan(x), acos(x), asin(x), atan(x), atan2(y, x) #

Tpuzoromempus
x =y, x!=y, x>y, x >y, etc # nossemenmnble CpaBHEHUS
>1:10 > 5

[1] FALSE FALSE FALSE FALSE FALSE TRUE TRUE TRUE TRUE TRUE

x &y, x|y, xor(x, y) # bysaesckue nosaemenmnsie onepayul
x && y, x || y # 6ysresckue onepayuu O0as eekmopog Oaumsl 1, bliucCALeMble NO
kKopomkoUu cxeme

Arperupyrontie dyuknun. Hapsizy ¢ mosiemenTHON BekTopm3armeil (moburenn GyHK-
[IMOHAJIBHOIO MPOrPAMMUPOBAaHUS HA3BaJU Obl ee “map”) ecTh (DYHKIMH, COMOCTABIISIONINE
BeKTOPYy ejmHI4IHOe 3Haudenne (yoburesn PII wazsamu 6b1 910 “reduce”). Bor npumepst Ta-
KuX (pyHKIHi:

sum(x), prod(x) # Cymma u npousseedenue gcexr saemMenmos
max(x), min(x), which.max(), which.min() # Mokcumym-munumym u uxdekrc
MAKCUMAAbHOZ0 U MUHKUMAALHOZO SAEMEHMA

mean(), sd(), cov(), cor(), median(), mad(), quantile() # Cmamucmuueckue
PYyrRKYUU

all(x), any(x) # Jozuueckue Pyunkyuu, eosepauyawm TRUE, ecau ece (uau xzomsa 6bl
00UK) U3 SAEMEeHMO8 8eKmopPa UCMUHQ

2.2 Bekropa, goctyn kK 3jemenTam (subscripting, mHaekcHasi Tex-
HUKA)

Jocryn K 9j1eMeHTaM BeKTOpa OCYIIECTBIIsieTCst ¢ IOMOIIbIo orieparopa “[” (“subscript”). do-
cTyn paboTaer Kak Ha UTEHUEe, TaK U Ha 3alUCh:

x[7]
x[?7] <-y



Yrenune BO3BPAIAET HOIBEKTOP (BO3MOXKHO, uTo mycroit). Ilpu 3ammcu mojsekTop nepesa-
[ACHIBACTCS 3HAYEHUSIMU W3 BEKTODA, CTOsIero B mpapoil dactu (y). Ecam pimebl mepe-
3aIMCHIBAEMOrO MOJBEKTOPA U TPABON YaCTH HE COBIAJAIOT, IPUMEHSETCS [epernuchiBaHne
(ecm KOJIMYECTBO 3aMEHSEMBIX 3HAYCHUN He JIeTUTC Ha KOJINIECTBO HOBBIX, TO BBIBOJUTCS
pe/lyIpezK IeHne).

Yro moxker crosTh BHyTpH | |7

2.2.1 YwucsoBOi1 BEKTOP MHIEKCOB

Bce Heresible 3HavMeHMsT TPUBOIATCS K TIeJIbIM (0TOpackiBaeTcst apobHas dacTh). Hymm or-
OpaceiBatoTcs. 71 TOJIOXKATETBHBIX MHIEKCOB BO3BPAIIAIOTCS COOTBETCBYIONINE dJIEMEHTHI
(mymeparust or euHuIb!!):

> v <= c("a", "b", "c", "d", "e", "f", "g", "h")
> v[c(l, 3, 5.9)]

[1] "a" "c" "e"

> v[c(1l, 3, 5.9)] <- "X"

> v

[1] "X" "pm nwxmongr o nxn o vfn vgh th

ﬂﬂﬂ OTpHuIaTEe/JIbHBIX BO3BPAaIllalOTCA BCE€ IJIEMCHTDLI, KpOM€E€ Ha3BaHHBIX!

> vl-c(2, 4, 7.7)]

[1] nYm o onym o ouyn mfu o npn

> v[-c(2, 4, 7.7)] <- Y

Error: object 'Y' not found

> v[-c(2, 4, 7.7)] <- "y"

> v

[1] "y" wpnomyn nge o nyn owyn owgn wyw

CwmemuBaTh OTHIATE/IBHBIE U TTOJIO2KUTETbHBIE HHICKCHI HeJib3st. Ha urenue mosioxKuTeibHbIe
MHJIEKCHI MOXKHO JTyOJIMPOBATD:

> v

[1] nyn o npnonynoangnowyn nyn ugu nyn
> vlc(l, 1, 1, 2)]

[1] uYn ”Y" uYn ”b"

Ha szamnuces Toxe MO2KHO, HO B TaKOM CJIy4da€ 9JIEMCHT C IIOBTOPEHHbIM HHIEKCOM 6y,ueT 1Ie-
pe3alincCald HECKOJIBKO pa3 U B UTOI'€ B HEM OKa2KeTC:d HOC.HG,Z[HI/II'?'I 3alIMCAHHBIA SJ'IeMeHTIH

> V[C(l, 1, 1)] <_ C(IIXII, "Y", "Z")
> v
[1] ||Z|| nbu "C”

2.2.2 Jlorm4deckuii BeKTOp-MacKa

Boeibupatorcs ssementni, coorsercrByione TRUE. Eciu BekTOp HEpocTaTOYHON JIJIMHBI,
HCIIOJIB3YeTCs MeperrchiBanue (ec/u JIJINHA MacKU He JIEJIUT JIJINHY BEKTOPa, TO BbIBEJIET-
csl COOTBETCTBYIOIEe mpeaynpexaenue). Ecim BekTop-mMacka 6oJbllie JIIMHBI BEKTOPaA, TO
BEKTOD YJJIHHSIETCsT JI0 HeOOXO MO JUIHHBI U JomoJiHsgeTcs nporyckamu (NA).

1J-[I/ILIHO A CHUTAIO, 9YTO HUCIIOJIb30BAaTh IOBTOPHBIE MH/ICKCHI Ha 3allUCh — OY€Hb CKBEpHad HIed.



> v <-1:10

> v[c(TRUE, FALSE)] # Bubpame uemwusie snemermsl

(1] 13579

> v[c(TRUE, FALSE)] <- 42 # BameHumb wemHble 5aeMeHMmbl
> v

[1] 42 2 42 4 42 6 42 8 42 10

B ocHoBHOM, B KadecTBe JIOTHIECKOW MACKH UCIOJIB3YIOTCH BBIPAXKEHUsI- BAIIPOCHL :

> vlv > 6] <- 0 # Bamerume saemenmsl > 6
> v
[1] 0204060000

Tyt mHer Hukakoit Mmarum — v > 6 BO3BpaIllaeT JIOTUYECKUT BEKTOP.

2.2.3 CTpoKOBBIii BEKTOP UMEH

[l1st Toro, 9To0BI OOPAIATHCA K 3JIEMEHTAM BEKTOPA 110 UMEHAM, HEOOXO MO 3TH UMEHa Ha-
3HAYUTH. Y KaXKJ0I0 BEKTOPA €CTh BO3MOXKHOCTb YCTAHOBUTH aTPUOYT names — CTPOKOBBIA
BEKTOP TAaKO! 2Ke JIJINHBI, KaK U CaM BEKTOD:

> v <- 1:3

> names(v) <- c("a", "b", "c")
> v

abc

123

> names (v)

[1] uau nbu "C”

BekTop cran nmenoBanubIM. Terepb ecyu rmepeiarh B KA4eCTBE WHEKCa CTPOKOBBIN BEKTOD,
Oy/yT BBIOPAHBI COOTBETCTBYIOIIUE 3JIEMEHTHI:

> v[c("a”, "b”)]

ab

12

> v[lc("a", "b")] <- 42
> v

a b c

42 42 3

2.3 MaTrpunbl 1 MacCUBBI
2.3.1 Coznanue u pa3MepHOCTb MaTPUI]

Marpuiia co3jiaercst ¢ IIOMOIIbIO OJTHOMMEHHON KOMAaH b

> m <- matrix(1:9, 3, 3)
> m
(,11 [,2] [,3]
1,1 1 4 7
[2,] 2 5 8
[3,] 3 6 9



Marpurer B R npeacrasisiior coboii Bekrop (¢ passeprkoit FORTRAN-style, T.e. 10 cTos6-
IaM) CO CHEIUATBHBIM aTPUOYTOM PAa3MEPHOCTH:

> dim(m)
[1] 3 3
> length(m)
[1] 9
> dim(m) <- c(1, 9)
> m
(,11 [,2] [,3] [,4] [,5] [,6] [,7] [,8] [,9]
[1,] 1 2 3 4 5 6 7 8 9

Kaxk Buure, aTpubyT I0CTYIIEH Ha 3aIIUCh, €IMHCTBEHHOE, HEOOX0 MO, 9TO0BI prod (dim(x) )
= length(x).

Takxke ectb dyaKIUT nrow () m ncol (), BO3BpAIIAOT YNCJIO CTPOK U CTOJIOIOB COOTBET-
CTBEHHO.

2.3.2 Omnepaiuu ¢ MaTpuIAMA

Takx Kak MaTpUIILl ABJIAIOTC BEKTOPaAMU, JIJId HUX MOXKHO JIeJIaTh Te 2Ke Oollepaliuu, 9TO U
JIJISI BEKTOPOB; TIPU 9TOM PA3MEPHOCTDb OY/IET COXPAHATHCH:

> m <- matrix(1:9, 3, 3)
> sin(m)
[,1] [,2] [,3]

[1,] 0.8414710 -0.7568025 0.6569866
[2,] 0.9092974 -0.9589243 0.9893582
[3,] 0.1411200 -0.2794155 0.4121185
>m+ m

[,11 [,2] [,3]
[1,] 2 8 14
[2,] 4 10 16
[3,] 6 12 18
>m " 2

[,11 [,2] [,3]
[1,] 1 16 49
[2,] 4 25 64
[3,] 9 36 81
>m *x 2

[,11 [,2] [,3]
[1,] 2 8 14
[2,] 4 10 16
[3,] 6 12 18
> m *xm

[,11 [,2] [,3]
[1,] 1 16 49
[2,] 4 25 64
[3,] 9 36 81
>m > 10

(,11 [,21 [,3]
[1,] FALSE FALSE FALSE

10



[2,] FALSE FALSE FALSE
[3,] FALSE FALSE FALSE
>m > 5

[,11 [,2] [,3]
[1,] FALSE FALSE TRUE
[2,] FALSE FALSE TRUE
[3,] FALSE TRUE TRUE

O6paTI/IT€ BHHMaHHE, 9TO IIPpOU3BEACHUEC MaTPUIl — IIO3JIEMETHOE. Ecin Mp1 xoTM IIOJIY49UTb
0OBLIYHOE orepaTopHoe IIpousBeJeHnue, CJACAYET NCIIOJIb30BaTb %*%

>m %%/ m

(,1]1 [,2]1 [,3]
[1,] 30 66 102
[2,] 36 81 126
[3,] 42 96 150

BekTop 6e3 arpubyra pa3MepHOCTH CUUTACTCA BEKTOP-CTOJIOIOM, HO NPH YMHOXKEHUN
BEKTOPa Ha MaTPUILy CJIeBa BEKTOP aBTOMATHUYIECKU TPAHCIOHUPYETCS:

> m

(,1]1 [,2]1 [,3]
[1,] 1 4 7
[2,] 2 5 8
[3,] 3 6 9
>m %*% 1:3

[,1]
[1,] 30
[2,] 36
(3,1 42
> 1:3 Y%*% m
(11 [,2]1 [,3]

[1,] 14 32 50

O6paTuTe BHUMaHNE, 9TO YMHOMKEHHIE ‘*”’ 9TO O3 IeMETHOE YMHOXKEHIE KazK 00 CTOJIONA
Ha BEKTOP:

>mx*x 1:3

[,11 [,2]1 [,3]
[1,] 1 4 7
[2,] 4 10 16
[3,] 9 18 27

2.3.3 ®PysKuM Ajasg paboThl ¢ MaTpUIIAMU

solve(m) # obpamuas mampuya
solve(m, y) # m 'y, Ho ewuvucasemcs ycmolwusee
t(m) # mpancnonuposarue

gr(m), eigen(m), svd(m), chol(m) # kraccuuweckue mampuunsie pasnoxenus (GR,
EVD, SVD u pasaoxenue Xoneykozo)
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crossprod(x, y) # 2Ty, Ho ebivucasemcsa memnozo 6bicmpee
tcrossprod(x, y) # zy', anarozuuxo
crossprod(x), tcrossprod(x) # ymuomenue camy na ceba: r'x u rw’

diag(m) # dasn mampuuypl, eosepayaem 8ekmOp 2406HOU OUAZOKAAU, NPU SMOM
docmynra Ha 3aNUCH
> m <- matrix(1:9, 3, 3)
> diag(m)
[1] 159
> diag(m) <- -diag(m)
> m
[,11 [,2] [,3]
[1,] -1 4 7
[2,] 2 -5 8
[3,] 3 6 -9

diag(n) # daa wucaa -- eosepayaem eOUHUYHYW MAMPuYyy nopsadka n
> diag(3)
(,11 [,2] [,3]

[1,] 1 0 0
[2,] 0 1 0
[3,] 0 0 1

Creiika maTpuir:

cbind(a, b, ¢, ...) # Ckaelka mampuy no cmoabyam: [a:b:c:...]
rbind(a, b, ¢, ...) # Ckaelrka mampuy no cmpokam (8epmukasbHo)

Eciu BekTop (He mMaTpuily) mepegath Ha BXoj cbind (), To o OymeT paccMaTpUBATHCS Kak
croJiberr, a ecan rbind() — To Kak crpoka. Ilpm 5ToM 111 BEKTOPOB 1 MaTpuil paboTaroT
[paBUJIa TEePEIUCHIBAHUS.

