MeTtoauueckoe nmocodue no gucuuiinie «CoBpeMeHHbIE SI3bIKH
NMPOrpaMMHUPOBAHNS CHCTEM UCKYCCTBEHHOI0 HHTE/LIEKTA)
OOII «Anxenepust ”HPOPMALUOHHBIX M HHTEJIEKTYAJIbHBIX
CHCTEM))
no HanpasJjieHu1o 09.03.04 — [IporpaMMHasi MH:KeHepPH i

Dono ouenounvix cpeocme

Ne Bun | Haumenosanue

KM | KM KM O1ueHOYHBIC CpeacTBa

MpuMepbl BOMPOCOB TecTa

1. Haskell a3biK:
(1) noruyeckoro nporpaMMMpoBaHUSA
(2) ¢yHKUMOHANBLHOrO MPOrpaMMUPOBAHMUA
(3) CTpyKTypHOro nporpamMmmpoBaHuA

2. KommeHTapuu B Haskell obo3HavawTcA:

Texy (1) /*TekcT*/
muid | KonTposibHas (2) {TekcT}
KOHT | pabota 01 (3) {-Tekct-}
pOJIb (4) //TekcT

3. CkoNbKO BMAOB MMeH umeeT Haskell?
(1) 1
(2) 7
(3) 4
(4) 6
(5) 9




KM

Bun
KM

HaunmenoBanue
KM

OneHouHble CpeacTBa

Teky
1807071
KOHT

pob

KoHntposbHas
pabora 02

Mpumepbl BOMpPOCOB TecTa

1. [IpedukcHas 3amrch HAXOAUTCS B BRIPAKCHUU:
(1) x'op"y

Q) x+y

(3) () xy

(4)xy(+)

2. I/IH(bI/IKCHa}I 3aIIUCh HAXOAUTCA B BBIPAKCHUM:
(1) (+) xy

(2) 'op' xy

(3) x'op'y

@ x )y

(5) x y 'op’

3. Bo uro 3akitouaercs HH(GUKCHBIN onepaTop?
(1) xaBBIUKH

(2) anoctpods

(3) oOpaTHBIE KaBBIYKH

Texy
Ui
KOHT

poJib

KonTponbHas

pabora 03

[Ipumepsl BOIIPOCOB TeCTA:

1. Kakue o0ObBsiBI€HHMS HE BXOIAT B TIPYINIY BIOXEHHBIX
OOBSIBIICHHI:

(1) class

(2) type

(3) default

(4) vars

(5) fixity

(6) op

2. Kakue Tunbl JaHHBIX HA3bIBAOTCS "3alIUTHIMU':
(1) crpokoBbie

(2) cumBOIBLHBIE

(3) cTpoKOBBIE M CUMBOJILHBIE

(4) cTpOKOBBIE U LIETIbIE

(5) nenple yKciia ¥ YUCIa ¢ MIIABYIONIEH TOUKOM

(6) CUMBOJIBHBIC U YHUCIIA C TJIABYIONIEH TOUKOM

3. CKOJIBKO BO3MOXHBIX ()OPM MOKET UMETh BUJIL:
M1
(2) 2
(3)3
(4) 4
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Teky
AN
KOHT

poIb

KoHntposbHas
pabora 04

IIpuMepsl BOIIPOCOB TECTA:

1. C Kakoro KJIIOYEBOTO CJOBa HAYMHACTCS OOBSIBICHUC
MOMYJIS:

(1) modid

(2) module

(3) Main

2.  Kakoe 3ape3epBUpOBaHOE CIOBO  yKa3blBaeT Ha
AMIIOPTHPOBAHUE DJIIEMEHTA:

(1) import

(2) export

(3) trains

3. Kakoe cioBo YKa3bIBAC€T HA CITUCOK - SKCIIOPTA:
(1) exports

(2) export

(3) imports

(4) import

Teky
1807051
KOHT

poJib

KoHnTtponbHas
pabora 05

[Ipumepsl BOIIPOCOB TeCTA:

1. Uro BeiBeseT ¢ynkius Read 1:
(1) ctpoky

(2) uncmno

(3) ommOky

(4) HM yero He BBIBEIET

2. [Mpumep [1,2] ++ [3,4] Haskell Beimact
(1) [1,2,3,4]

(2) [1.2] [34]

(3) [1,2] ++[3.4]

3. 3ammuch Buna (Int,Bool,Int) o3Hagaer:
(1) xoprex

(2) ciucok

(3) dyHkumIO
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Bun
KM

HaunmenoBanue
KM

OneHouHble CpeacTBa

Teky
AN
KOHT

poIb

KoHntposbHas
pabora 06

IIpuMepsl BOIIPOCOB TECTA:

1. Kakas ¢pynkmus coznaet 3nauenue IOError:
(1) IOError

(2) UserError

(3) return

(4) Error

2. Kakontunumeerdynkius getChar:
(1) Char

(2) 10Char

(3) IOInput

(4) 10String

3. UTO BBINIOJIHUT HUKE IPUBEJCHHAS TIpOrpaMMma’?
main :: 10()

main = doCgetChar

putChar C

(1) unraer u neyaraer cumsoi "C"

(2) unraer MO0 CUMBOJI

(3) meuaraer cumBon "C"

Texy
1007071
KOHT

poIb

KonTponbHas
pabota 07

IIpuMepsbl BOpOCOB TecTA:

1. B kakoM ciydyae alropuT™ 3aBeplInTCs Heyaauen?
(1) L (<n>:ts) (m:ms)

(2) L {_:ts} (m:ms)

(3) {: (L ts (0:ms))

2. BoibepuTe HEBEpHOE YTBEPKICHUE:

(1) TaGynsuus ocymiectBisiercs kiasuiieir TAB

(2) HOBYIO CTPOKYy HAUMHAIOT CHMBOJBI: HOBas CTPOKa,
BO3BpAaT KapeTKu, NEPEBOJI CTPOKHU

(3) TokeH {n} BCTaBISIETCS MOCJE KIFOYEBOTO CJIOBA, €CITU HET

JIEKCEMBI {

3. Kakoe 0003HaueHNE UCTIONB3YETCS IS YCTOTO MOTOKA?
M

2):

(3) =

(4):{

(5); 1l




Ne Bun | HaumenoBanue
OneHouHble CpeacTBa
KM |KM |KM
[Ipumepsl BOIpoOCoB TecTa:
1. Kakoii KOHCTpYKTOp 00pa3yeT KOMIUIEKCHOE YHCIIO:
1)+
) {3
(3)
4) 0
TeKvy 2. @ynkuus mkPolar obpasyer:
nui | KontponbHas
(1) KOMITTIEKCHOE YHUCIIO C TOJIIPHBIMU KOOPIMHATAMU
KOHT | pabota 08
(2) MHUMYIO YaCTh KOMILJIEKCHOTO YHCIa
pob (3) nefcTBUTENBbHYIO YaCTh KOMILJIEKCHOTO YHUCIIa
3. BriOepute BepHBIC YTBEPIKICHHS:
(1) pynkums showSigned npeoOpa3zyer yenoe yucio
(2) pynkmus showlntAtBase oroOpakaer He OTpHUYATENHHOE
yucio Integral
(3) pynkmmst showOct oToOpaskaeT YHUCIo 1O OCHOBAHHIO 8
[Ipumepsl BOIIPOCOB TeCTA:
1. Ha kxakue miatopMbl MOKHO yCTAaHOBUTH SI3bIK R?
Bri6epute 01H WM HECKOJIBKO BEPHBIX BAPUAHTOB.
(1) Windows
Teky (2) MacOS
mmii | KonTponbsHas (3) Linux
KOHT | pabota 09
poJIb 2.Kak nonyuuts cipaBky no gpynkuuu R?

Br16epuTe 01MH HITH HECKOJILKO BEPHBIX BAPHAHTOB.
(1) Hanmucats 3Hak Bompoca U Ha3BaHUE (PYHKIIHH
(2) Tonbko Ha caiite stackoverflow

(3) C nomompto Gpynkuuu help




Ne Bun | HaumenoBanue
OneHouHble CpeacTBa
KM |KM |KM
IIpuMepsl BOIIPpOCOB TECTA:
1. Yro Takoe maradppeiim (Habop nanHbix dataframe) B
R?Br16epute ouH MpaBUILHBINA BApUAHT.
(1) Oro TabmuuHask CTPYKTypa JaHHBIX
(2) Oro mpocreias CTPyKTypa JaHHBIX B R
(3) OTo crnoxHasi CTPYKTypa JaHHBIX, KOTOpas MOKET B cebe
00BETUHATD JPYTUe CTPYKTYPHI JAHHBIX
2. Yto Ttakoe BekTop B R?
Teky N
: Bribepure oauH MpaBUILHBIN BapHAHT.
nui | Kontponbnas
(1) Oro TabmuuHask CTPYKTypa JaHHBIX
KOHT | pabora 10 .
(2) Oro mpocreiias CTPyKTypa JaHHBIX B R
poIb

(3) D10 crnoxHasi CTPYKTypa JaHHBIX, KOTOpas MOKET B cebe

O6T>€I[I/IH$[TB APYTUEC CTPYKTYPbI JaHHBIX

3. Yto Takoe ciimcok (list) B R?

Bri6epute 01H npaBUIbHBIA BapHaHT.

(1) 910 TabnuuHas CTPYKTYypa JaHHBIX

(2) D10 mpocTeiimas cTpyKTypa JaHHBIX B R

(3) D10 cnokHasA CTPYKTypa JaHHBIX, KOTOpask MOXeET B cebe

O6T>€I[I/IH$[TB APYTUEC CTPYKTYPbI JaHHBIX
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Teky
114707
KOHT

PO

KonTponbHas

pabora 11

IIpuMepsl BOIIPOCOB TeCTA:

1. 1514 9ero Hy»XeH MakeT vroom?

BriGepure 1 npaBuIbHBIN BapHaHT.

(1)ITo3Bonsier untarh nanubie U3 TSV, CSV u Excel ¢aitnos
(2) ns urenus qanasix u3 Google TaGmuiy

(3) Hdns uyrenus nuctos u3 Excel kaur

(4) nst urenuss CSV u TSV daiinos

2. Kakoii maker mo3BoJIsIeT 3arpyxarb AanHele u3 nucta Excel
¢aiina?

BriGepuTe ouH paBUIBLHBIN BapHaHT.

(1) excelreadr

(2) vroom

(3) readxl

(4) googlesheets4

(5) sheets_read

3. Jlna 3arpy3ku ¢aiina B R Bam HeoOXxomumo mpomucarh K
HeMy nyTh. Kakue paszgenuTenu namoK B IMYTH MOXHO
UCIOJIB30BaTh B R?

Bri0epuTe HECKOIBKO IPAaBUIIBHBIX BAPUAHTOB

1)\

2/

3) -

(4) |

(5)\

(6) .
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pabora 12

IIpuMepsl BOIIPOCOB TECTA:

1. ¥V Hac B pabouyeM okpykeHHH ecTh Tabnuisl df, B Hell ecTh
cronbery names.  Cronbery names COAECPKUT MHOXKECTBO
Pa3JIMIHBIX I/IMéH, HaM HCO6XOI[I/IMO BBI6paTB CTPpOKH B
KOTOPBIX B CTOJIOIE names coaepkaTtbest umeHa Alex v John.
BriGepuTe oauH paBUIBLHBIN BapHaHT.

(1) filter(df, names == c("Alex ", "John"))

(2) filter(df, names $in$ c("Alex ", "John"))

(3) filter(df, names in ("Alex ", "John™))

(4) filter(df, names !'=c("Alex ", "John™))

(5) filter(df, names %in% c("Alex ", "John™))

(6) filter(df, names in c("Alex ", "John™))

2. Yro no3Bonsiet aenath pynkuus select if() ?

Boi6epute 01H NpaBUIbHBIA BApUAHT.

(1) BolOpare rpymnmy cTOJOIOB IO HWMEHH HCIOJIb3YS
peryisipHble  BBIP@XEHHS W JAPYrHe€  BCIIOMOTaTEebHbIC
GbyHKIHN.

(2) BeiOpath CTpPOKH, KOTOPBIE COOTBETCTBYIOT YKa3aHHOMY
PETYISIPHOMY BBIPQXKEHUIO, WM BCIIOMOTATENIbHBIM (DYHKITHSIM
tuna start_ with().

(3) BroiOpats rpynmy CTOJOLIOB MO HX THUIY, HalpuUMeEp
BBIOpATh BCE YMCIIOBHIE CTOOIIBI.

(4) BoiOpatp rpynny cTOJ0LI0B MCIIONb3Ys BCIOMOIaTeIbHbIE

¢ynakuu star with u end_with.

3. Yto no3Bosster Aenars pyHkuus select at() ?

BriOepure ouH MpaBUIbHBIN BapHaHT.

(1) BwiOpate rpymnmy cTOJNOLOB MO HUX THUIY, Hampumep
BBIOPATh BCE YHCIOBBIE CTOIOLIBL.

(2) BeblOpare rpymnmy CcTOJOIOB MO HWMEHU HCIONb3YA
perynsipHbIE  BBIp@XEHHS W JApPYyrHe  BCIIOMOTATEeNbHBIC
GbyHKIUH.

(3) BoiOparb cTpOKH, KOTOpbIE COOTBETCTBYIOT YKAa3aHHOMY
PEryIsipHOMY BBIPa)KEHUIO, I BCIIOMOTAaTENbHBIM (DYHKIUSAM

tuna start_ with().




Ne Bun | HaumenoBanue
vy OneHouHble CpeacTBa
IIpuMepsl BOIIPOCOB TECTA:
1. Korma Bel Ha rpaduke BBIBOAUTE KaTETOPHAILHYIO
(KayeCTBEHHYI0, a HE€ KOJMYECTBEHHYIO IIEPEMEHHYIO),
HampuMep Ha3BaHMe OpeHza, @0 yMoiyaHuio ggplot2
pacmoyoKuT e€ 3HaYeHUs Ha MOANUCH K OCU B al(haBUTHOM
nopsanke. Hampumep Bbl XOTUTE MOCTPOUTH Trpaduk oO0bEMa
npojax MO OpeHaaM, M PpacloNOXHUTh OpeHAbl B IOpPSIKE
yObIBaHUs.  BpiOepuTe W3  NPEATIOKEHHBIX  BapHUAaHTOB
¢GyHKIMIO, KOTOpash  MO3BOJISIET  MEHSTh  COPTUPOBKY
Ka4yeCTBEHHBIX NTEPEMEHHBIX.
(1) sort()
(2) order()
(3) reorder()
(4) fct_arrange()
(5) fct_reorder()
(6) arrange()
(7) order_by()
(8) fct_sort()
(9) fct_order()
Teky
mui | KoHTponsHas 2. ComnocraBbTe MMEHa aprymMeHTOB (yHkuuu qplot() u ux
KOHT | pabora 13 R —
poitk y [lepemennas, xoropasi OyJaeT OTIOXKEHa Ha OCH
Y
ylab [Moanuce ocu Y
bins 3a71aéT KOJIMYECTBO CTOJIOIOB MPH MOCTPOCHHH
THCTOTPAMMBI
data JlanHble Ha OCHOBE KOTOPBIX OylIeT MOCTPOEH
rpaduk
geom Tun rpaduka
facets [To3Bonsier pa3OUTh JaHHBIE Ha HECKOJIBKO
rpaMKOB M0 YKa3aHHBIM II€PEMEHHBIM
main 3arosj0BoK rpaduka
colour L{BeT Touek M TUHMIA Ha rpaduke
group [To3Bonsier 3agaTh TIPYNNUPOBKY JIAHHBIX, MpPU
MOCTPOCHUH  JIMHEHHOTO  WJIM  TOYEYHOTO
rpaduka.
X IToammce ocn X
fill [{Bet 3anmuBKkH HuUryp Ha rpaduke
xlab [TepemenHas, koTopas OyJIeT OTJIIOXKEHAa Ha OCH
X




Ne Bun | HaumenoBanue
OneHouHble CpeacTBa
KM |KM | KM
Teky
muid | [Ipaktnueckas | Bompockl uisi HOATOTOBKY K YCTHOMY OITPOCY:
KOHT | pabota 01 [Mosicuute padoty ¢yukiuu inc, doublennu square.
poJib
Teky
N Bormpocs! u1st OAr0TOBKM K YCTHOMY ONPOCY:
nmi | [Ipaktnueckas
Kak MOXHO HCMONB30BaTh €VEN wwid MOdmis MpOBEPKH
KOHT | pabota 02
YETHOCTH U HEUETHOCTH
poJIb
Teky
: Bonpoce! 11 TOATOTOBKY K YCTHOMY OIIPOCY:
i | [Ipaktuueckas
Kak peanmu3oBate OMHApHYIO (QYHKIUIOWINA BIIOKEHHYIO
KOHT | pabota 03
GbyHKIHIO
poJIb
Teky
N Bormnpocs! uist IOATOTOBKM K YCTHOMY ONPOCY:
umi | [IpakTuueckas
[IpoBepsieTcs 11 KOPPEKTHOCTh BBOJIAa B KOJIE JUISI 3aJaHUs 2
KOHT | paborta 04
Kaxum o6pa3om mpoBoauTCS JelieHne CIICKa
poJib
Teky Bormnpocs! 1uist IOATOTOBKM K YCTHOMY ONPOCY:
mmii | [Ipaktrueckast | [losicHuTe, Kak W3MEHHWTH peaau3aluio (YHKIUH, YTOOBI HE
KOHT | pabota 05 BbI/1aBaJIach OLIMOKA
poJib Uro Takoe WHBEpTALMs CIIUCKA
Teky
: Bonpocs! 1t TOATOTOBKH K YCTHOMY OIIPOCY:
umi | [IpakTnueckas
UTO Takoe JIEHUBBIE BBIUUCICHUS
KOHT | pabota 06
Kak peanuzoBanbl BJ1OXEHHbIE JIIMO1a-QYHKIINH
poib
Texy
N Bonpoce! 1u1st MOATOTOBKY K YCTHOMY OIIPOCY:
umil | [IpakTnueckas
Kak peannsoBath cymnepkiacc
KOHT | pabota 07
Kaxk 00bBUTE 2K3eMIUTSp Ki1acca
poJIb
Teky
muid | [Ipaktnueckas | Bormpock! 1uisi TOATOTOBKU K YCTHOMY OIPOCY:
KOHT | pabota 08 [TosicHuTe, KaKk peaJn30BaHO MOTOKOBOE MN(POBaHHE
poib
- Bonpoce! 1u1si TOATOTOBKY K YCTHOMY OIIPOCY:
eKy
N 3auem npumMensieTcs GpyHnkuus set.seed()
umil | [Ipaktnueckas . .
Kaxkoit koMaH10¥1 MOYKHO YJQJIUTh BCE OOBEKTH R
KOHT | pabota 09
Kak BbIBeCTM CIHMCOK HMEIOIIUXCA OHMOIMOTEK HW  Kak
poJIb
YCTaHOBUTbH HOBYIO
Teky
; Bonpocs! 11t TOATOTOBKH K YCTHOMY OIPOCY:
mui | [IpakTnueckas
B uewm 3akmiouaercs otnnuue loglp() ot log()
KOHT | pabota 10

poJib

[osicaute padoty pynkuuu switch()




Ne Bun | Haumenosanue
OneHouHble CpeacTBa
KM | KM | KM
Teky Bormpocs! [uist IOATOTOBKY K YCTHOMY OIIPOCY:
mmii | [Ipaktuueckass | B uem otnuume ¢pynkuuit solve(), backsolve() u forwardsolve()
KOHT | pabora 11 Kak ynanute mepBwIii/BTOpoii cTonber; u3 ¢peiiMa JTaHHBIX
pOJIb (Habopa TaHHBIX)
Bomnpocs! u1st TOArOTOBKH K YCTHOMY OIIPOCY:
Teky B uem otimume mexay oyukmusamu apply(), tapply(), sapply(),
ni | [Ipaktudeckas | lapply() u vapply()
KOHT | pabora 12 Yro Bo3BpainaeT Gynkius sample()
pob Uro mnokaseiBaeT Bkiagka FlameGraph B wmenwo Profile B
RStudio
Teky
: Bomnpocs! 1t TOATOTOBKH K YCTHOMY OIIPOCY:
i | [Ipaktuueckas .
[Tosicaute paboty ¢ynkuuii prop.table() u IQR()
KOHT | pabora 13
Kak BbImonHuTh TeCT Xu-kBaapar [Tupcona B R
poIb
Teky
s Bomnpocs! 11 TOArOTOBKH K YCTHOMY OIIPOCY:
mwmii | [IpakTuueckas )
Yem otnmuaercs pynkuus vif() ot step()
KOHT | pabora 14 )
[NosicauTe padoty pynkiuu abline()
pob
Teky
: Bomnpock! 1t TOATOTOBKH K YCTHOMY OIPOCY:
mmi | [IpakTdeckas o
B yem otnmumne gynkmii pairs() ot plot()
KOHT | pabora 15
Kak noctpouts QpyHKIMIO pacnpeeneHus s psaaa JaHHbIX
poJb
Texy Bomnpocs! 11 ycTHOTrO onpoca:
mmii | [Ipaktnueckass | Kak BBINOJHUTBH pacceueHHe JEHIPOrpaMMbl Ha BBICOTE
KOHT | pabota 16 [losicaure  peanmmsanuro SVM ¢ pagManpHeIM WU
poIb MOJTMHOMHUAIIEHBIM SIAPAMH
Bomnpock! st TOArOTOBKH K SK3aMEHY:
JlexapaTUBHOE TIPOTPaMMHUPOBAHHE.
Matemaruueckre ocHOBbI M pyHkunu Haskell.
Pexypcus u pynkiuonansl B Haskell.
IIpo Mertoab! 06paboTku BeIpaxkeHHH U criuckoB Ha Haskell
MeX Monaynu Haskell
yTO4 bubnmnorexku Haskell
HbI | MToroseiii Tect | Tunel U cTpyKTyphl 1aHHBIX B R
arTe VYnpasisromue KOHCTPYKIHH B R
cTan Urenue u 3anuch ¢aitios B R
ust Pa6ora ¢ nponyiieHHbIMU 3HaYeHUSIMH B R.

