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1 CopasBka, workspaces, 3allyCK CKpPUINTOB, TaKeThI

1.1 CopaBka

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

?function_name # Cnpaska no QGyHryUU
> 71s

?"keyword" # Cnpaeka no kawuegoMmy cCa08Y

> 7?"for"

> P4

> 7t

> 7' [[<="

??pattern # llouck no cnpaeke

> 77glm

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

> apropos ("GLM")

1.2 Tlepemennsbie, paboune npoctTpaHcTBa (workspaces), uctopus Ko-
MaH/I, BBIXOJI

1s() # Bosepawyaem eeKkmop u3 UMeH NEPEMEHHLIT 8 MeKyWyeMm SCope, eCAU 3anyyeHr 8
mepMuKane, Mo 6036PaYGEm UMEHA NepeMeHHbT u3 pabouez2o0 workspace

1s(all.values = TRUE) # Bosepawaem BCE umena nepeMeHnHsT mekyuyezo Scope
(ekawuwas HawuHawuuecs c .)

rm(varname) # Ydaasem nepemennyw. Hma 6e3 kaebluek
rm(list = 1ls(all.values = TRUE)) # I[lpu ebizoge u3 MepMUHGAG -- “UCMUM
workspace



save.image(file = "workspace_file_name.rda") # cozpansem workspace (npouye
2080pA, 6ce nepemeHkvie) 6 Paln
load.image(file = "workspace_file_name.rda") # Bazpymxaem workspace u3 dalra

Inf) # Iokassieaem ucmopuw KOMaHO
"history_file_name.R") # Coxzpansem ucmopuw komand & paln

history(max.show
savehistory(file

q() # Buixoo us R
q("no") # Buxod us R 6e3 coxparenus workspace (npednoumumensree)

1.3 3amyck cKpunToB

source("script_file_name.R") # Buinoansem ckpunm us gailara

Takxke ecth yTuauTa Rscript, KoTopas MO3BOJISET BBIIOJHUATH R-dailn mpsmo u3 Ko-
MaHJIHOW CTPOKH:

> Rscript script.R
Moxno Br/ounTH ee B shabang u cjenars ckpunT uctosHsgeMbiM daiiiom (B Unix):

script.R
#!/usr/bin/Rscript

args <- commandArgs(TRUE) # IJoayuume apzymenms koManOHOU cmpoku 6 eude
geKkmopa Cmpok

print (args)

II0CJIe 49ero:

> chmod +x script.R
> ./script.R just command line args 3 14 15
[1] Iljustll "COIIlmal’ld" lllinell llargsll Il3l| II14I| ll15ll

Ecin ectb HEOOXOMMMOCTDL B JeTaJbHOM pa3bope apryMEHTOB KOMAHIHOW CTPOKH, HE
HY2KHO IIICATh CBOW BefoeHtteA 11apcep, eCcTh I1akeTwl getopt| u optparse.

1.4 Ilakern!

library("package_name") # [loOkawuaem YycmarosieHHbll nakem.
# KasbluKu MOIHO OnYycmums :
> library(lattice)

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

[Ipu mepBoMm 3amycke B ceccun R nipeio:kut BoibpaTh 3epkasio CRAN, mocrarodso BeIOpaTh
“Cloud” (mepsoe B crmcke). O6parure BHuManue, 9ro B Unix makeTbl CKAUNBAIOTCS B BUJIE UC-
XOJIHUKOB 1 cobupatoTcs y Bac Ha Marmie, mo3ToMy JI02KeH ObITh YCTAHOBJIEH KOMIIUISATOD
C/C++ /fortran u HeoOXoMMBIe GUOIMOTEKN (IPUYEM JIEBEJIONIEPCKUE BEPCUHU, B TAKETHOM
MeHeJzKepe OHM 00bIYHO uMeroT cydduke “~dev”, nanpumep “libfftw3-dev”). Tlox Windows
ITaKEThbl CKQUYUBaIOTCA y2Ke CO6paHHbIMI/I.

[Ipn HEOOXOIMMOCTH, MOYKHO YCTAHOBUTH CTOPOHHNE TTAKeThl U3 UCXOTHUKOB. [l 9T0TO
YJI00HO TI0JIb30BaThCs MakeToM devtools:


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

install.packages("devtools")

library(devtools)

install_github("asl/rssa")

# AHanO2UYHO:

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

3/iech akeT B JII00OM cirydae Oysier cooupaThes U3 UCXOIHUKOB, 11071 Windows Hy»KHO ycTa-
HABJINBATH W HACTpaumBaTh Bech toolchain (msys + mingw + neBenomepckue m6bi). [lom
Unix MoryT moHaobuTcsi HEKOTOpPbIe CTaHIaPTHBIE YTHIUTHI THIA curl (Kak MpaBujio, OHK
yZKe YyCTaHOBJICHBI).

2 Bekropa, MmaTpuiibl, MacCCUBbI

2.1 BekTopa, OCHOBHbIE OIlepaIlun

Haunem ¢ Toro, uro B R Her “ckayspHbIX’ 3HaUeHHil, J000e CKAJISIpHOe 3HadYeHue (THcIio,
CTPOKa) 3TO BeKTOp JIMHBL 1. BekTopa GbIBAIOT CJIEIyIONMX TUIOB: numeric, complex,
logical, character, T.e. YHCJIOBblE, KOMILJIEKCHbIE, OYJIEBCKHE U CTPOKOBBLIE. UHCJIOBDLIE
BEKTOpa JiesiATcd Ha integer m double, HO 3TO JiejleHNWE WCKJIIOYUTEJIHLHO BHYTpPEHHEE —
Ipu AeJICHUU WJIA BBIXOJE U3 Jralla30Ha IIEJIbIC YHrCJ/ia aBTOMATUYECKU IIPUBOAATCA K BEHIE-
CTBEHHOMY THUILY.

Coznanne u mpocreiiiast paboTa ¢ BEKTOPAMU:

> v <- 1:10

> print(v)

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

> 10:1

[11 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)

>Db

[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] L LI 1t L 1 A L I [ 1

# Ilpouwumams saemerm
> v[2]



[1] ©O

> ch[3]
(1] "

> b[4]

[1] FALSE
> cplx[5]
[1] 0+0i

3anucame saeMeHm
v[6] <- 42

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

4i + 3 -> cplx[i]

V V V V V %

# [loemopeHus

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

[1] 123123123123123

> rep(1:3, each = 5) # /1 noemop kaxdozo snemerma
[1] 111112222233333

# Konkamernauyus (ckaelka)
> c(1:5, 5:1, 3:4)
[1] 123455432134

Hewmmnoro cinyzkebnbix oneparuii. Berso:

> print(ch)
[1] nn nn nn nn nn nn IlHelloll nn nn
[10] nn

Ecmu Boer paboraere B KOMaHIHON CECCUU, TO BBIBOJMTCH PE3Y/IbTAT KarKJI0N BBIIOJTHEHHON
komamibl. Ho ectm Bol mpoBojinTe Kakue-To JielicTBUA B IUKJIE, B (DYHKIIUU, B BHI3BIBAEMOM
o source() min Rscript ckpuire, TO KejlaeMblil BBIBOJ, HEOOXOINMO Je/IaTh BHO.