CymMa 1 cpejiHee 110 CTPOKaM U CTOJIOImaM:

> m <- matrix(1:9, 3, 3)
> rowMeans (m)

[1] 4 5 6

> colMeans (m)

[1] 2 58

> rowSums (m)

[1] 12 15 18

> colSums (m)

[1] 6 15 24

2.3.4 MHuHoromepHble MacCCHUBBI

TakzKe, KpOMe MATPUIL IIPUCYTCTBYIOT U MHOTOMEDHbIE MAacCUBLI (TeH30phl) array ():

> a <- array(1:8, dim = c(2, 2, 2))
> a
b b 1
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[,1]1 [,2]
[1,] 1 3
[2,] 2 4

(,11 [,2]
[1,] 5 7
[2,] 6 8

2.4 MaTtpunbl 1 MacCUBBI, JOCTYII K 3JIeMeHTaM

Ob6cym obpaliieHre K 3//eMeHTaM MaTPUIl 1 MHOTOMEPHBIX MACCUBOB. AHAJOTUYIHO BEKTO-
pam, obpalrenne BO3MOXKHO KaK Ha YTEHUe, TaK W Ha 3aINCh

2.4.1 OO6paineHne Kak K BEKTOPY

N maTpuria, 1 MaccuB ABJISIOTCA BEKTOPOM, CJIEOBATEIBHO, JIJId HUX pabOTAIOT Te K€ MEeTO-
JIbI MHJIEKCUPOBAHUS, UTO U JIJI BEKTOPOB, IIPU 3TOM. HAIIOMHHAIO, MaTPHUIIA, YKJIaIbIBAETCI
B BeKTOp 10 crosbrmaM. Ha mpakTuke, moxKaJiyit, U3 9TOr0 MOXKET ObITH IOJIE3HA TOJIHKO
TeXHUKa “JIOTMIEeCKUX 3aIlPOCOB’ THIIA:

m[m > 10]
m[m < 0] <- 0

2.4.2 QOoOpailiieHne K JIEKAPTOBOMY IIPOU3BEIEHUI0 U3MEPeHU

st obpaltiieHusi K MATPHIe MOXKHO MCIIOJIBL30BATH JIBYXUHIEKCHYIO TEXHUKY (& Jist oOpalre-
HUA K MaCCUBaM — T-UHIAEKCHYIO, I'/IE 77 — KOJIMYEeCTBO HBMepeHHﬁ)Z

m[i, jl

ali, j, kI

riae i, j, k MOTyT OBITH YHMCJIOBBIMH, JIOTMYECKUMHU MJIN CTPOKOBBIMH BeKTOpaMu. Pe3yrb-

TaTOM Oy/IeT MOJAMACCHB TOil Ke CTPYKTYPBI (IOIBBIOOPKA TIPOM30MIET HE3ABICHMO 110 BCEM
M3MEDEHUSIM ).

> m <- matrix(1:9, 3, 3)

>m
(11 [,2] [,3]

[1,] 1 4 7

[2,] 2 5 8

(3,] 3 6 9

> m[c(TRUE, FALSE, TRUE), -1] # Bubpame 1 u 3 cmpoku u ombpocums 1 cmonbey
[,11 [,2]

[1,] 4 7

[2,] 6 9

Y1006bI IMETHh BO3MOXKHOCTb O0OpaIlaThcd K CTPOKAM U CTOJIOIAM MATPUIIBI 110 UMEHAaM,
HY?KHO 3a3/]aTh aTPHOYTHI colnames n rownames (a B ciiydae MaccuBa — arpuOyT dimnames):
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> m <- matrix(1:9, 3, 3)

> rownames(m) <- c(“a", llb|l, llcll)

> colnames(m) <- C(IIXII, nyu, uzu

> m[c("a", "C” , C(nyu, nyu, ”X")]
yy X

ad4dl

c 663

> a <- array(1:8, dim = c(2, 2, 2))

> dimnames(a) <- list(c("a", "b"), c("i", "j"), c("x", "y"))
> a

, 5 X

i
ab
b 6
> a[nan, ”j“, ||yn]
(11 7

0 ~ .

HY)KHO OTMETUTDL ABC TOHKOCTH. IBO—I_IGIZ)BI)IX7 OJIH NJIN HECKOJIbKO MHAEKCOB MO2KHO OILyC-
KaThb, 9TO OyJeT 03HadYaTh BHIOOD BCETO amalnas3oHa. Bo-BTOPBIX, €CIi B pe3ysbrare BhIOOpPa
[OJTyYeHHBI MaccuB Oy/eT UMeTh MEHBIIYI0 Pa3MEePHOCTh, YeM UCXOJHBIN (HAIpUMep, Bbl-
OupaeM CTPOKY M3 MATPHIIBI), TO BBIPOXKIECHHBIE N3MEPEHUST aBTOMATUICCKU “CXJIOMHYTCS

(drop):

m <- matrix(1:9, 3, 3)
m

#it [,11 [,2] [,3]
## [1,] 1 4 7
## [2,] 2 5 8
## [3,] 3 6 9
m[1, ]

## [1] 1 4 7

m[, 1]

## [1] 1 2 3

B GonbmuHCcTBE CcitydaeB 3TO YI00HO: KOIJa MbI U3BJIEKAEM CTPOKY WM CToJjberr, OoJiee
NPUATHO TIOJIYyYaTh BEKTOP, a He JUIMHHYIO Marpuily. Ho mHOrma tpebyercs, 4TOOBI IOJI-
MACCUB MMeJI CTPOTO TaKyIO K€ Pa3sMEpPHOCTb, KaK U MCXOJHBII MaccuB. UToOOBI M30€KATH
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CXJIOIIbIBaHUA U IIOJIYIUTH MaCCHUB TOH 2Ke PasMEpPHOCTH HY2KHO fABHO YKa3aTb:

m <- matrix(1:9, 3, 3)
m[1, , drop = FALSE]

#it [,11 [,2] [,3]
## [1,] 1 4 7

m[, 1, drop = FALSE]

#t [,1]
## [1,] 1
## [2,] 2
## [3,] 3

2.4.3 OoOpanienre Mo MHOTOMEPHOMY HHJIEKCY

Moxno nepefars B [ ] Marpuily u3 r cToJIOIOB U N CTPOK, TJe T — YUCJI0 u3Mepenuii (2
JUIst MaTpHIlbl). B pesysibrare KaxK1ast CTpoKa OyjIeT paccMaTpUBAThCs KaK HabOp KOOP/IMHAT
BBIOMPAEMOTO 3JIEMEHTA U PE3YILTATOM OyJIeT BEKTOD JIJIMHBI 1

> m <- matrix(1:9, 3, 3)
> m[cbind(1:ncol(m), ncol(m):1)] # Aumuduazonans
[1] 753

3 Choucku

Crmncok — 3T0 BEKTOD, KOTOPBII MOYKET XPaHUTh 9JIEMEHTHI Pa3IMYHbIX THIOB. B oTamune
or Python, Her Bo3MOXKHOCTH CO3/IATh PEKYPCUBHBIN CIMCOK (TAK KaK KOIMMPOBAHUE BCETJIA
IIPOUCXOJIUT 10 3HAYCHUIO).

3.1 Cozpanue comcka, ckKJjeilika, IOBTOpPeHHne

1 <- list(a =1, b = "string", f = q)
1

## $a

# [1] 1

##

## $b

## [1] "string"

##

##t $f

## function (save = "default", status = 0, runlLast = TRUE)
## .Internal(quit(save, status, runlast))
## <bytecode: 0x2d912c8>

## <environment: namespace:base>
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1 <- list(a =1, 2) # He obasameabHo e8ce saeMeHmbl OO0AKHbI UMEMb UMEHA
1

## $a
## [1] 1
#t

## [[2]]
## [1] 2

1 <- as.list(1:3)

1

11 <- list(1, "A™)

12 <- list("b", 10)

c(11, 12) # Cnucku MOXHO CKAeEu8amb
rep(11, 5) # U noemopsams

3.2 (OobpamieHne K 3JieMeHTaM
3.2.1 Bsarue moacrnmucka

st cimckoB omeparop [ paboraer Tak:ke, KaK M JIJIT BEKTOPOB, TOJIHKO BO3BPAIIaeTCs HE
IIOJIBEKTOP, & IOJICIUCOK:

1 <- list(a = 1, b = "string", d = TRUE)
1[1:2]

## 3$a

# [1] 1

##

## $b

## [1] "string"

1[-2]

## $a

# [1] 1

##

## $d

## [1] TRUE

1[c("a" , ”b")]

##t $a

## [1] 1

H#

## $b

## [1] "string"
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1[1:2] <- 1list(5, "char")
1

## $a

## [1]1 5

#t

## $b

## [1] "char"
##

## $d

## [1] TRUE

3.2.2 Basdgrue sjiemeHTa

Omnepatop [[ mo3BosisieT 00paTUTHCS K SJIEMEHTY:
1[0[1]]
## [1]1 5

1[["d"]] <- list(42)
1

## $a

## [1] 5

##

## $b

## [1] "char"
H##

## $d

## $d[[11]

## [1] 42

Tak:ke K 3/1eMeHTaM CIIICKa MOXKHO obpalaThes depes3 omeparop $:

11 <- list(a =1, b = 2, "ccc")
11%a

## [1] 1

11%b <- 42
11$c  # IIpu wmenHuu AocmamoukO YHUKAALHOZ20 npedukca

## NULL

11
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## $a

## [1] 1

##

## $b

## [1] 42
##

## [[3]]

## [1] "ccc"

11$c <- 42 # A npu sanucu 6ydem co3dan daeMeHM C NepedarHbM UMEHEeM
11

## $a

## [1] 1
##

## $b

## [1] 42
##

## [[31]
## [1] "ccc"
##

## $c

## [1] 42

[IpucsanBanue snementy s3uadenud NULL ynamsger snement:

## $a

## [1] 5

#t

## $b

## [1] "char"
#it

## $d

## $d[[1]1]

## [1] 42

1[[1]] <- NULL

1$d <- NULL
1

## $b

## [1] "char"

Ecimm Bam no kakum-To mpuunnaMm Hajgo moaoxkuTb NULL B crimcok, To 3T0 Jiestaercs
TaK:
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1[1] <- 1ist(NULL)

4 MatepuaJjibl C 3aHATUA 3 OKTIOPS

4.1 Toothgrowth

library(lattice)
library(latticeExtra)

library (MASS)

tooth <- read.

tooth$supp <-
"Ascorbic
tooth$supp <-
"Ascorbic
bwplot(~len |

table("toothgrowth.txt")

factor(tooth$supp, labels = c("Orange juice",
acid"))

factor(tooth$supp, levels = c("Orange juice",
acid"))

supp * dose, data = tooth)
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5 10 15 20 25 30 35
] ] ] ] ] ] ] ] ] ] ] ] ] ]

dose dose

Orange juice Ascorbic acid

SN A S e

dose dose

Orange juice Ascorbic acid

— oL el
dose dose

Orange juice Ascorbic acid

bwplot (Tlen

10 15 20 25 30 35

len

| dose * supp, data = tooth)
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5 10 15 20 25 30 35

| |
Ascorbic acid Ascorbic acid Ascorbic acid

dose dose dose
e e
Orange juice Orange juice Orange juice
dose dose dose

| | | | | | 1 | | | | | 1 | | |
5 10 15 20 25 30 35 5 10 15 20

len

contrasts (tooth$supp)

## Ascorbic acid
## Orange juice 0
## Ascorbic acid 1

contrasts(tooth$supp) <- contr.sum
contrasts(tooth$supp)

#it [,1]
## Orange juice 1
## Ascorbic acid -1

1 <- 1Im(len ~ supp + dose, data = tooth)
summary (1)
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#H
#
H#
#Hit
#i#t
#i#t
#H
i
H#
#Hit
#it
H#
#
H#
#Hi#t
#it
#H
#Hi
H#
#Hit

Call:
Im(formula = len ~ supp + dose, data = tooth)
Residuals:

Min 1Q Median 3Q Max
-6.600 -3.700 0.373 2.116 8.800
Coefficients:

Estimate Std. Error t value Pr(>|t|)

(Intercept)  7.4225 1.1599 6.399 3.17e-08 *x*x
suppl 1.8500 0.5468 3.383 0.0013 *x*
dose 9.7636 0.8768 11.135 6.31e-16 **x*
Signif. codes:

O "xxx' 0.001 '*x' 0.01 'x' 0.05 '.' 0.1 " ' 1

Residual standard error: 4.236 on 57 degrees of freedom
Multiple R-squared: 0.7038,Adjusted R-squared: 0.6934
F-statistic: 67.72 on 2 and 57 DF, p-value: 8.716e-16

1 <- Im(len ~ supp * dose, data = tooth)

summary (1)

##

## Call:

## 1m(formula = len ~ supp * dose, data = tooth)

##

## Residuals:

#it Min 1Q Median 3Q Max

## -8.2264 -2.8462 0.0504 2.2893 7.9386

##

## Coefficients:

#t Estimate Std. Error t value Pr(>|tl)

## (Intercept)  7.4225 1.1182 6.638 1.37e-08 *x*x
## suppl 4.1275 1.1182  3.691 0.000507 **x
## dose 9.7636 0.8453 11.551 < 2e-16 *xx
## suppl:dose  -1.9521 0.8453 -2.309 0.024631 *
#H -

## Signif. codes:

## 0 'sxxx' 0.001 'xx' 0.01 'x' 0.05 '.' 0.1 ' ' 1

##

## Residual standard error: 4.083 on 56 degrees of freedom

#i#t
#i#t

Multiple R-squared: 0.7296,Adjusted R-squared: 0.7151
F-statistic: 50.36 on 3 and 56 DF, p-value: 6.521e-16

tooth$dose <- factor(tooth$dose, ordered = TRUE)
contrasts(tooth$dose)
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#it odle .Q
## [1,] -7.071068e-01 0.4082483
## [2,] -7.850462e-17 -0.8164966
## [3,] 7.071068e-01 0.4082483

contrasts(tooth$dose) <- contr.helmert
contrasts(tooth$dose)