Pabota ¢ mopsAKOBBIMU U KaTEeropHalbHBIMH JaHHBIMU B R.
Busyanusauus nanseix B R
CraTHUCTHUECKHH aHaIN3 HaHHBIX B R

MammnHoe o0y4yenue B R




Ilacnopm ¢ponoa oyenounwvix cpedcme

KomMrterenuu

Pe3ynbraTsl Ne KM

00ydeHHs 1

2(3

4

10]11

12]13

14115

18]19

20121

24125

2627

30131

[1K-4

Suaer: [IK-2.1. 3-1.

3HaeT OCHOBHbBIE

[IPOrpaMMHBIE
r1aT(hOPMEI u
KOMITOHEHTHI

CUCTEM

MCKYCCTBEHHOTO
MHTEIUICKTA!
MEXaHU3MEI
TOrn4ecKoro
[BBIBOIA
(paccyxaeHuii),
00BSICHCHUI,
[mprobperenns
3HAHU,

MHTEIUICKTYaJIbHBIX
HHTEpENCOoB,

npuHuIel Data Ops

u Dev Ops; [TK-2.2. |+

3-1. 3Haer
COBPEMEHHEBIC

SI3BIKI
[mporpammupoBanus,
OHOIMOTeKH u
[IporpaMMHEIE
ru1aT(hOpPMBI Ui
(YHKIMOHAIBHOTO,
Torn4eckoro,
00BEKTHO-
OPHEHTHPOBAHHOTO
[POrpaMMHUPOBAHUS,
|npnno>I<eHnﬁ
crcTeM
HCKYCCTBEHHOTO
|I/IHTeJ'lJ'IeKTa

(Python, R, C++,
C#);




KomMrterenuu

Pe3ynbTaThl Ne KM

00yueHUS 11213]2

10{11

12{13

14115

18[19

20]21

24125

2627

30(31

[1K-4

VYmeer: IIK-2.1. V-
1. VYmeer
[HacTpauBats

OCHOBHBIC

[IPOrpaMMHBIE
1aThOpMBI u
KOMITOHEHTHI
crcTeM
MCKYCCTBEHHOTO
MHTEIUICKTA!
MEXaHN3MOB
ITOTHYECKOro
[BB1BOIA
(paccyxaeHuii),
00BSICHCHUI,
[mprobperenus
3HAHU,
MHTEIUICKTYaJIbHBIX
nHTEphelicoB Ha
0COOCHHOCTH
[mpo6nemuoit
00J1acTH, ydJacTBYeT
[ wx paspaborke;
[1K-2.2. V-1. Ymeer
pa3pabaThIBaTh
[IPOrpaMMHBIC
[IPHITOKECHUS
crcTeM

MCKYCCTBEHHOTO
MHTEIUICKTa c
HCIIOIb30BaHIEM
[TPOrPaMMHBIX
1aThopm
(YHKIIHOHATIBHOTO,
moruyeckoro,
00BEKTHO-
OPHEHTHPOBAHHOTO
[mporpammupoBanms
(Python, R, C++,
C#);

[1K-4

Hmeer
[mpakTHyeckuii

OIIBIT: CO31aHus

[TPUIO0KEHUH
ICKYCCTBEHHOT'O

MHTCJIJICKTA C

NCII0JIb30BaHUEM bl o

COBPEMEHHBIX
SI3LIKOB
[rporpammupoBanus,
OuOIIMoTEK it
[TPOrPaAMMHBIX

mwiaTopm

[1K-7

Suaer: [IK-8.1. 3-4. N

3Haer npeaAMETHO-




Pe3ynbTaThl Ne KM
Komnerenunu
00y4eHHsI 1123 |4 10{11§12]13|14§15|16(17]18{19)20|21|22|23[24(25}26]27|28]29{3031
OpHEHTHPOBAHHEIE
SI3BIKH;
3HaeT:
[rECTpYMeHTaTBHEIE
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Koumponsnas paboma 01

Kontponbnass pabora 1 mpoBoauTtcs

B (opme TectupoBaHus. B Tecte 3 Bompoca. Ha

MMPOXOKACHUC TCCTa HACTCd OJHa IIOIBITKA. OFpaHI/IquI/Ie o BpCMCHHU - 9 MHHYT. Tect

JOCTYIICH TOJIBKO BO BpEMs JICKIHWH. Cucrema TCCTUPOBAHHUA ABTOMATUYCCKU PACCUHHUTHIBACT

JAOJIIO IMTPaBUJIBHBIX OTBETOB U BBICTABJIACT COOTBGTCTByIOH_H/Iﬁ OaJr.

Bonpocst

1. Haskell s351k:

(1) moruueckoro mporpaMMHUpOBaHU

(2) pyHKIIMOHAIBHOTO MTPOTPAMMUPOBAHUS

(3) cTpyKTYpHOrO MpOrpaMMHUPOBAHUS

2.Kommenrapuu B Haskell o603HauaroTcs:

(1) /*rexer™®/
(2) {rexct}




(3) {-tekcr-}
(4) //Tekct

3.Ckomnbko BuoB uMeH umeet Haskell?
M1
7
(3)4
(4)6
®)9

4 N nentnhukaTopoM NepeMEHHOM SIBISCTCA:
(1) name
(2) naMe
(3) Name
(4) NaMe

5.Kakue cnenmansHbie-neKceMsl (special) ncnonbs3yrorest B Haskell?
(D) |

)~

@

4) 11

®) {3

6.Bri6epute uaeHTH(GHUKATOP KOHCTPYKTOPA:
(1) name

(2) Name

(3) INAME

7.Kaxoe u3 yTBepxaeHui BepHO?
(1) onrcanue KOHCTPYKTOpA CIIMCKOB HaunHaercs ¢ "
(2) dbynkuun B Haskell HaunHaroTcst 00s13aTebHO C JIF0O0T0 3apa3epBUPOBAHHOTO OIlepaTopa

(3) Haskell ne ymeeT paboTaTh Kak ¢ KOHCTPYKTOpaMH, TaK U C TUIAMHU

8.Kaxoe u3 yrBepxeHuii He BepHO?

(1) wuma Moxer wuMeTb He 00s3arenbHble KBaJU(UKATOPBI, TMPU  OINpeJesJICHHbIX
00CTOSATENBCTBAX

(2) xmacc THma MOXKET OBbITh KBaIU(UUIUPOBAH, €CIM K HEMY NPUCOCIUHUTH CJeBa
UICHTUPHUKATOP MOy

(3) nepemeHHas TUNa MOXET ObITh KBaNU(UIUPOBaHA, €CIU K HEMY IPHUCOEAMHUTH CIIpaBa

UACHTU(DUKATOP MOTYIS

9.Bri6epuTe KBaHpHUIIPOBaHHBIE HMEHA!
(1) gconid — [modid.] conid
(2) gmodid — [modid.] modid



(3) qvarid — [modid.] varid
(4) gqconsym — [modid.] consym

10.Bri6epute MHGUKCHBIN ontepaTop:
(1) Prelude.+
(2) -.Prelude
(3) +.Prelude

11 Br1bepuTe YnCIOBBIE JINTEPATIBL:
(1) decimal
(2) octal
(3) Integer
(4) exponent

Q . Kaxon JIUTEPATI OTHOCUTCA K YHCIIOBBIM:
(1) hexadecimal

(2) cntrl

(3) charesc

13. BriOepuTe CHMBOJIBHBIC JTUTEPAIIBI:
(1) char

(2) escape

(3) string

(4) charesc

14 Bribepute CTPOKOBBIE JTUTEPAIIBI:
(1) char

(2) cntrl

(3) ascii

(4) string

15.B kaxom npumepe 3arncaH CUMBOJIBHBIN JUTEepan?
"

(2) 'T'

G)T

16.B xakom mpuMepe 3arucaH CTPOKOBBIHN JuTepa?
(1) "rexer"

(2) 'rexct’

(3) Texct

17.95ckeln-Ko1bl UICTIOB3YIOT IS
(1) o60o3HaUEHHUS CIIEHMATBHBIX CHMBOJIOB

(2) 0603HaUEHUS YHCTOBBIX TIEPEMEHHBIX



(3) o6o3HaUEHUS CTPOK

18.CumBon-3ckeiin "Bo3BpaT KapeTKku' sBISETCS:
(1)t
(2) \k
(3)\f
4)\r

19.length ::[a] — Integer

length []=0

length (x:xs) =1 + length xs
DTOT IpUMED BBIMOJIHSCT:

(1) cnoxxeHue snemMeHTa K CIIUCKY
(2) mpunUCHIBAET K CIHUCKY |

(3) moacuer KoMYeCcTBa 3JIEMEHTOB B CITUCKE

20.Kakue u3 nepeyncieHHbIX HACHTU(PUKATOPOB SBIISIOTCS 3aPEe3ePBUPOBAHHBIMHU:
(1) case

(2) import

(3) default

(4) deriving

(5) infixI

21.YT0 noapazymeBaeTcs Mo yCIOBHBIM 0003HaUE€HHEM tycon:
(1) nepemenHsbie

(2) xnaccel TUIIOB

(3) KOHCTPYKTOPHI TUIIOB

Konmponvnas paooma 02

KonrponbHas pabGora mnpoBoautcss B ¢opme TectupoBanus. B tecte 3 Bompoca. Ha
IPOXOXKAEHUE TecTa Jaercd ojHa momnbiTKa. OrpaHuuyeHue no BpeMeHu - 9 muHyT. Tect
JOCTYNEH TOJIbKO BO Bpems Jjekuuu. CUcTeMa TeCTHMpOBaHHSI aBTOMATHUYECKH PAacCUHUTHIBAET

AOJIIO MPAaBHUJIbHBIX OTBETOB W BBICTABJIACT COOTBCTCTBYIOHII/H\/'I Oamn.

Bomnpocst

1. IIpecdukcHas 3anMch HAXOAUTCS B BHIPAKECHUU:
(1) x'op'y
() x+y
) () xy
@xy)

&HH(I)HKCH&SI 3alMUChb HAXOAUTCA B BBIPAKCHUM:



(1) (*) xy
(2) 'op'xy
(3) x'op'y
@ x(H)y
(5) x'y 'op’

3.Bo 4ro 3akmrovaeTcst HHOUKCHBIN onepaTop?
(1) xaBbIUKH

(2) anoctpods

(3) oOpaTHbIC KaBBIYKH

4.Kakux omnepatopoB He umeeT Haskell?
(1) mpedukcHBIX
(2) naUKCHBIX

(3) mocThUKCHBIX

iB KaKOM Auaria3oHe U3MCHACTCS ICPEMCHHAA aCCONUATHUBHOCTU a?
@) {l,r,n}

(2) {k,I,m}

3) {l,r,m}

6.Ckonbko ypoBHe# npuoperera umeet Haskell?
(1)0-9

(2) 0-5

(3)0-6

(4) 0-16

7.infixr 5 ++ infixr 9.
DT OnepaTophbl ABJISIOTCS:
(1) meBoaccoMaTUBHBIMH
(2) acconmaTUBHBIMU

(3) mpaBoaccolMaTUBHBIMHU

8.Kak Oyzner mHTEpnpeTHpoBaThCs BhIpaxkeHue f x + g y npu pa3dope? Bribepure npaBuIIbHBIN
BapUaHT:

D fx#)gy

(2) (Fx)+(9y)

@) f(x+gy

4)Fx)+a(y)

9.KaxuM 3HaYEHUEM OIPEIEISIFOTCS ONTHOKH?
(1) error

(2) warning

(3) #116



(4) L

10.YTo 3HAUMT yCIIOBHOE 0003HAYCHHE Varop:
(1) oneparop nepemeHHOMN

(2) oneparop

(3) nepemennas

(4) omepaTrop KOHCTPYKTOpa

11.BeiGepute npaBuiIbHBIN BapuaHT. [Ipu anbTepHaTUBHONW UHTEPIIPETAIINH, THCATh HYXKHO:
(1) el-e2

(2) el(- e2)

(3)(el-)e2

(4) -(ele2)

12.Ha kakyro QpyHKIHIO cChUTACTCS YHAPHBIN orepaTop?
(1) negate

(2) head

(3) Prelude

(4) op

13.B xakoM 13 MPUMEPOB 3aIMCaH CITHCOK?
(1) (1,2,3..45)

(2) [a','b,'c',d]

(3){1,2a'v",'c}

(4) List (‘a','b','c")

14.Bribepute HEBEPHYIO 3aMKCh:
(1) [1,2,3]

(2) [, b' ]

(3)[1,2,a,b]

15.B xakoMm mpuMepe 3anucad KopTex?
(1) [ab,c]
(2) (ab,c)

(3) {ab.c}
(4) cor (a,b,c)

16.BriGepuTe BepHYIO 3aITUCh:
(1) [1.2.3]

(2) {a,b,c}

(3) [1,2,a,b]

(4) (a,1,b,2)

17.Br16epute npaBuibHBINA BapuaHT oTBeTa. Kak Beipa3uts 370 [1,3..10] B Haskell?



(1)1,3,45,6,7,8,9,10
(2)1,3..10

(3)1,3,10
(4)1,35,7,9

18.Bribepute HempaBmiIbHBIC BapuaHThl oTBeTa. Beipakenue [1,4..10] Haskell uaTepnperupyer
KaK:

(1) [1,4,7,10]

(2) [1,4,8,10]

(3)[1,4,10]

(4)[1,4,5,6,7,8,9,10]

19.Bs10epute npaBuibHbIN BapuaHT. Beipaxenue [2,4..15] Haskell unrepnperupyer kak:
(1) [2,4,6,8,10,12,14]

(2) [2,4,5,6,7,8,9,10,11,12,13,14,15]

(3) [2,4,15]

20.KakuM BeIpaykeHHEM MOXKHO 3aMeHHTH BbipakeHue if el then e2 else €3
(1) case el of True — e2 False — e3

(2) if el then e2

(3) if el =e2 then e3

(4) case el else e2

21.B xakoMm rpuMepe MpaBUIbLHO OOBSIBIICH HOBBIN THIT JAHHBIX:
(1) String Color = Red|Green|Yellow

(2) Char Color = Red|Green|Yellow

(3) data Color = Red|Green|Yellow

22.Bri6epute npaBuiibHbIN BapuanT. [IpaBuia st OOHOBIIEHUS TI1aCAT:

(1) * Bce umeHa OepyTcst U3 OAHOTO TUIA JITAHHBIX; * BCE UMEHA ONPEAEIAIOT OJJMH KOHCTPYKTOP;
* IMEHAa YIIOMHHAIOTCSI TOJIBKO OJIMH pa3; * 3HAUSHHE JOJDKHO COJePKATh BCE YKa3aHHBIC HMEHA.
(2) » uMeHa MOTyT OBITh pa3HBIX TUIIOB JAHHBIX; * KOHCTPYKTOP HE JODKEHU COAEpXkaTb BCE
UMEHa; * JIOMYIIEHO YMOMHUHAHHE HECKOJIBKO pa3 OJHO M TOXE; * TP HE BEPHOM HAIHMCAaHUHU
MMEHHU BO3HUKAET OLINOKA.

(3) * Bce umeHa OepyTcsi U3 OJHOTO TUMA JJAHHBIX; * KOHCTPYKTOPBI HE OINpPENEINIAIOT UMEHA; *
XOTh OJIHO UM JOJDKHO OBITh OOBSBICHO; * NMPH HECOOJIIOJACHUU BBINIE yKa3aHHBIX MpaBUII

BO3HUKAET OIIMOKA.

23.Bri0epuTe MpaBIIIbHBINA BApUAHT 3aIMUCH C TOYKH 3PEHUS CHHTAKCHCA:
(1) data T =t1{cla|1|2|3} | t2 {True|False|t1}

(2) data T =12, t3

(3) data T = {c|a|b},{1]2|3}

24.Bripaxxenue data Dogs = Dog|Doberman|Spaniel|Taksa o3nagaer:



(1) oOBsiBICHNE TIEPEMEHHBIX
(2) co3nanue HOBOro KOHCTPYKTOpa

(3) oOBsIBIICHHE HOBOT'O THITA JJAHHBIX

25.Kakol CHHTaKCHC UMEIOT 00pasIbl:
(1) pat,Ipat,rpat,apat,fpat

(2) var,gcon,aexp,conop,qop

(3) lexp,exp,rexp,fexp,aexp

26.BriGepuTe BepHOE BHICKA3bIBAHHE:
(1) uncno apryMeHTOB KOHCTPYKTOpPA COOTBETCTBYET UYHCIY 00pa3L0B CBSA3aHHBIX C HUM
(2) oOpa3ipl HE MOTYT OBITH HE JTMHEHHBIMHU

(3) onna nepemeHHast MOSBISAETCS TOJIBKO OAMH pa3

27.Yto ob6o3HavaeT obOpaseln Buga :
(1) rpynmy nr00BIX CUMBOJIOB
(2) HeonpeieNeHHbIE UMEHA

(3) Toxxe camoe, uto U X

28.Tlonsarue Ha s3bike Haskell ctpaxk o3Havaer:
(1) pyHKIHIO, KOTOPYIO MBI OICHIBAEM
(2) obpaserr BepxHEro ypOBHs

(3) moruueckoe BeIpaKeHUE

29.TTpaBwmiio case v of {pl matchl; ...; pn matchn} = case v of {pl matchl; — ...
case v of {pn matchn; — error "HeT conmocraBneHuii"}...}
COOTBETCTBYET:
(1) ocHOBHOMY case-BbIpaKEHUIO
(2) meperpyxeHHOMY ONepaTopy ==
(3) BBIYUCIIEHHUIO C TOMOIIBIO ==

30.BriOepuTe BepHOE YTBEPKACHHUE:
(1) conocraBnenue ob6pasia var 3HaUEHHUIO V BCETJa UMEET yCIIeX U CBS3BIBAET var ¢ v
(2) uHUKCHBIE OMIEpaTOPBI B JEHCTBUTENBLHOCTH MIPEICTABISIOT COO0H 0ObIYHbIE PYHKIIMU

(3) CCUYCHHUCM Ha3bIBACTCA YaCTUIHOC IPUMCHCHUC I/IH(I)I/IKCHOFO oneparopa

Konmpononas pavoma 03

KonrponbHas pabGora mnpoBoautcss B ¢opme TectupoBanus. B Ttecte 3 Bompoca. Ha
IIPOXOXKJIEHHE TecTa JaeTcss OJHa mnonblTka. OrpaHnyeHue no BpeMeHH - 9 muHyT. Tect
JIOCTYIIEH TOJIBKO BO BpeMs JeKnuu. Cucrema TeCTHPOBAaHUS AaBTOMAaTHYECKH PACCUUTHIBAET

JOJIIO IMPAaBHUJIBHBIX OTBETOB W BBICTABJIACT COOTBGTCTBYIOHH/Iﬁ Oamn.



Bomnpocsl

1. Kakue oObsIBIIEHUS BXOJAT B TPYIITY KJIACCOB THIIOB U NEPETPY30K:
(1) topdecl

(2) simpleclass

(3) class

(4) newtype

(5) module

(6) vars

2. Kakue o0bsiBIIEHUS BXOJAT B TPYIIIY ONPEACIEMbIX MOJ30BaTEIeM THUIIOB JAHHBIX:
(1) instance

(2) default

(3) data

(4) type

(5) dclass

(6) simpletype

3. Kakue o0bsiBIIeHUS HE BXOST B TPYIITY BIOKCHHBIX OOBSIBIICHHIA:
(1) class

(2) type

(3) default

(4) vars

(5) fixity

(6) op

4, Kakye THIIbI JAaHHBIX HA3BIBAIOTCS "'3aIMTHIMA"
(1) ctpokoBbie

(2) cumBOIIBHBIE

(3) cTpokoBBIE U CUMBOJILHBIE

(4) cTpoKOBBIE U LIETIBIE

(5) uenple yncia 1 YUca C MIABYIOMIEH TOYKOM

(6) CUMBOJIBHBIC U YKCJIA C IUIABYIOIIEH TOYKOM

i CKOIIBKO BO3MOKHBIX (I)OpM MOXCT UMCTb BU/I.
M1
(2) 2
(3)3
(4) 4

6. Ckompko hopM umeeT BUA?
M1
(2)2
3)3



(4) 4

7. Tum crrcka 0003HaYaeTCs:
81
20

@) {3
(4) *_*

8. Tun ¢pynkuumn obo3Havaercs:
a0
20

@) {3
(4) *_*

9. Tunsl KOpTEXKEH 0003HAYAIOTCS:
D ().6).G)

)1

30

ORIABAN,

10. Tune! gannbx data,newtype,type MOKHO HCHOJIb30BATh:
(1) Ha 1r060M ypOBHE MOJTYIS

(2) Ha BepXHEM ypOBHE MOJYJIs

(3) Ha HUXKHEM YPOBHE MOJYJIS

(4) BoOOIIIE HE UCTIONIB3YIOTCS

& OO0BgBIIEHHE CHHOHUMOB THUIIA UMEET BHU:
(1) type Tul..uk=t

(2)data Tul.uk =t

(3) newtype T ul..uk =t

12. Kakoe oObsBneHHE OyJeT MpaBHIBHBIM, €CIM HATypallbHbIC YHCIa OyIyT NpencTaBIICHBI
yepe3 Tan Integer:

(1) type Natural = MakeNatural Integer

(2) newtype Natural = MakeNatural Integer

(3) data Natural = MakeNatural Integer

& s NEPCUUCIICHHBIX ITPUMCPOB CUHOHUMOM THIIA ABJISICTCA:
(1) type String = [Char]

(2) data Tree s = Leaf a | Branch (Tree a) (Tree b)

(3) data pointa=Ptaa

& s NEPCUUCIICHHBIX ITPUMCPOB anre6panquKHM TUIIOM JAaHHBIX ABJISCTCA:
(1) Newtype Slowo = bigslow String



(2) data Point = Point Int
(3) type Name = String

15. U3 nepeunciaeHHBIX TPUMEPOB MEPEUMEHOBAHHBIM THUIIOM SIBJISICTCS:
(1) data List = String

(2) Newtype Cercle = Newcircle Float

(3) type Persone = (Name, Address)

16. Kakue U3 HIKe TIepeUHCICHHBIX OOBSIBICHUN YK3EMILISPOB 3aMPEIICHbI:
(1) instance Functor Tree where ...

(2) instance Functor (fun,fun) where...

(3) instance Functor (Int,Int) where ...