Kcraru roeopsi, ecsim Ber paboTaere B KOMaHIHOM CTpOKe, TO IlepeMeHHas .Last.value
BCEIJIa COJIEPZKUT Pe3yabTaT IIOC/eIHEe KOMAH/IbL:

> 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

Boobrme summary () (kax, kcraru, u print () ) — 5710 nosuMopdHbie DYHKINA, J1JIsS KazZKJI0T0
THa 00bEKTa OHU OIPEJIeSIEHBI MO-cBoeMy. s 9MC/IOBBIX BEKTOPOB summary () BBIBOIUT
KBaHTUIN U cpejiHee. HezaMbIicioBaTo, HO OBIBAET II0JIE3HO.

Jlnuna BekTOpAa:



> length(v)

[1] 10

> length(v) <- 5

> v

[11 00000

> length(v) <- 10

> v

[1] 0 O O O O NA NA NA NA NA

Qyrkmus length () paboTtaer n Ha nmpucBanBanue. lIpn MOMBITKe YBeIMYIUTD JIMHY BEKTOPA
HOBBIE 9JIEMEHTHI TOJTyvYaloT 3Hadenne NA, T.e. IPOIYIIEHHOEe 3HAYEHNE.
Tun BekTOpA:

> mode(v) # Jozuweckul mun (mode)

[1] "numeric"

> storage.mode(v) # Xparumel mun. Hywken pedko, 6 OCHOBHOM, €CAU TOY%EmcCs
nepedams Yykazamesnsb Ha obzekm “‘hapyry’’

[1] "double"

O6e dbyuknum paboTaroT Ha IIPUCBaUBaHUEe, U3MEHsSA THII 00bEKTa.
Tak>ke MOXKHO COBEPIINTDH IIPUBEJIEHNE TUIIA C IOMOIBI0 PYHKINN 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/IaPTHDBIE OIl€pallu C BEKTOPpaMU BEKTOPU30BaHbI, T.€. BBIIIOJIHAIOTC 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 3ToM eciu B GuHAPHOI OllepaIui BCTPEYAIOTCS BEKTOPa HEOIMHAKOBOMN JIJIMHBI, TO WC-
HOJIB3YIOTCST TaK Ha3bIBaeMoe IeperuchiBatie (recycling), BeKTOp MeHbIIEil JIHHBI aBTOMAa~
TUYECKHU MMOBTOPSIETCS HYKHOE YUCJIO Pa3:

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

[Ipu sTOM, ecyin JIJIMHA MEHBIIIEr0 BEKTOPa He SABJISETCH JIeJINTeJIeM JIJIMHBI O0JIbIneit, Oy/eT
BBIBEJICHO TIpeIypeKienne (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

OOBIMHO MEHBIHI BEKTOp NMeeT JINHY | 1 TaKoil mpob/ieMbl He BOZHUKAET:

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

I(CT&TI/I7 CTelleHb uMeeT 0oJjiee BBICOKMIA IIPUOPUTET, YEM ::

> 1:372
[1] 123456789

[Tosteznbie BekTOpU30BaHHbIE (DYHKITUN:
a+b,a-b,a*xb,a/b#/ delicmeus apudmemuru
a ~ b # cmenens

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

abs(x) # Modyas

Re(z), Im(z), Conj(z), Mod(z), Arg(z) # Bewecmsennas u MHUMOA 4a.CMb,
KOMNAEKCHOE CONpAKeHue, 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, Xx >y, etc # nossemenmHble CpABHEHUA
>1:10 > 5

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

x &y, x|y, xor(x, y) # bysesckue nosaemenmnsie onepayul
x && y, x || y # 6ysreeckue onepayuu Oas eekmopog Oaumsl 1, blyuCALEMble NO
kopomkol cxeme

Arperupyrontie dyuknun. Hapsizy ¢ mosiemenTHON BekTopusarmeil (oburenn GyHK-
[IMOHAJIBHOIO MMPOrPAMMUPOBAHUST HA3BaIU Obl ee “map”) ecTh (DYHKIUH, COMOCTABIISIONINE
BeKTOPY ejuHu4IHOe 3Hadenune (yoburesn PII wazsamu 6b1 910 “reduce”). Bor npumepst Ta-
KuX (pyHKIHiL:

sum(x), prod(x) # Cymma u npouseedenue ecexr saemMexHmos
max(x), min(x), which.max(), which.min() # Maxcumym-murumym u undekc
MAKCUMAAbHOZ0 U MUKUMAALKOZ0 SAEMEHMA

mean(), sd(), cov(), cor(), median(), mad(), quantile() # Cmamucmuveckue
PYyrKYUU

all(x), any(x) # Jozuueckue Pynkyuu, eosepauyawm TRUE, ecau ece (uau xzomsa 6bl
00uH) U3 SAEeMeHmo8 8eKmopa UCMUHA



2.2 Bekropa, goctymn K 3jeMmenTtaM (subscripting, ummgekcHas Tex-
HUKA)

ocTyn K sseMeHTaM BeKTOpa, OCYIIECTBIIACTCS ¢ TTIoMOIIbIo orepaTtopa “|” (“subscript”). Jo-
cTyn paboTaeT KakK Ha dYTeHHe, TaK U Ha 3allUCh:

x[?]
x[?] <- y

Yrenne BO3BpAIaeT IOABEKTOD (BO3MOXKHO, 4TO Imycroii). Ilpm 3ammcn momsekTop mepesa-
IICBIBAETCS 3HAYEHNUSIMH W3 BEKTOpa, CTOAIlero B mpasoil dacrtu (y). Eciam mmusr mepe-
3aIIICHIBAEMOIO IOJBEKTOPA M IPABOil YACTH HE COBIAJIAIOT, IPHMEHACTCS [ePENUChIBAHNE
(ecym KOJIMYECTBO 3aMEHsIeMbIX 3HAYCHHUN He JeJUTCS Ha KOJINYIEeCTBO HOBBIX, TO BLIBOJUTCS
eIy IPesK IeHNE ).

Yro moxKer cTroATh BHyTpH: | |7

2.2.1 YucJjoBoii BEKTOpP MHIEKCOB

Bcee nernesble 3HaveHMsT TPUBOIATCS K IIEJIBIM (OT6paCbIBaeTCﬂ JIpoOHast qaCTb). Hymu or-
OpaceiBatoTcs. JIJ1si TOJIOKUTE/IbHBIX HUHJIEKCOB BO3BPAIIAIOTCSI COOTBETCBYIOIIIE D/IEMEHThI
(mymeparust or euHuIb!!):

> V <_ C(Hall Il'bll IICII lldll llell Ilfll Ilgll Ilhll)

> v[lc(1, 3, 5.9)]

[1] uan ”C" uen

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

> v

[1] IlXIl ll'bll IlXIl lld|l IIXII llfll Ilgll llhll

ZLHH OTpHUITaTEJIbHBIX BO3BPAIIalOTCA BCE 3JIEMEHTBI, KPpOM€E€ Ha3BaHHBIX!