#it [,1]1 [,2]
# 0.5 -1 -1
#it 1 1 -1
#it 2 0 2

1 <- Im(len ~ supp * dose, data = tooth)

summary (1)

i

## Call:

## 1m(formula = len ~ supp * dose, data = tooth)

##

## Residuals:

H#t Min 1Q Median 3Q Max

# -8.20 -2.72 -0.27 2.65 8.27

##

## Coefficients:

# Estimate Std. Error t value Pr(>|t|)

## (Intercept) 18.8133 0.4688 40.130 < 2e-16 *xx
## suppl 1.8500 0.4688 3.946 0.000231 **x
## dosel 4.5650 0.5742  7.951 1.19e-10 **x
## dose2 3.6433 0.3315 10.990 2.17e-15 **x
## suppl:dosel 0.1700 0.5742 0.296 0.768308

## suppl:dose2 -0.9450 0.3315 -2.851 0.006166 *x*
H# ---

## Signif. codes:

# 0 '"xxx' 0.001 'xx' 0.01 'x' 0.056 '.' 0.1 "' ' 1

##

## Residual standard error: 3.631 on 54 degrees of freedom
## Multiple R-squared: 0.7937,Adjusted R-squared: 0.7746
## F-statistic: 41.56 on 5 and 54 DF, p-value: < 2.2e-16

stepAIC(1)

## Start: AIC=160.43
## len ~ supp * dose

##
#i#t Df Sum of Sq RSS AIC
## <none> 712.11 160.43
## - supp:dose 2 108.32 820.43 164.93
##
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## Call:
## 1lm(formula = len ~ supp * dose, data = tooth)

i

## Coefficients:

## (Intercept) suppl dosel dose2
## 18.813 1.850 4.565 3.643
## suppl:dosel suppl:dose2

## 0.170 -0.945

1.1lin <- 1m(len ~ supp + dose, data = tooth)
# the smaller AIC/BIC, the better the fit
AIC(1, 1.1in)

#it df AIC
## 1 7 332.7056
## 1.1in 5 337.2013

BIC(1, 1.1lin)

#Hit daf BIC
## 1 7 347.366
## 1.1in 5 347.673

anova(l, 1.1lin)

## Analysis of Variance Table
##

## Model 1: len = supp * dose
## Model 2: len ~ supp + dose

##  Res.Df RSS Df Sum of Sq F Pr(>F)

## 1 54 712.11

## 2 56 820.43 -2  -108.32 4.107 0.02186 =*
#H ---

## Signif. codes:

## 0 '**xx' 0.001 '*x' 0.01 'x' 0.05 '.' 0.1 ' ' 1

tooth.agg <- aggregate(subset(tooth, select = len),
list(supp = tooth$supp, dose = tooth$dose),
mean)
dp <- dotplot(factor(dose) ~ len, groups = supp,
data = tooth.agg, auto.key = list(title = "Delivery",
corner = c(0, 1)), type = "b", xlab = "mean(tooth length)",
ylab = "Vitamin C dose", par.settings = simpleTheme(pch = 19))
vp <- bwplot(factor(dose) ~ len, groups = supp,
data = tooth, panel = function(...) {
panel.superpose(..., col = trellis.par.get("superpose.polygon")$col,
panel.groups = panel.violin)
}, auto.key = list(title = "Delivery method",
corner = c(0, 1), points = FALSE,
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lines = FALSE, rectangles = TRUE),
xlab = "Tooth length", ylab = "Vitamin C dose",
par.settings = simpleTheme(alpha = 0.6,
pch = 19))
vp + dp

Delivery method
Orange juice

Ascorbic acid /—\
2 W

Vitamin C dose
=

| | | | | | |
5 10 15 20 25 30 35

Tooth length

4.2 TI'pacduku residuals-vs-fitted

library(lattice)

library(latticeExtra)

library(MASS)

panel <- function(...) {
panel.xyplot(...)
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panel.lmline(...)

}

N <- 1000

x <- rnorm(N)

betal <- 1

betal <- 2

betal_2 <- 0.5

y <- beta0 + betal * x + betal_2 * x"2 +
rnorm(N, sd = 0.1)

df <- data.frame(y =y, x = x)

1 <- Im(y ~ x, data = df)

12 <- Im(y ~ poly(x, degree = 2), data = df)

pl <- xyplot(residuals(l) ~ fitted(l), panel = panel)

p2 <- xyplot(residuals(12) ~ fitted(12),
panel = panel)

plot(c(linear = pl, quadratic = p2))
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fitted(l)

y <- exp(beta0 + betal * x + rnorm(N, sd = 0.5))
df <- data.frame(y =y, x = x)
1 <- Im(y ~ x, data = df)
12 <- 1Im(log(y) ~ x, data = df)
pl <- xyplot(residuals(l) ~ fitted(l), panel = panel)
p2 <- xyplot(residuals(12) ~ fitted(12),
panel = panel)
plot(c(original = pl, logarithm = p2))
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fitted(l)

Auto <- read.table("Auto.data", header = TRUE,
na.strings = "?7")

Auto <- na.omit (Auto)

xyplot (mpg ~ horsepower, data = Auto)
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xyplot (mpg ~ log(horsepower), data = Auto)
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log(horsepower)

11 <- 1lm(mpg ~ horsepower, data = Auto)

12 <- 1lm(mpg ~ poly(horsepower, degree
data = Auto)

llog <- 1m(mpg ~ log(horsepower), data

15 <- Im(mpg ~ poly(horsepower, degree
data = Auto)

16 <- lm(mpg ~ poly(horsepower, degree
data = Auto)

summary (11)

#i#

## Call:

## 1m(formula = mpg ~ horsepower, data
#Hit

## Residuals:
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#H
#
H#
#Hit
#i#t
#i#t
#H
i
H#
#Hit
#it
H#
#
H#

Min 1Q Median 3Q Max
-13.5710 -3.2592 -0.3435 2.7630 16.9240

Coefficients:

Estimate Std. Error t value Pr(>|tl)
(Intercept) 39.935861 0.717499 55.66  <2e-16 *x*x
horsepower -0.157845 0.006446 -24.49 <2e-16 *xx*
Signif. codes:
0 's*x' 0.001 'xx' 0.01 'x' 0.05 '." 0.1 ' ' 1

Residual standard error: 4.906 on 390 degrees of freedom
Multiple R-squared: 0.6059,Adjusted R-squared: 0.6049
F-statistic: 599.7 on 1 and 390 DF, p-value: < 2.2e-16

summary(1llog)

#
H#
#Hit
#i#t
#i#t
#H#
H#
#Hit
#it
#i#t
#H#
i
H#
#i#t
#it
#t
#H
H#
#Hit

Call:
Im(formula = mpg ~ log(horsepower), data = Auto)

Residuals:
Min 1Q Median 3Q Max
-14.2299 -2.7818 -0.2322 2.6661 15.4695

Coefficients:

Estimate Std. Error t value Pr(>|tl)
(Intercept) 108.6997 3.0496 35.64 <2e-16 *xx
log(horsepower) -18.5822 0.6629 -28.03 <2e-16 *x*x
Signif. codes:
O '"xxx' 0.001 'xx' 0.01 'x' 0.06 '.' 0.1 ' ' 1

Residual standard error: 4.501 on 390 degrees of freedom
Multiple R-squared: 0.6683,Adjusted R-squared: 0.6675
F-statistic: 785.9 on 1 and 390 DF, p-value: < 2.2e-16

summary (15)

H#
#Hit
#i#t
#it
#H
i
H#
#i#t
#i#t
#

Call:
Im(formula = mpg ~ poly(horsepower, degree = 5), data = Auto)

Residuals:
Min 1Q Median 3Q Max
-15.4326 -2.5285 -0.2925 2.1750 15.9730

Coefficients:
Estimate Std. Error t value
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## (Intercept) 23.4459 0.2185 107.308
## poly(horsepower, degree = 5)1 -120.1377 4.3259 -27.772
## poly(horsepower, degree = 5)2  44.0895 4.3259 10.192
## poly(horsepower, degree = 5)3  -3.9488 4.3259 -0.913
## poly(horsepower, degree = 5)4 -5.1878 4.3259 -1.199
## poly(horsepower, degree = 5)5  13.2722 4.32569 3.068
##t Pr(>ltl)

## (Intercept) < 2e-16 **x

## poly(horsepower, degree = 5)1 < 2e-16 **x

## poly(horsepower, degree = 5)2 < 2e-16 **x

## poly(horsepower, degree = 5)3 0.36190

## poly(horsepower, degree = 5)4 0.23117

## poly(horsepower, degree = 5)5 0.00231 *x

HH# - --

## Signif. codes:

## O '"sxx' 0.001 'xx' 0.01 'x' 0.05 '." 0.1 " ' 1

##

## Residual standard error: 4.326 on 386 degrees of freedom
## Multiple R-squared: 0.6967,Adjusted R-squared: 0.6928
## F-statistic: 177.4 on 5 and 386 DF, p-value: < 2.2e-16

summary (16)

##

## Call:

## 1m(formula = mpg ~ poly(horsepower, degree = 6), data = Auto)
##

## Residuals:

## Min 1Q Median 3Q Max

## -15.595 -2.571 -0.269 2.209 15.362

#H#

## Coefficients:

it Estimate Std. Error t value
## (Intercept) 23.4459 0.2177 107.715
## poly(horsepower, degree = 6)1 -120.1377 4.3096 -27.877
## poly(horsepower, degree = 6)2  44.0895 4.3096 10.231
## poly(horsepower, degree = 6)3  -3.9488 4.3096 -0.916
## poly(horsepower, degree = 6)4 -5.1878 4.3096 -1.204
## poly(horsepower, degree = 6)5  13.2722 4.3096 3.080
## poly(horsepower, degree = 6)6  -8.5462 4.3096 -1.983
Hit Pr(>Itl)

## (Intercept) < 2e-16 **x%

## poly(horsepower, degree = 6)1 < 2e-16 *x*x

## poly(horsepower, degree = 6)2 < 2e-16 **x

## poly(horsepower, degree = 6)3 0.36008

## poly(horsepower, degree = 6)4 0.22941

## poly(horsepower, degree = 6)5 0.00222 *x

## poly(horsepower, degree = 6)6 0.04807 *
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#H ---

## Signif. codes:

## 0 '**xx' 0.001 '*x' 0.01 'x' 0.05 '.' 0.1 ' ' 1

##

## Residual standard error: 4.31 on 385 degrees of freedom
## Multiple R-squared: 0.6998,Adjusted R-squared: 0.6951
## F-statistic: 149.6 on 6 and 385 DF, p-value: < 2.2e-16

AIC(11, 12, 1llog, 15, 16)

#i df AIC
## 11 3 2363.324
## 12 4 2274.354
## 1log 3 2295.760
## 15 7 2268.663
## 16 8 2266.680

BIC(11, 12, 1llog, 15, 16)

#it df BIC
## 11 3 2375.237
## 12 4 2290.239
## llog 3 2307.674
## 15 7 2296.462
## 16 8 2298.450

anova(l1l, 12)

## Analysis of Variance Table

#i#

## Model 1: mpg ~ horsepower

## Model 2: mpg ~ poly(horsepower, degree = 2)

##  Res.Df RSS Df Sum of Sq F Pr (>F)

## 1 390 9385.9

## 2 389 7442.0 1 1943.9 101.61 < 2.2e-16 ***
#H --—-

## Signif. codes:

# 0 '"xxx' 0.001 'xx' 0.01 'x' 0.056 '.' 0.1 "' ' 1

anova(l1l, 15)

## Analysis of Variance Table

##

## Model 1: mpg ~ horsepower

## Model 2: mpg ~ poly(horsepower, degree = 5)

##  Res.Df RSS Df Sum of Sq F Pr (>F)

## 1 390 9385.9

## 2 386 7223.4 4 2162.5 28.89 < 2.2e-16 xxx
# -

## Signif. codes:

## 0 'xxx' 0.001 'xx' 0.01 'x' 0.05 '.' 0.1 ' ' 1
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anova(l1l, 16)

#Hit
#Hit
#i#t
#it
#it
#it
#it
#it
#i#t
#it

Analysis

Model 1:
Model 2:
Res.Df

1
2

390
385

of Variance Table

mpg ~ horsepower
mpg ~ poly(horsepower, degree = 6)
RSS Df Sum of Sq F Pr(>F)
9385.9
7150.3 5 2235.6 24.074 < 2.2e-16 **x

Signif. codes:
0 "skx!

0.001 "xx' 0.01 'x' 0.056 '." 0.1 ' ' 1

anova(l5, 16)

#it
#Hit
#Hit
#it
#it
#it
H#
#Hi#t
#it
#it

Analysis

Model 1:
Model 2:
Res.Df

1
2

386
385

of Variance Table

mpg ~ poly(horsepower, degree = 5)

mpg ~ poly(horsepower, degree = 6)
RSS Df Sum of Sq F Pr(oF)

7223.4
7150.3 1 73.038 3.9326 0.04807 =*

Signif. codes:
0 ‘'dkok!