Q Kaxwue u3 Hike MNEPCUNCICHHBIX 00BsBIIEHUI OK3CMILIAPOB BO3MOXHBI:
(1) instance F (a,a) where ...

(2) instance Functor (fun,fun) where...

(3) instance Fun Fn where ...

18. Kakue 13 HUKE NEPEUNCICHHBIX 00BSBICHUN K3EMIUIAPOB OYAYT MPaBHILHBIMU:
(1) instance (Eq a,Show a) = Foo [a] where ...

(2) class Foo a = Bar a where...

(3) instance Num a = Foo [a] where ...

19. OT™MeThTe KIacchl Ui KOTOPBIX Pa3pelIeHbl MPOU3BOIHBIC IK3EMILISAPHI:
(1) Eq

(2) Ord

(3) Sart

(4) Exp

(5) Show

& OTMETBHTE KJIACCHI KOTOPBIC OTHOCATCA K IPOU3BOJHBIM 3K3EMILIIApaMm:
(1) Eq

(2) Ord

(3) Enum

(4) Int

21. Kakne onepanun onpenenser kiacc Eq:
(1)y=u/=
2)=u/>
(3)=<n=
(4)>< 1=

22. K infix - 0ObSIBICHUSIM OTHOCHTCS:
(2) infix



(2) Ifix
(3) infixr
(4) rfix

23. infix - sro:
(1) cBOOOIHBII OTIEpaTop
(2) HeaccorMaTUBHBIN

(3) acconmaTuBHBIN

24. infixl 3agaer:
(1) mpaBuIO BEIYUCIEHUS LIETBIX YHCET
(2) mpuopuTeT OnEepaTopoB

(3) ycrmoBue 3aBepiieHUs UK

25. Oneparop 'div' siBisieTcs:
(1) HeaccoraTUBHBIM

(2) acconmaTUBHBIM

(3) neBoaccoMaTUBHBIM

(4) npaBoaccoMaTUBHBIM

26. Onepatop 'seq' UMeeT MPUOPUTET:
M1
(2)2
3)3
(4)8
®)9
6)0

27. Oneparop 'infixr 7 *' uMeeT MpUOPHUTET:
M1
20
3)3
4)9
(®)7

& CBs3bIBaHUEM HNMEH B 06]33.31_[6 SABJIICTCA:
1) (x+1)=..

2 (+)x1=..

B x+Dy=..

4)(x+1)*y=..

B)(+H)xly=..

29. CBs3bIBaHME UMEH B (QYHKIIUU SBIISAETCS:
Qx+1=..



@ Hx1=..
B)x+1)*y=..
4 (+H)x1ly=..

30. Beipakenue (*) (x+1) y = ... sBnsercs:
(1) cBsaA3bIBaHMEM UMEH B (PYHKITUSIX
(2) cBsA3BIBaHME UMEH B 00pasIie

(3) cBs3pIBaHUE UMEH [IEPEMEHHBIX

24. YUto Oynert saBisAThCs pe3yabTatoMm show (2 +2) =:
(14
2)2+2
() (2+2)

25. Kakue nBe oneparuu onpeaestoT kiacc Monad:
(1) >>=wm return

(2) = u where

(3) show u read

26. MoHnaza - 3To:
(1) pynkums

(2) KOHCTPYKTOP
(3) xoHTeliHep

Koumponvnas paboma 04

KontponbHast pabora mnpoBoautTcs B Qopme TecTupoBaHus. B Tecre 3 Bompoca.

MMPOXOKACHUC TCCTa HACTCd OJHA IIOIBITKA. OFpaHI/I‘{eHI/Ie o BpCMCHHU - 9 MHHYT. Tect

JOCTYIICH TOJIBKO BO BpEMs JICKIHWH. Cucrema TCCTUPOBAHHUA ABTOMATUYCCKU PACCUHUTHIBACT

JOJIIO MTPaBUJIBHBIX OTBETOB U BBICTABJIACT COOTBGTCTBYIOH_II/Iﬁ Oa.

Bomnpocst

1. Monynu B Haskell ucnone3ytorcst ams:

(1) ynpaBieHus mpoCTpaHTCBAMU UMEH U JUISl CO3/IaHUs a0CTPaTHBIX TUIIOB JIAHHBIX

(2) onucanus OTAEIBHBIX (YHKIMU pabOT U B APYTHX MpOrpaMMax

(3) cozmanue HOBBIX KOMIIOHEHTOB

2.IIporpamma Ha Haskelle moxxeT umeTs:
(1) 3 momyns
(2) 1 monynp

(3) xomm4ecTBO MOyJICH OMIPENETAETCS MPOTPAMMHUCTOM

3.Kakue o0BsSBICHUS COACPKUT MOAYIIb:



(1) npuopureTos
(2) data
(3) nepemeHHBIX

(4) xoHCTaHT

4_C KaKoro KJIIHYEBOIro CJI0Ba HAYMHAETCI OOBSIBIECHUE MOIYJIA:

(1) modid
(2) module
(3) Main

5.Kaxkoe 3ape3epBupoBaHOE CIIOBO YKa3bIBaeT HA HIMIOPTUPOBAHUE JICMEHTA!

(1) import
(2) export
(3) trains

@Kaxoe CJIOBO YKa3bIBacT Ha CIIMCOK - SKCIIOPTaA:
(1) exports

(2) export

(3) imports

(4) import

7.Kakas  ¢opma  3amaHus  anreOpaMveckoro  THIa
(HeKBaM(HUIIMPOBAHHBIN) KOHCTPYKTOP U MMEHA TTOJICH:
T

(2) T(C1,...,.Cn)

3) T(...)

8.Kakas  ¢opma  3amaHus  anreOpandeckoro  THIA
(kBaJIM(UIIMPOBAHHBIN) KOHCTPYKTOP U UMEHA MOJEH:

T

(2) T(C1,...,.Cn)

3) T(...)

9.Kakum criocodom Mo3xHO 3a1aTh kinacc C 00bsABIEHHEIH B class:
@mce

(2) C(f1,...,fn)

3) C(...)

10.Yr1o npexacrapiser coboit A.X:
(1) xBanupuIpPOBaHHOE UMS
(2) ucnionb3zoBaHne UHPUKCHONW HYHKIIUU

(3) HekBaMMUIIUPOBAHHOE HMS

11.Yto npexacrasisier coboit B. y:

JaHHBIX

JaHHBIX

YKa3bIBacT

YKa3bIBaCT

THII,

THII,



(1) kBanmuduIMpPOBaHHOE UM
(2) ucionp3zoBaHue HHPUKCHON HYHKITUU

(3) HexBanMPUUIUPOBAHHOE UMS

iKaKOG KIIFOYEBOC CJIOBO MCIIOJIB3YCTCA AJId YKa3aHHsA KBaJ'II/I(bI/IHI/IPOBaHHOFO HUMCHMU:
(1) import
(2) qualified

(3) xiIroueBOro cioBa HET

13.Yt0 yKka3pIBaIOT MpH 0O0BABICHUH import:
(1) umnopTHpyIOT OOBEKT
(2) UMIIOPTHPYIOT MOTYJIH

(3) HUYeTO HE YKa3hIBAIOT

14 Kakum criocoO0M MOKHO 3a7jaTh UMIIOPTUPOBAHHUE CYLTHOCTEH:
(1) HesiBHBIM 00pa30M B BUI€ IEPEMEHHBIX
(2) stBHBIM 00pa3oM nepedyrcius B ()

(3) ummopTHpOBaHUE CYITHOCTEN HE 3a/1a€TCS

15.TTocpeacTBom kakoii (OpMBI MOKHO UCKIIFOUUTH CYITHOCTH:
(1) module modid()

(2) module Class (modid())

(3) hiding (import1,...,importn)

16.Kakum MOy IsIM MOKHO TIPHCBAMBATh JIOKATbHBIN CHHOHUM:
(1) axcnopTHpyeMbIM MOYJIIM
(2) ummopTHPYEMBIM MOIYIISIM

(3) BCcTpOEHHBIM MOAYJISIM

16.3anano oObsBienue wummnopra import qualified A(x). Kakoe ums Oyner B obnactu
BUJUMOCTHU?

(1) Ax

(2) A. x

3)A

(4) x, Ax

17.3anano oOwsBiaeHue ummopra import qualified A as B. Kakoe ums Oyzer B obmactu
BUUMOCTHU?

(1) Ax

(2) Ax, B.x

(3)B.x, By

(4) x,B.y

18.KakuMm criocoboM Helnb3s yKa3aTh OObSIBICHUE IK3EMILISIPOB?



(1) HessBHBIM
(2) aBHBIM

(3) 0OBsBICHNE SK3EMILISIPOB HE YKA3bIBACTCS

19.Kakoii Bux nMeeT KBATH(PUITUPOBAHHOE UM ?:
(1) import M where

(2) import (varop)

(3) modid.name

20./Tan K011 IpOTrpaMMBI

module M where

tan :: Float — Float

tan x = (x :: Float)

F.fx = Prelude.tan(tan.x)

OmuOKa HaXOIUTCS B:

(1) tan :: Float — Float

(2) F.fx = Prelude.tan(tan.x)

(3) module M where u tan x = (x :: Float)
(4) tan x = (x :: Float)

Koumponvnasa paooma 05

Kontponbnast pabGotra mnpoBomutcs B ¢opme TecTupoBaHusi. B tecte 3 Bompoca. Ha
IIPOXOXKJACHUE TecTa Jaercd oJHa nomnbiTka. OrpaHuuyeHue no BpeMeHu - 9 muHyT. Tect
JIOCTYIIEH TOJBKO BO BpeMms Jekuuu. Cuctema TECTUPOBAaHUS aBTOMATHUYECKH PACCUUTHIBAET

JIOJIIO TIPABWJIBHBIX OTBETOB U BBICTABIISIET COOTBETCTBYIOIIUHN OasLI.

Bomnpocst

1. Yro BeiBenet ¢ynkius Read 1:
(1) ctpoky

(2) uucno

(3) ommOky

(4) HM yero He BBIBEJET

2.Yto BeiBeseT ¢yHkus 1 +read "12":
(1) 12

(2) Error

(3) 13

3.ITpumep
square :: Integer — Integer
square X = X*x

JaCT OTBET IPH 3ampoce square 5:



(1)5*5
(2) 25
(3)5

4.1Tpumep [1,2] ++ [3,4] Haskell Bergact
(1) [1,2,3,4]

(2) [1,2] [3:4]

(3) [1,2] ++[3,4]

5.C nomompio yero B Haskell M0oxHO 3a1aTh TOUKH HA IJIOCKOCTH:
(1) xoprexeit
(2) ciuckoB

(3) bynkumit

6.3amuck Buaa (Int,Bool,Int) o3navaer:
(1) xoprex

(2) ciucok

(3) pynkuuro

{.BpiGepute Te QyHKIMH, KOTOPBIE OMPEENICHBI /ISl KOPTEXKEW BTOPOTo pa3mepa:
(1) odd

(2) fst

(3) tail

(4) curry

8.9x3emmuisipom kitacca Functor siBisieTcst THit:
(1) Ordering

(2) Overload

(3) maybe

9.Hmxe nmpuBeieH KO MporpamMmbl

sig :: Int

sigx =if x >0 then 1 else if x <0 then -1 else 0

B kaxoii crpouke ommoka:

(1) ommOku HeT

(2) sig :: Int

(3) sigx =if x> 0then 1 else if x <0 then -1 else 0

10.BreiGepuTe Te Ki1acchl, KOTOpBIE onpeaeieHsl B Prelude:
(1) Eq

(2) signum

(3) ord

(4) max3

(5) Functor



11.Kakoii Kj1acc BBIIIOJIHAET CPAaBHEHNUE HA PABEHCTBO U HEPABEHCTBO:
(1) add

(2) ord

(3) eq

(4) xor

12.Kaxkas ¢pyHKIHMS 337a€T epEUnCIIeHuE:
(1) Enum

(2) add

(3)eq

13.Kakum u3 HUXKE IEPEUNCIICHBIX YCIOBUSM YIOBIETBOPsET Ki1acc Monad:

(1) C C(f1,...,fn) C(...)

(2) return a >>=k = ka m >>=return = m m >>= (/x — kx >>= h)=(m >>=k)>>=h
(3) if class Monad then a >>=k

14 Kakyro onepauuto onpenenser kiacc Functor:
(1) infix

(2) fmap

(3) function

15.Kakue ocHOBHBIE orepaTopsl y kiacca Monad:
(1) /=

(2) ==

(3) >>=

(4) fail

(5) return

(6) Error

16.3axonunre npemnoxenue. Kimacc Bounded ucnions3yercs asi:
(1) HaxOXIeHS] MUHUMAJIBHBIX U MaKCHMaJIbHBIX YHCEI
(2) yxazaHus BepxHEH ¥ HUKHEH rpaHUIIbI

(3) HaxoxaeHUs HauOOJIBLIETO U HAaUMEHBIIEro OyKB B CTPOKE

17.1an tun: data Color = Red|Green|Blue|Yellow Ilpu ucnomp3zoBanuu kiacca Bounded
minBounded rpanuieii 6yner sBIATHCS:

(1) Red

(2) Red, Green

(3) Red,Green,Blue

(4) Yellow

18.J1an tum: data Month = January|February|March|April|[May Ilpu ucnonp3oBaHMM Kiacca
Bounded maxBounded rpanwutieii Oyaer sSBISTHCS:



(1) May

(2) May,April

(3) January

(4) January|February

19.Kako#i Tum o3HavyaeT 1elble TUIBI PUKCUPOBAHHON TOUYHOCTH?
(1) Float

(2) Double

(3) Integer

(4) Int

20.Tun Double o3nauaer:
(1) umcro ¢ IaByoIIeH TOYKOH OTMHAPHON TOYHOCTH
(2) umcIo ¢ TUIaByOIIEH TOYKOW JBOMHON TOYHOCTH

(3) uenmoe uncio GUKCUPOBAHHONW TOYHOCTH

21.BpiOepuTe T€ YMCIOBBIC THITBI, KOTOPBIE HCIIONB3YIOTCA B si3bike Haskell:
(1) Real

(2) Int

(3) Int64

(4) Integer

(5) Currency

(6) Extended

22.Kakyro (pyHKIUIO HaJI0 UCTIOIB30BATH YTOOBI ONPENEIUTh MOTYIb Yiciia?
(1) succ

(2) abs

(3) sighum

(4) odd

23.BriOepuTe BEepHOE YTBEPKICHHUE:
(1) B s13p1xe Haskell pazpaboTunku MOTYT peainn3oBbIBaTh CBOM (PYHKIIMU
(2) B Haskell Henb3s co3znaBath cBOM QyHKIIUU

(3) npu ucnonp3oBaHUU cBOMX QyHKIMI BMecTo crannapTHbiX Haskell BeIBouT ommbku

24.Kakue QyHKIUU U3 HUXKE EPEUUCICHHBIX SBIAIOTCA (GYHKLIUAMU PUBEICHUS:
(2) fromlInteger

(2) fromString

(3) fromintegral

(4) realToFrac

(5) realTolnt



Konmponsnasa paboma 06

KonrponbHas pabora mnpoBoautcsi B ¢(opme TectupoBanusi. B Tecre 3 Bompoca. Ha
IIPOXOXKACHUE TeCTa JaeTcs OAHa nomnbiTKa. OrpaHuueHue mno BpeMeHH - 9 munHyTt. Tect
JIOCTYIIEH TOJbKO BO BpeMs Jekuuu. Cucrema TeCTUPOBaHMsI aBTOMATHUYECKH PACCUUTHIBAET

JOJIIO ITPAaBHUJIBHBIX OTBETOB U BBICTABJIACT COOTBGTCTBYIOHII/Iﬁ Oam.

Bomnpocsl

1_.KaKI/IM TUIIOM NPCACTABJICHO UCKIIIOYCHHUEC B MOHAZIC BBOAA-BbIBOdA:
(1) Warning

(2) Error

(3) IOWarning

(4) 10Exception

(5) IOError

2. K kakoii onoimoreke otnocurces tun |OError:
(1) Function

(2) Exception

3) 10

(4) Error

3. Kakas ¢ynkius coznaet 3nauenue IOError:
(1) IOError

(2) UserError

(3) return

(4) Error

4. Kakoit tun umeet dynkius getChar:
(1) Char

(2) 10Char

(3) I0Input

(4) 10String

5. Uro BeiBenet ¢ynkuus putChar :: char — 10():
(1) 3HaueHue
(2) cumBon

(3) HUYero MoJIE3HOTO - ATO THII Unit-()

6. UTo BBIMOTHAUT HUXKE MPUBEACHHAS ITporpamMma’?

main :: 10()
main =do C getChar
putChar C

(1) uurtaet u neyaraer cumson "C"



(2) uuTaet M0OOOI CUMBOI

(3) neuaraer cumsou "C"

7. Yto onpenenser pyukius ISEOFError :: IOEror — Bool:
(1) mpowusomwna i ormmoKa™>
(2) ommOka u3-31 JOCTHXKEHHS KOHIA daiiia

(3) ommOKa u3-3a HEBEPHOI'O THIIA

8. Uto BemosnHsier ctpoka main = readFile "input-file" >=\s — :
(1) mporpamma mosyyaet BBOA U3 (haiina
(2) mporpamma BBIBOJUT U3 (haiina

(3) HUYETO HE BBHIMOJHSAECT, T.K. €CTh OIMOKA B CTPOKE

9. Yro Beimonuset crpoka writeFile "output-file™:
(1) HEuero, T.K. HEAOCTATOYHO (DYHKIIUH JUTS €€ BBITOJTHEHUS
(2) 3anuchIBaeT CBOM BBIBOJ B (haiin

(3) writeFile ne uzBectnas komanaa Haskell

10. Yro BBIBEAET IpOTpamMma
compare X y
x==y =EQ
x<=y=LT
|otherwize = GT
IpY 33JaHHBIX 3HAYEHMSIX X = 7,y = 3:
(1) EQ
(2 LT
(3) GT
(4) Error

11. Yro BBIBEZET IpOTrpamMma
max Xy z
|(x>y)and (x>2z) =X
|(x<y)and (y>2z) =y
| othrwize =z
ITpu 3anaHHBIX 3HaUeHMIX X =5,y=3,z="7:
1)5
(23
3)7
(4) Error

12. Kak 00603HauaeTcs Kiace yrmopsI0IHBaHuS:
(1) EQ

(2) Ordering

(3) Otherwize



13. 13 xakux noamoxynei coctout Prelude:
(1) PreludeList

(2) PreludeText

(3) Prelude 10

(4) Prelude Module

(5) Prelude Monade

14. Yceuenue uncna 10 Int BeImonHSET QYHKITUS:
(1) enumFrom

(2) toEnum

(3) enumFromTo

(4) enumFromThenTo

15. Kako#t mpumep HanmcaH ¢ OMIMOKOM:
(1) fst:: (a,b,c,d) > a

(2) fst:: (a,b) —>a

(3)snd :: (a,b) — b

16. BeibepuTe npaBuiibHbBIN BapuaHT. PazBepHyTYyI0 GQyHKIIHIO IpeoOpa3yeT B CBEPHYTYIO:
(1) curry

(2) ancurry

(3) uncurry

17. Beibepute npaBuiibHbIN BapuaHT. Uncurry npaBuiIbHO BBIIIOJIHEHO B IPUMEPE:
(1) uncurry :: ((a,b) »>c) >a—b—oc

(2) uncurry fxy = (x,y)

(3)uncurry :: (a—b—>c)— ((a—b)—c)

18. Bribepute HEBEpHBIN BapUaHT:
(1) curry :: ((a,b) > c) >a—b—c
(2) curry fxy z =1f(x,y,2)

(3) curry f(x,y,z)=fxy z

19. Kakue 13 HUXKe NepeunCIeHHBIX GYHKIUN OTHOCATCS K QYHKIMSM HaJ| CIIUCKAMU:
(1) head

(2) repeat

(3) until

(4) zipcode

(5) zipwidth

(6) unzip

20. Kakue u3 HIKe MepeuuciieHHbIX (PYHKIMIA HE OTHOCATCS K (DYHKIMSIM HaJl CIMCKaMMU:
(1) map



(2) repeat
(3) iterate
(4) all

21. Yro BeiBeseT mporpamma tail (1,2,3,4)?
BriGepuTe npaBUIIbHBINA BapUAHT OTBETA!
11

(2) 4

(3)2,3

4) 2,34

22. Yro BeiBeneT nporpamma head (tail [1,2,3,4])?
Bri6epuTe npaBUIbHBINA BapUAHT:

11

(2) 2,34

(3)2

4) 34

23. Kakas u3 3Tux (yHKIHUN MOXET BO3BpalIaTh OECKOHEUHBIN CIIMCOK?
(1) iterate

(2) cycle

(3) repeat

(4) replicate

24. Kakast pyHKIHS OTAETSET CIIOBa IPYT OT JApyra mpodenamu:
(1) unwords

(2) unlines

(3) words

25. Yo Bemodnnsiet ¢pynkuus hSetBuffering:

(1) momemnraer 3HaueHue B 0ydep

(2) ycranaBnMBaeT UCHOJIb3yeMBIH pexxuM Oydepuzanuu
(3) 6eper 3nHauenue u3 Oydepa

Konmponvnasa paboma 07

KonrponsHas pabGora mnpoBoautcss B ¢opme TectupoBanus. B rtecte 3 Bompoca. Ha
IIPOXOXKACHUE TeCcTa JaeTrcd OJHa nomnbITKa. OrpaHuueHue no BpeMeHu - 9 muHyT. Tect
JIOCTYIIEH TOJBKO BO BpeMs JieKuuu. Cuctema TECTHMpOBaHHMS aBTOMAaTHYECKH PACCUMTHIBAET

JOJIIO IMPAaBHUJIBHBIX OTBETOB W BBICTABJIACT COOTBGTCTBYIOHH/Iﬁ Oamn.