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

[1] "X nwxe wxrovfn tht

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

Error: object 'Y' not found

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

> v

(1] "y" "b™ "y" "d" mrym vy" vgn onrye

CMemuBarh OTUllaTe/JIbHbIC 1 IIOJIO?KHUTEJ/IbHbIC NH/ICKCHI HEJIL3d. Ha urenune nojioxkurebHbIe
MHIEKCbI MO2KHO ,ZLy6JII/IpOBaTbI

> v

[1] Wy iy g ey oy ugn nyn
> vlc(l, 1, 1, 2)]

[1] ||Y|| nYu uYu nbu

Ha 3alluCh TOZKE MO)KHO7 HO B TaKOM cnyqae JJIEMEHT C HOBTOpeHHbIM MHIEKCOM 6yrf_l;eT I1e-
pe3armcaH HECKOJIBKO pa3 1 B UTOTr'€ B HEM OKazKeTCA HOCJIG,ZLHI/H‘/JI 3allICaHHBIN SHGMGHTIH

> V[C(l, 1’ 1)] <- C(IIXII s uYu s uzn)

> v

[1] uzn nbn Ilcll

1J-II/ILIHO A CHUTAIO, 9YTO UCIIOJIb30BAaTh IOBTOPHBIE MH/ICKCHI Ha 3allUCh — OY€Hb CKBEpHad HIed.

8



2.2.2 Jlormyeckuii BeKTOp-Macka

Bruibupatorca snementsi, coorBercTByomue TRUE. Ecim BekTOp HEmoCTATOYHON JTUHDI,
HCIOJIb3YeTCs MepenuchbiBanne (e JIMHA MACKU He JIeJIUT JJINHY BEKTOPAa, TO BBIBEJIET-
csl COOTBETCTBYIOIIEe npeaynpexenue). Eciu BekTop-Macka 6oJibliie JIJTMHBI BEKTOPa, TO
BEKTOD YIMHSIETCS JI0 HEOOXOINUMOil JUIMHBI U JIonoJiHgeTcst mporyckamu (NA).

> v <-1:10

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

(1] 13579

> v[c(TRUE, FALSE)] <- 42 # 3BameHnume wemusie saemermsl
> v

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

B ocHoBHOM, B KadecTBe JIOTHIECKONW MACKH UCIOJIB3YIOTCS BBIPAXKEHUsI- BAIIPOCHL :

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

Tyt #HeT Hukakoit Mmarum — v > 6 BO3BpalllaeT JIOTUYECKUT BEKTOP.

2.2.3 CTpoKOBBIii BEKTOP UMEH

[lst TOro, 9T00OBI OOPAIATHCA K 3JIEMEHTAM BEKTOPA 110 UMEHAM, HEOOXOMMO 3TH UMEHa Ha-
3HAYUTH. Y KaXKJ0I'0 BEKTOPA €CTh BO3MOXKHOCTb YCTAHOBUTH aTPUOYT names — CTPOKOBBIA
BEKTOP TAaKOM! 2Ke JIJINHBI, KaK U CaM BEKTOD:

> v <- 1:3

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

abc

123

> names (v)

[1] uan nbu "C”

BekTop cran nmenoBanubiM. Terephb eciu rmepejarh B KA4eCTBE WHIEKCa CTPOKOBBIN BEKTOD,
Oy/yT BBIOPAHBI COOTBETCTBYIOIIIE 3JIEMEHTHI:

> v[c("a”, "b”)]

ab

12

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

a b c

42 42 3

2.3 MaTpunbl 1 MacCUBBI
2.3.1 Cozganue u pa3MepHOCTb MaTPUI]

Marpuria co3maercst ¢ IIOMOIIbIO OJTHOMMEHHON KOMAaHThI:



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

Marpurer B R npeacrasisiior coboii Bekrop (¢ passeprkoit FORTRAN-style, T.e. 110 cTos6-
IaM) CO CIHEIUATBHBIM aTPUOYTOM PAa3MEPHOCTH:

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

Kak Buure, arpubyT I0CTYIIEH HA 3aIIUCh, €IMHCTBEHHOE, HEOOX0 MO, 4T00bI prod (dim(x) )
= length(x).

Takxke ectb dyukiun nrow () u ncol (), BO3BPAIIAIOT YUCJIO CTPOK U CTOJIOIOB COOTBET-
CTBEHHO.

2.3.2 Omnepaluu ¢ MaTpuramMu

Tak kak MaTpHUIIbl ABJIAIOTCA BEKTOpaMH, JJd HHUX MOXKHO JeJaThb Te 2Ke Ollepallin, 9TO U
JJIsd BEKTOPOB; IIPDU 9TOM Pa3MEPHOCTDb 6y,ILeT COXPaHATBCA:

> 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 *m
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(,11 [,2] [
1 16
4 25
9 36

[1,]
[2,]
(3,1
>m > 10
[,11 [,2]
[1,] FALSE FALSE
[2,] FALSE FALSE
[3,] FALSE FALSE
>m > 5
[,11 [,2]
[1,] FALSE FALSE
[2,] FALSE FALSE
[3,] FALSE TRUE

,3]
49
64
81

[,3]
FALSE
FALSE
FALSE

[,3]
TRUE
TRUE
TRUE

O6paTuTe BHIMaHKE, 9TO IIPOU3BEACHIE MATPHUIL — I1031eMeTHOe. Ec/im Mbl XOTHM IOy YUTh
0OBITHOE OIlEpATOPHOE IIPOU3BEJICHHUE, CJIEYET UCIOJIB30BATD /o*:

>m %*x% m

[,11 [,2]1 [,3]
[1,] 30 66 102
[2,] 36 81 126
[3,] 42 96 150

Bektop 6e3 arpubyTra pa3sMepHOCTU CUUTAETCH BEKTOP-CTOJIOIOM, HO IIPU YMHOYKEHUN
BEKTOpa Ha MATPUILy CJIeBA BEKTOP aBTOMATUYECKN TPAHCIIOHUPYETCH:

>m

[,11 [,2] [,3]
[1,] 1 4 7
[2,] 2 5 8
[3,] 3 6 9
>m %*% 1:3

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

[,11 [,2] [,3]
(1,1 14 32 50

Obparure BHIMaHUE, YTO YMHOXKEHHE “*” 9TO IMOIJIEMETHOE YMHOKEHIE KaXKI0TO CTOJIONA
Ha BEKTOP:

>m*x 1:3

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

2.3.3 ®yskuum s paboTel ¢ MaTpuUIaMu
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solve(m) # obpamuas mampuya
solve(m, y) # m 'y, Ho ewuucasemca ycmolivueee
t(m) # mpancnonuposaHue

qgr(m), eigen(m), svd(m), chol(m) # knraccuuweckue mampuunsie pasnoxenus ({R,
EVD, SVD u pasaoxenue Xosaeykozo)

crossprod(x, y) # x'y, Ho esiuucasemcs HemHO20 bbicmpee
tcrossprod(x, y) # xy', anarozuuxo
crossprod(x), tcrossprod(x) # ymuomenue camy na ceba: r'x u rr’

diag(m) # daa mampuysl, eosepayaem 8ekmop 24a6HOU OUAZOHAAU, NPU SMOM
docmynha HG 3anucCh
> 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) # 0aa uwucaa -- sosspayaem eOUHUYKYIL MAMPUYY NOPAOKA M
> diag(3)
(,11 [,2] [,3]

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

Creiika maTpuir:

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

Eciin BekTop (He mMaTpuily) nepejarh Ha Bxoj cbind (), To o OyjgeT paccMaTpUBATLCS Kak
crosiber, a ecsim rbind() — To kKak cTpoka. [Ipu 3TOM J7I9 BEKTOPOB U MaTPHI] PAOOTAIOT
[IPABUJIA TIEPEIICHIBAHUSI.