0.001 '"xx' 0.01 'x' 0.06 '." 0.1 ' ' 1

4.3 Jluneiinas perpeccusi (YHUBEPCHUTETHI)

library (MASS)

library(lattice)
library(latticeExtra)
library(latticist)

df <- read.csv2(file = "I.csv")

# A ycmarosun nakem latticist, umobsl

#

FH OB R OH OB W OH R ™ R W

gdoeonb Haawbosambcsa Ha YHugepcumemst A
pewun,

Ymo nEpPEeMEHRHbLIT CAUWKOM MHO20 U

ocmagusn moabko no 00HOU u3 Kaxdo20
kaacca Hanpumep, KOAUYECMBO 8EUEPHUKOS
U O4HUKO8 --- ABHO TAPAKMEPUCMUKU
00H020 U MO20 #e, N03MOMY OCMA8UM
moabko 00HY U3 HUT Mol ke NnoMHUM, 4mo
b6pamb CUAbLHO KOPEAAUPOBAHbIE NPUSHAKU 8
Mmodenb --- Oyprol moHn?) Hmaaaaaaak,
bapabaHras O0pobsb, A pewus 0Cmagums:
PPIND - ¢akmop, 1 - IocydapcmeerHsll, 2
- YacmHeli yHusepcumem. AVRCOMB -
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cpedrull cpedHuli 6aan HA 8CMYnumMensHsIT
ask3amenar (SAT, epode Hawezo EII).
NEW10 - Smo mo, umo 6ydem
annpokcumposams, 3adarue Y HAC makoe
Smo npoyenm ceexes3a“UCAEeHHbIT
cmydermoe-omauurukos (Ilpoyexm cpedu
nocmynuewux, mex, kmo e H.S. exodun &
10/ aywwuz) B opuzunase ''Pct. new
students from top 10/ of H.S. class''
FULLTIME - Koauxecmgo cmydeHmos-oH4HUKOS8
IN_STATE - Ilnama 3a obyuerue 0as
mecmuotx ROOM - Ilnama 3a kolUky 6 obyaze
ADD_FEE - JlonoanumenbHsie nobopel (ceepz
naamel 30 obywenue, KOUKY U YyuebHble
Mmamepuanst) PH_D - Ilpouyewm kardudamos
Hayk cpedu nedaz202u4ecko20 COCMa8a.
GRADUAT - Ilpoyexm binYycCmueWUTCA.
Toi-26t=) SAL_FULL - Cpeldxas 3apnaama
noanozo npogeccopa (full professor).
NUM_FULL - Koau4emeo SmMuT CAMbIT NOAHLIT
npogeccopoe Tenepsb Ham Hado obpesams u
noonpagume UCTOOHell Oamagdpelm u
ckopmums e2o latticist.
latticist (df)
Omobpaau npusraku
df <- subset(df, select = c(PPIND, AVRCOMB,
NEW10, FULLTIME, IN_STATE, ROOM, ADD_FEE,
PH_D, GRADUAT, SAL_FULL, NUM_FULL))
# CkoHeepmupoeasu mun YHugepcumema e
# pakmop, mak u ebl800 Kpacueee, U 8
# mModenu b6ydem ydobrHee uHmepnpemupoeams
df$PPIND <- factor (df$PPIND, labels = c("Public",
"Private"))
df <- na.exclude(df)
splom(df, groups = df$PPIND)

RHOoR R R R R R R R R R R R R R R R R R R R R R R W
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Scatter Plot Matrix

T'eapdus, e 60i! latticist(df)

Ha smom 2paguke Topowo 6udHO, umo

OaHHble HeoOHOPOOHbl. Ham Hado bydem

gblbpams, K020 OCMABUMbL --- “ACMHbIE UAU

2ocyoapcmeenHsle yrugepcumemsl. A

ocmagaw 20Cy0apCmeeHHble, NOMOMY “MO UL

boavuwe.

marginal.plot(df, data = df, groups = PPIND,

auto.key = list(lines = TRUE, title = "PPIND",
cex.title = 1, columns = 2))

FHoR B R OB W™ R
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PPIND

Public o —— Private o ——
PPIND AVRCOMB NEW10 FULLTIME
T T I I I I I I I I
?\)\0\0 Q "\Q\. '\900 '\,7»00 \)90 < '\9060 10006 R QO
IN STATE ROOM ADD FEE PH D
I I I I I I I I I I I I I
Q '\‘0000 ?9060 'LQQQ D(ng 6600 Q 600 ,»(300 '\,600 0 o0 ,\90
GRADUAT SAL FULL NUM FULL
I I I I I I I I I
O N 0 ,\'QQ 600 %00 600 ,\900
df .pub <- subset (df, PPIND == "Public")

marginal.plot(subset(df.pub, select = c(ADD_FEE,
ROOM, IN_STATE, SAL_FULL)))
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ADD_FEE ROOM

Q 600 »\'000 \,600 'LQOQ
IN_STATE SAL FULL
I I I I
7900 DQQQ 6000 ‘600

marginal.plot(log(subset (df.pub, select = c(ADD_FEE,
ROOM, IN_STATE, SAL_FULL))))
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ADD_FEE ROOM

[ [ [ [ [ [
[ o 19 1% @9 PN

IN_STATE SAL_FULL

fitl <- Im(NEW10 ~ AVRCOMB + FULLTIME + log(IN_STATE) +
log(ROOM) + log(ADD_FEE) + log(SAL_FULL) +
PH_D + GRADUAT + NUM_FULL, data = df.pub)

summary (fit1)

Ht
## Call:
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## lm(formula = NEW10 ~ AVRCOMB + FULLTIME + log(IN_STATE) + log(ROOM) +

#it log (ADD_FEE) + log(SAL_FULL) + PH_D + GRADUAT + NUM_FULL,
#t data = df.pub)

H##

## Residuals:

#it Min 1Q Median 3Q Max

##t -22.770 -3.407 1.111 3.588 15.071

#t

## Coefficients:

it Estimate Std. Error t value Pr(>|t])

## (Intercept) -4.397e+01 8.490e+01 -0.518 0.60828

## AVRCOMB 1.469e-01 2.823e-02 5.203 1.31e-05 *x*x
## FULLTIME -2.458e-04 3.797e-04 -0.647 0.52227

## log(IN_STATE) -9.057e+00 2.646e+00 -3.422 0.00181 *x
## log(ROOM) -4.011e+00 4.082e+00 -0.982 0.33375

## log(ADD_FEE) -3.651e+00 1.628e+00 -2.242 0.03251 *
## log(SAL_FULL) 1.114e+01 1.459e+01 0.764 0.45090

## PH_D -4.984e-01 2.842e-01 -1.754 0.08965 .
## GRADUAT 2.645e-01 1.469e-01 1.801 0.08173 .
## NUM_FULL 1.225e-02 1.172e-02 1.045 0.30431

#H ---

## Signif. codes:

## 0 '**xx' 0.001 'xx' 0.01 'x' 0.05 '.' 0.1 ' ' 1

##

## Residual standard error: 7.755 on 30 degrees of freedom
## Multiple R-squared: 0.7874,Adjusted R-squared: 0.7236
## F-statistic: 12.35 on 9 and 30 DF, p-value: 6.861e-08

Hmeem --- omAuuHUKU npekpacHo coawm

sK3aMeHbl U nocmynawm myda, 20e MeHbuwe

Hado naamume, Merbwe nobopos, MeHbue

karndudamose (sic!) u boavwe npouyexm

ycnewrno 3akorwuswuxr. Ha camom Odeane,

amo HecoOepxamensro. AVRCOMB ---

abCcomomHo He HYykewn Ham. M mak noHAMHO,

Ymo OMAUMHUKU maM, 20e omaudHuku. Ecau

Mol TOMUM NOAY“UMb OelCmeumenbHo

UHPopMamMUBHYw MOOenb U HempuguanbHsle

86180061, mo u3 npedukmopos AVRCOMB umeem

cMblcA ybpamb, UHAYE MPAKMOSKA pe2peccul

6ydem maemonaozuel

fit2 <- 1m(NEW10 ~ FULLTIME + log(IN_STATE) +
log(ROOM) + log(ADD_FEE) + log(SAL_FULL) +
PH_D + GRADUAT + NUM_FULL, data = df.pub)

summary (fit2)

FHOR R R OH OB W W™ O™ R R ™R

#i#t
## Call:
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## Im(formula = NEW10 ~ FULLTIME + log(IN_STATE) + log(ROOM) + log(ADD_FEE) +

#it log(SAL_FULL) + PH_D + GRADUAT + NUM_FULL, data = df.pub)
H##

## Residuals:

#it Min 1Q Median 3Q Max

##t -22.749 -5.841 0.533 5.365 23.062

#it

## Coefficients:

it Estimate Std. Error t value Pr(>|t]|)

## (Intercept) 4.531e+01 1.128e+02 0.402 0.690693

## FULLTIME -3.024e-04 5.150e-04 -0.587 0.561361

## log(IN_STATE) -1.313e+01 3.430e+00 -3.829 0.000586 *x*x
## log(ROOM) -2.312e+00 5.521e+00 -0.419 0.678299

## log(ADD_FEE) -4.263e+00 2.204e+00 -1.934 0.062256 .
## log(SAL_FULL) 1.671e+01 1.974e+01 0.846 0.403798

## PH_D -2.902e-01 3.818e-01 -0.760 0.452957

## GRADUAT 7.369e-01 1.566e-01 4.705 Be-05 *xx*x*
## NUM_FULL 1.917e-02 1.580e-02 1.213 0.234185

H# ---

## Signif. codes:

## 0 'xxx' 0.001 'xx' 0.01 'x' 0.06 '." 0.1 ' ' 1

#it

## Residual standard error: 10.52 on 31 degrees of freedom
## Multiple R-squared: 0.5956,Adjusted R-squared: 0.4912
## F-statistic: 5.706 on 8 and 31 DF, p-value: 0.0001718

# Ywe wna uwmo-mo noxzoxe. Iocmynawm myoda,

# 20e Oewesne, 20e boabwe WAHC

# ebinycmumscs u MeHbwe nobopos.

# Illonpobyem ymerbWums HUCAO NPUSHAKOS.

# Bpyunyw no t-test u no Akxauke

fit2.manual <- Im(NEW10 ~ log(IN_STATE) +
log (ADD_FEE) + GRADUAT, data = df.pub)

summary (£it2.manual)

##

## Call:

## lm(formula = NEW10 ~ log(IN_STATE) + log(ADD_FEE) + GRADUAT,
#it data = df.pub)

##

## Residuals:

#t Min 1Q Median 3Q Max

## -26.2271 -5.1813 -0.4403 6.7982 19.5760

##

## Coefficients:

Hit Estimate Std. Error t value Pr(>|tl)

## (Intercept) 113.0619 28.2689 4.000 0.000302 s*x*x*
## log(IN_STATE) -13.1875 3.2280 -4.085 0.000235 *x*x*
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## log(ADD_FEE) -4.8304 2.1489 -2.248 0.030801 =*

## GRADUAT 0.8187 0.1376  5.949 8.14e-07 *x*x*
#H ---

## Signif. codes:

## 0 '*x*xx' 0.001 'xx' 0.01 'x' 0.05 '.' 0.1 ' ' 1

##

## Residual standard error: 10.53 on 36 degrees of freedom
## Multiple R-squared: 0.53,Adjusted R-squared: 0.4908
## F-statistic: 13.53 on 3 and 36 DF, p-value: 4.559e-06

fit2.aic <- stepAIC(fit2)

## Start: AIC=196.08
## NEW10 ~ FULLTIME + log(IN_STATE) + log(ROOM) + log(ADD_FEE) +

#i#t log(SAL_FULL) + PH_D + GRADUAT + NUM_FULL
#it

#it Df Sum of Sq RSS AIC
## - log(ROOM) 1 19.41 3451.4 194.31
## - FULLTIME 1 38.17 3470.2 194.52
## - PH_D 1 63.96 3496.0 194.82
## - log(SAL_FULL) 1 79.32 3511.3 195.00
## - NUM_FULL 1 162.97 3595.0 195.94
## <none> 3432.0 196.08
## - log(ADD_FEE) 1 414 .20 3846.2 198.64
## - log(IN_STATE) 1 1623.10 5055.1 209.57
## - GRADUAT 1 2450.49 5882.5 215.63
#it

## Step: AIC=194.31
## NEW10 ~ FULLTIME + log(IN_STATE) + log(ADD_FEE) + log(SAL_FULL) +
#Hit PH_D + GRADUAT + NUM_FULL

##

#it Df Sum of Sq RSS AIC
## - FULLTIME 1 36.92 3488.4 192.73
## - log(SAL_FULL) 1 60.03 3511.5 193.00
## - PH_D 1 61.34 3512.8 193.01
## <none> 3451.4 194.31
## - NUM_FULL 1 193.54 3645.0 194.49
## - log(ADD_FEE) 1 451.12 3902.6 197.22
## - log(IN_STATE) 1  1729.29 5180.7 208.55
## - GRADUAT 1 2629.10 6080.5 214.96

##
## Step: AIC=192.73

## NEW10 ~ log(IN_STATE) + log(ADD_FEE) + log(SAL_FULL) + PH_D +
#H GRADUAT + NUM_FULL

#Hit

#Hi#t Df Sum of Sq RSS AIC
## - PH_D 1 42.66 3531.0 191.22
## - log(SAL_FULL) 1 65.23 3553.6 191.47
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## <none> 3488.4 192.73

## - NUM_FULL 1 250.29 3738.6 193.50
## - log(ADD_FEE) 1 433.03 3921.4 195.41
## - log(IN_STATE) 1 1702.06 5190.4 206.63
## - GRADUAT 1 2592.19 6080.5 212.96
#i#t

## Step: AIC=191.22
## NEW10 ~ log(IN_STATE) + log(ADD_FEE) + log(SAL_FULL) + GRADUAT +
H# NUM_FULL

#Hit

#it Df Sum of Sq RSS AIC
## - log(SAL_FULL) 1 59.98 3591.0 189.89
## <none> 3531.0 191.22
## - NUM_FULL 1 212.33 3743.3 191.55
## - log(ADD_FEE) 1 458.20 3989.2 194.10
## - log(IN_STATE) 1 1724 .25 5255.3 205.12
## - GRADUAT 1 2550.89 6081.9 210.97
#it

## Step: AIC=189.89
## NEW10 ~ log(IN_STATE) + log(ADD_FEE) + GRADUAT + NUM_FULL
##

#it Df Sum of Sq RSS AIC

## <none> 3591.0 189.89

## - NUM_FULL 1 397.4 3988.4 192.09

## - log(ADD_FEE) 1 446 .4 4037.4 192.58

## - log(IN_STATE) 1 1664.3 5255.3 203.12

## - GRADUAT 1 3291.4 6882.4 213.91
summary(fit2.aic)

##

## Call:

## lm(formula = NEW10 ~ log(IN_STATE) + log(ADD_FEE) + GRADUAT +
#it NUM_FULL, data = df.pub)

##

## Residuals:

#it Min 1Q Median 3Q Max

## -22.9871 -5.6649 -0.5082 5.3076 23.9919

##

## Coefficients:

Hit Estimate Std. Error t value Pr(>|t])

## (Intercept) 102.452608 27.733017  3.694 0.000748 *xx
## log(IN_STATE) -12.574064 3.121998 -4.028 0.000288 *xx
## log(ADD_FEE) -4.344059 2.082633 -2.086 0.044348 *