Bomnpocst

1. BeiOepure HenpaBUIBHO BIOXKEHHBIM KOHTEKCT:



(1) L (<n>:ts) ms

(2) L {n}:ts) []

(3) t: (L ts ms)

(4) L {n} (t:ts) {n} (m:ms)

2.B kakoMm citydae aJlrOpUTM 3aBEPIIUTCS HEYAaqen?
(1) L (<n>:ts) (m:ms)

(2) L {_:ts} (m:ms)

(3) {: (L ts (0:ms))

3.BribepuTe HEBepHOE YTBEPIKICHHUE:
(1) Tabynsuus ocymectBisercs kinasumein TAB
(2) HOBYIO CTPOKY HAUMHAIOT CUMBOJIBI: HOBAsi CTPOKA, BO3BPAT KAPETKH, IIEPEBOJ] CTPOKH

(3) TokeH {n} BCTaBISIETCS MOCIIE KIIIOUYEBOTO CJIOBA, €CJIM HET JIEKCEMBI {

4.Kakoe 0003HaYeHHE UCTOIB3YETCs JUIsl ITyCTOTO MOTOKA?
M

2):

3)

4):{

()1l

5.Kakoe 0603HaueHNE UCTIOIB3YIOT JJIsl OTIEpaTOpa KOHCTPYUPOBAHUS MMOTOKA!
1);

@1

G

(4):

6.Kakoe u3 nepedrcieHHbIX HIDKE onpeaeneHuil L BepHo:
() [u:
(2);u {}
(3);u(]
4)::ul]

7.Kaxoe pacmmpeHnue ykas3bBaeT Ha Qaiin ¢ rpammorHbeiM Haskell:
(1) .hs

(2) .Ins

(3) .h

(4) .In

8.Mex Iy KaKuMH pa3JIeUTENSIMA OyIeT HaXOJUThCS TPAMMOTHASI IPOTpaMMa;
@) r*..*/

(2) begin...end

(3) \begin ... \end



(4) \begin {code}... \end {code}

9.Kak uHTEepIIpeTupyeTcs CUMBOI >, €CIIU OH SIBJISIETCS IEPBBIM CUMBOJIOM B CTPOKE:!
(1) 3nak 6ombIIe
(2) 3TO YacTh MPOrpPaMMBbI IPU UCTIOIB30BaHUH IPAMOTHOTO MTPOTPAMMHUPOBAHUS

(3) 3T0 KOMMEHTapHH NP UCIOIH30BAaHUH IPAMOTHOTO MPOTrPAMMHUPOBAHHUS

10. 1511 gero ucnonb3yr0T MeToabl showPrec, readsPrec, showList, readList:
(1) nns npeBoa 3HaUEHUI B CTPOKHU
(2) nns nepeBosa CTPOK B 3HAUEHUS

(3) nyis mepeBojia 3HAYEHUN B CTPOKH U TIEPEBOJIa CTPOK B 3HAUCHUS

11.®ynkuus showsPrec d x 1, rae d - aro:
(1) 3Hauenue

(2) cTpoka

(3) npuopurer

12.@ynxmus readsPrec d s, rae s-a3to:
(1) 3HaueHue
(2) cTpoka

(3) nmpuoputet

13.J1ns1 wero ucnomnb3yroT nceBpokomMmenTapuu B Haskell? Bribepure npaBuibHbIA
(1) nceBnoKOMMEHTapUU UCHIOIB3YIOTCS KaK MOICKa3KU KOMIUISTOPY
(2) mceBIOKOMMEHTApUH HCTIONB3YIOTCS YacThio si3bika Haskell

(3) momoratot ydine NOHITH 0OBIYHBIC KOMMeHTapuu B Haskell

14 Kak BeIrIIIUT TiceBAOoKoMMeHTapuu B Haskell?
(1) /*rexer™®/

(2) {-#rexct#-}

(3) {-rekct-}

(4) #rexct#

(5) > tekct

15.BriGepuTe BcTpanBaeMble IICEBJOKOMMEHTAPHH:
(1) INLINE, NOINLINE

(2) SPECIALIZE, NOSPECIALIZE

(3) PREFIX, NOPREFIX

1_6.21.]'[51 TOT'O qTO6BI KOMMeHTapI/II/I ABTOMATUYCCKNU BCTABJIAIIN HpOCTOC BI)Ipa)KeHI/Ie, Hag10
HUCITIOJIB30BAThH HCCB)IOKOMMCHTapI/Iﬁi

(1) INLINE

(2) NOINLINE

(3) SPECIALIZE



&I{HH TOTO I-ITO6I:I KOMHHJ’IHTOp HC BCTpaI/IBaJI ABTOMATHUYCCKU HpOCTBIe Bpra)KeHI/ISI, HaaI0
HNCITIOJIb30BATH HCCBHOKOMMCHTapHﬁ:

(1) INLINE

(2) NOINLINE

(3) SPECIALIZE

18.Bo wusbexanue HeI(P(PEKTUBHOCTH, CBA3AHHOW C TEPErpyKEHHBIMH (YHKIHUAMH, HAJI0
UCIIOJIb30BaTh MICEBJOKOMMEHTAPU:

(1) INLINE

(2) NOINLINE

(3) SPECIALIZE

19.Kakum kaccos siBisieTcst sxk3emIuisap Ratio:
(1) Eq

(2) odd

(3) ord

(4) Enum

&KaKI/IC N3 HHUXC INCPCUNCICHHBIX (I)YHKLII/Iﬁ IIO3BOJIAOT U3BJICKATH YUCIIMTCIIb U 3HAMCHATCIIb
JIpoou:

(1) approxRational

(2) Fractional

(3) %

(4) numerator

(5) denomirator

21.Kakas ¢pyHKIUS BO3BpAIIAeT NpocTeiiiiee paloHaIbHOE YHCIIO:
(1) Fractional

(2) %

(3) approxRational

(4) denomirator

22.Beibepute T€ PYHKINHU, KOTOPBIE OTHOCATCS K pallMOHAILHBIM YUCIIAM:
(1) ratPrecc

(2) %

(3) appendFile

(4) compare

23.Kaxkast GyHKIMS TIO3BOJISIET YACITUTENb U 3HAMEHATelNb 1enuTh Ha ux HO/I:
(1) reduce

(2) ratPrec

(3) rem



24.BpiGepute T€ GYHKLINHU, KOTOPBIE HE OTHOCITCS K PAllMOHATBHBIM YHCIIaM:
(1) magnitude

(2) polar

(3) phase

(4) head

(5) appendFile

Konmponsnasa paboma 08

Kontponbaast pabora mpoBomuTcs B Qopme TecTHpoBaHusi. B Ttecre 3 Bompoca.

IIPOXOXKJACHUE TeCTa Jaercs OjAHa nombiTKa. OrpaHuueHue no BpeMmeHu - 9 munHyt. Tect

AOCTYIICH TOJIBKO BO BpPCMs JICKIHWH. Cucrema TCCTUPOBAHHUA ABTOMATUYCCKU PACCUHHUTHLIBACT

JOJIIO ITPaBHUJIBHBIX OTBETOB U BBICTABJIACT COOTBGTCTBYIOHII/Iﬁ Oam.

Bomnpocst

1. Kakoil KOHCTPYKTOp 00pa3zyeT KOMILJIEKCHOE YUCIIO:
(1) -+

{3

3)

) (I

2.®ynkuusa mkPolar o6pazyert:
(1) xoMIIIEKCHOE YUCIIO C MOISPHBIMU KOOPAUHATAMHU
(2) MHMMYIO YacTh KOMILJIEKCHOTO YHUCIIa

(3) nelicTBUTENBHYIO YaCTh KOMILJIEKCHOTO YHUCIIa

3.C nomonipo Kakoi (yHKIMH MOXHO HAUTH KOMIUIEKCHOE YHMCIIO U3 yria t:
1) :+

(2) mkPolar

(3) cis

4.Yro BeimonHseT pyHkuus polar:

(1) Bo3BpalaeT BeNMUYMHY U a3y B KaHOHUUYECKOH popme
(2) renepupyer ymcio U3 yria t

(3) BBIBOIUT MOJISIPHBIE KOOPAMHATHI

Kaxkue (I)yHKI_II/II/I H3BJICKAIOT NPAMOYT'OJIbHBIC KOMIIOHCHTBI KOMIIJICKCHOT'O YHCJIA:
(1) magnitude

(2) realPart

(3) phase

(4) imagPart

iKaKI/IC (I)YHKL[I/II/I H3BJICKAIOT MOJAPHBIC KOMIIOHCHTEI KOMIIJICKCHOT'O YHCJIA:



(1) magnitude
(2) polar

(3) phase

(4) conjugate
(5) mkPolar

6.Br1GepuTe 13 HIDKE MEPEYUCICHHBIX (YHKIIUNA YUCIIOBBIC:
(1) floatToDigits

(2) compare

(3) where

(4) lexDigits

(5) showHex

7.Br1OepuTe BepHbIE YTBEPIKICHUS .

(1) dpynxams showSigned mpeoOGpa3yeT denoe dncio

(2) dynkus showIntAtBase oroOpaxaeT He oTpuuaTeiabHoe yncio Integral
(3) pyukmms showOct oToOpaskaeT YHCIIo 10 OCHOBAHHIO 8

8.Kakue 13 HmKe nepeuncieHHbIx GyHKIui oToOpakatoT uncio realFloat co 3Hakom:
(1) floatToDigits

(2) digs

(3) showGFloat

(4) showlIntAtBase

(5) showEFloat

9.Kakne w3 HWKE NEepeUncIeHHBIX (QYHKIMH MMOMOramT mnpeoOpa3oBaTh CTPOKH B ApPYrHE
BCIIMYHNHBI:

(1) realSigned

(2) floatToDigits

(3) readint

(4) readHex

10.®yuxrus readFloat BeimosHseT:
(1) cunThiBaeT yncio 0e3 3HaKa B IIECTHAALIATEPUUHON CUCTEME CUMCIICHHUS
(2) cuuThiBaeT 3HaueHUE O€3 3HaKa

(3) cuuThIBaeT He MyCTYIO CTPOKY BELIECTBEHHBIX YUCET

11.®dynxkuus readHex BoIONHSET:
(1) cunThIBaHME YHCIIO B BUJI€ CTPOKU
(2) cuuThiBaeT yncio 0e3 3HaKa B BOCbMEPUYHOM 3alUCU

(3) cunThiBaeT uncio 0e3 3HaKa B MIECTHAIIATEPUIHON 3aITHCH

12.9t1oT KJacc HCIIOJIB3YCTCA JIA HWHIACKCAIUHU MAaCCHUBOB. O kakoM Kjacce H3 HIKE

NEPCUUCIICHHBIX UCT peqL?



(1) Parse
(2) Ix
(3) Float

13.Yto BemomnsieT onepanus Index B kitacce Ix. BeiOepuTe npaBuiIbHBIN BapUaHT:
(1) mepeuncrnser Bce UHICKCHI
(2) oTroOpakaeT Bce MHICKCHI

(3) onpenensieT BEpXHIOK U HUKHIOK TPAaHUILY AHana3oHa

14 Kakas onepanust nepeuncisieT Bce HHIAEKChI?
(1) range

(2) index

(3) inRange

(4) Ix

15.data Numer = 1|5|9|13|17|21|25 Yro nomyuutscs npu index (5,12) 9,13,17:
Q)3

(2) 1,25

(3)9,17

16.data Numer = 1|5]9]13|17|21|25 Yro moayuuthcst mpu inRange (13,25)17:
(1) Error

(2) True

(3) False

(4)1

(5) 2

17.data Numer = 1|5|9|13|17|21|25 Yro mony4utscs npu range (9,13):
(1) (9.13)

(2) (9,13,17)

3)9

(4) 13

(5) (5,9,13)

18.C momorwto kakoii GyHKIINU 3aa€TCSI MaCCUB?
(1) Ix

(2) Array

(3) Massiv

19.Kakwue rpanume Oyner umers marpuia (10,15) ¢ Haganom B 1:
(1) ((1,1)(10,15))
(2) ((1,10)(1,15))
(3) ((1,15)(10,1))



20.B xakom ciyyae 3HAYCHHE IO UHJEKCY HE OTPEAeIIsIeTCs:
(1) ecnu 1Be accouuan UMEIOT OJMH U TOT K€ UHJIEKC
(2) ciucok B UHJIEKCE BHE TPAHULIBI

(3) 3HaueHue 1 HE BBHICTABJICHO

21.Kak Oyzer BoITTIAACTh (YHKIHS CO3/IaHUSI MOHOJIMTHOTO MaCCHBA:

(1) squares = array (1,100)[(1,i*1)|i « [1..100]]

(2) accumArray :: (Ix,a) = (b - ¢ —b) > b — (a,a) — [(a,c)] —» Arraya b
(3) :: (Ix,a) > Array ab — [(a,b)] — Array a b

22.YT0 BBITIONHAET TaHHBIN TTPUMED

fibs :: Int — Array Int Int

fibs n = a where a = array (0,n) ([(0,1),(1,1)] ++ [(i, a! (i-2) + a! (i-1))| i < [2..n]])
(1) BbIONHSAET (PYHKIMIO BO3BPALIAIONIYIO MIEPBOE 3HAUCHHE B MAaCCHBE

(2) BbImONHSAET (PYHKUIUIO BO3BPALIAIONIYIO PEKKYPEHTHBIH MacCHB

(3) BBITIONTHSIET (DYHKITUIO BO3BPAIIAFOIIYIO MACCUB YHCEI

23.  accumArray :: (Ix,a) = (b - ¢ —b) »> b — (a,a) — [(a,c)] + Array ab
Kak Oyner Ha3pIBaThCsl TAKOW MACCHB:

(1) acconmaTUBHBIN CIUCOK

(2) akkyMyITUpOBaHHBII MacCUB

(3) naKpeMeHTHOE OOHOBJIEHHUE MAaCcCHBa

24.Yto BeinonHgeT ¢pyHKIMsA bounds mpuMeHeHHas! K MaCCUBY:
(1) Bo3BpalaeT ero rpaHUIIbI
(2) BO3BpalLaeT CIUCKU UHJEKCOB

(3) BO3BpAaIIIa€T CIIUCKH 2JIEMEHTOB

25.Yto BhIMONHSAET QYHKIUS acCOSS, IPUMEHEHHAsI K MACCUBY:
(1) BO3BpaIaeT €ro rpaHMIIbI
(2) BO3BpAIaET CIUCKH aCCOIMAIINU

(3) BO3BpaIIaeT CIMCKH SJIEMEHTOB

26.Yto BemonuseT GyHkius indices, MpUMEeHEHHas! K MacCHBY:
(1) BO3BpalaeT ero rpaHUIIbI
(2) Bo3BpaIaeT COUCKU aCCOLUAINH

(3) BO3BpaIaET CIUCKH UHIEKCOB

EC IIOMOIIIBIO KaKHUX (I)yHKLII/Iﬁ MOKHO ITOJIYUYUTH HOBBIC MAaCCUBLI U3 CYHICCTBYIOMIUX !
(1) accumArray

(2) fmap

(3) Ix

(4) ixmap

(5) fx



28.Kaxkas 3 HIKe epeyrcieHHbIX (yHKIMN Tpeo0pa3yeT 3HaYeHUEe MacCuBa:
(1) accumArray

(2) fmap

(3) elems

(4) ixmap

(5) lisyArray

29.DyHKIMS iXmap Mo3BOJISET BBITOIHATS!
(1) akkymynsuio MmaccuBa
(2) npeoOp30BaHuUs 3HAYEHUSI MacCUBa

(3) mpeoOpazoBaHre HHIEKCOB MacCHBA

Koumponsnan paboma 09

Kontponbnas pabora mnpoBomutcss B ¢opme TecTupoBaHusi. B Ttecre 2 Bompoca. Ha
IIPOXOXKJACHUE TecTa Jaercd oJHa nomnbiTKa. OrpaHuyeHue Mo BpeMeHu - 6 MuHYT. Tect
JIOCTYIIEH TOJIbKO BO BpeMms Jiekuuu. Cuctema TECTHMpOBaHHUS aBTOMATHUYECKH PACCUUTHIBAET

JIOJIIO TIPABWJIBHBIX OTBETOB U BBICTABIISET COOTBETCTBYIOUIUN OaJl.

Bonpocskt

1. Ha kakue minaTdopMbl MOXKHO YCTAaHOBHTD S3BIK R?
BriOepute 01uH MK HECKOJIBKO BEPHBIX BAPUAHTOB.
a) Windows

6) MacOS

B) Linux

2. Kak momyuuts crpaBky no ¢pyHkuuu R?
BeiOeprTe 0aMH MM HECKOJIBKO BEPHBIX BApUAHTOB.
a) Hanmcate 3Hak Borpoca ¥ Ha3BaHUE (PYHKIUH

6) Tonbko Ha caiite stackoverflow

B) C nomomipto ¢pyHkiuu help

Konumponvnas paboma 10

KonrponbHas pabGora mnpoBoautcss B ¢opme TectupoBanus. B rtecte 3 Bompoca. Ha
IIPOXOXKACHUE TeCTa JaeTrcsd OJHa nomnbITKa. OrpaHuueHue no BpeMeHu - 9 muHyT. Tect
JIOCTYIIEH TOJIBKO BO BpeMs Jekuuu. CuctemMa TECTHMpPOBaHMS aBTOMAaTHYECKH PACCUMTHIBAET

JOJIIO IMPAaBUJILHBIX OTBCTOB U BBICTABJIACT COOTBCTCTBYIOIJ_II/Iﬁ OaI.

Bomnpocst

1. Yro Takoe natadpeiim (Habop nanubix dataframe) B R?
Bribepure o1H MpaBUIILHBIN BapHaHT.



a) D10 TabIu4Has CTPYKTYpa JaHHBIX
0) Do mpocTeiias CTPyKTypa JaHHBIX B R
B) DTO CIOXHAasi CTPYKTypa JAAaHHBIX, KOTOpas MOXKET B cebe OObEOUHSATH APYrHe CTPYKTYpPHI

JAHHBIX

2. Yto takoe BexkTop B R?

BeiOepute oauH NpaBUiIbHBIN BapUaHT.

a) D10 TabIu4Has CTPYKTYpa JaHHBIX

0) OT1o mpocreiias CTpyKTypa JaHHbIX B R

B) DTO CIOXHAask CTPYKTYpa AAaHHBIX, KOTOpask MOXKET B cebe OOBETUHSATH APYrHe CTPYKTYpPHI

JaHHBIX

3. Uto takoe crimcok (list) B R?

BriOepuTe oMH NpaBUIIbHBIN BapHAHT.

a) OTo TabIM4YHas CTPYKTYpa TaHHBIX

0) Ot1o mpocreiiiias CTpyKTypa JaHHbIX B R

B) DTO CIOXHAas CTPYKTypa JAaHHBIX, KOTOpass MOXKET B ceOe OOBEOUHSTH APYrHe CTPYKTYpPHI

JaHHBIX

4. JlomycTuMm y Hac ecTb Tabnuua ¢ Ha3BanueM df, B Hell ecTh cTONIOEI] KOTOPBIN Ha3bIBaeTcs col,
KaK Ha si3bIke R 00paTtuthCst K 3TOMy cTOJNOIY?

a) df(‘'col’)

6) df%col

B) df'col']

r) df.col

1) df$col

e) df'col'

x) df{'col'}

5. [Ipennasnauenue ¢pyukuuu str(). Bertbepure ouH npaBUIbHBIN BapUaHT.
a) [IpeoOpa3zyeT unciao B TEKCT

6) O0benuHsAET HECKOJIBKO CTPOK

B) BBEIBOIUT B KOHCOJb CTPYKTYPY 33JJaHHOTO 0OBEKTa

F) BBIBO)II/IT OIINCATCIBbHBIC CTATUCTUKN

Konmponvnas paooma 11

KonrponbHas pabGora mnpoBoautcss B ¢opme TectupoBanus. B Ttecte 3 Bompoca. Ha
IIPOXOXKACHUE TeCcTa JaeTrcd OJHa nomnbITKa. OrpaHuueHue no BpeMeHu - 9 muHyT. Tect
JOCTYNEH TOJIbKO BO Bpems JieKuuu. CuctemMa TEeCTHMpOBaHHUS aBTOMATHUYECKH PACCUUTHIBAET

JIOJTIO MTPaBWJIBHBIX OTBETOB U BBICTABJISIET COOTBETCTBYIOLIUI Oall.

Bomnpocst



1. JInst yero Hy*eH nakeT vroom?

Bribepure 1 npaBuIbHBIN BapHaHT.

a)lTo3BonsieT untath nanueie u3 TSV, CSV u Excel daiinos
0) [ns urennst manabix n3 Google Tabnui

B) Jlyis utenus nuctoB u3 Excel kaur

r) Jns urennss CSV u TSV daiinos

2. 3a uto oTBevaer aprymeHt delim B pynkuuu vroom()?
Bribepute o1H MpaBUIBHBIN OTBET.

a) [To3BomnseT mponyckaTs BEpXHHUE CTPOKH (paiiina mpu YTeHUH
0) IlyTs K daiimy KOTOpbIil TpeOyeTcs 3arpy3uTh

B) Paznenurens mexay monsimu B (aiine

r) CUMBOJ IIepeBo/ia Ha HOBYIO CTPOKY

3. Kakoii makeT mo3BoJisieT 3arpykarh JaHHble U3 aucta Excel daitna?
Boi6epuTe 0 uH NpaBUIbHBINA BapUaHT.

a) excelreadr

6) vroom

B) readxl

r) googlesheets4

n) sheets_read

4. llnst 3arpy3ku (aiina B R Bam HE0OX0MMO IponucaTh K HEMY IyTh.
Kakwue paznenurenu namnok B MyTH MOKHO MCIIOJIb30BaTh B R?
Br16epuTe HECKOIBKO PAaBUIIbHBIX BAPUAHTOB

a) \\

0)/

B) -

r) |

) \

e).

Konumponsnan paboma 12

KontponbHast pabora mnpoBoautcss B Qopme TectupoBaHusi. B tecre 3 Bompoca. Ha
IIPOXOXKACHHUE TeCTa JaeTcsd OJHa nomnbIiTKa. OrpaHudeHue mo BpeMeHH - 9 muHyT. Tect
JIOCTYIIEH TOJIBKO BO BpeMs Jekunu. Cuctema TECTHMpOBaHHUS aBTOMAaTHYECKH PACCUMTBIBAET

JOJIIO MPAaBUIILHBIX OTBCTOB U BBICTABJIACT COOTBCTCTBYIOIJ_II/Iﬁ OaI.