CymMa u cpejiHee 10 CTPOKAM U CTOJIOIAM:

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

[1] 4 56

> colMeans(m)

[1] 2 58

> rowSums (m)

[1] 12 15 18

> colSums (m)

[1] 6 15 24
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2.3.4 MmuoromepHble MaCCUBBI

Takzke, KpOMe MaTPHIL IPUCYTCTBYIOT U MHOTOMEDHbIE MAacCUBBI (TeH30phl) array ():

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

[,1] [,2]
[1,] 1 3
[2,] 2 4

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

2.4 Marpunbl 1 MacCUBbI, JOCTYyN K dJIEeMEHTaM

O6cymmm obpaliieHre K 3J1eMeHTaM MaTPHUIl 1 MHOTOMEPHBIX MACCHBOB. AHAJIOTUYIHO BEKTO-
pam, obpallieHre BO3MOXKHO KaK Ha YTEeHHe, TaK U Ha 3alliCh

2.4.1 OoOpaiiieHne Kak K BEKTOPY

N maTpuria, 1 MaccuB ABJISIOTCA BEKTOPOM, CJIEI0BATEIBHO, JIJIT HUX PabOTAIOT Te K€ MEeTO-
JIbl UHJIEKCUPOBaHUs, ITO U JIjIs BEKTOPOB, IIPA 9TOM. HAIIOMUHAIO, MATPUIIA YKJIAIbIBACTCS
B BeKTOp 10 crtosibrmaM. Ha mpakTuke, moxkaJiyit, U3 9TOro MOXKeT ObITh IOJIE3HA TOJIBKO
TEXHHUKA ‘“JIOTUIECKUX 3alIPOCOB” THIIA:

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

2.4.2 QOoOpailiieHue K JIEKAPTOBOMY IIPOU3BEIEHUI0 U3MEPEeHUA

st obpaltiienust K MATPHIE MOXKHO MCIIOJIBL30BATh JIBYXUHIEKCHYIO TEXHUKY (& Jist oOpale-
HUA K MaCCUBaM — T-UHIEKCHYIO, I'/IE 77 — KOJIMYEeCTBO HBMepeHHﬁ)Z

m[i, jl

ali, j, kI

rje i, j, k MOTYT OBITH YHCJIOBBIMU, JIOTHYECKUMU WJIM CTPOKOBBIMH BeKTOpaMmu. Pe3yib-

TaToOM OYJIeT HOJMACCUB TOfi JKe CTPYKTYDbI (10IBBIOOPKA IPOU30IIET HE3ABICHMO [0 BCEM
HU3MEPEHUSAM ).

> 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] # Buwbpame 1 u 3 cmpoku u ombpocums 1 cmonbey
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(,1] [,2]

[1,] 4 7

(2,1] 6 9
Y1006bI UMETH BO3MOXKHOCTL OOPAIATHCA K CTPOKAM M CTOJIOIAM MATPHIILI 110 UMEHAM,
HY?KHO 3a/1aTh aTpuOyThl colnames u rownames (a B ciiydae MaccuBa — arpubyT dimnames):

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

> rowna.mes(m) <- c(”a", ”b", ”C")

> colnames(m) <- C("X”, ||yu’ "Z")

> m[c("a", "C"), C("y", uyu’ "X")]
yy X

a4d44d1

c 663

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

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

, , X

V)
[E=y
w .

1]
abv7
b 6 8
> a[uan ||jn ||yn]

b b

(11 7

Hy}KHO OTMETUTD ABE TOHKOCTH. Bo—nepBng OJIMH WUJIN HECKOJIBKO NHIEKCOB MOXKHO OILyC-
KaTb, 9TO OyJIeT 03HAYaTh BBIOOpP BCEro Jinana3oHa. Bo-BTOPBIX, €Cin B pe3ysbTaTe BhIOOpa
HOJTy YeHHBII MacCuB OyJIeT MMETh MEHBIIYI0 Pa3MEPHOCTD, UeM HCXOIHBIN (HAIIPUMED, BbI-
fupaeM CTPOKY M3 MATPHIIBI), TO BBIPOXKJIEHHBIE U3MEPEHUST aBTOMATUIECKU “CXJIOMHYTCS

(drop):

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

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

m[1, ]
## [1]1 1 47
m[, 1]

## [1] 1 2 3
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B GosibimmaCcTBE CIydaeB 9TO YI00HO: KOTJIa Mbl U3BJIEKAEM CTPOKY WJIu cTOjber, bojiee
MPUSTHO TOJIyYaTh BEKTODP, a He JIuHHYI0 Marpuily. Ho mHOTIa Tpebyercs, ITOObI 1101
MaCCUB UMeJI CTPOr0 TaKylo K€ pa3MEpPHOCTb, KaK M MCXOJAHBIN MaccuB. YToObI m30ekKaThb
CXJIOTIBIBAHUS ¥ TOJIYyIUTh MACCUB TON K€ Pa3MEPHOCTH HYXKHO SIBHO yKa3aTh:

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

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

m[, 1, drop = FALSE]

#Hit [,1]
## [1,] 1
## [2,] 2
## [3,] 3

2.4.3 OoOpairiieaune MO0 MHOTOMEPHOMY HHIEKCY

Moxno nepefars B [ ] Marpuity u3 r cTOJOIOB U N CTPOK, TJe T — YUCJI0 U3MepeHuii (2
JUIs MaTpPUIlel). B pesyibraTe Kazkas CTpOKa OyIeT pacCMaTPUBATHCS KaK HaOOP KOOD/IIMHAT
BBIOMPAEMOTO 3JIEMEHTa U PE3yIbTaTOM Oy/IeT BEKTOD JJIMHBI 1

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

3 Chouckun

CrmcoK — 9TO BEKTOD, KOTOPBIl MOXKET XPAHUTH 9JIEMEHTHI PA3/INIHBIX TUIOB. B orymtne
ot Python, Her Bo3MOXKHOCTH CO3/IaTh PEKYPCHBHBIN CIMCOK (TaK KaK KOIMMPOBAHHE BCEI/IA
[POUCXOJUT 110 3HAYEHHUIO).