## GRADUAT 0.765564 0.135166 5.664 2.14e-06 ***
## NUM_FULL 0.014231 0.007231 1.968 0.057016 .
#H -

## Signif. codes:
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# 0 "xxx' 0.001 'xx' 0.01 'x' 0.05 '.' 0.1 " ' 1

iz

## Residual standard error: 10.13 on 35 degrees of freedom
## Multiple R-squared: 0.5768,Adjusted R-squared: 0.5285
## F-statistic: 11.93 on 4 and 35 DF, p-value: 3.23e-06

# Akauke npedsaaz2aem OCmagumb NPUSHAK
# NUM_FULL. OmauuwHuku nocmynatom myoa
# ewye, 20e napody nobonasbuwe.

# Illocpasrusaw-Kka a4 MoOeAlU. . .
AIC(fit2.manual, fit2.aic)

it df AIC
## fit2.manual 5 307.6059
## fit2.aic 6 305.4073

# Heyoueumensvro, nomomy umo fit.azc
# nocmpoena no stepAIC()
anova(fit2.manual, fit2.aic)

## Analysis of Variance Table

i

## Model 1: NEW10 ~ log(IN_STATE) + log(ADD_FEE) + GRADUAT

## Model 2: NEW10 ~ 1log(IN_STATE) + log(ADD_FEE) + GRADUAT + NUM_FULL

##  Res.Df RSS Df Sum of Sq F Pr(>F)

## 1 36 3988.4

## 2 35 3591.0 1 397.42 3.8735 0.05702 .
#H o---

## Signif. codes:

# 0 '"xxx' 0.001 'xx' 0.01 'x' 0.056 '.' 0.1 ' ' 1

# IlocMompumM Ha KOPPEAAYUU NPUSHAKOSE,

# 603MOXHO, HEKOMOPbLIE NPUSHAKU 3ATOHEMCA
# yoaaumb, nOMOMY 4MO OHU CUAbHO

# koppeaupyrom c Opy2umu
cor(fit2.aic$model)

#it NEW10 log(IN_STATE) log(ADD_FEE)
## NEW10 1.0000000  -0.25000604 0.11170368
## 1og(IN_STATE) -0.2500060  1.00000000 -0.15425172
## log(ADD_FEE)  0.1117037 -0.15425172  1.00000000

## GRADUAT 0.5449545 0.26450468 0.41064855
## NUM_FULL 0.3516683  -0.02384413 -0.02151739
#it GRADUAT NUM_FULL
## NEW10 0.5449545 0.35166826

## log(IN_STATE) 0.2645047 -0.02384413
## log(ADD_FEE) 0.4106486 -0.02151739
## GRADUAT 1.0000000 0.15156033
## NUM_FULL 0.1515603 1.00000000
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levelplot(cor(fit2.aic$model) "2, = list( — Tk - colorRamp
= 1ist( = liSt( = 90)), — un,
— ||||)

NUM_FULL

GRADUAT —

log(ADD_FEE)

log(IN_STATE) —

NEW10 —

| | | | |
s @ @ g =
z 2 5 =
5 % 2
s 09
summary (fit2.aic)
#
## Call:
## lm(formula = NEW10 ~ log(IN_STATE) + log(ADD_FEE) + GRADUAT +
## NUM_FULL, data = df.pub)
##
## Residuals:
H## Min 1Q Median 3Q Max
## -22.9871 -5.6649 -0.5082 5.3076 23.9919
##
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## Coefficients:

it Estimate Std. Error t value Pr(>|t])

## (Intercept) 102.452608 27.733017 3.694 0.000748 **x*
## log(IN_STATE) -12.574064 3.121998 -4.028 0.000288 **x*
## log(ADD_FEE) -4.344059 2.082633 -2.086 0.044348 =*

## GRADUAT 0.765564 0.135166  5.664 2.14e-06 **x
## NUM_FULL 0.014231 0.007231 1.968 0.057016 .
#H o---

## Signif. codes:

# 0 'xxx' 0.001 'xx' 0.01 'x' 0.056 '.' 0.1 " ' 1

##

## Residual standard error: 10.13 on 35 degrees of freedom
## Multiple R-squared: 0.5768,Adjusted R-squared: 0.5285
## F-statistic: 11.93 on 4 and 35 DF, p-value: 3.23e-06

ADD_FEE u NUM_FULL y mers Ha b60AbWOM

nodo3dperuu, ocobenHo nepebili. UOHu

MAAOSHAYUMbL U CUALHO KOPPpEeAaupywom C

GRADUAT, eesauka 6epoamHoOCmb, 4MO OHU

Mmycoprele Hcnoassdyem CV cpagrerue

train-test cauwkom Heycmouuugo cebsa

gedem

<- update(fit2.aic, . ~ . - log(ADD_FEE) -
NUM_FULL)

library(e1071)

tune(lm, fit2.aic$call$formula, data = df.pub,

tunecontrol = tune.control(sampling = "cross",

cross = 35))

HoR R R R R R R

##
## Error estimation of 'lm' using 35-fold cross validation: 135.5141

tune (1m, 1$call$formula, data = df.pub, tunecontrol = tune.control(sampling = "cros
cross = 35))

##
## Error estimation of 'lm' using 35-fold cross validation: 130.0471

# Bblgo0 --- gce-maku 8blIKUObIBAMbL HE CMOUNO

# Ilonpobyem HenozapuPmMupogams NPUSHAKU U

# cpagHum MolOenu

fit.nolog <- 1m(NEW10 ~ IN_STATE + ADD_FEE +
GRADUAT + NUM_FULL, data = df.pub)

summary(fit.nolog)

##

## Call:

## 1m(formula = NEW10 ~ IN_STATE + ADD_FEE + GRADUAT + NUM_FULL,
#t data = df.pub)
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#t

## Residuals:

## Min 1Q Median 3Q Max

## -24.0914 -4.6808 0.5468 3.5763 24.7934

H##

## Coefficients:

#it Estimate Std. Error t value Pr(>|t])
## (Intercept) -1.866977 7.509751 -0.249 0.805118

## IN_STATE -0.005280 0.001417 -3.726 0.000685 *x*x
## ADD_FEE -0.005985 0.005486 -1.091 0.282694

## GRADUAT 0.726085 0.144096 5.039 1.43e-05 *x*x
## NUM_FULL 0.015331  0.007459 2.055 0.047376 *
#H# —--

## Signif. codes:

## 0 '*xx' 0.001 'xx' 0.01 'x' 0.06 '.' 0.1 ' "1

#H#

## Residual standard error: 10.45 on 35 degrees of freedom
## Multiple R-squared: 0.5498,Adjusted R-squared: 0.4984
## F-statistic: 10.69 on 4 and 35 DF, p-value: 9.126e-06

AIC(fit.nolog, fit2.aic)

## df AIC
## fit.nolog 6 307.8804
## fit2.aic 6 305.4073

# Kak 6udHO, nposao2apu@mupo8asu Msl
# ece-maku He 3pa

4.3.1 Advertising, okoHYaTeJIbHBIII pe3yJIbTAT

library(lattice)

library(latticeExtra)

library(MASS)

library(e1071)

Advertising <- read.csv("Advertising.csv")

Advertising$X <- NULL

1 <- Im(Sales ~ TV + Radio + Newspaper, data = Advertising)

1i <- 1m(Sales ~ (TV + Radio + Newspaper) 2,
data = Advertising)

ltvradio <- 1Im(Sales ~ TV + Radio + Newspaper +
TV:Radio, data = Advertising)

laic <- stepAIC(1li)

## Start: AIC=-18.59

## Sales ~ (TV + Radio + Newspaper) "2
##
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#it Df Sum of Sq RSS AIC

## - Radio:Newspaper 1 0.19 170.12 -20.363
## <none> 169.93 -18.586
## - TV:Newspaper 1 4.37 174.30 -15.511
## - TV:Radio 1 349.71 519.64 202.965
##

## Step: AIC=-20.36
## Sales = TV + Radio + Newspaper + TV:Radio + TV:Newspaper
#i#t

## Df Sum of Sq RSS AIC

## <none> 170.12 -20.363

## - TV:Newspaper 1 4.19 174.31 -17.494

## - TV:Radio 1 352.83 522.95 202.234
summary(laic)

##

## Call:

## lm(formula = Sales ~ TV + Radio + Newspaper + TV:Radio + TV:Newspaper,
i data = Advertising)

##

## Residuals:

## Min 1Q Median 3Q Max

## -5.9019 -0.3818 0.1937 0.5741 1.4839

##

## Coefficients:

#H Estimate Std. Error t value Pr(>|tl)

## (Intercept) 6.541e+00 2.652e-01 24.668 <2e-16 **x
## TV 2.035e-02 1.605e-03 12.675 <2e-16 **x
## Radio 2.018e-02 9.734e-03 2.073 0.0395 *
## Newspaper 1.342e-02 6.377e-03 2.105 0.0366 *
## TV:Radio 1.136e-03 5.664e-05 20.059 <2e-16 **x
## TV:Newspaper -7.719e-05 3.531e-05 -2.187 0.0300 *
#H -

## Signif. codes:

## 0 '*xxx' 0.001 'xx' 0.01 'x' 0.05 '.' 0.1 ' ' 1

##

## Residual standard error: 0.9364 on 194 degrees of freedom
## Multiple R-squared: 0.9686,Adjusted R-squared: 0.9678
## F-statistic: 1197 on 5 and 194 DF, p-value: < 2.2e-16

xyplot (residuals(laic) ~ fitted(laic))
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fitted(laic)
1sq <- 1m(Sales ~ poly(TV, Radio, Newspaper,
degree = 2), data = Advertising)
summary (1sq)
##
## Call:
## Im(formula = Sales ~ poly(TV, Radio, Newspaper, degree = 2),
#H data = Advertising)
##
## Residuals:
## Min 1Q Median 3Q Max
## -4.6507 -0.2941 -0.0060 0.3830 1.4378
H#
## Coefficients:
it Estimate
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#H#
H#
H#
#it
#it
#
#H
H#
#Hi#t
#it
#H
Hi
H#
#Hit
#i#t
#Ht
#
H#
#Hit
#i#t
#it
#
H#
#Hit
#i#t
#i#t
#H#
#H
H#
#i#t
#it
#Ht
H
H#
#Hit
#i#t
#H
#
H#
#Hit
#i#t
Ht
#H
H#
#Hit
#Hit
#i#t
H

(Intercept)

poly(TV, Radio, Newspaper, degree = 2)1.0.0
poly(TV, Radio, Newspaper, degree = 2)2.0.0
poly(TV, Radio, Newspaper, degree = 2)0.1.0
poly(TV, Radio, Newspaper, degree = 2)1.1.0
poly(TV, Radio, Newspaper, degree = 2)0.2.0
poly(TV, Radio, Newspaper, degree = 2)0.0.1
poly(TV, Radio, Newspaper, degree = 2)1.0.1
poly(TV, Radio, Newspaper, degree = 2)0.1.1
poly(TV, Radio, Newspaper, degree = 2)0.0.2
(Intercept)

poly(TV, Radio, Newspaper, degree = 2)1.0.0
poly(TV, Radio, Newspaper, degree = 2)2.0.0
poly(TV, Radio, Newspaper, degree = 2)0.1.0
poly(TV, Radio, Newspaper, degree = 2)1.1.0
poly(TV, Radio, Newspaper, degree = 2)0.2.0
poly(TV, Radio, Newspaper, degree = 2)0.0.1
poly(TV, Radio, Newspaper, degree = 2)1.0.1
poly(TV, Radio, Newspaper, degree = 2)0.1.1
poly(TV, Radio, Newspaper, degree = 2)0.0.2
(Intercept)

poly(TV, Radio, Newspaper, degree = 2)1.0.0
poly(TV, Radio, Newspaper, degree = 2)2.0.0
poly(TV, Radio, Newspaper, degree = 2)0.1.0
poly(TV, Radio, Newspaper, degree = 2)1.1.0
poly(TV, Radio, Newspaper, degree = 2)0.2.0
poly(TV, Radio, Newspaper, degree = 2)0.0.1
poly(TV, Radio, Newspaper, degree = 2)1.0.1
poly(TV, Radio, Newspaper, degree = 2)0.1.1
poly(TV, Radio, Newspaper, degree = 2)0.0.2
(Intercept)

poly(TV, Radio, Newspaper, degree = 2)1.0.0
poly(TV, Radio, Newspaper, degree = 2)2.0.0
poly(TV, Radio, Newspaper, degree = 2)0.1.0
poly(TV, Radio, Newspaper, degree = 2)1.1.0
poly(TV, Radio, Newspaper, degree = 2)0.2.0
poly(TV, Radio, Newspaper, degree = 2)0.0.1
poly(TV, Radio, Newspaper, degree = 2)1.0.1
poly(TV, Radio, Newspaper, degree = 2)0.1.1
poly(TV, Radio, Newspaper, degree = 2)0.0.2
Signif. codes:

O '"xxx' 0.001 'xx' 0.01 'x' 0.05 '.' 0.1 ' '

13.
53.

40.
280.

Std.

—
(@)

t v

290.
85.
-15.
59.
29.
0.

1
-1

0.
0.

Pr(
<
<
<
<
<

1

94105
73032
.97989
10484
35751
.29727
.94373
.93577
.31882
.10711

.0480
.6258
.6325

.6531
.6485
.7414

0 O O VW o O o o

.9532
0.6599
alue
083
858
778
819
043
458
.273
.915
486
162
>tl)
2e-16
2e-16
2e-16
2e-16
2e-16
0.647
0.205

Error

6
0
1

.67044

8
9
1

.84414

8
7

* k%
*kok
*kok
* %k
Kk %

0.057 .