Bomnpocst

1. Kakas ¢pynkius u3 nakera dplyr no3BosisieT GuiIbTpoBaTh TaOIHIIBI 1O CTPOKaM?
Bri6epute ofuH npaBuiIbHBINA BapUaHT.

a) where



0) mutate
B) select
r) filter
1) from
e) having

2. Y Hac B pabodeM OKpYy>KeHHH ecTh TaOauIel df, B Hel ecTh crosnberr names. Ctonber; names
COJICPKUT MHOXKECTBO Pa3IMYHBIX MMEH, HaM HEOOXOAWMO BBIOpAaTh CTPOKH B KOTOPHIX B
cTonbiie names cojaepkarbes nuMeHa Alex miu John.

Bribepure o1H MpaBUILHBIN BapUaHT.

a) filter(df, names == c("Alex ", "John"))

o) filter(df, names $in$ c("Alex ", "John"))

B) filter(df, names in ("Alex ", "John™))

r) filter(df, names !'= c("Alex ", "John™))

n) filter(df, names %in% c("Alex ", "John™))

e) filter(df, names in c("Alex ", "John™))

3. Uro no3Bousiet aenath ynkmus select if() ?

Bri6epuTe 01uH NpaBUIbHBINA BapUAHT.

a) BoeiOpath rpynmy cTOJOLIOB MO HMMEHM HCHOJb3YS PEryJspHbIE BBIPDAKEHHUS M JIpyrue
BCIIOMOTaTeNbHbIE (PYHKLIUH.

6) BpIOpaTh CTPOKM, KOTOpPBIE COOTBETCTBYIOT YKa3aHHOMY PErYJISPHOMY BBIPQXKECHUIO, WU
BCIIOMOTATEeNbHBIM YHKIUAM THIA start with().

B) BriOpath rpynmny cTos010B 110 X THUILY, HAIIPUMEP BHIOPATh BCE YUCIIOBBIE CTOJIOIBL.

r) BeiOparts rpynmy cTon010B HCnoab3ys BerioMorarenbhbie GyHknuu star with u endwith.

4. Yro no3Bonser nenath GyHkuus select at() ?

Bei0epuTe 0aMH NpaBUIbHBIN BapHaHT.

a) BeiOpatb rpymnity cToa010B 10 UX TUITY, HAIPUMEpP BHIOPATh BCE UHCIOBBIE CTOJIOIIBI.

6) BriOparp rpynmy cToOJOIOB MO HMMEHHU MCIIONB3Ysl PEryisipHble BBIPRKEHUS U Jpyrue
BCIIOMOTaTeNbHbIE (PYHKIINH.

B) BrIOpaTh CTpOKH, KOTOpBIE COOTBETCTBYIOT YKAa3aHHOMY PErYJISIPHOMY BBIPQKEHUIO, WU

BCIIOMOTaTeNbHBIM (QyHKIHAM THNA start with().

Konmponvnas paooma 13

KonrponbHas pabGora mnpoBoautcss B ¢opme TectupoBanus. B Ttecte 2 Bompoca. Ha
IIPOXOXKACHUE TeCTa JaeTrcd OJHa nomnbITKa. OrpaHuueHue Mo BpeMeHu - 6 MuHYT. Tect
JIOCTYIIEH TOJIBKO BO BpeMs Jekunu. Cuctema TECTHMpOBaHHMS aBTOMATHYECKH PACCUUTHIBAET

JOJIIO IMPAaBHUJIBHBIX OTBETOB W BBICTABJIACT COOTBGTCTBYIOHH/Iﬁ Oamn.

Bomnpocst



1. Korga BBl Ha rpaduke BBIBOAWTE KaTErOPHAJIbHYIO (KaYeCTBEHHYIO, a HE KOJIMYECTBEHHYIO
NEpEMEHHYI0), HalpuMep Ha3BaHHe OpeHza, 0 yMom4aHuio ggplot2 pacmonoXuT e€ 3HaueHus
Ha TMOANKCU K OCH B aj(aBUTHOM mopsake. Hampumep Bbl XOTHUTE MOCTPOUTH rpaduk oObEMa
mponax 1o OpeHjgaMmM, W PpaclojoXKWUTh OpeHasl B TOpsake yObiBaHus. Bribepure wu3s
MPEJIOKEHHBIX BapUAHTOB (PYHKIIMIO, KOTOpasi MO3BOJIIET MEHSTh COPTHPOBKY KauyeCTBEHHBIX
MEePEMEHHBIX.

a) sort()

6) order()

B) reorder()

r) fct_arrange()

n) fct_reorder()

e) arrange()

k) order_by()

3) fct_sort()

n) fct_order()

2. ConocTaBbTe MMEHA apryMeHTOB (yHKIMU plot() 1 ux onucaHue.

y [lepemenHas, koTopas OyieT OTJI0KeHa Ha ocu Y

ylab  TToamuce ocu Y

bins  3amaér konMuecTBO CTOJIOIOB MPU MOCTPOCHUU THCTOIPAMMBI

data JlaHHbIC Ha OCHOBE KOTOPBIX OYIET IOCTPOCH rpaduk

geom Twum rpaduka

facets Ilo3BossieT pa30KMTh TaHHBIC HA HECKOJILKO IPA(MKOB 110 YKa3aHHBIM IEPEMEHHBIM
main 3arosoBok rpaduka

colour IlBet Touek u JMHMIA Ha TpaduKe

group Ilo3BonsieT 3a1aTh TPYNIUPOBKY JAHHBIX, IPU MOCTPOECHUU JIMHEMHOTO WM TOYEYHOIO

rpaduxa.
X IMoamuce ocu X
fill  LBer 3anuBku ¢uryp Ha rpaduke

xlab  Tlepemennas, koTopasi OyIeT OTJIOKEeHa Ha Och X

Ilpakmuueckas paboma 01

Ha npakTuueckoM 3aHSATHH BbLIAOTCs 3amaHus. CTYICHT BBINOJIHSCT 3aJaHHsS M 3arpyxaert
OTYET Ha MOpTaJl HJIM MOKa3bIBAET MperoiaBarelnto B aynutopuu. lllkana oneHnBaHus:

0 6annoB - paboTa He BINOJIHEHA

1 6ann - B pabote BeImosHeHO MeHee 50% 3aaHuil, BEIOTHEHHBIE 3a]aHUs] UMEIOT OLTHOKU

2 6aa - B pabore BeiosHEHO 50% 3ananuii, 6€3 ommooK

3 Oamna - Bce 3aJaHus BBIITOJTHCHEBI B IIOJTHOM 06’LCMC, oe3 OI_LII/I6OK, BKJIFOYasl HHAUBUAYAJIbHOC

3aganue. Hanummre dynkuuio ¢ HazBanusmu INC, double u square, KOTOpbIE yBEIMYHBAIOT,

YABauMBarOT U BO3BOJAT B KBaIpaT apryMEHT N COOTBETCTBCHHO.



Ilpakmuueckas paboma 02

Ha npaktrueckom 3aHSATHH BbIAAIOTCS 3amaHus. CTyOeHT BBITIONHSET 3aJaHHsl U 3arpyxkaer
OTYET Ha MOPTaJ WU MOKa3bIBaET IperoaaBarenio B ayautopuu. [llkana oneHnBaHus:

0 6amnoB - paboTa HE BBITIOJHEHA

1 6amr - B pabote BbImosiHeHO MeHee 50% 3a1aHuii, BBITIOJHEHHBIE 33JJaHUsI UMEIOT OITMOKH

2 Gamna - B pabore BoinostHeHO 50% 3amanuii, 6€3 omuodoK

3 Gaya - Bce 3aJaHuA BBIIIOJIHCHBI B I1IOJTHOM O6’beMC, 0e3 OI_HI/I6OK, BKJIFO4Yas MHAUBUAYAJIbHOC

3aganue. Hannmmire QyHKIUIO, KOTOpask MpUHUMAET Ha BXOJ 3HaueHue N. Ecim N yerHoe, TO
¢dyHkuus Bo3Bpamaer N-2. A eciu N He4eTHOE, TO PYHKIUS Bo3BpamiaeT 3*n=1.

YroObl MPOBEPUTH, YETHOE JIH YHCII0, BbI MOXeTe HCIOIp30BaTh GyHKIIUK €VEN mim mod.

Ilpakmuueckasa paooma 03

Ha npakTuueckoM 3aHSTHH BbITaroTCs 3amaHus. CTYICHT BBIMOJHSCT 3aJaHHUsS M 3arpyxact
OTYET Ha MOPTaJl MM [TOKa3bIBAET MperoaBarelio B ayautopuu. I1Ikana oreHnBaHus:

0 6ayutoB - paboTa HE BHITIOJTHEHA

1 6ayn - B paboTte BoimosHeHO MeHee S0% 3amaHuii, BRITIOJHEHHBIC 33JaHUs] HMCIOT OIIHOKH

2 6aya - B pabote BoIosiHEHO 50% 3amanwii, 63 OO0k

3 Gaina - Bce 3a7jaHsl BBIITOJIHEHBI B IIOJTHOM 00beMe, O3 OMMO0K, BKIIFOUYAsT MHIUBUIYAIbHOES

3amanue 1. Onpenenurte (QYyHKIHIO, KOTOpas NpUHHMAeT OMHApHYIO (DYHKIHIO BMECTE C ee

OHUM aprymeHTOM U BO3BpallacT q)YHKHI/IIO, MMPpUHHUMAIOUIYHO HpOHy'I_I_[eHHHﬁ APTYMCHT.

3aganue 2. Hammmmre ¢yHKImMio, Kotopas OyneT NpUHUMATh TPH apTyMEHTA: HAdaIbHYIO
NO3UIMI0, KOHEUHYI0  Mo3uuMio U crnucok.  DyHKuMs  JODKHA — BO3BpaLIaTh

HOAIIOCIEA0BATENBHOCTh OT HAYAJILHOM MO3UIIMH 10 KOHEYHOM.

3aganve 3. Hanummre ¢yHkuuioo, KoTtopas Bo3Bpamaer True, ecinu 3alaHHBIA 3JIEMEHT
HaXOJIUTCs B TNEpBOM IMOJIOBMHE clucKa, U False, ecimu oH HaxoIuTcs BO BTOPOH MOJOBHHE
CIIUCKaA.

Ilpakmuueckan paboma 04

Ha mpakTuueckoM 3aHATHM BbLIAIOTCS 3anaHus. CTYICHT BBITONHSACT 3aJaHHsl M 3arpyxaeT
OTYET Ha MOpPTAJl HJIM MOKa3bIBAET MperoiaBarelito B aynutopun. lllkana oneHnBaHus:

0 6annoB - paboTa He BINOJIHEHA

1 6ann - B pabore BeImosiHeHO MeHee 50% 3aaaHuil, BBITOTHEHHbBIE 3aJJaHUS] UMEIOT OLTHOKU

2 Gana - B pabote BeiosnHEHO 50% 3ananuii, 6€3 ommooK

3 Oamna - Bce 3aJaHus BBIITOJTHCHEBI B IIOJTHOM 06’LCMC, oe3 OI_LII/I6OK, BKJIIOYasl HHAUBUAYAJIbHOC

3amanue 1. Onpenenurte (QYHKIMIO, KOTOpas NpUHHMaeT OWHApHYIO (YHKIUIO BMECTE C €€
OJIHMM apryMEHTOM M BO3BpaIIaeT (PyHKINIO, IPUHUMAIOIIYIO IPOIYIIEHHBIH apryMeHT.



3aganue 2. Hamummre ¢yHKumio, kotopas OyneT NpUHUMATh TPH apryMEHTAa: HayalbHYIO
MO3ULIMIO,  KOHEYHYH  IO3MIMI0O M cnucok.  @DyHKOus  JOJDKHA — BO3BpallaTh

noAnoCiaca10BaTCIbHOCTb OT HavaJIbHOM IIO3UIIHMHU 10 KOHEYHOM.

3amanne 3. Hammmure QyHKIuio, koTopas Bo3Bpamaer True, eclid 3aJaHHBIA 3JIEMEHT
HAXOJHUTCS B MEpBOil MoJIoBUHE crucka, u False, ecau oH HaXxoguTcs BO BTOPOH IOJIOBUHE

CITMCKa.

Ilpakmuueckas paboma 05

Ha npakrtrueckoMm 3aHSATHH BBIAAOTCS 3amaHus. CTyIEHT BBITIONHSET 3aJaHHsl U 3arpyxkaer
OTYET Ha MOPTAJ WM MOKa3bIBAET IpenojaBarento B ayautopuu. Lllkana ouenuBanusi:

0 6amnoB - paboTa HE BBITIOJHEHA

1 6amr - B pabote BbImosiHEHO MeHee 50% 3a1aHuii, BBITIOJHEHHBIE 33JJaHUsT UMEIOT OITNOKH

2 Oamna - B pabore BoinostHeHO 50% 3amanuii, 6€3 omuodoK

3 Oaia - Bce 3aJaHus BBIIIOJIHCHBI B IIOJTHOM O6’beMe, oe3 OI_HI/I6OK, BKJIFOYast MHAUBUAYAJIbHOC

3ananue 1. @ynkuus tail B Haskell Bo3Bpamiaer ommOKy, KOr/ia BEI3BIBAETCS HA ITYCTOM CITHCKE.
W3mennTe peanusanuio Tak, 4ToObl OHa oOpadarbiBajia MyCTOH CHHCOK, BO3Bpallas IyCTON

CITMCOK.

3ananue 2. Hanumure cOOCTBEHHYIO peain3aiuio PyHKIIUU reverse, HHBEPTUPYIOLIEH CIHCOK.

3aganue 3. Hcmomesyiite mapu filter, uToObl ¢paza «A pos3a ymama Ha Jjamy Asopa»

BOCIIPHMHUMAJIACh KaK MAJIMHAPOM, HECMOTPA HaA Pa3JIMius B pETUCTpaxX 6YKB

Ilpakmuueckas paboma 06

Ha mpakTtuuyeckoM 3aHATHH BbLAAIOTCA 3aAaHus. CTyIEHT BBINOJHSAET 3a/aHUs U 3arpyxaer
OTYEeT Ha MOpTaJl WM MOKa3bIBaeT MpernoiaBaTesnto B ayautopun. lllkana oneHnBanus:

0 6annoB - paboTa He BBINOJIHEHA

1 6ann - B pabote BeInoHeHO MeHee 50% 3a1aHuil, BBINOIHEHHBIE 33/1aHUS] UMEIOT OLIMOKU

2 Oamna - B pabote BoinostHEHO 50% 3amanuii, 6€3 omuooK

3 Gayuta - Bce 3a/laHUsI BBITIOJIHEHBI B IIOJTHOM 00BbeMe, 0€3 OMO0K, BKIIIOUast UHIUBUIYaTbHOE

3amanue 1. Hanumure QyHKIUIO, KOTOpas MNPUHUMAeT apryMeHT N M BBIYHUCISET CYyMMY
rapMoHudeckoro psna '2+1/3+1/4 ¢ 3amaHHONW TOUYHOCTBIO. YOeauTech, YTO HUCHOJIb3YyeTe

JICHUBBIC BBIYHCIICHHUA.

3amanue 2. Coszpmaiite crnucok ¢ wuHbopManued o pobortax. Hammmurte ¢yHKIHIO,
MPUHUMAOIIYI0 HAa BXOJ JBYX POOOTOB, 3aCTABJISIONIYI0 WX JPaThCs HA TPOTSHKCHHUU TPEX
payHIOB ® BO3Bpamjamiryro mnobeautens. UToObl n30ekaTh WCIOIB30BAHHUS MHOMXKECTBA

NEPEMEHHBIX JJIS1 XPaHEHHs COCTOSHUN pOOOTOB, UCIONB3YHTE CEPUI0 BIIOKEHHBIX JISIMOAa-
(GyHKLIUH.



Ilpakmuueckas paboma 07

Ha npaktrueckom 3aHSATHH BbIAAIOTCS 3amaHus. CTyOeHT BBITIONHSET 3aJaHHsl U 3arpyxkaer
OTYET Ha MOPTaJ WU MOKa3bIBaET MpenoaaBarento B ayautopuu. [llkana oneHnBanus:

0 6amnoB - paboTa HE BBITIOJHEHA

1 6amr - B pabote BbImosiHeHO MeHee 50% 3a1aHuii, BBITIOJHEHHBIE 33JJaHUsI UMEIOT OITMOKH

2 Gamna - B pabore BoinostHeHO 50% 3amanuii, 6€3 omuodoK

3 Gayuta - B pabote BbIoIHEHO 75% 3amaHuii, 63 ommooK

4 Gayia - Bce 3a/1aHus BHITIOJTHEHBI B IOTHOM 00beMe, 0e3 OIMOO0K, BKITIOYAs MHIUBUIYATHHOES

3ananue 1. Co3pmaiite Tun Patient. Peanusyiite QpyHKIMIO, KOTOpasi BO3BpAIaeT HHPOPMALIUIO O

naryeHTax B 0T(opMaTHPOBAHHOM BUJIE.

3ananue 2. OnpenenuTe NATUTPAHHYIO KOCTh. OnpeaenuTe Kiacc TUIIOB U XOTS Obl OIMH METO,
KOTOpBI ObLT OBl TOJIE3eH AJsi UrpalibHOM KocTu. OrpenenauTe CynepKiIacchl, KOTOpPbIE, MO

BallieMy MHCHUIO, OBUTH OBI ITOJIE3HEI JJIA HFpaHLHOﬁ KOCTH. COSHaﬁTe OK3CMILIAP KJ1acca.

Ilpakmuueckas paboma 08

Ha npaktrueckoMm 3aHSATHH BBIAOTCS 3amaHus. CTyIeHT BBITIONHSCT 3aJaHUS M 3arpyKaer
OTYET Ha MOPTaJ WU MOKA3bIBACT IPEIOAaBaTeiio B ayautopun. [llkana oneHuBaHus:

0 6amnoB - paboTa HE BBINIOJHEHA

1 G6asut - B pabote BeIosHEHO MeHee 50% 3a1aHuil, BBIMIOJIHEHHbBIE 3a/IaHUS] HIMEIOT OITHOKU

2 Oamna - B pabote BeimosiHeHO 50% 3ananuii, 6€3 omnuooK

3 Gaina - B pabote BeImodHEHO 75% 3amanuii, 6e3 ommooK

4 Gayuta - Bce 3a/1aHUs BBITIOJTHEHBI B TIOJTHOM 00beMe, 0e3 OmmOoK, BKITIOYasi HHIUBUyaThHOE

3amanue. Co3naite GyHkuun mudposanus / aemmdpoBanus Tekcra. Mcnonb3yiiTe MOTOKOBOE
mudpoBanue.

Ilpakmuueckas paboma 09

Ha nmpaktuyeckoMm 3aHsSTHM BblnaloTcs 3afaHus. CTYIACHT BBHINOJMHSET 3a/laHUs U 3arpyKaeT
OTYET Ha MOPTaJ WU MOKa3bIBaET MperoaaBareiio B ayautopuu.lllkana oreHuBanus:

Bce 3aanus BEITIOTHEHBI, HET 3aMEUYaHU, TaHBI OTBETHI HA BCE BOIPOCHI - 3 Oaia;

3aaHus BBINOJIHEHEI, HO UMCIOTCI 3aMedanus He Oosee, ueM 50% 3amaHuii, JaHBI OTBETHI Ha
BCE BOIPOCHI - 2 Oasia;

3a/1aHus BBITIOJIHEHBI, HO UMEIOTCS 3aMevaHus He Oonee, ueM 50% 3amxaHuii, HE JaHBI OTBETHI Ha
BOTIPOCHI - 1 Ga;

3amanne He BBIIOIHEHO - () 0aJUIOB.

3amanue 1. YcTaHOBKa, 3allyCK M dJ€MEHTapHBIe KOMaHIbI A cpenbl R. PaboTa B KoHCOMM U B
rpaduueckoit obonouke. Heo6xoaumo ycTaHOBUTH U 3amycTUTh R B pexume tepmunana u GUIL

3amycTuTh BCe KOMaHbI U3 pa3enoB 1.1 u 1.2.



1.1. YcranoBka u 3anmyck R

R MoxHO 3arpy3uth ¢ caiita http://cran.r-proj ect.org/. IIpeaBapuTebHO CKOMITMIUPOBAHHBIC
3arpy3ounble (Qaitel goctynHbl i Linux, Mac OS X, Windows. ®yHKIMOHAIBHOCTD
MPOrPaMMBbl MOKHO PACHIMPATH C MOMOIIBIO MaKETOB, OHM Takke AoCTynHbI ¢ caTta CRAN
(Comprehensive R Archive Network). ¥ 3Toro caiita 10BOJIbHO MHOTO 3€pKajl (KOIHiA), TaK 4TO
BbIOUpaiiTe moaxozsmiee. CkayaTb MOXKHO KaK MCXOAHBIN KO Ui MOCIENyIOIIed KOMITWISALUY,
TaKk ¥ COOpaHHBIM OWHApPHBIM MakeT (TocieaHee, HE Bcerja Bo3MOXKHO). Mcxomubiii kom R
KOMITHJIUPYETCS KaK MpaBuiIo 0e3 mpoodiem.

Linux. Ecnu y Bac kakoW-HHOYAb M3 PacHpOCTPaHCHHBIX IMCTPUOYTHBOB, TO R HaBepHska
BXOJMT B PENO3UTOPUN MPUIIATAFOLIUXCS K BAIIEW CUCTEME ITAKETOB. ENMHCTBEHHOE, YTO HYKHO
y4eCTb, - OOHOBJICHHE MTAKETOB YaCTO OTCTAET OT BBIXO/a BepcHii R (kak mpaBuiio, 4eTsipe pasa
B TOJ).