3.1 Cozganue crmcka, cKJelika, IIOBTOpPEeHHIEe

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

## $a

## [1] 1

##

## $b

## [1] "string"

##

## $f

## function (save = "default", status = 0, runlLast = TRUE)
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## .Internal(quit(save, status, runlast))
## <bytecode: 0x232afd8>
## <environment: namespace:base>

1 <- list(a =1, 2) # He obasamenbHo 8ce sAeMEHMbl OONKHLl UMEMb UMEHA
1

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

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

1 <- as.list(1:3)

1

11 <- 1list(1, "A")

12 <- list("b", 10)

c(11, 12) # Cnucku MOXHO CKAeEugams
rep(1l1, 5) # U noemopsams

3.2 OOpamieHue K 3jieMeHTaM
3.2.1 Bssarue noacoucka

s cimckoB ornepatop [ paboTaeT TakiKe, KaK W JIjIs BEKTOPOB, TOJHLKO BO3BPAINAETC He
MIOJIBEKTOP, & IOJICIIUCOK:

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

## $a

## [1] 1

H#

## $b

## [1] "string"

1[-2]

## $a

## [1] 1
#it

## $d

## [1] TRUE

l[c("a" , ”b")]
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## $a

## [1] 1

##

## $b

## [1] "string"

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

## $a

## [1] 5

##

## $b

## [1] "char"
##

## $d

## [1] TRUE

3.2.2 Basgarue sjiemeHnTa

Omnepatop [[ mo3BosiseT 0OpaTUTHCA K SJIEMEHTY:

1[[1]]
## [1] 5

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

## $a

## [1] 5

#t

## $b

## [1] "char"
##

## $d

## $d[[1]]

## [1] 42

Tak:ke K s/1eMeHTaM CIIICKa MOXKHO obpalaThces depes3 omneparop $:

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

## [1] 1

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

## $a

# [1] 1

H##

## $b

## [1] 42
##

## [[3]]

## [1] "ccc"

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

## $a

# [1] 1
##

## $b

## [1] 42
##

## [[3]]
## [1] "ccc"
H##

## $c

## [1] 42

[IpucBanBanue ssteMenty 3Hadenns NULL ynanser snement:

## $a

## [1] 5

H##

## $b

## [1] "char"
##

## $d

## $dl[11]

## [1] 42

1[[1]] <- NULL

1$d <- NULL
1

## $b

## [1] "char"
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Ecan Bam mo kakum-To npudaunHaM Ha o 110102KuTh NULL B cnimcok, To 3To jieiaeTcs
TaK:

1[1] <- 1list(NULL)

4 MatepuaJibl C 3aHATUA 3 OKTAOPS

4.1 Toothgrowth

library(lattice)

library(latticeExtra)

library (MASS)

tooth <- read.table("toothgrowth.txt")

tooth$supp <- factor(tooth$supp, labels
"Ascorbic acid"))

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

bwplot(~“len | supp * dose, data = tooth)

c("Orange juice",
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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
##

23



## 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:

39



## 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:

40



## 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
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## - 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",

62



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
©
[n's
5
&
)
O 04
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T T T T T T
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Credit Card Balance

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

I0)



##
## 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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6.1 Bootstrap and CV

library(MASS)
library(lattice)
library(latticeExtra)
library(el071)
library(boot)
library(mvtnorm)
source("class.R")

N <- 100

x <- rnorm(N)
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b.np <- boot(x, function(data, subset) mean(datal[subset]),
R = 999)
boot.ci(b.np)

## Warning in boot.ci(b.np): bootstrap variances needed for studentized intervals

## BOOTSTRAP CONFIDENCE INTERVAL CALCULATIONS

## Based on 999 bootstrap replicates

i

## CALL :

## boot.ci(boot.out = b.np)

#it

## Intervals :

## Level Normal Basic

## 95Y% (-0.2851, 0.1013 ) (-0.2801, 0.1081 )
#Hit

## Level Percentile BCa

## 957 (-0.2924, 0.0958 ) (-0.2927, 0.0956 )
## Calculations and Intervals on Original Scale

boot.ci(b.np)$normal

## Warning in boot.ci(b.np): bootstrap variances needed for studentized intervals

#t conf
## [1,] 0.95 -0.2851178 0.1013173

t.test(x)

##

## One Sample t-test

##

## data: x

## t = -0.9086, df = 99, p-value = 0.3658
## alternative hypothesis: true mean is not equal to O
## 95 percent confidence interval:

## -0.2933620 0.1090756

## sample estimates:

## mean of x

## -0.09214323

b.p <- boot(x, mean, R = 999, sim = "parametric",
ran.gen = function(data, pars) rnorm(length(data),
mean = pars$mean, sd = pars$sd),
mle = list(mean = mean(x), sd = sd(x)))
boot.ci(b.p, type = "norm"

## BOOTSTRAP CONFIDENCE INTERVAL CALCULATIONS
## Based on 999 bootstrap replicates
##
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## CALL :

## boot.ci(boot.out = b.p, type = "norm")

##

## Intervals :

## Level Normal

## 95%  (-0.2885, 0.1120 )

## Calculations and Intervals on Original Scale

boot.ci(b.p, type = "perc")

## BOOTSTRAP CONFIDENCE INTERVAL CALCULATIONS
## Based on 999 bootstrap replicates

##

## CALL :

## boot.ci(boot.out = b.p, type = "perc")

##

## Intervals :

## Level Percentiifle

## 95},  (-0.2987, 0.1091 )

## Calculations and Intervals on Original Scale

plot(b.np)
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X <- runif (N)
b.np <- boot(x, function(x, subset) max(x[subset]),
R = 999)
b.p <- boot(x, max, R = 999, sim = "parametric",
ran.gen = function(data, pars) runif(length(data),
min = pars$min, max = pars$max),
mle = list(min = min(x), max = max(x)))
boot.ci(b.np)

## Warning in boot.ci(b.np): bootstrap variances needed for studentized intervals

## BOOTSTRAP CONFIDENCE INTERVAL CALCULATIONS
## Based on 999 bootstrap replicates

##

## CALL :

85



## boot.ci(boot.out = b.np)
##
## Intervals :

## Level Normal Basic
## 95 ( 0.9651, 1.0023 ) ( 0.9801,
#t

## Level Percentile BCa

## 95Y% ( 0.9470, 0.9801 ) ( 0.9451,

1.0131 )

0.9801 )

## Calculations and Intervals on Original Scale

boot.ci(b.p, type = "norm"

## BOOTSTRAP CONFIDENCE INTERVAL CALCULATIONS

## Based on 999 bootstrap replicates
##
## CALL :

## boot.ci(boot.out = b.p, type = "norm"

#it

## Intervals :

## Level Normal

## 95Y ( 0.9722, 1.0059 )

## Calculations and Intervals on Original Scale

boot.ci(b.p, type = "perc")

## BOOTSTRAP CONFIDENCE INTERVAL CALCULATIONS

## Based on 999 bootstrap replicates
##

## CALL :

## boot.ci(boot.out = b.p, type = "perc")
#H#t

## Intervals :

## Level Percentile

## 957  ( 0.9476, 0.9798 )

## Calculations and Intervals on Original Scale

plot(b.np)
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lda.model <- function(data, groups) {

data <- as.matrix(data)

means <- aggregate(data, list(groups = groups),
mean)

data <- data - as.matrix(means[match(groups,
means$groups), -11)

list(cov = cov(data), means = means|[,
-1, drop = FALSE])