0.628
0.871

Residual standard error: 0.6203 on 190 degrees of freedom
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## Multiple R-squared: 0.9865,Adjusted R-squared: 0.9859
## F-statistic: 1543 on 9 and 190 DF, p-value: < 2.2e-16

xyplot(residuals(lsq) ~ fitted(lsq))
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fitted(Isq)

1sqaic <- stepAIC(lsq)

## Start: AIC=-181.3
## Sales ~ poly(TV, Radio, Newspaper, degree = 2)
##

#it Df Sum of Sq
## <none>

## - poly(TV, Radio, Newspaper, degree = 2) 9 5344
H# RSS AIC
## <none> 73.1 -181.3

51



## - poly(TV, Radio, Newspaper, degree = 2) 5417.1 661.8
summary (lsqaic)

H#

## Call:

## lm(formula = Sales ~ poly(TV, Radio, Newspaper, degree = 2),
#t data = Advertising)

##

## Residuals:

#it Min 1Q Median 3Q Max

## -4.6507 -0.2941 -0.0060 0.3830 1.4378

##

## Coefficients:

#Hit Estimate
## (Intercept) 13.94105
## poly(TV, Radio, Newspaper, degree = 2)1. 53.73032
## poly(TV, Radio, Newspaper, degree = 2)2. -9.97989
## poly(TV, Radio, Newspaper, degree = 2)0. 40.10484

0.0

0.0

1.0
## poly(TV, Radio, Newspaper, degree = 2)1.1.0 280.35751
## poly(TV, Radio, Newspaper, degree = 2)0.2.0 0.29727
## poly(TV, Radio, Newspaper, degree = 2)0.0.1  0.94373
## poly(TV, Radio, Newspaper, degree = 2)1.0.1 -16.93577
## poly(TV, Radio, Newspaper, degree = 2)0.1.1 5.31882
## poly(TV, Radio, Newspaper, degree = 2)0.0.2 0.10711

## Std. Error

## (Intercept) 0.04806
## poly(TV, Radio, Newspaper, degree = 2)1.0.0 0.62580
## poly(TV, Radio, Newspaper, degree = 2)2.0.0 0.63251
## poly(TV, Radio, Newspaper, degree = 2)0.1.0 0.67044
## poly(TV, Radio, Newspaper, degree = 2)1.1.0 9.65318
## poly(TV, Radio, Newspaper, degree = 2)0.2.0 0.64859
## poly(TV, Radio, Newspaper, degree = 2)0.0.1 0.74141
## poly(TV, Radio, Newspaper, degree = 2)1.0.1 8.84414
## poly(TV, Radio, Newspaper, degree = 2)0.1.1 10.95328
## poly(TV, Radio, Newspaper, degree = 2)0.0.2 0.65997
it t value
## (Intercept) 290.083
## poly(TV, Radio, Newspaper, degree = 2)1.0.0 85.858
## poly(TV, Radio, Newspaper, degree = 2)2.0.0 -15.778
## poly(TV, Radio, Newspaper, degree = 2)0.1.0 59.819
## poly(TV, Radio, Newspaper, degree = 2)1.1.0 29.043
## poly(TV, Radio, Newspaper, degree = 2)0.2.0 0.458
## poly(TV, Radio, Newspaper, degree = 2)0.0.1 1.273
## poly(TV, Radio, Newspaper, degree = 2)1.0.1 -1.915
## poly(TV, Radio, Newspaper, degree = 2)0.1.1 0.486
## poly(TV, Radio, Newspaper, degree = 2)0.0.2 0.162
#it Pr(>ltl)
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## (Intercept) <2e-16 **x*

## poly(TV, Radio, Newspaper, degree = 2)1.0.0 <2e-16 *xx
## poly(TV, Radio, Newspaper, degree = 2)2.0.0 <2e-16 *x*x
## poly(TV, Radio, Newspaper, degree = 2)0.1.0 <2e-16 *x*x
## poly(TV, Radio, Newspaper, degree = 2)1.1.0 <2e-16 *xx
## poly(TV, Radio, Newspaper, degree = 2)0.2.0 0.647

## poly(TV, Radio, Newspaper, degree = 2)0.0.1 0.205

## poly(TV, Radio, Newspaper, degree = 2)1.0.1 0.057 .
## poly(TV, Radio, Newspaper, degree = 2)0.1.1 0.628

## poly(TV, Radio, Newspaper, degree = 2)0.0.2 0.871

H# ---

## Signif. codes:

## 0 '"s*xx' 0.001 '«x' 0.01 'x' 0.05 '." 0.1 " ' 1

H#

## Residual standard error: 0.6203 on 190 degrees of freedom
## Multiple R-squared: 0.9865,Adjusted R-squared: 0.9859
## F-statistic: 1543 on 9 and 190 DF, p-value: < 2.2e-16

1final <- 1m(Sales ~ (TV + Radio)~2 + I(TV-2),
data = Advertising)
summary (1lfinal)

#it

## Call:

## Im(formula = Sales ~ (TV + Radio)~2 + I(TV"2), data = Advertising)
##

## Residuals:

## Min 1Q Median 3Q Max

## -4.9949 -0.2969 -0.0066 0.3798 1.1686

#t

## Coefficients:

it Estimate Std. Error t value Pr(>|tl)

## (Intercept) 5.137e+00 1.927e-01 26.663 < 2e-16 ***
##t TV 5.092e-02 2.232e-03 22.810 < 2e-16 x*x*
## Radio 3.516e-02 5.901e-03 5.959 1.17e-08 *xxx*
## I(TV-2) -1.097e-04 6.893e-06 -15.920 < 2e-16 *x*x*
## TV:Radio 1.077e-03 3.466e-05 31.061 < 2e-16 *x*x*
H#H#t --—-

## Signif. codes:

## 0 'sxx' 0.001 '"xx' 0.01 'x' 0.05 '.' 0.1 ' " 1

#it

## Residual standard error: 0.6238 on 195 degrees of freedom
## Multiple R-squared: 0.986,Adjusted R-squared: 0.9857
## F-statistic: 3432 on 4 and 195 DF, p-value: < 2.2e-16

xyplot(residuals(1final) ~ fitted(1lfinal))
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fitted(Ifinal)

tune(1lm, 1final$call$formula, data = Advertising,
tunecontrol = tune.control(sampling = "fix"))

i
## Error estimation of 'lm' using fixed training/validation set: 0.2684496

tune (1m, 1$call$formula, data = Advertising,
tunecontrol = tune.control(sampling = "fix"))

#i#t

## Error estimation of 'lm' using fixed training/validation set: 1.965847

tune (1m, ltvradio$call$formula, data = Advertising,
tunecontrol = tune.control(sampling = "fix"))
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##
## Error estimation of 'lm' using fixed training/validation set: 1.061326

tune (lm, li$call$formula, data = Advertising,
tunecontrol = tune.control(sampling = "fix"))

##
## Error estimation of 'lm' using fixed training/validation set: 0.7586386

5 Marepnauasbl ¢ 3aHsaTus 10 oKTa6psa
Bcenomoratenbhit Ko 1t KraccuuKaInm

library(MASS) # AIC(), BIC(), lda(), qda()
library(lattice) # zyplot(), densityplot()
library(latticeExtra) # layer()

## Loading required package: RColorBrewer
library(ROCR) # performance(), prediction()

## Loading required package: gplots

##

## Attaching package: ’gplots’

##

## The following object 1s masked from ’package:stats’:
##

## lowess

##

## Loading requirTed package: methods

# library(caret) # specificity(),
# sensitivity()
library(nnet) # multinom()
library(el071) # naiveBayes(), tune()
specificity <- caret:::specificity
sensitivity <- caret:::sensitivity
ROC <- function(predicted, actual, ...) {
pred <- prediction(predicted, as.numeric(actual))
roc <- performance(pred, measure = "tpr",
x.measure = "fpr", ...)
roc
}
xyplot.performance <- function(x, ...) {
xyplot (x@y.values[[1]] ~ x@x.values[[1]],
xlab = x@x.name, ylab = x@y.name,
type = "1", ...) + layer_(abline(a = 0,
b=1, col = "red"))
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3

AUC <- function(predicted, actual, ...) {
pred <- prediction(predicted, as.numeric(actual))
perf <- performance(pred, measure = "auc",
cod)
perf@y.values[[1]]
}
roc.opt <- function(predicted, actual, cutoff = NULL,
measure = c("mean", "max", "err")) {
pred <- prediction(predicted, as.numeric(actual))
perf <- performance(pred, measure = "fpr",
x.measure = "fnr")
measure <- match.arg(measure)
fpr <- perf@y.values[[1]]
fnr <- perf@x.values[[1]]
npos <- pred@n.pos[[1]]
nneg <- pred@n.neg[[1]]
err <- (fpr * nneg + fnr * npos)/(npos +
nneg)
error.rate <- switch(measure, mean = (fpr +
fnr)/2, max = pmax(fpr, fnr), err = err)
if (is.null(cutoff)) {
i <- which.min(error.rate)
} else {
i <- which.min(abs(perf@alpha.values[[1]] -
cutoff))
}
list(cutoff = perf@alpha.values[[1]][i],
fpr = fprli], fnr = fnr[i], err = errl[i],
error.rate = error.ratel[i])
}
simple.predict.glm <- function(x, newdata,
oA
response <- predict(x, newdata, type = "response",
S
factor(levels(x$model[, 1])[1 + as.integer(response >
0.5)1)
}
my.predict.glm <- function(x, newdata = x$data,
., measure = "max") {
opt <- roc.opt(fitted(x), as.numeric(x$modell[,
1]), measure = measure)
cutoff <- opt$cutoff
factor(as.integer(predict(x, newdata = newdata,
type = "response") > cutoff), labels = levels(x$modell[,
11))
}

error.fun.max <- function(true, predicted) {
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1 - min(sensitivity(predicted, true),
specificity(predicted, true))
}
error.fun.mean <- function(true, predicted) {
1 - mean(sensitivity(predicted, true),
specificity(predicted, true))

+

my.lda <- function(x, data, ...) {
out <- lda(x, data, ...)
out$data <- data
out

+

my.qda <- function(x, data, ...) {
out <- gda(x, data, ...)
out$data <- data
out

+

simple.predict.da <- function(...) predict(...)$class
my.predict.da <- function(x, newdata, cutoff.data = x$data,

., measure = "max") {
response <- model.frame(x$terms, cutoff.data)[,
1]

opt <- roc.opt(predict(x, cutoff.data)$posterior[,
2], as.numeric(response), measure = measure)

cutoff <- opt$cutoff

factor(as.integer(predict(x, newdata = newdata)$posteriorl[,
2] > cutoff), labels = levels(response))

5.1 LDA m tune

library(MASS)

library(lattice)
library(latticeExtra)

library(ROCR)

library(el1071)

1d <- lda(Species ~ ., data = iris)
1d

## Call:

## 1da(Species ~ ., data = iris)

##

## Prior probabilities of groups:
#it setosa versicolor virginica
## 0.3333333 0.3333333 0.3333333
##
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#H
#
H#
#Hit
#i#t
#i#t
#H
i
H#
#Hit
#it
H#
#
H#
#Hi#t
#it
#H
#Hi
H#
#Hit

Group means:

Sepal.Length Sepal.Width Petal.Length
setosa 5.006 3.428 1.462
versicolor 5.936 2.770 4.260
virginica 6.588 2.974 5.5b2
Petal.Width
setosa 0.246
versicolor 1.326
virginica 2.026
Coefficients of linear discriminants:

LD1 LD2
Sepal.Length 0.8293776 0.02410215
Sepal.Width  1.5344731 2.16452123
Petal.Length -2.2012117 -0.93192121
Petal.Width -2.8104603 2.83918785

Proportion of trace:
LD1 LD2
0.9912 0.0088

train.idx <- sample(nrow(iris), size = nrow(iris) x*

0.6)

iris.train <- iris[train.idx, ]
iris.test <- iris[-train.idx, ]

1d

1d

#Hit
#i#
#H
#
H#
#Hit
#i#t
Ht
#H
H#
#Hit
#i#t
#it
H
#H
H#
#i#t
#i#t
#H

<- lda(Species ~ ., data = iris.train,
prior = c(1/3, 1/3, 1/3))

Call:

lda(Species ~ ., data = iris.train, prior

Prior probabilities of groups:
setosa versicolor virginica
0.3333333 0.3333333 0.3333333

Group means:

Sepal.Length Sepal.Width Petal.
setosa 4.993548 3.429032 1
versicolor 5.951724 2.762069
virginica 6.396667 2.880000
Petal.Width
setosa 0.2451613
versicolor 1.3137931

virginica 2.0133333

Coefficients of linear discriminants:
LD1 LD2
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## Sepal.Length 1.084260 0.570387
## Sepal.Width  1.163914 -1.784660
## Petal.Length -2.579978 1.225039
## Petal.Width -2.420225 -3.933850
##

## Proportion of trace:

## LD1 LD2

## 0.9903 0.0097

table(predicted = predict(ld, iris.test)$class,
actual = iris.test$Species)

# actual

## predicted setosa versicolor virginica
##  setosa 19 0 0
##  versicolor 0 20 0
##  virginica 0 1 20

table(predicted = predict(ld, iris.test,
prior = c(0.5, 0.25, 0.25))$class, actual = iris.test$Species)

#Hit actual

## predicted setosa versicolor virginica
##  setosa 19 0 0
##  versicolor 0 20 0
##  virginica 0 1 20

cm <- table(predicted = predict(ld, iris.test)$class,
actual = iris.test$Species)
chisq.test(cm)

#it

## Pearson's Chi-squared test

#i#

## data: cm

## X-squared = 114.4218, df = 4, p-value < 2.2e-16

# test-train

tune(lda, Species ~ ., prior = c(1/3, 1/3,
1/3), data = iris, predict.func = function(...) predict(...)$class,
tunecontrol = tune.control(sampling = "fix",
fix = 2/3))
##

## Error estimation of 'lda' using fixed training/validation set: 0

simple.predict.da <- function(...) predict(...)$class
# bootstrap

tune(lda, Species ~ ., prior = c(1/3, 1/3,
1/3), data = iris, predict.func = simple.predict.da,
tunecontrol = tune.control(sampling = "bootstrap",

nboot = 10, boot.size = 9/10))
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#it
## Error estimation of 'lda' using bootstrapping: 0.0296425

# leave-one-out

tune(lda, Species ~ ., prior = c(1/3, 1/3,
1/3), data = iris, predict.func = simple.predict.da,
tunecontrol = tune.control(sampling = "cross",

cross = nrow(iris)))