Bepcus nHymepyertcs TpeMs 4nciamu, IEpBbIe J1Ba - ATO IJaBHas Bepcusi, OOHOBISETCS ABa pas3a
B roa. C kaxmoi riiaBHOM Bepcueil B R BHOCATCS M3MEHEHHUsI, YaCTO JIOBOJIBHO 3HAUMTEJIbHBIE.
Kak npaBuio, 3T0 MHOKECTBO HOBBIX KOMaH/1, UCIIPABJICHHbIE aJITOPUTMbI BBITIOJTHEHHS CTAPHIX,
U paszymeercs,, UCHpaBieHus omuoOoKk. Kpome Toro, ObBaeT Tak, 4YTO cCTpajmaer oOparHas
COBMECTUMOCTbH - HOBBIE BEPCUHM HAYMHAIOT MHAYE UCTOJIKOBBIBATH KOMAH/Ibl, @ MHOT'1a KOMaH/1bl
WIM WX ONIMU T[EepPEecTaloT JIeWCTBOBaTh. ECTECTBEHHO, pa3pabOTYMKH  CTaparoTCs
MUHHMH3HPOBATH TaKHe W3MEHEeHHs. B o0mieM, pannoHanbHBIN MOAX0] Takoi: oOHOBIsiTE R,
HO TIPU 3TOM BCEr/la YMTalWTE CIUCOK HM3MEHEHWH Bepcud. Ha KakIyro TJIaBHYIO BEPCHUIO
BBIXOJST, KaK MPaBUIIO, IB€ MUHOpPHBIC Bepcuu (HyneBas u nepsasi). [lepBas MuHopHas Bepcus
00OBIYHO HMYEro HOBOT'O, KPOME UCIIPABIIEHUS OLIUOOK, HE COJEPKUT.

Mac OS X. lnst Toro 4to6s1 Hayath padorats ¢ R B Mac OS X, Hazmo cHavana yoeauTbes, 9To y
BAC MOCIEOHAS BEPCHUS 3TOM omepauroHHOW cucteMbl. [locnennue Bepcun R BBIXOASAT TOJIBKO
nox nocneaane Bepcuu Mac OS. YcranoBounblii maker ckaunmBaercsi ¢ CRAN (He 3a0ynpTe
takxe ckayatb orryaa Tcl/Tk). Umeiite B Buny, uro rpaduyeckas odonouka R mist Mac (R Mac
GUI) oGHOBRsETCA OBICTpPEE, UEM caM R, MOATOMY pa3pabOTUUKH MPETYCMOTPENIN BO3MOKHOCTh
CKAQUMBaHUS U YCTAaHOBKH OOOJIOYKU OTJIENBbHO. YCTAaHOBKA MPOUCXOAMUT MPAKTHUYECKH TakK XKe,
KaK yCTaHOBKa Jito0oi mporpammbl moa Mac. Hano eme ormeruts, uro R 3aBoeBan cebe
HOIMYJISIPHOCTh HE B MOCIEAHIO O4Yepeab TEM, YTO OH 3amyckaics nog Mac, B TO BpeMs Kak S-
Plus mon sty matdopmy ObUT HEOCTYIIEH.

Windows. [Iyis Toro 4to0Obl 3amyckaTh R, MOXXKHO MMETh JFOOBIC BEPCHH 3TOM OMEparnOHHOM
cucrembl, HaunHasi ¢ Windows 95. Kak u B mpenpiaylieM ciydae, yCTaHOBOYHBIM MakKeT
ckaunBaercss ¢ CRAN. VYcraHoBka HamoMuHaeT OOBIYHYIO YCTAaHOBKY MPHJIOKEHUS ISt
Windows. EcTe nporpaMma-ycTaHOBIIMK, KOTOpas 3aJaeT HECKOJbKO MPOCTBIX BOIPOCOB, OT
OTBETOB HA KOTOPBIE HUYETO CEPHE3HOTO HE 3aBUCHUT. [lociie MHCTAIAIUN TOABISAETCS SAPIIBIK,
LIEJKHYB Ha KOTOPBIN, MOXHO 3aIryckaTs R.

31ech MHTEpecHO 3aMeTuTh, uyTo Windows-uHcTamusiuusg R sBisiercs portable m moxer
3aIyCcKaThCsl, HapuMep, ¢ (IIAIIKKU WK Ja3epHOro aucka. R genmaer mapy 3amuceil B peectp, HO
JUTsl pabOThI OHM COBEPIIEHHO HE KPUTUYHBI. ENMHCTBEHHOE, YTO HA/l0 IPU 3TOM UMETH B BUY,
pabouasi mamka JOJDKHA OBITH OTKpBITA JUIsl 3alllCH, MHA4Ye BaM HeKyaa OyJeT 3anuchiBaTh
pe3ynbTaThl padoThl. Elle oaHa Bemib, BaykHas 71 BCEX ONEpAMOHHBIX cucTeM: R (B oTnuune

OoT S-PIU.S) ACPIKUT BCC CBOU BBIYUCIICHUSA B OHepaTHBHOﬁ maMsATH, IOITOMY C€CJIM B IPOLECCE



paboThI, CKaXKEM, BBIKIIFOUUTCS TUTAHUE, PE3YJIbTAThI CECCUU, HE 3allMCaHHbIC SBHBIM 00pa3oM B
¢aiin, nponaxyt. (IIpaBaa, cymectByet naker SOAR, KOTOpBIN U3MEHSIET 3TO TIOBEJICHHUE. )
Kaxnas onepanmonHas cucteMa uMeeT CBOU 0co0eHHOCTH paboTsl. Ho B 11€710M MOKHO cKa3atb,
YTO MO/ BCE TPU YIMOMSHYTHIE BBILIE ONEPAIIOHHBIE CHCTEMbI CYIIECTBYET TaK Ha3bIBaeMbIN
TepMHUHAJBHBIN cI0CcO0 3arycka, a mog Mac 1 Windows umeercs cBoii rpadudeckuii uHTepdeiic
(GUI) ¢ HekoTOphIMU AOTMOJHUTEIBHBIMU BO3MOXHOCTSAMU (Pa3HBIMH B Pa3HBIX ONEPALMOHHBIX
CHCTEMax).

TepMUHATBHBIA cHOCOO MPOCT: JOCTATOYHO B KOMAHAHOM CTPOKE TEepMHHANa HaOpaTh B

KOMaHJIHOW CTpokH, Harpumep, Debian:
$R,-

" IOABUTCA BBOI[HBII\/'I 9KpaH CUCTCMbI
B T on 3.1.0 (2014-04-10) -

Habupaem npumep ¢ MaTpHIei.
> b <- matrix(1:9, ncol=3)

Y BBIBOJMM PE3yJIbTaT IEPEMEHHON b KOMaHaoM print.

> print(b)

[Ton Windows 3T0 HEMHOTO Cll0KHEEe HEOOXOAMMO BbI3bIBaTh IPOrpaMMy rgui .exe, mpuueM
JUISL 3TOTO HAJ0 JTUO0 HaXOJUTHCS B TOM K€ Mallke, i€ HaXOAUTCS 3Ta IporpaMma, Judo myTh K
ATOM Mamnke JOJKeH ObITh MpomnucaH B mepemMeHHo PATH. Kpome toro, amns Toro utoObl B
pycckos3piyHOM Windows BBOJHBIN 3KpaH ObLI YMTaeM, HAaJ0 CMEHHUTh B OKHE TepMHHaia
KOJMPOBKY (KoMaHAoH chcpl251) M YCTaHOBUTH COOTBETCTBYIOLIUI MIPUPT (CKaxeM,
Lucida Console). Ecnu B UNIX Tepmunan 3anyuien 6e3 rpapuueckoii cpensl (X11), To Bce
n300pakeHusT OyyT CKUABIBATHCS B OJMWH MHOrocTpanuuHbii PDF-daitn Rplots.pdf. Ilon
Mac 310 OyneT mpoucxoauTh, gaxke ecnu X11 3amyiieH, Tak 9TO TMOJHOIEHHO MCTOIb30BaTh R
nox Mac moxHo Toibko B GUI-Bapmante. TepmunHanbhblil 3anmyck moj Windows Takux

Ol"paHI/IqCHI/Iﬁ HC UMCCT.



B nanpHeiimemM 10roBopuMcs, 94TO MO ceccreid R Oyner uMeThCs B BUAY TEPMHUHAIBHBIN 3aITyCK
nog X11 B Linux u GUI-3amyck B Windows 1 Mac. GUI noa 3Tu onepanoHHbIE CHUCTEMBI
MOCTPOCHBI TaK, YTO OHM BCE PAaBHO 3aMyCKAIOT TEPMHUHAI-TIOJOOHOE OKHO - obOmieHue ¢ R
BO3MOXHO TOJBKO B pexume auanora, "komanga - orBer" . Ilomnomennoro GUI ¢ R He
MOCTABJISETCS, XOTSI CYIECTBYIOT MHOTOYHCIICHHBIE MTONIBITKM CO3/1aTh TaKyto cucremy. OnHa u3
Jy4IIuX, Ha Hail B3TJs1,9T0 - R Commander, coBeTyeM Takxe oOparuth BHUMaHue Ha RStudio.

File Edit Code View Plots Session Build Debug Profile Teools Help

& - OR - }3H B = Go to fileffunction = Addins -
@] blog.r = ] Environment  History e
H [« 5ourceonSave | & /A - =+ | * | & | | 52 Import Dataset -
1 print{'Hello world") B Siobl Environment =
2 print("Hello world!"™, quote = FALSE) - :
3 print(paste("How","are"”,"you?"})
4

Environment

Files Plots  Packages

O | Mew Folder | @  Delete
ﬁ Home > Rlearning

A Mame
Tt.
411 (Top Level) = R Script + R RLearning.Rproj
Console  Terminal lobs ] @] blog.r
~ fRLearning/
= print("Hello wWorld") a
[1] "Hello world™
- mmaamd F T AT T A s T A" [P —— [ N

Mo cceuike  https://rstudio.com/products/rstudio/download/ moxkHO  ckauath  RStudio
(cnpaBounas uHMopmanus mo ycranoBke RStudio https://rstudio.com/products/rstudio/#rstudio-
desktop).

Ho cucreMa u3 MEHIO M OKOIIIEK HE CIIOCOOHA 3aMEHUTh HOJIHOLICHHOI'O HHTep(l)eﬁca KOMaHIHOM

CTPOKHM, OCOOCHHO B Cllyyae TaKUX CJIOXKHBIX cucteM, kak R. Ocobennocts R GUI mopg
Windows — ee MoxHO 3amyctuth B MHOro-(MDI) u oaHookonHoMm (SDI) pexumax.
Pexomentyercst npuMeHsTh BTOPOii, TeM OoJiee YTO BCe OCTalIbHBIE peanu3au R Tonbko ero u
"ymerot".

[Tocne 3amycka R B Hauane mosBnsercs BBOAHBIN 3kpaH. Eciu y Bac pycudunmpoBanHas
cuctema, To Bbl yBuaure Haanmuch mo-pyccku. Ecnm HyXHO H3MEHUTHh HHTEepdeic Ha
AQHTTIMHCKUHN SI3bIK, YCTAHOBUTE NepeMeHHylo LANGUAGE co3paiite ¢aiin Renviron.site, B

KOTOPBIN BHECUTE CTPOUKY
LANGUAGE=en


https://rstudio.com/products/rstudio/download/

OroT daiin MoKEH HaXOAWThCS B TaK Ha3biBaeMoW '"momammnei" mupekropun R. Boree
HOAPOOHO MPO 3TO MOXKHO y3HaTh, €CIM IMPOYMUTATh MOMOILNB 1Mo KoMmaHzae Startup (). Ilox
Linux MOXHO MPOCTO BHECTH 3TY CTPOUYKY B CTPOKY BbI30Ba KaK OIIIMIO.

Brixog uz R

[lepen Tem kak HavaTh pabOTaTh, HAIO MOHITH, KaK BBIMTH. {7 3TOr0 HAJAO BBECTH OJHY
KOMaHJly, HakaTb Enter 1 OTBETUTH Ha OUH BONPOC:

>q()

Save workspace image? [y/n/c]: n

VYke Takoil MpOCTOW mpuMep AEMOHCTpUpYeT, uyTo B R mobas komaHma uMeeT apryMeHT B
KpYIJbIX ckoOKkax. Ecin aprymeHT He yka3aH, CKOOKHM Bce paBHO HYXHbI. Eciu BbI 3a0yzere 310
c/enaTh, TO BMECTO BbIxo/a u3 R momyunte onpeneneHue GyHKINU:

>q

function (save = "default", status = 0, runLast = TRUE)

Internal(quit(save, status, runLast))

<environment: namespace:base>

Kak y3HaTh, Kak MpaBUIBbHO BbI3bIBaTH (yHKIUIO? [l 3TOro HagO0 HAYYUTHCS MOTY4aTh
cipaBky. EcTe nBa nmytu. I1epBblil BBI3BaTh KOMaHAY CIIPABKU:

>help(q)

WIH

>7(q

Bb1 yBuaute otnenbHoe OKHO JiOO (eciu Bbl paboTtaere B Linux) TEKCT MOMOIIM B OCHOBHOM
OKHE MpOorpamMmbl (BBIXOJ U3 3TOro pexxkuma 1o kiasuine "g" ). Eciu BHUMaTeNnbHO IpOYHUTATh
TEKCT, CTAHOBUTCS SICHO, YTO BBIUTM M3 R MOXHO, MU HE OTBeuas Ha BOIIPOC, €CIU BBECTH
g("no").

3auem ke HykeH 3ToT Bompoc? Yto Oynaer, eciu OTBETUTH MOJNOXKHUTENbHO? B 3TOM ciydae B
pabouyto nmanky R (Ty, u3 KOTOpoif OH BbI3BaH) 3amuuryrcs JBa Qaiina: OuHapHbelii .RData u
TeKCTOBbIM .Rhistory. [lepBblil conepKuUT Bce 0OBEKTHI, CO3/JaHHBIE BAMU 32 BPEMS CECCHUH.
BTopoii noiaHy0 HCTOPUIO BBEIEHHBIX KOMaH/.

Korna Bel pabotaere B R, mpensinyniyro KOMaHAy JETKO BbI3BaTh, Ha)XKaB KIABUIIY-CTPEIKY
BBepx . Ho ecnu BBl coxpanute Qaitn .Rhistory, Bamm komanael OyayT AOCTYNHBI U B
CIEeYIOIIeH ceccUu - MpU YCIOBUHU, yTO Bel Bb13oBeTe R U3 1ol ke camoil manku. Y HaoGopoT,
ecnu Bol ciydaiiHo coxpaHuTe pabouyro cpeny (3TH ABa ¢ailna), To IpH CIEAyIOIeM cTapTe
OHM 3arpy3sTcsl aBToMaTudecku. MHoraa takoe nosesneHue R cTaHOBUTCS MPUYMHOMN PAa3IUYHBIX

HejloyMCHI/II\/’I, TakK 4TO 6y)15Te BHHUMATCJIIbHBI.

1.2. OcHOBHBIE KOMaHIbI

JIist BRIIOTHEHUS TeX WM UHBIX omnepanuid R ucnonesyer Gpynkuuu. ns 3amycka GpyHKIUU €
uMeHeM funcname ™Mbl Habupaem funcname (inputl, input2), TIOe BXOJHBIE
napaMeTpsl, WIK apryMeHTsl, input 1 u input2 cooOmaroT R, kak UMEHHO cleayeT UCTIOTHUTH
Ty ¢yHKIMo0. Hampumep, IS co3iaHus BEKTOpAa ¢ HECKOJBKUMHU YHUCIAMH MBI HCTOIb3YeM
dbyHKIMIO KOHKaTeHanuu ¢ (). Crnemyromas koMaHaa roBoput R o0veaunuth uucna 1, 3,2 u 5
U COXpaHUTh MX B BHJIE BEKTOpa ¢ MMeHeM X. Korjma Mbl HabepeM X, TO B OTBET MOJIYYHUM 3TOT

BEKTOP.



>x<c(1,3,2,5)
> X

[1]1325

O6paTI/ITe BHUMAaHHE Ha TO, 4YTO > HE ABJISIETCS YaCTbIO KOMAaHAbI — R BBIBOIUT 3TOT 3HAK
IMpoCTO, t’ITO6I)I IIOKa3aTh CBOKO I'OTOBHOCTH K BBIITOJIHCHUIO cneﬂy}omeﬁ KOMaH/BbI. Mgl MOXkeM

COXpaHATb 00BEKTHI HE TOJBKO C IMOMOIIBI0 <-, HO TAKXE U =

>x=c(1,6,2)
>X

[1] 16 2
>y=c(l,4,3)

MHOrokparHoe HakaTue KIABUIIM CO CTPEIKOM BBEPX IPUBEIET K IIOKa3y IpeAbIIyLIHX
KOMaHZ, KOTOpPbI€ MOXHO OTPCAAKTHPOBATL. 3t0 IIOJIC3HO, ITOCKOJIbKY HCO6XOI[I/IMOCTB
MMOBTOPCHUSA IMOXOKHX KOMaHI BO3HHUKACT YacCToO. KpOMe TOro, BBOJ KOMaHJbI ?funcname
BCeraa OTKPOCT HOBOC OKHO CO CIIpaBOYHBIM (l)aﬁHOM, CoAcpxKallM JOIIOJIHUTCIBHYIO
uHpopmarnuio mo GyHknuu funcname.

MEbl MOXeM IIOIIPOCUTD R BBIIIOIHUTE clOXKEHUE ABYX YHCCIL. B sTom cjiydyac ImporpamMma
CHayaJia ,Z[O6aBI/IT IIEpBOC YUCIIO U3 X K IICPBOMY YUCITY U3 y uT. A O,I[HaKO XU y JOJI?KHBI OLITH
OJIMHAKOBOU JIMHBI. MBI MOXEM MPOBEPUTD UX JUTHHY MpU oMomu pyHkuuu length ().

> length(x)

[1]13

> length(y)

[1]13

>X+y

[1]12105

q)}IHKI_II/I}I 1s () IMO3BOJEICT IIPOCMOTPETL CIIMCOK BCEX 06’beKTOB, TaKBuX KaK OJaHHBbIC H
q)YHKI_II/II/I, KOTOPLBIC MBI COXPAaHUJIK OO 9TOI'0O MOMCHTA. cDyHKLII/IIO rm () MOXXHO HCIIOJIb30BATh
AJId yHaJICHUS JIF000T0 HEXENATEIHLHOIr0 00BEKTA.

> 1s()

[1]"x" "y"

> rm(X, y)

> 1s()

Character (0)

HNwmeetrcsa Takke BO3MOKXHOCTD YAQINUTH BCC 0OBEKTHI 3a OIVH pas:

> rm(list = Is())

q)}/'HKI_II/IIO matrix () MOKHO HCIIOJIb30BATh Ui CO3JdaHUS MATpHLbl C YUCIIaMU. Hepeﬂ
npUMeHeHHeM GYHKIUU matrix () Mbl MOXKEM y3HATh O Hell OoJbIie:

> ?matrix

CrpaBouHbIi ¢aitn coobmaer, yTo (QyHKIUS matrix () HPUHUMAET HECKOJIBKO BXOJTHBIX
napamMeTpoB, HO MOKa MBI COCPECAOTOYMMCA Ha NCPBBIX TPCX: NAHHBIC (SHCMCHTLI ManI/ILILI),
KOJIMYCCTBO CTPOK U KOJIUICCTBO CTOJ'I6I_IOB. CHaualna CO3a/iuM IMPOCTYO MaTpully.

> x = matrix (data = c(l, 2, 3, 4), nrow = 2, ncol = 2)

>X

[1]1[.2]



[1,]13
[2,]24
OOparure BHHMMaHHe, YTO MBI MOTJIM OBl C TEM K€ YcCHexoM He HabupaTh
data =, nrow = W ncol = B NPUBEIACHHOM BBIINIE KOMaHJE matrix (), a ImpPOCTO
BBECTHU
x = matrix(c(l, 2, 3, 4), 2, 2)
U 9T0 uMeno Obl TOT ke 3pdekt. OnHako UHOTIA ObIBAET MOJE3HO YKa3aTh UMEHa apryMEHTOB,
T. K. uHauye R Oyzaer mpeamosnaraTh, YTO apryMeHTHhl (DYHKIIMH TOJAIOTCS HAa HEEe B TOM JKe
NOpsIZIKe, KOTOPBIN MpUBEAEH B crpaBoyHOM (aiiie stoil ¢pynkiuu. Kak nmokasaHo B JaHHOM
npuMepe, IO yMolIuaHuio R co3maeT Marpuibl IyTEM IOCIEAO0BATEIbHOIO 3aIlOJIHEHUS
cTosiOioB. B KkauecTBe anbTepHATUBBI MOXKHO MCHOJB30BaTh ONUUIO byrow = TRUE g
3aI10JIHEHHS MATPHULIBI IO CTPOKAM.
> matrix(c(l, 2, 3, 4), 2, 2, byrow = TRUE)
[11[2]
[1]12
[2,]34
3ameThTe, YTO B MPUBEACHHOW BBILIIE KOMAHAE Mbl HE NPHUCBOWIM MATPULE HUKAKOTO UMEHHU
BpoJie x. B 3TOM cimyuae Marpuiia BBIBOJUTCS Ha SKpaH, HO HE COXpaHseTcs i OymyImx
BblunciaeHnl. ®yHKuua sqrt () BO3BpAIAET KBAJAPATHBIN KOPEHb KAXKIOrO 3JIEMEHTa BEKTOpPA
nnn  Mmarpuinbl. Komanga x”2 BO3BOAUT KaXKIbIA BJIEMEHT X B KBaJpaT; BO3MOXHO
UCIIONIb30BaHue J1I000# cTeneHu, BKIYast IpoOH U OTPULIATENIbHBIE CTEIICHH.

> sqrt(x)

[,1] [,2]

[1,] 1.00 1.73

[2,] 1.41 2.00

> x72

[,11 [,2]
[1,] 1 9
[2,] 4 16

@yHKIHA rnorm () TEHEpUpPYyeT BEKTOp CIYyYaWHBIX HOPMAJIBHO PACHPEIEICHHBIX 3HAYCHHH,
IIpU 3TOM apryMeHT N 3aj1aeT pa3Mep BbliOOpku. Kaxkablil pa3 mpu BbI30BE 3TOH (DYHKUIMNA MBI
OyaeMm nojiy4aTb Ipyroi pe3ysbTaT. 371eCh Mbl CO3/1a€M JIBa KOPPENIUPYIOIUX Habopa yucen x u
V ¥ IpuMeHsieM cor () GYHKIUIO cor () i pacyeTa KOppensluu MeX]ly HUMHU.