}

model <- lda.model(subset(iris, select = -Species),
iris$Species)

make.data <- function(data, groups, lda.model,
size = nrow(data), groups.name = "Species") {

ind <- sample(seq_along(levels(groups)),
size = size, replace = TRUE)
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res <- data.frame(name = factor(levels(groups) [ind],
levels = levels(groups)))
names(res) <- groups.name
mx <- lda.model$means[ind, ]
mx <- mx + rmvnorm(nrow(mx), sigma = lda.model$cov)
colnames (mx) <- colnames(lda.model$cov)
res <- cbind(res, as.data.frame(mx))
rownames (res) <- NULL
res
}
res <- make.data(iris, iris$Species, model)
splom(res, groups = res$Species)
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b <- boot(iris, function(data) {

plot(b)

tn <- tune(my.lda, Species ~ ., data = data,
predict.func = simple.predict.da,
tunecontrol = tune.control(sampling = "fix",
fix = 1/2))
tn$best.performance
}, R =999, sim = "parametric", ran.gen = function(data,
mle, ..., size = 300) make.data(data,
mle$groups, mle$lda.model, ...), mle = list(groups = iris$Species,
lda.model = lda.model(subset(iris, select = -Species),
groups = iris$Species)))
Histogram of t
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#H
H#
#i#t
#it
#t
#Hi
H#
#it
#i#t
#H

Adv
Adv
deg
tns
tns
mse
for

3

cV.
boo
deg

##
deg

#H#

<Y

t.ci(b, type = "perc")

BOOTSTRAP CONFIDENCE INTERVAL CALCULATIONS
Based on 999 bootstrap replicates

CALL :
boot.ci(boot.out = b, type = "perc")

Intervals :

Level Percentile

95% ( 0.00, 0.04)

Calculations and Intervals on Original Scale

ertising <- read.csv("Advertising.csv")
ertising$X <- NULL
rees <- 1:10
.cv <- list()
.boot <- list()
<- rep(NA_real_, length(degrees))
(i in seq_along(degrees)) {
model <- Sales ~ Radio + poly(TV, degree = degrees[i])
tns.cv[[i]] <- tune(lm, model, data = Advertising,
tunecontrol = tune.control(sampling = "cross",
cross = 15))
tns.boot[[i]] <- tune(lm, model, data = Advertising,
tunecontrol = tune.control(sampling = "boot",
nboot = 100))
mse[i] <- mean(residuals(lm(model, data = Advertising))~2)

errors <- sapply(tns.cv, function(el) el$performance$error)
t.errors <- sapply(tns.boot, function(el) el$performance$error)
rees[which.min(cv.errors)]

[1] 4

rees[which.min(boot.errors)]

[1] 4

lot (boot.errors + cv.errors + mse ~ degrees,
type = "1", auto.key = list(corner = c(1,

1), lines = TRUE, points = FALSE),
ylab = "MSE")
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b <- boot(Advertising, function(...) coef(lm(Sales ~

Radio + TV, ...)), R = 999)
plot(b, index = 1)
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boot.ci(b, index = 1)

## Warning in boot.ci(b, index = 1): bootstrap variances needed for studentized
intervals

## BOOTSTRAP CONFIDENCE INTERVAL CALCULATIONS
## Based on 999 bootstrap replicates

#it

## CALL :

## boot.ci(boot.out = b, index = 1)

#it

## Intervals

## Level Normal Basic

## 95Y% ( 2.303, 3.514 ) ( 2.290, 3.530 )
#i
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## Level Percentile BCa
## 957, ( 2.312, 3.553) ( 2.265, 3.513 )
## Calculations and Intervals on Original Scale

boot.ci(b, index = 1)$percent

## Warning in boot.ci(b, index = 1): bootstrap variances needed for studentized
intervals

## conf
## [1,] 0.95 25 975 2.31171 3.55264

boot.ci(b, index = 2)$percent

## Warning in boot.ci(b, index = 2): bootstrap variances needed for studentized
intervals

##t conf
## [1,] 0.95 25 975 0.1669722 0.2074499

boot.ci(b, index = 3)$percent

## Warning in boot.ci(b, index = 3): bootstrap variances needed for studentized
intervals

## conf
## [1,] 0.95 25 975 0.04185257 0.04920403

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

#it 2.5 % 97.5 Y
## (Intercept) 2.34034299 3.50185683
## Radio 0.17213877 0.20384969
##t TV 0.04301292 0.04849671

library(MASS)
library(e1071)
source("class.R")
library(nnet)
fertility <- read.csv("fertility/fertility_Diagnosis.txt",
comment.char = "#", header = FALSE)
names (fertility) <- c("Season", "Age", "ChildishDesiases",
"Trauma", "Surgical", "Fevers", "Alcohol",
"Smoking", "Sitting", "Diagnosis")
fertility$Season <- factor(fertility$Season,
labels = c("winter", "spring", "summer",
"fall"))
contrasts(fertility$Season) <- contr.sum
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fertility$Age <- 18 + 18 * fertility$Age
fertility$ChildishDesiases <- factor(fertility$ChildishDesiases,

labels = c("yes", "no"))

contrasts(fertility$ChildishDesiases) <- c(1,

0)

fertility$Trauma <- factor(fertility$Trauma,

labels = c("yes", "no"))

contrasts(fertility$Trauma) <- c(1, 0)
fertility$Surgical <- factor(fertility$Surgical,

labels = c("yes", "no"))

contrasts(fertility$Surgical) <- c(1, 0)
fertility$Fevers <- factor(fertility$Fevers,

labels = c("less3", "more3", "no"), ordered = TRUE)

fertility$Fevers <- factor(fertility$Fevers,

levels = rev(levels(fertility$Fevers)),
ordered = TRUE)

contrasts(fertility$Fevers) <- contr.helmert
fertility$Alcohol <- factor(fertility$Alcohol,

labels = c("sevday", "evday", "sevweek",
"evweek", "never"), ordered = TRUE)

fertility$Alcohol <- factor(fertility$Alcohol,

levels = rev(levels(fertility$Alcohol)),
ordered = TRUE)

contrasts(fertility$Alcohol) <- contr.helmert
fertility$Smoking <- factor(fertility$Smoking,

labels = c("never", "occasional", "daily"),
ordered = TRUE)

contrasts(fertility$Smoking) <- contr.helmert
fertility$Sitting <- fertility$Sitting *