##
## Error estimation of 'lda' using leave-one-out: 0.02

# cross-validationi (default)

tn <- tune(lda, Species ~ ., prior = c(1/3,
1/3, 1/3), data = iris, predict.func = simple.predict.da,
tunecontrol = tune.control(sampling = "cross",
cross = 10))

tn$best .model

## Call:

## best.tune(lda, train.x = Species ~ ., data = iris, predict.func
#i# tunecontrol = tune.control(sampling = "cross", cross
#i prior = c(1/3, 1/3, 1/3))

##

## Prior probabilities of groups:

#it setosa versicolor virginica

## 0.3333333 0.3333333 0.3333333

##

## Group means:

#Hit Sepal.Length Sepal.Width Petal.Length
## setosa 5.006 3.428 1.462
## versicolor 5.936 2.770 4.260
## virginica 6.588 2.974 5.552
#Hit Petal.Width

## setosa 0.246

## versicolor 1.326

## virginica 2.026

iz

## Coefficients of linear discriminants:

## LD1 LD2

## Sepal.Length 0.8293776 0.02410215
## Sepal.Width  1.5344731 2.16452123
## Petal.Length -2.2012117 -0.93192121
## Petal.Width -2.8104603 2.83918785
##

## Proportion of trace:

## LD1 LD2

## 0.9912 0.0088
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tn$performance

##  dummyparameter error dispersion
## 1 0 0.02 0.03220306

# tndtrain.ind
# Naive Bayes

nb <- naiveBayes(Species ~ ., data = iris)
tn.nb <- tune(naiveBayes, Species ~ ., data = iris)
# multinomial Tegression
mln <- multinom(Species ~ ., data = iris,
trace = FALSE)
tn.mln <- tune(multinom, Species ~ ., data = iris,
trace = FALSE)
summary (mln)
## Call:
## multinom(formula = Species ~ ., data = iris, trace = FALSE)
##
## Coefficients:
#t (Intercept) Sepal.Length Sepal.Width
## versicolor 18.69037 -5.458424 -8.707401
## virginica -23.83628 -7.923634 -15.370769
#Hit Petal.Length Petal.Width
## versicolor 14.24477  -3.097684
## virginica 23.65978  15.135301
H#
## Std. Errors:
## (Intercept) Sepal.Length Sepal.Width
## versicolor 34.97116 89.89215 157.0415
## virginica 35.76649 89.91153 157.1196
#Hit Petal.Length Petal.Width
## versicolor 60.19170 45.48852
## virginica 60.46753 45.93406
##

## Residual Deviance: 11.89973
## AIC: 31.89973

mln.aic <- stepAIC(mln)

## Start: AIC=31.9

## Species ~ Sepal.Length + Sepal.Width + Petal.Length + Petal.Width
##

## Df AIC

## - Sepal.lLength 2 29.267

## - Sepal.Width 2 31.498

## <none> 31.900

## - Petal.Width 2 39.773

## - Petal.Length 2 41.915
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#i#
## Step: AIC=29.27
## Species 7 Sepal.Width + Petal.Length + Petal.Width

it
it Df AIC
## <none> 29.267

## - Sepal.Width 2 32.579
## - Petal.Length 2 39.399
## - Petal.Width 2 43.516

summary (mln.aic)

## Call:
## multinom(formula = Species ~ Sepal.Width + Petal.Length + Petal.Width,
it data = iris, trace = FALSE)

##

## Coefficients:

#H (Intercept) Sepal.Width Petal.Length Petal.Width
## versicolor 14.15646  -17.32240 14.09906 -2.695628
## virginica -36.44078  -25.70717 21.98210 18.765796
##

## Std. Errors:

#H (Intercept) Sepal.Width Petal.Length Petal.Width
## versicolor 29.66211 47.48205 68.57820 39.08345
## virginica 32.18618 48.00257 68.76678 39.75433
##

## Residual Deviance: 13.26653
## AIC: 29.26653

5.2 Default

library (MASS)
library(lattice)
library(latticeExtra)
library(ISLR)
source("class.R")
data(Default)
gl <- glm(default ~ balance + student, data = Default,
family = binomial(link = "logit"))
Default.sorted <- Default[order(Default$balance),
]
xyplot(predict(gl, Default.sorted, type = "response") ~
balance, groups = student, data = Default.sorted,
type = "1", auto.key = list(corner = c(0,
1), title = "Student", lines = TRUE,
points = FALSE), xlab = "Credit Card Balance",
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ylab = "Default Rate") + layer_(panel.superpose(x = Default.sorted$default ==
"Yes", panel.groups = function(x, y,

...) panel.abline(h = mean(x), ...),
1ty = "dashed", ...))
| | | | | |
10 4 Student u
No ——
Yes ——
0.8
0.6 —
g
©
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roc <- ROC(predict(gl, Default), Default$default)
plot(roc)
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AUC(predict(gl, Default), Default$default)
## [1] 0.9495476

error.fun.auc <- function(true, predicted) {
-AUC(predicted, true)

}

tune(glm, default ~ ., data = Default, family = binomial(link = "logit"),
tunecontrol = tune.control(error.fun = error.fun.auc))

#it

## Error estimation of 'glm' using 10-fold cross validation: -0.9502396

table(predicted = my.predict.glm(gl, measure = "max"),
actual = Default$default)
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## actual

## predicted No Yes
# No 8507 41
it Yes 1160 292

table(predicted = my.predict.glm(gl, measure = "mean"),
actual = Default$default)

#H actual

## predicted No Yes
#i# No 8340 33
it Yes 1327 300

table(predicted = my.predict.glm(gl, measure = "err"),
actual = Default$default)

#it actual

## predicted No Yes
#t No 9613 209
Ht Yes b4 124

train <- sample(nrow(Default), size = 0.6 *
nrow(Default))

gl <- glm(default ~ balance + student, data = Default,
subset = train, family = binomial(link = "logit"))

table(predicted = my.predict.glm(gl, Default[-train,

], measure = "max"), actual = Default[-train,
J$default)

Hit actual

## predicted No Yes

#i No 3402 18

H## Yes 470 110

table(predicted = my.predict.glm(gl, Default[-train,
], measure = "mean"), actual = Default[-train,
J$default)

#it actual

## predicted No Yes

## No 3390 16

## Yes 482 112

table(predicted = my.predict.glm(gl, Default[-train,
], measure = "err"), actual = Default[-train,
1$default)

H# actual

## predicted No Yes
## No 3846 30
#it Yes 26 48
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5.3 Smarket

library(ISLR)
library (MASS)
data(Smarket)
gl <- glm(Direction ~ Volume + Lagl + Lag2 +
Lag3 + Lag4 + Lagb, data = Smarket, family = binomial(link = "logit"))
summary (gl)

#i#

## Call:

## glm(formula = Direction ~ Volume + Lagl + Lag2 + Lag3 + Lag4d +
#H Lagh, family = binomial(link = "logit"), data = Smarket)
##

## Deviance Residuals:

## Min 1Q Median 3Q Max

## -1.446 -1.203 1.065 1.145 1.326

##

## Coefficients:

#H Estimate Std. Error z value Pr(>|zl)

## (Intercept) -0.126000 0.240736 -0.523 0.601

## Volume 0.135441 0.158360 0.855 0.392

## Lagl -0.073074 0.050167 -1.457 0.145

## Lag2 -0.042301 0.050086 -0.845 0.398

## Lag3 0.011085 0.049939 0.222 0.824

## Lagéd 0.009359 0.049974 0.187 0.851

## Lagb 0.010313 0.049511  0.208 0.835

##

## (Dispersion parameter for binomial family taken to be 1)
##

Hit Null deviance: 1731.2 on 1249 degrees of freedom
## Residual deviance: 1727.6 on 1243 degrees of freedom
## AIC: 1741.6

##

## Number of Fisher Scoring iterations: 3

source("class.R")

roc <- ROC(predict(gl), Smarket$Direction)
plot(roc)
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AUC(predict(gl), Smarket$Direction)
## [1] 0.5387341

xyplot (Direction ~ predict(gl, type = "response"),
data = Smarket, groups = Direction, par.settings = simpleTheme(pch = 1:2))
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predict(gl, type = "response")
bwplot(Direction ~ predict(gl, type = "response"),

data = Smarket)
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predict(gl, type = "response")

bwplot(Direction ~ predict(gl, type = "response"),
data = Smarket, panel = panel.violin)
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predict(gl, type = "response")

gl <- glm(Direction ~ Volume + Lagl + Lag2,
data = Smarket, family = binomial(link = "logit"))
summary (gl)

#i#

## Call:

## glm(formula = Direction ~ Volume + Lagl + Lag2, family = binomial(link = "logit"
#t data = Smarket)

H##

## Deviance Residuals:

## Min 1Q Median 3Q Max

## -1.452 -1.203 1.068 1.146 1.331

H##

## Coefficients:

#Hit Estimate Std. Error z value Pr(>|zl)
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#H#
H#
H#
#it
H#
#
#H
H#
#Hi#t
#it
#H
Hi

(Intercept) -0.12058 0.24018 -0.502 0.616
Volume

Lagl
Lag2

0.13184 0.15799  0.835 0.404
-0.07326 0.05017 -1.460 0.144
-0.04279 0.05006 -0.855 0.393

(Dispersion parameter for binomial family taken to be 1)

Null deviance: 1731.2 on 1249 degrees of freedom

Residual deviance: 1727.7 on 1246 degrees of freedom
1735.7

AIC:

Number of Fisher Scoring iterations: 3

roc <- ROC(predict(gl), Smarket$Direction)
plot(roc)
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AUC(predict(gl), Smarket$Direction)

## [1] 0.537096

gl <- glm(Direction ~ poly(Volume, Lagl,

Lag2, degree = 2), data = Smarket, family = binomial(link = "logit"))
roc <- ROC(predict(gl), Smarket$Direction)
plot(roc)
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AUC(predict(gl), Smarket$Direction)
## [1] 0.5401183

library(el071)
tn.glm <- tune(glm, Direction

poly(Volume,
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Lagl, Lag2, degree = 2), data = Smarket,
family = binomial(link = "logit"), predict.func
tunecontrol = tune.control(cross = 100))
tn.mglm <- tune(glm, Direction ~ poly(Volume,
Lagl, Lag2, degree = 2), data = Smarket,
family = binomial(link = "logit"), predict.func = function(...) my.predict.glm(
measure = "err"), tunecontrol = tune.control(cross = 100))

simple.predict.glm,

tn.glm

##
## Error estimation of 'glm' using 100-fold cross validation: 0.5007692

tn.mglm

##
## Error estimation of 'glm' using 100-fold cross validation: 0.4994231

tn.mglm$performances$dispersion
## [1] 0.1389086

tn.qda <- tune(qda, Direction ~ Volume +
Lagl + Lag2, data = Smarket, predict.func = simple.predict.da,
tunecontrol = tune.control(cross = 100))

tn.qda

##
## Error estimation of 'qda' using 100-fold cross validation: 0.5196154

Smarket.train <- subset(Smarket, Year <=
2004)
Smarket.test <- subset(Smarket, Year > 2004)
qd <- gda(Direction ~ Lagl + Lag2, data = Smarket.train)
cm.train <- table(actual = Smarket.train$Direction,
predicted = predict(qd, Smarket.train)$class)
cm.test <- table(actual = Smarket.test$Direction,
predicted = predict(qd, Smarket.test)$class)
chisq.test(cm.test)

##

## Pearson's Chi-squared test with Yates' continuity
## correction

##

## data: cm.test

## X-squared = 5.6585, df = 1, p-value = 0.01737

5.4 banknote
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source("class.R")

banknote <- read.csv("banknote/data_banknote_authentication.txt",
header = FALSE, comment.char = "#")

colnames (banknote) <- c("variance", "skewness",
"curtosis", "entropy", "class")

banknote$class <- factor(banknote$class,
labels = c("genuine", "forged"))

summary (banknote)
## variance skewness curtosis
## Min. :-7.0421 Min. :-13.773 Min. :-5.2861

## 1st Qu.:-1.7730 1st Qu.: -1.708 1st Qu.:-1.5750
## Median : 0.4962 Median : 2.320 Median : 0.6166

## Mean : 0.4337 Mean o 1.922 Mean : 1.3976
## 3rd Qu.: 2.8215 3rd Qu.: 6.815 3rd Qu.: 3.1793
## Max. : 6.8248 Max. : 12.952 Max. :17.9274
#Hit entropy class

## Min. :-8.5482  genuine:762

## 1st Qu.:-2.4135 forged :610
## Median :-0.5867

## Mean :-1.1917

## 3rd Qu.: 0.3948

## Max. 1 2.4495

nb <- naiveBayes(class ~ ., data = banknote)
1d <- lda(class ~ ., data = banknote)

qd <- gda(class ~ ., data = banknote)

gl <- glm(class ~ ., data = banknote, family = binomial(link = "logit"))

## Warning: glm.fit: fitted probabilities numerically O or 1 occurred

table(predicted = predict(nb, banknote),
actual = banknote$class)

#i#t actual

## predicted genuine forged

##  genuine 671 127

##  forged 91 483

tn <- tune(naiveBayes, class ~ ., data = banknote)
tn

#i#

## Error estimation of 'naiveBayes' using 10-fold cross validation: 0.1581561
tn$performances$dispersion

## [1] 0.02276673
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tn

#it
#it
#it
#it
#it
#i#t
#Hit
#it
#i#t
#Hit
#i#t

tn.

tn

tn.
tn.

#it
#Hit
#i#t
#it
#Hit
#it
#it
#Hit
#i#t
#it
#Hit

Tl

tn

tn.

#Hit
#i#t

tn.