> x = rnorm(50)

>y =x + rnorm(50, mean = 50, sd = .1)

> cor(X, y)

[1] 0.995

ITo ymomuanuio rnorm() co3gaer CiydalHbIE MEPEMEHHBIE, IPEICTABISAIOLINE CTaHAAPTHOE
HOPMAJIbHOE paclpeAeiieHue CcO CpeAHMM 3HaueHueM ( M CTaHJapTHBIM OTKJIOHEHHEM 1.
OpnHako, Kak OKa3aHo BBIIIE, CPEIHEE 3HAYEHUE U CTaHAAPTHOE OTKJIIOHEHUE MOYKHO W3MEHUTh
IpU TMOMOIIM apryMeHToB mean U sd. MHorma Mbl XoTuM, 4TOOBI Hall KOJA B TOYHOCTHU

BOCIIPOMU3BOJUII OJUH TOT KC Ha60p CJ'Iy‘-I&ﬁHBIX YHUCCJI, I 5TOT'0 Mbl MOXEM HCIIOJIB30BaTh



set.seed () ¢Qynkuuwo set.seed (). OyHKUsA set.seed () NPUHUMAET B KauecTBE
apryMeHTa IpOU3BOJIbHOE LIEJIOE YHUCIIO.

> set.seed(1303)

> rnorm(50)

[1] -1.1440 1.3421 2.1854 0.5364 0.0632 0.5022 -0.0004

Msbl ucnonezyem set.seed () BO Bcex JabOpaTOpHbIX paboTax KaxAbld pa3, Korua
BBIIIOJIHSIEM BBIYUCIIEHUS, COAEpIKALME Cily4yailHble BeanuyuHbl. Kak mnpaBmiio, 3TO JOIKHO
IIOMOYb I10JIb30BATEII0 BOCIPOU3BECTH HAIIU pe3ynbTaThl. OJHAKO ClIeAyeT OTMETUTh, YTO C
MOSIBJICHHEM HOBBIX BepcHil R MOryT BO3HHMKHYTH HEOOJbIINE HECOOTBETCTBUS MEXKIY KHUTOU
U TeM, 4To BbiaeT R.

@OyHKIMU mean () U var () MOXHO HCHOJb30BAThH IS BBIYMCIEHUS CPEAHErO 3HAUYCHUS U
JTUCIIepCUU HeKoToporo Habopa uucen. [IpumeHenune sqrt () K pe3yiabTaTy paboTsl var ()
JIACT CTaHAAPTHOE OTKJIOHEHUE, MOKHO IIPOCTO MPUMEHUTH QYHKIUIO sd () .

> set.seedO)

>y =rmorm(100)

> mean(y)

[1] 0.0110

> var(y)
[1] 0.7329

> sqrt(var(y))
[1] 0.8561

> sd(y)

[1] 0.8561

IIpocTo OTKpBITH ceccuto R v BBOAUTH B OKHO IPOrpaMMbl KOMaHABI, OAHY 3a APYro — 3TO
JIMIIB OJIMH U3 BO3MOXHBIX CIIOCO0OB paboThl. ['opa3no Gojee mpoayKTHBHBINA METOJ, KOTOPHIi
SABJSICTCS 3a0[JHO U CEPbE3HEUIIMM MPEUMYIIEecTBOM R — 3T0 co3pmanue ckpunrtoB. MHaue
roBOps, IpOrpaMM, KOTOpbIE IOTOM 3arpyxkarorcsa B R u unTepnperupyrorca um. C camoro
Hayana paboThl cjelyeT CO3/aBaTh CKPUNTHI, Jaxe I TakUX 3ajad, KOTOpble KaxyTcs
MYCTSKOBBIMH — 3TO B OyIyllleM 3HaUYUTEIbHO COKOHOMUT Baite Bpems.

Co3naHue CKpUNTOB MO JHOOOMY TOBOAY U Jaxe 0e3 0co0oro moBoja — OJHA M3 OCHOB
KynbTypbl padotel B R. Co3marh ckpunT odeHb npocto. JlomycTum, mocie OTKPBITUS CECCUU
Obl1a BBeleHa HeoOXoAuMmasi Il TOJIY4YeHHs] MCKOMOIO pe3yibTaTa IOC]IeA0BaTEIbHOCTh
koMaH[. YToObI cenaTh CBOIO padOTy BOCIPOU3BOAMMON — HAJ0 MPOCTO COXPAHUThH UCTOPHUIO
KOMaH[1. JIydiiie BCero 3To caenarh ¢ IOMOIIbI0 KOMaH/IbL:

> savehistory(file="myscript.r")

[Tocie »Toro B Tekymied mamke mnosBisercs ¢ailn myscript.r, KOTOPbII MOXKHO
OTpEelaKTUPOBATh JFOOMMOM TEKCTOBOM PEIAKTOpPE, a IIOTOM 3arpy3uTh B R komaH0#:

> source("'myscript.r', echo=TRUE)

Onmust echo no0aBieHa Ui TOrO 4TOObI MOXHO OBLIIO BUJAETh CaMH KOMAaH[bl, & HE TOJBKO
pe3yibTar ux BbINOJHEHUS. EcTh emé Gonee rdexTuBHBIN crocod paboTsl: Bbl oTKpbIBaete
Bam ckpunt B TEKCTOBOM PEAAKTOPE, a IIOTOM IOCHUIACTE OTIAEIBHBIE €r0 CTPOKH IpsMo B R.
EcTp HECKONBKO pemakTopoB, KOTOpbIE YMEKOT Tak JenaTb. Bo-mepBbix, 310 Emacs c¢

yctaHoBieHHbIM makeToM ESS («Emacs Speaks Statisticsy).
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Terminate an B Session

DBescription:

The fnction "gquit” or its aliss "q' tersinate the current B
mession.

Usage:

TRUE»
IHUE}

0, runlast
9. runLast

quitisave = “default”, status
qlzave = “default”. status
Last € Pemetion(=z) 1 ...... 1

frguments:

savel a character string indicating whether the environment
(warkspace) should be saved. sne of "Tpe” . Uyss"'. TTaak™’
or "“default™".

atatus: the (mmerical) erver status to be returned to the operating
¥ systes. where relevant. Conventionally "0 indicates

—f:32  whelplR1{q)e Top (1.00 (258 (A
[T Loading ess-help...doos

[IpenmymiecTBo 3TON CUCTEMBI B TOM, 4TO R 3amyckaercs mpsiMO B OJHOM M3 OKOH PEJaKTopa.
Bo-Bropsix, mrataeie R GUI nmog Windows u nog Mac Takke UMEIOT BCTPOEHHbBIE PElaKTOPhI
ckpuntoB. K coxanenuto, Windows-pefnakTop He I0JCBEYMBAET CHUHTAKCHC, WU BOOOIIE
JIOBOJILHO HeymoOeH. BmecTo Hero Tem moib30BaTesiM, KOTOPBIX IyraeT IepCIeKTHBA
ocBoeHuss Emacs, MOXXHO TOpEKOMEHJOBAaTh OTIMYHBIA pemakTop Tinn-R, croennansHO
«3aTOYEHHBIN» M10/] TAKYIO paldoTy.

Ckpunt R MOXHO BBINOJIHUTH W HE 3allycKas MHTEPaKTUBHYIO ceccuto. Jlins a3toro
WCIIOJIB3YIOTCSl CHEUUAIBHBIE ONIMKA KOMaHJHOW CTPOKH. BoOT Tak MOXHO, Hampumep,
BBITNIOJIHUTH HAIll CKPUIIT-IIPUMED:

=> R --no-save < myscript.r > out

Onmust —no-save ToBOPUT R He coxpaHsaTh pe3ynbTaThl ceccud B (ailine ucropuun
.RData/.Rhistory (¢pakTHuecKu, OTBEYAET «NO» HA YHOMSHYTHIM BbIIIE 3aKIIOUUTEIbHBIN
BOTIPOC).

[Nakersl. Emé omgHO BakHOE MNpeuMyllecTBO R — Hainuue i HEr0 MHOTOYMCIIEHHBIX
paciMpeHuil i naKkeToB OyKBaJIbHO Ha Bce ciyyau *u3HU. [Ipu ycraHoBku R Ha kommibroTep,
HECKOJIbKO MAKETOB YK€ B HAJIMYMM: TaK Ha3blBaeMble 0a30Bble MaKeThl, 0€3 KOTOPBIX CUCTEMA
nmpocTo He paboraer (makeT 0a30BbIX (YHKIMH base WM makeT grDevices, KOTOPBIA
VOpaBsIEeT  BBIBOAOM  TpadUKOB), ¥  «PEKOMEHJOBAaHHBIC»  TaKeThl  (MakeT A
CHELHMATU3UPOBAHHOIO KJIACTEPHOIrO aHanu3a cluster, maker Ui aHanu3a HEIMHEHHBIX MOJesIen
nlme u np.). Kpome Toro Mo>xHo ocTaBuTh OO0 U3 MOYTH MOTYTOpa ThicAY (!) JOCTYIHBIX Ha
CRAN naketos.



IIpu  pocrynmHom  HMHTepHere, 3TO MOXHO chenarb ImpsaMo u3 R kxomanzpon
install.packages () (a mog Mac u Windows ecTb COOTBETCTBYIOIIUE MYyHKTHl B MEHIO).
Ecnn coenuHeHne ¢ CeTbl0 HU3KOCKOPOCTHOE, TO MOKHO CKauaThb MCXOJHBIE TEKCThI MAKETOB
(mox GNU/Linux) miM CKOMIUIMPOBaHHBIE makeTsl (mox Mac mnn Windows) U yCTaHOBUTH
npsiMo ¢ aucka. Ilocne ckaumBaHUs MCXOIHUKOB IMAKETa IEPE] HUCIOJIB30BAHUEM CHayalla €ro
HYXKHO CKOMIIUJIMPOBATh, IOTOMY 4TO MHOTHE nakeThbl coaepkat koJ Ha FORTRAN wunu C. s
3TOTO €CTh crenuanbHas ¢popma Bei3oBa R:

=>R CMD INSTALL package.tar.gz

EctectBeHHO, 3TO BC€ cienyer jenarh, €cad R ycraHaBiuBaeTcs HE M M3 CTaHIApTHOTO
penosutapust quctpudyruBa GNU/Linux. B cnydae ctaHmapTHOW YCTaHOBKH MOKHO TIOMCKATh
naketsl o couetanuio cran. B Debian GNU/Linux Etch Takux makeToB poBHO 85 — 3TO He
1500 maketoB ¢ CRAN, HO CKOpee BCEro TaM y»e €CTh MHOTOE U3 TOT0, 4TO Heobxoamumo. Kak
TOJILKO TAKEeT YCTaHOBJIEH, TO OH Cpa3y rotoB K pabote. Hy)KHO TOJIBKO HHULIMAIN3UPOBATH €TO

nepea ynorpeoiaeHuem. [ 3Toro cirykuT komanga library () .

Ilpakmuueckasn paooma 10

Ha mpakThyeckoM 3aHSITHU BbIAAIOTCS 3aaaHusi. CTYIEHT BBINOJIHSCT 3aJaHHsl U 3arpyxaeT
OTYET Ha MOPTAJI WM TIOKA3bIBACT MperoiaBaTelto B ayauropuu. lllkana oneHnBaHus:

Bce 3amanus BEITIOTHEHBI, HET 3aMEUYaHM, TaHBI OTBETHI HA BCE BOIIPOCHI - 4 Oaia;

3aganus BBITOJIHEHBI, HO UMEIOTCS 3aMedaHust He Ooisee, yeM 30% 3amaHuii, TaHbl OTBETHI HA
BCE BOIPOCHI - 3 Oasia;

3ajaHus BBIOJIHCHBI, HO UMEIOTCS 3aMedaHusi He Oosee, yeM 50% 3amaHuii, TaHbl OTBETHI HA
BCE BOIPOCHI - 2 0ajIa;

3amaHus BEIIOJIHEHBI, HO UMEIOTCS 3aMeuanus He Oonee, ueM 50% 3amaHuii, HE JaHbI OTBETHI HA
BOITPOCHI - 1 Ga;

3aganue He BRITONMHEHO - 0 0aJUIOB.

3ananue 1. Mcnonb3oBanue 06a30BbIX MaTeMaTHUYECKUX (YHKIMM M omnepaunuid. 3amycTUTh Bce
koMaHnbl u3 pazgenoB 1.1 u 1.2. Pa3oOpaTbcs B OCOOCHHOCTAX NPUMEHEHUs 0a30BBIX

MaTeMaTHYECKUX onepanuii 1 QyHKIHHA.

1.1. Jlornueckue onepanuu

Jlormueckue ornepanuu, Np€aAyCMOTPCHHBIC B R, MMPUBCACHLI HUKC!:

Sanuce 8 R | Onucanne
! r | norugeckoe orpHiaHie

T & i | NOWIEMEHTHOE JIOHYUECKOe "

&k i | JOrHYeCKOoe W tonsko mna MEPBRIX 3JICMEHTOE BEKTODOE T 1 1
Iy | NOWIEMEHTHOE JIOHYeCKOe nJIn
Iy [ JOrHYeCcKOe HNJIN Tonsko s NEPBEBIX 3JIEMEHTOE T H 1

xor(x,y) | ecrn r u y pasmauss, To noayany TRUE, unagse FALSE

B cnenyromeil Tabmuie NpUBOASTCS OMNEPaTOpPhl CpPaBHEHMS, PE3yJbTaTOM pabOThl KOTOPBIX

SIBJISIOTCS JTOTHYSCKUE O0OBEKTHI.



Oneparop | Onucanue
= | Domnbe

== | BoabIe HIH PaBEHO

< | MEHLIIIE
<= 1 | MEHLIIE HWIH PABHO
== | TOJIECTED

| = | He TOMIIECTREHHE

OTn oneparopbl CPaBHEHHs IPUMEHUMBl HE TOJIBKO K YHCIOBBIM IIEPEMEHHBIM, HO H K
CHUMBOJIBHBIM. Tor/1a cpaBHEHHE TPOUCXOUT B JIEKCHUKOTPA(QUIECKOM MOPSIIKE.
> 'a’'<’'b’
[1] TRUE
> 'un’ >="ua’
[1] FALSE
> 'us’ '="uqa’
[1] TRUE
> 'u'>"s’
[1] FALSE
> 'n’ ’'Br’ >='BB’
[1] TRUE
Ecnu cpaBHHBAIOTCS CHMBOJIBHBIN OOBEKT M YHCIIOBOM, TO CUMBOJIBHBIN OyZeT OobIIIe.
> x=10000; y="a’; x>y
[1] FALSE
> x=10000;y="a’;y>x
[1] TRUE
Takxe MOKHO CpPaBHHUBATh U JIOTMYECKUE IIEPEMEHHBIE:
> x=F; y=T
> X<y
[1] TRUE
Jlornueckue nepeMEHHbIE MOYKHO CPaBHUBATH KAaK C YUCIOBBIMU, TaK U C CUMBOJIBHBIMU. [Ipu
HTOM JIOTHYECKasi IEpEMEHHas IEPEeBOUTCA JTMOO0 B UUCIOBOM THI, TMOO B CUMBOJIBHBIM.
[Ipu cpaBHenuu modoro oobexta ¢ NA i NaN pesyiabrarom 6yaer NA.
> x=10; y=NA
> X>y
[1] NA
> x=NA;y=NaN > x>=y
[1] NA

1.2. MaTtematudeckue QyHKIIUU

Yucna B R ABISAIOTCS OJHUM M3 OCHOBHBIX THIIOB JaHHBIX. /I[pOOHAs 4acTh 4MClia OT LENOH
OTAEJSIETCS] TOUKOH ( TOJBKO TOuKO#). [lokazaTens oTaenseTcs OT MaHTHUCCHI JINOO CHMBOJIOM €,
6o E. B npumepe

> x=0.235;X

[1] 0.235

> x=.235:X



[1] 0.235

> x=23.5e-2;x

[1] 0.235

> x=235E-3;X

[1] 0.235

> x=0.00235e2;x

[1] 0.235

MPEJICTABJICHBI PA3IMYHBIC CIIOCOOBI 3aITUCH OJHOTO U TOTO e YUCIA.

B R Hajx yrcnamMu MOYKHO BBITIOJIHATH OOBIYHBIE apU()METHUECKUE OTICPALIHH:

+ (cnoxeHue),

— (BBIYMTAHUE),

* (YMHOXeHue),

/ (nenexue),

A (BO3BeaeHMe B cTeneHb),

%/% (uenouyncneHHoe geneHue),

%% (ocTaToK OT AeneHus).

Onepaummn MmetoT OBbIYHbIN NMPUOPUTET, T.€. CHAYyasa BbIMOJHAETCA BO3BEAEHWE B CTEMEHD,
3aTeM YMHOKEHUE WUJIU JIeJICHUE, TIOTOM YKe CIOKEHUE WM BblUMTAaHUE. B BRIpAXKEHUAX TaKKe
UCIIONIB3YIOTCSL KpYyTJble CKOOKM M OIepalMd B HUX HMEIT npuopurteT. HabpanHoe B
KOMaHJIHOH CTpOKe apu(PMETHYECKOE BBIpAKCHHE IOCIe HakaThs Ha Enter BpIYMCISICTCS U
pe3ynbTaT cpasy ke 0TOOpaXKaeTcs:

> 2*(7-9)"\8+6/3

[1] 514

OtBer — 514.

CTOI/IT 3aME€TUTh, 4YTO BCC apI/I(l)MeTI/I‘-ICCKI/Ie orecpanuu, HpI/IBeIIéHHI)Ie BBIIIIC, SABJIAIOTCA Ha
camoM Jiene QyHKIUSAMU:

> +’(2,3)[115>"/°(9,2) [1] 4.5

.HOl"apI/ICI)MI/ILIeCKI/Ie M OKCITIOHCHIIWMAJIbHBIC q)YHKI_II/II/I

OKCIOHEHTHI:
* exp (x) — BBIUHCICHUE € ;
*explm(x) — mud |x| < 1 HaxXOXKIEeHUE et —1.

B R peann3oBaHO HECKOIBKO JOrapupMUUECKUX (HyHKIIHUMA:

* log (x) u logb (x) — HaTypalbHbBIN JorapudM vucia X;

* 10910 (x) — norapu@m 1o JeCITUYHOMY OCHOBAHHUIO;

* 1092 (x) — norapudm Mo OCHOBaHUIO 2;

* loglp (x) — Bbuucaenue jorapudma In (1 + x) mast |[X| < 1 (mpu x = —1 TOYHOCTH

BBIYMCIICHUN CHUYKAETCS);

*log(x, base=) ulogb(x, base=) — BbIYHCIEHUE JOTapU(PMOB MO MPOU3BOIHLHOMY
OCHOBAHHIO.

> x=exp(2);x

[1] 7.389056

> log(x)

[1] 2



> logh(x)

[1] 2

> 10g10(100)

[1] 2

> log(8)

[1] 2.079442

> loglp(0.01)

[1] 0.00995033

> log1p(-0.99999)

[1] -11.51293

> log(125,base=5)

[1] 3

> logh(256,base=16)

[1] 2

QOYHKIMY OKPYIJICHUS

JocTynHsl crneayionme GyHKIMA OKPYTIICHUSI.
* ceiling (x) — HaXOAUT MUHUMAJIBHOE 1I€JI0€, HE MEHbIIEE X (OKPYIJIIEHHE B CTOPOHY +1);

* floor (x) —BO3BpallaeT MaKCUMaJbHOE II€J0€, HE IMpeBocxondiiee X (OKpYIJIeHHE B

CTOPOHY -1);
* trunc(x) — ortOpaceiBaeT JpoOHYHO yacTh (OKpyrjieHue B crtopoHy 0);
. round (x) — OKPYTIISIET K OnmkaneMy [IEJIOMY;
* round(x, dig) — ob0mwmii Bux ¢yHkuuu round (xX), JONOJHHUTENBHBIN mapamerp dig

YKa3bIBa€T Ha YHCJIO 3HAKOB IIOCJIE 3alsTOM, A0 KOTOPOTO HYXXHO IMPOU3BECTH OKPYIJICHUE;
* signif(x, digits = 6) — okpymsieT n0 3amaHHoro (digits) yucna 3HAYAIMIUX
3HAKOB (T.€. YHCEJ, OTIMYHBIX OT HYJIA), IO YMOJYaHUIO TapameTp digits paseH 6.
> x=1.5555

> ceilling (x)

[1]1 2

> floor (x)

[1] 1

> trunc (x)

(1] 1

> y=-1.5

> ceiling (y)

[1] -1

> floor (y)

[1] -2

> trunc(y)

[1] -1

> x=1/33;x%

[1] 0.03030303

> round (x)

[1] O



> round(x,4)

[1] 0.0303

> signif (x,5)

[1] 0.030303

Monyinb ¥ KBaApaTHBII KOPEHb

* abs (x) — MOAYJb apryMeHTa X, KOTOPBIH MOXET OBbITh KaK YHCIOBBIM (JIEHCTBUTEIILHBIN
WJIM KOMIUIEKCHBIH), TaK U JJOTHYECKUM apTyMEHTOM.

> x=-5; y=F; > abs(x)

[1] 5

=5-11*2 > abs(z)

5.385165

* sgrt (x) — KOpEeHb KBaJpaTHbIN EPEMEHHOM X.

> x=4;sqrt (x)

[1] 2

> y=-4;sqgrt (y)

[1] NaN

[Ipenynpexnenue

In sqgrt(y) : co3maHe NaN

YroObl HaWTH KBaJApaTHbIM KOPEHb OTPHULATENBHOTO YHUCIA X, HYXKHO X OINpPEIeNIUTh Kak
KOMILJIEKCHOE YUCIIO:

> y=as.complex(y); sgrt(y)

[1] 0+21

Crneuunanbable QyHKIIUU

K cnenuanbubeiM (GyHKIMAM OTHOCATCA: OeTta-QyHKIMS M €€ jorapudm, ramma-yHKIH,
jgorapupmM Monyas ramma-(QyHKIMH, MPOU3BOAHBIE TamMMa-(QyHKIUHM, (aKTOpHad W YHUCIIO
COYETaHUM.

* gamma (x) — ramMmma-pyHkuus / (x), rae X — JeiCTBUTENbHOE YHUCII0, HE PAaBHOE HYJIIO U HE

ABJIAOMICCCA HEJIIBIM OTPHULATCIIbHBIM.

* lgamma (x) — HaTypaJlbHbIH JIorapupM abCONIOTHOIO 3HaYEHUS raMMa-(yHKIUH.