16

fertility$Diagnosis <- factor(fertility$Diagnosis,

labels = c("Normal", "Altered"))

gl <- glm(Diagnosis ~ ., data = fertility,
family = binomial)
summary (gl)
#it
## Call:
## glm(formula = Diagnosis ~ ., family = binomial, data =
H##
## Deviance Residuals:
#it Min 1Q Median 3Q Max
## -1.1621 -0.4872 -0.2585 -0.1271 2.8269
##
## Coefficients:
it Estimate Std. Error z value Pr(>|zl)
## (Intercept) -20.9269 678.7346 -0.031 0.9754
## Seasonl -1.4493 1.0583 -1.370 0.1708
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## Season2 -0.3051 0.6931 -0.440 0.6598
## Season3d 0.9589 1.2124 0.791  0.4290
## Age 0.3677 0.2162 1.701 0.0890 .
## ChildishDesiasesl -0.5696 1.0441 -0.546 0.5854
## Traumal 1.6410 0.8572 1.914 0.0556 .
## Surgicall -0.3057 0.7979 -0.383 0.7017
## Feversl 0.2473 0.5347 0.462 0.6438
## Fevers2 0.5369 0.3723 1.442 0.1493
## Alcoholl 0.9215 0.5298 1.740 0.0819 .
## Alcohol2 0.4349 0.3150 1.381 0.1674
## Alcohol3 -3.3031 599.8863 -0.006 0.9956
## Alcohol4d -2.4536  494.6789 -0.005 0.9960
## Smokingl -0.1733 0.5031 -0.345 0.7304
## Smoking?2 0.1632 0.3036 0.537 0.5910
## Sitting 0.2050 0.1511 1.357 0.1747
#H o---
## Signif. codes:
## 0 '**xx' 0.001 'xx' 0.01 'x' 0.05 '.' 0.1 ' ' 1
##
## (Dispersion parameter for binomial family taken to be 1)
##
Hit Null deviance: 73.385 on 99 degrees of freedom
## Residual deviance: 55.134 on 83 degrees of freedom
## AIC: 89.134
##
## Number of Fisher Scoring iterations: 15
gl <- glm(Diagnosis ~ Trauma + Age + Alcohol,

data = fertility, family = binomial)
summary (gl)
##
## Call:
## glm(formula = Diagnosis ~ Trauma + Age + Alcohol, family = binomial,
#H data = fertility)
##
## Deviance Residuals:
#it Min 1Q Median 3Q Max
## -1.2511 -0.5020 -0.3513 -0.2706  2.4948
##
## Coefficients:
#t Estimate Std. Error z value Pr(>|z|)
## (Intercept) -14.7395 678.7121 -0.022 0.9827
## Traumal 1.3935 0.7439 1.873 0.0610 .
## Age 0.2066 0.1590 1.300 0.1937
## Alcoholl 0.8010 0.4381 1.828 0.0675 .
## Alcohol2 0.2621 0.2646 0.991 0.3218
## Alcohol3 -3.2959 599.8862 -0.005 0.9956
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## Alcohol4d -2.2602 494.6788 -0.005 0.9964

#H o---

## Signif. codes:

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

##

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

#i# Null deviance: 73.385 on 99 degrees of freedom

## Residual deviance: 63.914 on 93 degrees of freedom
## AIC: 77.914

##

## Number of Fisher Scoring iterations: 15

gl.aic <- stepAIC(gl)

## Start: AIC=77.91
## Diagnosis = Trauma + Age + Alcohol

H##

#it Df Deviance AIC
## - Alcohol 4 69.022 75.022
## - Age 1 65.616 77.616
## <none> 63.914 77.914
## - Trauma 1 67.938 79.938
H##

## Step: AIC=75.02
## Diagnosis ~ Trauma + Age

#it

## Df Deviance AIC
## <none> 69.022 75.022
## - Age 1 71.280 75.280

## - Trauma 1 72.118 76.118
summary(gl.aic)

#i#

## Call:

## glm(formula = Diagnosis ~ Trauma + Age, family = binomial, data = fertility)
#Hit

## Deviance Residuals:

## Min 1Q Median 3Q Max

## -1.0360 -0.5396 -0.4415 -0.3155 2.6531

#it

## Coefficients:

it Estimate Std. Error z value Pr(>|zl)
## (Intercept) -9.3009 4.5276 -2.054 0.0399 =*
## Traumal 1.2102 0.7336 1.6560 0.0990 .
## Age 0.2152 0.1422 1.513 0.1302
#it ---

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

iz

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

#i#t Null deviance: 73.385 on 99 degrees of freedom

## Residual deviance: 69.022 on 97 degrees of freedom

## AIC: 75.022

##

## Number of Fisher Scoring iterations: 5

gl <- glm(Diagnosis ~ Age * Trauma, data = fertility,
family = binomial)

xyplot(Diagnosis ~ jitter(Age) | Trauma,
data = fertility, auto.key = list(corner = c(O0,

1)))
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gl <- glm(Diagnosis ~ Age * Trauma, data = fertility,
family = binomial(link = "logit"))
fertility.sorted <- fertility[order(fertility$Age),
]
xyplot(predict(gl, fertility.sorted, type = "response") ~
Age, groups = Trauma, data = fertility.sorted,
type = "1", auto.key = list(corner = c(O0,
1), title = "Trauma", lines = TRUE,
points = FALSE), xlab = "Age", ylab = "Altered Rate") +
layer_(panel.superpose(x = fertility$Diagnosis ==
"Altered", panel.groups = function(x,

Yy, ...) panel.abline(h = mean(x),
.), 1ty = "dashed", groups = fertility$Trauma,
o))
| | | | |
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gl <- glm(Diagnosis ~ Sitting, data = fertility,
family = binomial)
summary (gl)

##

## Call:

## glm(formula = Diagnosis ~ Sitting, family = binomial, data = fertility)
##

## Deviance Residuals:

#it Min 1Q Median 3Q Max

## -0.5602 -0.5135 -0.4967 -0.4902 2.1151

##

## Coefficients:

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

## (Intercept) -2.14628 0.74487 -2.881 0.00396 x*x*
## Sitting 0.02335 0.10174 0.230 0.81844

#H o---

## Signif. codes:

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

##

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

#i#t Null deviance: 73.385 on 99 degrees of freedom

## Residual deviance: 73.333 on 98 degrees of freedom
## AIC: 77.333

##

## Number of Fisher Scoring iterations: 4

1d <- lda(Diagnosis ~ Age * Trauma, data = fertility)
table(predicted = predict(ld, fertility)$class,
actual = fertility$Diagnosis)

## Warning in predict.lda(ld, fertility): variable names in ’newdata’ do not match
those in ’object’

Hi#t actual

## predicted Normal Altered
H## Normal 82 12
H## Altered 6 0

qd <- gda(Diagnosis ~ Age * Trauma, data = fertility)
table(predicted = predict(qd, fertility)$class,
actual = fertility$Diagnosis)

## Warning in predict.qda(qd, fertility): variable names in ’newdata’ do not match
those in ’object’

H# actual

## predicted Normal Altered
##  Normal 76 11
##  Altered 12 1
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1d <- lda(Diagnosis ~ Age + Trauma, data = fertility)
table(predicted = predict(ld, fertility)$class,
actual = fertility$Diagnosis)