.glm <- tune(glm, class ~

., data =

banknote,

family = binomial(link = "logit"), predict.func =

Warning:
Warning:
Warning:
Warning:
Warning:
Warning:
Warning:
Warning:
Warning:
Warning:
Warning:

glm.
glm.
glm.
glm.
glm.
glm.
glm.
glm.
glm.
glm.
glm.

fit:
fit:
fit:
fit:
fit:
fit:
fit:
fit:
fit:
fit:
fit:

lda <- tune(lda,

predict.func
.qda <- tune(qda, class
predict.func
nb <- tune(naiveBayes,
mglm <- tune(glm, class ~

class
simple.

simple.

fitted
fitted
fitted
fitted
fitted
fitted
fitted
fitted
fitted
fitted
fitted

probabilities
probabilities
probabilities
probabilities
probabilities
probabilities
probabilities
probabilities
probabilities
probabilities
probabilities

numerically
numerically
numerically
numerically
numerically
numerically
numerically
numerically
numerically
numerically
numerically

., data = banknote,

predict.da)

., data = banknote,

predict.da)
class ~ .,

., data =

data

= banknote)

banknote,

family = binomial(link = "logit"), predict.func =

measure = "err"))
Warning: glm.fit: fitted
Warning: glm.fit: fitted
Warning: glm.fit: fitted
Warning: glm.fit: fitted
Warning: glm.fit: fitted
Warning: glm.fit: fitted
Warning: glm.fit: fitted
Warning: glm.fit: fitted
Warning: glm.fit: fitted
Warning: glm.fit: fitted
Warning: glm.fit: fitted
mlda <- tune(my.lda, class .

probabilities
probabilities
probabilities
probabilities
probabilities
probabilities
probabilities
probabilities
probabilities
probabilities
probabilities

data =

numerically
numerically
numerically
numerically
numerically
numerically
numerically
numerically
numerically
numerically
numerically

banknote,

predict.func = function(...) my.predict.da(...,
measure = "err"))

.mqda <- tune(my.qda, class ~ .,

data =

banknote,

predict.func = function(...) my.predict.da(...,

measure = "err"),

1lda

tunecontrol =

simple.

or
or
or
or
or
or
or
or
or
or

O O O O O O O O o o o
I N I = S T e

or

function(...) my.predict.glm(

or
or
or
or
or
or
or
or
or
or
or

O O O O O O O O o o o
e e e T T = N =

tune.control(cross =

predict.glm)

occurred
occurred
occurred
occurred
occurred
occurred
occurred
occurred
occurred
occurred
occurred

occurred
occurred
occurred
occurred
occurred
occurred
occurred
occurred
occurred
occurred
occurred

100))

Error estimation of 'lda' using 10-fold cross validation: 0.02552629

qda
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##
## Error estimation of 'gda' using 10-fold cross validation: 0.01676716

tn.glm

i
## Error estimation of 'glm' using 10-fold cross validation: 0.01092246

tn.nb

##
## Error estimation of 'naiveBayes' using 10-fold cross validation: 0.1588649

tn.mlda

##
## Error estimation of 'my.lda' using 10-fold cross validation: 0.01166296

tn.mqda

##
## Error estimation of 'my.qda' using 100-fold cross validation: 0.0007142857

summary (tn.mglm$best .model)

#it

## Call:

## best.tune(method = glm, train.x = class ~ ., data = banknote,
## predict.func = function(...) my.predict.glm(..., measure = "err"),
#H family = binomial(link = "logit"))

#it

## Deviance Residuals:

Hit Min 1Q Median 3Q Max

## -1.70001 0.00000 0.00000 0.00029 2.24614

#it

## Coefficients:

#Hit Estimate Std. Error z value Pr(>|zl)

## (Intercept) 7.3218 1.55689  4.697 2.64e-06 *x*x
## variance -7.8593 1.7383 -4.521 6.15e-06 *x*x
## skewness -4.1910 0.9041 -4.635 3.56e-06 **x*
## curtosis -5.2874 1.1612 -4.553 5.28e-06 *x*x
## entropy -0.6053 0.3307 -1.830 0.0672 .
#it ---

## Signif. codes:

## 0 '#xx' 0.001 'xx' 0.01 'x' 0.05 '.' 0.1 ' " 1

#it

## (Dispersion parameter for binomial family taken to be 1)
##

## Null deviance: 1885.122 on 1371 degrees of freedom
## Residual deviance: 49.891 on 1367 degrees of freedom
## AIC: 59.891

##

## Number of Fisher Scoring iterations: 12
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summary (tn.mgda$best .model)

## Length Class Mode

## prior 2 -none- numeric
## counts 2 -none- numeric
## means 8 -none- numeric
## scaling 32 -none- numeric
## ldet 2 -none- numeric
## lev 2 -none- character
## N 1 -none- numeric
## call 6 -none- call

## terms 3 terms call

## xlevels O -none- list

## data 5 data.frame list

splom(subset (banknote, select = -class),
groups = banknote$class)
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Scatter Plot Matrix
splom(cbind (subset (banknote, select = -class),

glm = predict(tn.mglm$best.model), lda = as.matrix(subset(banknote,
select = -class)) %*% tn.mlda$best.model$scaling),
groups = banknote$class)
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densityplot ("predict(tn.glm$best.model),
groups = banknote$class)
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predict(tn.gim$best.model)

train <- sample(nrow(banknote), size = 0.66 *
nrow (banknote))

gl <- glm(class ~ ., data = banknote, subset = train,
family = binomial)

## Warning: glm.fit: fitted probabilities numerically O or 1 occurred

roc <- ROC(predict(gl, banknote[-train, ],

type = "response"), as.numeric(banknote[-train,
1$class))
plot(roc)
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cmyecknii maker graphics. [lomb3oBaThes g UM He COBETYIO, BO-IIEPBBIX, IIOTOMY 4YTO B pe-
3yJbTaTe OOBITHO OJIYYa0TCsl KAPTUHKH ITOCPEICTBEHHOI'O KavuecTBa, a BO-BTOPHIX M3-3a €r0
KpaiiHe NpUMUTHBHON MJIeaJIoTHH: IpapuK paccMaTPUIACTCA KaK XOJICT, Ha KOTOPOM MOXKHO
YTO-TO PUCOBATH U IIOJIPUCOBLIBATH, HO HEJIb3d HUYErO UCIPABUTh.

CoBpeMeHHbIlt 00bEKTHBII TOXO0/ K PUCOBAHUIO Peau3yIoT MakeThl lattice u ggplot2.
B Hux ¢dyHKIIN pucoBaHus BO3BPAIIAIOT HEKN 00bEKT, KOTOPbBI MOXKHO MOIN(MUIINPOBATD,
XPaHuTh, IIEpeJaBaTh U, KOHEYHO K€, OTPUCOBbIBAThL HA KOHKPETHOM yCTPUCTBE.

Hwmxe s 6yny Bce rpadukn genars B lattice m3 mmanbIX mpeanourennii. Hekoropbie
HaXOAT ggplot2 Gosiee 3beKTUBHBIM U COBPEMEHHBIM, HO s MPUBBIK K lattice.

CobcTBeHHO, HAM TTOHAIOOUTCS TTakeT lattice (OH yrKe yCTAHOBJIEH, HAJO TOJIBKO TOJI-
KJIIO‘II/ITI)), a Takxke OyJieT MoJie3HbIM IakeT latticeExtra (KaK BUJIHO U3 Ha3BaHUsI, OH
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pacimpsieT Bo3MoxKHOCTH lattice; ero myxuo nocrasutb ¢ CRAN).
Bce dynkiun pucoBanus B lattice mNpuHUMAIOT CJIEIYIONIUE TTAPAMETPHI:

1.
2.

x — dopmyia; cOOCTBEHHO, 3aBUCUMOCTh, KOTOPYIO Mbl XOTUM HU300pa3uTh

data — JaHHBIE, OTHOCUTEIBHO KOTOPBIX OYJET BBIYUCIIATHCs (popMysta (IpocTo ja-
TadpeiiM NI IMEHOBAHHBII CIIICOK, COJIEPIKAIIIii HCIOIb30BaHHbIE B (DOPMYJIe TIepe-
MEHHBIE )

groups — mapaMeTp, MO3BOJISIONNN HAPUCOBATH HECKOJbKO HAJIOYKEHHDBIX JIMHUI Ha
OJIHOM Trpacuke

. panel — mnanesbHas (QYHKINs, KAK UMEHHO DHCOBATh KaXKJblil OTJETbHBIN Ipaduk

(nanesn)

. — TIapaMeTphbl, Iepe/laBacMble B ITHEJIbHYIO (DYHKIIUIO, & TaKyKe BCAKUE JTOTIOJIHH-
TeJIbHBIE TTapaMeTPbl, BPOJIE PACIIOJIOKEHUsI U OOIIEero KOJNIecTBa IMaHe/ Iei.

Ha npumepe jlanubix iris, mocMOTpUM, Kakue ObIBAIOT IpaduKu:
xyplot() — ckarrepruior. Kaxast crpoka jgaradpeiiva n300pazkaercst OTJAeTbHON TOUKO
B KOOPJIMHATAX JIBYX BBIOPAHHBIX CTOJIOIOB.

library(lattice)
xyplot(Sepal.Length ~ Petal.Length, data = iris)
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Petal.Length

He ouenn xpacuBo n masionndopmaTuBao. laBaiiTe HapucyeM copTa Ha OTJIE/JILHBIX I'pa-
dukax:

xyplot(Sepal.Length ~ Petal.Length | Species,
data = iris)
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Petal.Length

A MoxkeT Jydllle Bce-TaKM HA OJIHOM, HO PA3HBIMU IBeTaMu’.. A erie st X04y cie/aTh
TOYKU CIPOIITHBIM U JOOABUTH JIETeHTY:

xyplot(Sepal.Length ~ Petal.Length, groups = Species,

data = iris, par.settings = simpleTheme(pch = 19),
auto.key = TRUE)
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library(latticeExtra)

Petal.Length

xyplot(Sepal.Length ~ Petal.Length, groups = Species,
data = iris, par.settings = simpleTheme(pch = 19),
auto.key = list(columns = 3, border = TRUE),

panel = function(...) {
panel.xyplot(...)
panel.ellipse(...)

}, xlab = "Petal Length", ylab = "Sepal Length")
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Hamnocneiox npuBety mpuMep HaIMCaHUs CBOeil TaHeabHON yHKINHN /it xyplot ()

read_chunk("panel.lmpolyline.R")

panel.lmpolyline <- function(x, y, groups = NULL,
degree = 1, col.line = par.line$col,
1ty = par.line$lty, lwd = par.line$lwd,
alpha = par.line$alpha, ..., identifier = "lmpolyline") {
X <- as.numeric(x)
y <- as.numeric(y)
if ('is.null(groups)) {
par.line <- trellis.par.get("superpose.line")
panel.superpose(x = x, y = y, groups = groups,
degree = degree, col.line = col.line,
1ty = 1ty, lwd = lwd, alpha = alpha,
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panel.groups = sys.function(),
o)
} else {
if (length(x) > degree) {
1 <- Im(y ~ poly(x, degree = degree))
par.line <- trellis.par.get("plot.line")
panel.curve(predict(l, list(x = x)),
from = min(x), to = max(x),
col.line = col.line, 1ty = lty,
lwd = 1lwd, alpha = alpha,
., identifier = identifier)

X
xyplot(Sepal.Length ~ Sepal.Width, data = iris,
panel = panel.lmpolyline, degree = 2)

87



Sepal.Length

2.0 2.5 3.0 3.5
Sepal. Width
xyplot(Sepal.Length ~ Sepal.Width, groups = Species,

data = iris, panel = panel.lmpolyline,

degree = 2)
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Sepal.Length

2.0 2.5 3.0 3.5
Sepal.Width
xyplot(Sepal.Length ~ Sepal.Width, groups = Species,

data = iris) + layer_(panel.lmpolyline(...,

degree = 2))
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Sepal.Length

2.0 25 3.0 35 4.0
Sepal.Width

panel.kde2d <- function(x, y, groups = NULL,

subscripts, n = 100, cuts = 5, col.line
1ty = par.line$lty, lwd = par.line$lwd,
alpha = par.line$alpha, ..., identifier = "kde2d",
col) {
require ("MASS")
X <- as.numeric(x)
y <- as.numeric(y)
if (!is.null(groups)) {
par.line <- trellis.par.get("superpose.line")
panel.superpose(x = x, y = y, groups = groups,
subscripts = subscripts, n = n,

par.line$col,

cuts = cuts, panel.groups = sys.function(),
col.line = col.line, lty = 1lty,
lwd = lwd, alpha = alpha, ...)
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} else {
drange <- function(x) {
r <- range(x)

d <- diff(r)
r + C(—d, d)

}

kde <- kde2d(x, y, n = n, lims = c(drange(x),
drange(y)))

data <- expand.grid(x = kde$x, y = kdeS$y)
data$z <- as.vector(kde$z)
plot.line <- trellis.par.get("plot.line")
panel.contourplot(data$x, dataly,
data$z, at = pretty(data$z, n = cuts),
subscripts = seq_along(data$x),
contour = TRUE, region = FALSE,
col = col.line, 1ty = 1lty, lwd = lwd,
alpha = alpha, ..., identifier = identifier)

X
xyplot (Sepal.Length ~ Sepal.Width, data = iris,
groups = Species, panel = panel.kde2d)
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I I I I I I
2.0 25 3.0 3.5 4.0 4.5

Sepal.Width

xyplot (Sepal.Length ~ Sepal.Width | Species,
data = iris, groups = Species, par.settings = simpleTheme(pch = 19),
auto.key = list(columns = 3, lines = TRUE),
layout = c(3, 1)) + layer_(panel.kde2d(...,
cuts = 10))
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Sepal.Width

xyplot (Sepal.Length ~ Sepal.Width | Species,
data = iris, groups = Species, par.settings = simpleTheme(pch = 19),
layout = c(3, 1)) + layer_(panel.kde2d(...,
cuts = 10))
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Sepal.Width

xyplot (Sepal.Length ~ Sepal.Width | Species,
data = iris, groups = Species, par.settings = simpleTheme(pch = 19,
cex = 0.5, 1lwd = 1, 1ty = "dashed"),
auto.key = list(columns = 3, lines = TRUE),
layout = c(3, 1)) + layer_(panel.kde2d(...,
cuts = 10))
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[Ipumep naneabHON DYHKIMHU JI TOJUHOMUAAILHONW perpeccun
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