## Warning in predict.lda(ld, fertility): variable names in ’newdata’ do not match
those in ’object’

#Hit actual

## predicted Normal Altered
##  Normal 88 12
##  Altered 0 0

tune(glm, data = fertility, Diagnosis ~ Age *
Trauma, family = binomial, tunecontrol = tune.control(sampling = "boot"),
predict.func = my.predict.glm)

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

##
## Error estimation of 'glm' using bootstrapping: 0.2045734

nb <- naiveBayes(Diagnosis ~ ., data = fertility)
table(predicted = predict(nb, fertility),
actual = fertility$Diagnosis)

#it actual

## predicted Normal Altered
##  Normal 88 11
##  Altered 0 1

pred.nb <- predict(nb, fertility, type = "raw")[,
2]
pred.glm <- predict(glm(Diagnosis ~ Age *
Trauma, data = fertility, family = binomial))
plot (ROC(pred.nb, fertility$Diagnosis))
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plot (ROC(pred.glm, fertility$Diagnosis))

103

0.8

1.0




1.0

0.6

True positive rate
0.4

0.2

0.0

I I I I
0.0 0.2 0.4 0.6

False positive rate

xyplot(Diagnosis ~ Age, groups = Trauma,
data = fertility)
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gl <- glm(Diagnosis ~ Age + Trauma + Alcohol +

Sitting + Season, data = fertility, family = binomial)
library(lattice)
splom(fertility)
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Scatter Plot Matrix

7 PucoBanue

Boobrie B R cymectByer 110 Kpaitneit mepu Tpu “mikosibl’ pucoBanus. Bo-niepBbIx, 9T0 Kjac-
cmyecknii maker graphics. [lomb3oBaThes g UM He COBETYIO, BO-IIEPBBIX, IIOTOMY 4YTO B pe-
3yJIbTATE OOBIYHO TOJTYYAIOTCA KAPTUHKHU ITOCPEJICTBEHHOTO KAYeCTBa, & BO-BTOPBIX U3-3a €ro
KpaifHe MPUMUTUBHON 1/I€aJIOTUN: TPadUK PACCMATPHUIIAETCS KAK XOJICT, HA KOTOPOM MOYKHO
9TO-TO PUCOBATH U IIOAPUCOBBIBATH, HO HEJIb3s HUYErO UCIIPABUTD.

CoBpeMeHHbIlt 00bEKTHBII TOXO0/ K PUCOBAHUIO Peau3yIoT MakeThl lattice u ggplot2.
B mux dyuKmumn pucoBanmsi BO3BPAIIAOT HEKNN 00bEKT, KOTOPBII MOXKHO MOJIMDUIINPOBATD,
XPaHUTh, IIEPE/IaBaTh U, KOHEYHO K€, OTPUCOBBIBATH Ha KOHKPETHOM yCTPHCTBE.

Hwxe s 6ymny Bce rpaduku jenarb B lattice u3 jimdnHbIX npeanourenuii. Hekoropbie
HaXOAT ggplot2 Gosiee 3beKTUBHBIM U COBPEMEHHBIM, HO s MPUBBIK K lattice.

CobeTBeHHO, HAM MOHAI0OUTCS akeT lattice (OH yKe yCTAHOBJIEH, HAJIO TOJIBKO TOJI-
KJIOUNTE), & TakxkKe OyJIeT I0JIe3HbIM IakeT latticeExtra (kKak BHHO M3 Ha3BaHUsA, 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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Petal Length
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)
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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, 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

7.1 Oumnenka asymepnoii minoruoctu (kde2)

panel.kde2d

subscripts, n = 100, cuts = 5, col.line

<- function(x, y, groups = NULL,

Il

par.line$col,

1ty = par.line$lty, lwd = par.line$lwd,

alpha =
col) {

par.line$alpha, ..., identifier "kde2d",

require ("MASS")

X <- as.
y <- as.
if (lis.

par.

numeric (x)

numeric(y)

null (groups)) {

line <- trellis.par.get("superpose.line")

panel.superpose(x = x, y = y, groups = groups,

subscripts = subscripts, n = n,

115

4.5




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

}
xyplot(Sepal.Length ~ Sepal.Width, data = iris,
groups = Species, panel = panel.kde2d)
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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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setosa versicolor virginica

Sepal.Length
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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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7.2 Boxplots, stripplots and dotplots (draft)

bwplot(Sepal.Length ~ Species, data =

iris)
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yibua-edas

virginica

versicolor

setosa

iris,

bwplot(Sepal.Length ~ Species, data

panel.violin)

panel
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Sepal.Length

setosa

bwplot(Sepal.Length ~ Species, data
panel = panel.dotplot)

versicolor

= iris,

122

virginica




Sepal.Length
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setosa versicolor virginica

barley$year <- factor(barley$year, levels = c(1931,
1932))
stripplot(yield ~ variety | site, data = barley,
groups = year, par.settings = simpleTheme(pch = c(1,
2), cex = 0.5), auto.key = list(space = "right"),
aspect = 0.5, layout = c(6, 1), xlab = "Barley Yield (bushels/acre) ",
ylab = NULL, scales = list(x = list(rot = 90)))
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Barley Yield (bushels/acre)

barchart(yield ~ variety | site, data = barley,
groups = year, par.settings = simpleTheme(pch = c(1,
2), cex = 0.5), auto.key = list(space = "right"),
aspect = 0.5, layout = c(6, 1), xlab = "Barley Yield (bushels/acre) ",
ylab = NULL, scales = list(x = list(rot = 90)))
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variety | site, data =
layout = c(6, 1),
list(space = "right"),
list(rot = 90)))

barley,

stack = FALSE,
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Fregs

dotplot(“table(cyl), data = mtcars, xlab = "Freqs")
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Fregs

stripplot(Ttable(cyl), data = mtcars, xlab = "Freqgs")
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Fregs

dotplot(Sepal.Length ~ Species, data = aggregate(subset(iris,
select = -Species), list(Species = iris$Species),
mean), xlab = NULL, ylab = "Mean sepal length")
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Mean sepal length

5.5

5.0 1

setosa versicolor virginica

densityplot(~Sepal.Length, groups = Species,
data = iris)
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Density
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Sepal.Length

histogram(~Sepal.Length | Species, data

= iris)
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Sepal.Length
# from

# http://lattice.r-forge.r-project.org/Vignettes/src/lattice-intro/lattice-intro.pd
stripplot(depth ~ factor(mag), data = quakes,
jitter.data = TRUE, alpha = 0.6, main = "Depth of earthquake epicenters by magn
xlab = "Magnitude (Richter)", ylab = "Depth (km)")
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Depth of earthquake epicenters by magnitude
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7.3 Densityplots, ecdfplots, qqmath (draft)

Species,

ecdfplot(~Sepal.Length, groups

data = iris)
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Empirical CDF
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qqmath ("rnorm(100), distribution
df = 10))

|
6

Sepal.Length

function(p) qt(p,
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function(p) gt(p, df = 10)

qqmath(~Sepal.Length, distribution = qnorm,
data = iris)
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gnorm

qqmath(~Sepal.Length | Species, distribution = qnorm,
data = iris) + layer_(panel.qgmathline(...))
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TODO: marginal.plot, countourplot
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