* digamma (x) — nepBas NPOU3BOIHAS HATypabHOTO Jorapugma raMmMa yHKIHH.

* trigamma (x) — BTOpas NPOM3BO/IHAS HATypaJIbHOTO Jorapudma raMMmayHKIHH.
*psigamma (x, deriv) — BbumciseT deriv-mpou3BoOIHYO OT w-QYHKIUH (TIEpBOi

POM3BOIHOM raMMa-(yHKIUK) (1o ymoadanuto deriv = 0, t.e. psigamma(x) = digammag(x)).
> x=-8.9

> gamma (x)

[1] -3.507258e-05

> x=2.15

> gamma (x)

[1] 1.072997

> digamma (x)



[1] 0.5152385

> psigamma (x)

[1] 0.5152385

> trigamma (x)

[1] 0.5894157

* beta(a, b) — BeuuciseTcs 3HaueHue Octa-¢pyukiuu B(a, b) ¢ mapamerpamu a u b, rue
napameTpsl & u b Gonbie Hys.

* lbeta(a, b) — HarypanbHbIi Jjorapudm O6era-pynkuuu B(a, b).

> a=2;b=3

> beta(a,b)

[1] 0.08333333

> lbeta(a,b)

[1] -2.484907

e choose (n, k)——quKqueMHHﬁCﬁH3nnokﬂuen——ﬂdanHmnﬂoequm,k——

OCJI0€ MMOJIOKHUTCIBHOC.

*+ lchoose (n, k) — HaTypaibHBIH JorapudM 4uciIa coueTaHuii CX .
* factorial (x) — dakropuan X, rae X > 0.
*1factorial (x) — HaTypaubHbIiA Jorapudm dakropuana X.

> n=5.4;k=3;x=4.6;x1=4

> choose(n,k)

[1] 13.464

> choose(round(n),k)

[1] 10

> factorial(x)

[1] 61.55392

> factorial(x1)

[1] 24

Tpuronomerpudeckue GyHKIIUN

* sin (x) — sin(X), rae X 3agaH B paauanax (Hanpumep 7/6);
* cos (x) — cos(X);

e tan (x) — tg(x).

OOpaTHbIe TPUTOHOMETPUYECKUE (PYHKIIUH:

*asin(x) — arcsin(x);

*acos (x) — arccos(x);

* atan (x) — arctg(x).

> sin(pi/2)

[1] 1

IIe P1 — 3TO KOHCTAHTA 7.

Ecnu y GpyHKIIMM HECKONBKO apryMEHTOB, TO OHM OTIENSIFOTCS 3HAKOM , (3amsrtas). Hampuwmep,
atan2 (y, x) BO3BpamaeT yroia Mexay ockto OX u BekTopoMm (X; V).
['unepbonmueckue QyHKINU:

* cosh (x) — runepboIMYECKH KOCUHYC apryMeHTa X;

* acosh (x) — oOpaTHbIN TUIIEPOOTHMUECKUI KOCUHYC X;



* sinh (x) — runepboNIUYECcKuil CHHYC X;

* asinh (x) — oOpaTHBIN TUIIEPOOTHMUECKUI CUHYC X;
* tanh (x) — runepOOIMYECKU TAaHTESHC X;
* atanh (x) — oOpaTHBIN rUMEPOOTUIECKUNA TAHTEHC X.

OHGpaHI/II/I Haa KOMIIJIEKCHBIMU IIEPEMCHHBIMU

Haz[ KOMIIJICKCHEIMM 4HclIaMid B R MoxHO IMPOU3BOJUTL OIICpallii CIO0KCHUS, BbIYUTAHMA,
YMHOKCHHA, ACJIICHN A, BO3BCACHUA B CTCIICHDb!:

> x=5+11i*5

> y=4-1i*5

> x+ty

[1] 9+01

> x-y

[1] 1+101

> x*y

[1] 45-51

> x/y

[1] -0.121951+1.0975611
> x7y

[1] 118961-44137.31

CHGI_II/IaJ'IbHBIC (1)YHKI_II/II/I AJIs1 KOMINJICKCHBIX IICPEMCHHDBIX !

* Re (z) — HaXOXJIEHHUE NEHCTBUTENBHON YaCTH KOMIUIEKCHOTO YKCIIa Z

*Im(z) — MHHMAas YaCTh KOMILIEKCHOTO YUCIa Z,

e Mod (z) — MOAYIb p = /X2 4+ Y2 KOMILIEKCHOTO 4ncna Z = X + iy;

* Arg (z) — apryMeHT ¢ KOMIUIEKCHOTO 4ucia Z = X + iy, rie x = p cos ¢,

y =psin g,

s Conj (z) — KOMIUIEKCHO CONPSKEHHOE K Z YMCII0. K KOMILIEKCHBIM MEPEMEHHBIM MOKHO

MPUMEHSITh U TPUTOHOMETPUUYECKUE, U KYMYIISATUBHbBIE (PYHKIIHH.
> x=2+11i*2;y=2-11*3

> Re (x)

[1] 2

> Im(y)

[1] -3

> Mod (x)

[1] 2.828427

> Arg (x)

[1] 0.7853982

> Conij (x)

[1] 2-21

> cos (X)

[1] -1.565626-3.2978951



3ajanue 2. Hanucanue mporpaMM ¢ LHMKJIAaMHM U YCJIOBHBIMU OIl€paTopamMH. 3allyCTUTh BCE
KOMaHJsl u3 pasgenoB 2.1-2.6. Pa3oOpaTbcsi B OCOOCHHOCTSX NPUMEHEHHS YCIOBHBIX
OIIepaTOpPOB U LIUKJIOB.

2.1. Oneparop If

Kpartkuii BapuanT oneparopa i £

If (ycrnoBue) BHPaxXeHUE

ycioBue — J000# omepatop ycioBus (<, >, >=, <=, ==, | =), pe3yJbTaTOM BBINOJHEHUS
KOTOPOTO SABJISETCA JIOTUYECKUI BEKTOP €IUHUYHBIN JJIMHBI.

Ecnu 3nayenue Bexkropa TRUE, TO BBINONHSETCS BbIpakeHUe. BbIpakeHHE — OJHO WIH
HECKOJIbKO BBIPQ)XEHUM, BBIIIOJHSAEMBIX B CIIy4yae BEPHOCTH yCJIOBHUA. ECIM 3alaHO HECKOJIBKO
BBIPQXXCHHH, TO OHH JTOJKHBI OBITh 3aKTFOYCHBI B (PUTYPHBIE CKOOKH {} M pa3/IeisaThCs TOYKOH C
3anaroil (ecnu Ha OoAHOM cTpoke). Omeparop BO3BpalllaeT 3HAYCHHE BBIPAXKEHHS B CIy4yae
BEPHOCTH YCJIOBHS WM HUYero He Bo3Bpairaer (NULL).

> x=5;y=4

> if (x>y) {z=x+y;z}

[1] 9

VY cIii0BHE BBIIIOJIHEHO U B PE3YJIBTATE MOJYYEHO 3HAUCHUE Z.

> x=5;y=4

> if (x<y) w=x+y

> W

Ommbka: obvekT 'w’' He HaNneH

B sToM mpumepe ycioBuE HE BBITIONHSETCS, CICIOBATEIBHO, 3aJJaHHOE BBIpOKEHHE HE Oyner
MIOCYUTAHO U OOBEKT W HE CO3/1aETCsl.

[TycThb X 1 Y sABISIFOTCS BeKTOpaMu ofuHakoBoi JumnHbI (10). 3agagum ycrnoBue: eciid X He paBeH
y, T0 Oepércs otHomieHue X/y. B pe3ynabraTe MOMKHBI MOJIYYUTh BEKTOp, Ybsl Pa3MEPHOCTh
COBIAJAET C Pa3MEPHOCTHIO UCXOJHBIX BEKTOPOB. HO U3 KaKMX 3J1€MEHTOB OH COCTOUT?

> x=1:10; y=10;1

> X

[1] 1 2 3 456 738910

£ (x<y) {x/y}
1] 0.1000000 0.2222222 0.3750000 0.5714286 0.8333333 1.2000000
7] 1.7500000 2.6666667 4.5000000 10.0000000

HOJ'IyLIaeTCSI, 4dTO B34ATO OTHOHMICHUC TOJIBKO IICPBBIX 3JICMCHTOB BCKTOPOB. KpOMe TOTO,

>y
[1] 10 98 7 6 54 3 2 1
> i
[1]
[

BBIBOJIUTCS NIPEAYNIPEKICHUE
[Ipenynpexnenue
In if (x !'= vy) |
OJIMHa yCcJIoBMsa > 1, OyIeT MCIOJIb30BaH TOJIBKO IIEPBEIM B3JIEMEHT
Takum 06pa3om, ITMHA YCIIOBUS TOJDKHA OBITh pAaBHOW €TUHUIIC.
ITonuslii BapuaHT oneparopa i f£

if (ycnoBue) BupaxeHMel else BHpaxeHUe?2



Ecnu ycrnoBue BBINONHAETCS, TO BBIYMCISIETCS BbhIpakeHHel (Wiam ONOK BbIpakeHUil), B
IPOTHBHOM ciy4ae BbIpakeHue2 ( WM OJIOK BBIPaKCHH).

> x=5;y=4

> if (x<y) {xty} else {x-y}

(1] 1

2.2. Omneparop Ifelse
DyHKIUA
ifelse (ycmoBue, yes, no)
MO3BOJISICT TIEPEMEHHOM B 3aBUCHMOCTH OT BBITIOJIHEHHS (HEBBITTOJTHEHHS) HEKOTOPOTO YCIOBUS
NpUHUMATh pasjivuHble 3HadyeHus. Otriauuue oT omeparopa if COCTOUT B TOM, YTO 3/I€Ch
YCIIOBHE SIBJISIETCS JIOTUYECKHM BEKTOPOM JIFOOOW 3aJaHHOW pa3sMEpHOCTH (3aBHCHT OT
Pa3MEpHOCTH CpaBHUBAEMBIX 00BEKTOR). [1OpsIKOBBIN HOMEP AJIEMEHTA JIOTHYECKOTO BEKTOpA U
€ro 3Ha4YCHHE OIPEICIIACT, KAaKOH 3JIEMEHT BEKTOpa yes WIK no 0epETcs HOBOW MEPEeMEHHOM.
Co3manum JiBa BEKTOpa X M Y OJIMHAKOBOM JJIMHBI U MPUCBOUM IEPEMEHHOM Z 1100 CO 3HAKOM +
HOMED COBIIAJIAIOIINX AJIEMEHTOB, TUOO CO 3HAKOM — HOMEP HECOBIIAIAOIINX JJIEMEHTOB.
> x=c(1,3,1,5,1,7,1,9)
> y=c(2,3,4,5,2,7,1,8)
> z=ifelse (x==y,1:10, (-1):(-10))
> z
[1] -1 2 -3 4 -5 6 7 -8
Coztaaum 1nocienoBaTeabHOCTh YUCeN OT 6 10 —4 U BBIYUCIUM KOPEHb KBaJAPaTHBIM.
> x <= c(6:-4)
> sqrt(x)
[1] 2.449490 2.236068 2.000000 1.732051 1.414214 1.000000
0.000000
[8] NaN NaN NaN NaN
IIpenynpexnenue
In sqgrt(x) : coz3maHel NaN
[Ipy wu3BNEYEeHHHM KBAagPATHOTO KOPHS W3 OTPHUIATENbHBIX uucen Obuin coszmanbl NaN u
BBIBEICHO TpenynpexaeHue. llompoOyeM BBIYHCIUTH KOPEHb Tak, 4YTOOBI HE ObLIO
MPEAYIPEKIACHUS.
> sgrt(ifelse(x >= 0, x, NA))
[1] 2.449490 2.236068 2.000000 1.732051 1.414214 1.000000
0.000000
[8] NA NA NA NA
Emé onmH npuMmep:

x=rep(c(1l,2,3),3)

x=matrix (x,3,3)

>
>
> z=cos (ifelse (1<x,x*pi,x*pi/2))
>
[
[
[

Z

r1] [,2] [,3]
1,] 6.123032e-17 6.123032e-17 6.123032e-17
2,1 1.000000e+00 1.000000e+00 1.000000e+00



[3,] -1.000000e+00 -1.000000e+00 =-1.000000e+00

2.3. Onepatop for

for (mepemMeHHas in NOCJeOIOBATEJIBHOCTL) BHpPAaXeHUe
Oneparop nukia. Iloka nepeMeHHass HaxXoJUTCSd B paMKax 3aJaHHOM  YKMCJIOBOM
MOCJIEIOBATEILHOCTH, BBIITOJIHACTCS BRIpAKEHHE (MU OJIOK BHIPAKCHUI).
> x=1:10; y=10:1

> X

(1] 1 2 3 4506 78 9 10

>y

[1] 10 9 8 76 54 3 21

> w=vector (length=10,mode='numeric’)

> for(i in 1:10)

+ { 1f (x[i]<yl[i]) {w[i]l=x[1]1/y[i]}

+ else {wl[i]=x[i]*y[i]}

+ 0}

>

[1

w
] 0.1000000 0.2222222 0.3750000 0.5714286 0.8333333 30.0000000

[7] 28.0000000 24.0000000 18.0000000 10.0000000

B nukiie Mbl 3a7anu yCIIOBHBIM ONEPAaTOp, BHITOJIHEHHE KOTOPOIO O3HAYAeT, YTO 3JIEMEHT

BEKTOpa W paBEH OTHOIICHHUIO X/, HEBBIMOJHEHUE YCIOBHUS MPUBOIUT K TOSBICHHIO JIEMEHTa W

= Xy. OT™MeTHM, UTO 0 LUKIA HYKHO 3a7aTh BEKTOp W, MHa4Ye OyAeT BBIJAHO cOoOIIeHHe 00

ormmoKe.

> x=1:10; y=10;1

> for(i in 1:10)

+ { if (x[il<y[i]) {w=x[i]/y[i]}

+ else {w=x[i]*y[i]}

+ )

> w # w — He BEKTOp, a UYMuCJO

[1] 10

B pesynbTare mepeMeHHOW W OyAeT MPUCBOEHO 3HAYEHHE, CO3JaHHOE HA TOCJIEIHEM BHUTKE

LHKIIA.

Ecnu mo kakuM-nmu0o npuvarHaM MOCle0BaTeIbHOCTD, 3a/Jat0IIasi YUCIIO BUTKOB B ITUKJIE, UMEET

HYJEBYIO AJUHY, TO IUKI BBIMOTHITHCS HE OYIeT.

c=integer (0)

for (i in c¢) {m=i}

m

Ommbka: OO0wexkT 'm’ He HaMIOeH

2.4. Oneparop while

Emé onun onepaTop nukIia.

while (ycyioBMe) BEpaxeHUe

[Toka BBIMOJIHSAETCA YCIOBHE BBIYUCISAETCS BBIPAKEHUE, KAK TOJBKO PE3YIbTATOM YCIOBUS

cranoBuTca FALSE, BEIXOOMM U3 IIHKIIA.



> x=-10

> while (x<0) {z=x; x=x+1}
> z

[1] -1

2.5. Oneparops! repeat, break u next

Omnepatop repeat

repeat BLIpaxeHUe

c03/1aéT OECKOHEYHBIH IIMKJI, B KOTOPOM BBIUUCIIAETCS BhIpakeHHE (Win 0J10K BelpakeHuil). s
BBIX0JIa U3 ITOT0 IIMKJIa HY>KHO UCIOJb30BaTh break, a TaKkKe YCIOBHBIM onepaTop B Ka4ecTBe
OJIHOTO U3 BBIPa)KEHUII.

[TocTponM LMK IpU MOMOILM Olleparopa repeat, IpU NOMOILM YCIOBHOro omneparopa if u
break 3amaguMm BbixoA. PesynbraToM paboTel omeparopa repeat OyneT BbIYHMCICHHE
HaTypalbHOTro Jorapupma abCOIOTHOIO 3HaUEHHsI [IEPEMEHHOM t.

> t=-10

> repeat{

+ 1if (t>0) break
+ f=log(abs(t))
+ t=t+1}

> f

[1] -Inf

Kak tonbko t crano 6ombiie 0 BBIXOAMM U3 IIUKJIA C MOMOILBIO orepaTopa break u moiydyaem
nocenee BerurciaenHoe 3Hauenue f = In [t|, pasaoe f = In 0 = —oo.

Omnepatop next Kak M break MOXeT NPUMEHATHCA TOJIBKO BHYTpH HHMKIOB. OTimuue ot
break cOCTOMT B TOM, YTO IPOUCXOIUT HE IpEphIBAaHHE LIMKIIA, a MEPEX0] Ha CIEAYIOLIUI

BUTOK.

2.6. Omeparop switch

Omnepatop

switch (ynpasmsmoiee BHPaxeHue, aJlbTepHATUBHBEE IEeVCTBUAI)

MO3BOJISIET BBIMOJHATh OAHY M3 HECKOJBKMX ONEpaluii B 3aBUCUMOCTH OT pe3yJbTaToB
YTIPaBJIAIOLIETO BBHIPAKECHHUS.

VYnpasinsioliee BbIpakKeHHE BO3BPAIIAET:

* mu60 1enoe yncio (ot 1 1o ymrcna albTepHaTUB), KOTOPOE SBISETCS HOMEPOM

BBITTOJIHSIEMOTO JICUCTBUS;

* ;MO0 CHUMBOJBHYIO IEPEMEHHYIO (CTPOKY), COOTBETCTBYIOUIYIO WMEHH BBITOIHIEMON
olepaluu.

Ecnu Bo3BpamaeMoe KOHTPOJIBHBIM BBIpOKEHHEM 3HAU€HHUE HE COOTBETCTBYET HU HOMEpPY
BBITOJIHSAEMON Omepali, HU MMEHH, TO pe3ylbTaToM omepatopa switch Oymer NULL.
Omnepatop switch He ABISETCS CaMOCTOSATENIBHBIM, HCIIONIB3YeTCs JTM00 BHYTPUPYHKINH, THOO

BHYTPHU JAPYTUX YIPABIISIOUINX KOHCTPYKIIHA.



Co3ganuM YUCIOBOM BEKTOp X JUIMHBL S5, 3JEMEHThl KOTOPOrOo TMPUHHUMAIOT 3HAYCHUS B
3aBHCHUMOCTH OT 3Ha4eHus | — 1ubo COS 7, mubo €, mbo 10g,4, 6o 1910(0.01), 1udo, HakoHel,
4KCII0, COOTBETCTBYIOIIEE JJornueckomy 3HaueHuto T RUE.

> x=numeric (5)

> for (i in 1:5)

+ { x[i]=switch(i,cos(pi),exp(l),log2(4),1logl0(0.01),TRUE) }

> x

[1] -1.000000 2.718282 2.000000 -2.000000 1.000000

Ilpakmuueckaa paooma 11

Ha mpakThyeckoMm 3aHSITHHM BbIaloTcs 3agaHusA. CTYIACHT BBINOJHSACT 3aJaHUsS U 3arpykacT
OTYET Ha MOPTaJ MM MOKa3bIBACT IpEIoaaBareiio B ayauropun. [llkana oneHuBaHus:

Bce 3amanus BBITIOTHEHBI, HET 3aMEUYaHU, TaHBI OTBETHI HA BCE BOIPOCHI - 5 Oaia;

3aganus BBIITOJIHEHBI, HO MMEIOTCS 3aMedaHus He Oosee, yeM 30% 3amaHuii, 1aHbl OTBETHI HA
BCE BONPOCHI - 4 Oarna;

3aaHus BBINOJIHCHEI, HO UMCIOTCA 3aMeuaHus He Ooiee, ueM 50% 3amanuii, JaHbl OTBETHI HA
BCE BOIPOCHI - 3 0ajIa;

3amaHus BEIIOIHEHBI, HO UMEIOTCS 3aMeuanus He Oonee, ueM 50% 3amaHuii, JaHbl OTBETHI HE Ha
BCE BOIPOCHI - 2 0aja;

3amaHus BEIIOJIHEHBI, HO UMEIOTCS 3aMeuanus He Oonee, ueM 50% 3amaHuii, He JaHbI OTBETHI Ha
BCE BOIPOCHI - 1 Gai;

3amxauue He BBITOIHEHO - 0 OaJLTOB.

3amanue 1. PabGora c Bekropamu, MaccuBaMM U MaTpHUIlaMH. 3allyCTHUTb BCE KOMAHJbl U3
pasznenoB 1.1-1.4. Pa3oOpatbcs B crioco0ax BBOJA, PEJAKTUPOBAHUS U BBIIOJHEHUS ONEpaIUii

GYHKIMH 1S 9TUX TUTIOB OOBEKTOB TAHHBIX.

1.1. BexTopsl
Cnocobwi 3a0aHus 6eKMopos

B R M0>XHO BBIZIEUTH HECKOJIBKO CIIOCOOOB 3aJJaHUsI BEKTOPOB :

* CO3MaéTCs HYJIEBOM BEKTOP HYXHOrO THUMA (JIOTUYECKHUM, YHCIOBOH, CHMBOJIBHBIN,
KOMILUIEKCHBIM) U 33JaHHOTO pa3Mepa, B JajbHEWIIEM 3J€MEHTaM IMPUCBAUBAIOTCA 3HAYEHUS,
OTJINYHBIE OT HYJIS;

* cpa3y 3a/1a€TCsl BEKTOP C HYKHBIMH 3JIEMEHTAMH.

[TepBbIii cioco0 peanuszyeTcs Mpyu NOMOIIU (GYHKIIUN

vector (mode = "T1un maHHEX", IJIMHA)
apryMEHTaMHd KOTOPOM SIBJISIOTCS THN BEKTOpa (YMCIOBOM — numeric, JIOTHYECKUH —
logical, KOMIUIEKCHBIH — complex, CHMBOJBHBIH — character), yKa3aHHBIH B

KaBbIYKAaX, U JUNINHA BEKTOPA - [ETOE MOJOKUTEIBHOE YHACIIO.

> vector ("numeric’,10)

[1] 00O 0O 0O0OOO0OO0O0OO0OQO

> vector (! complex’,10)

[1] 0+01i O0+0i 0+0i 0+0i 0+0i 0+0i 0+0i 0+0i 0+0i 0+01



> vector (’logical’, 10)

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

> vector (' character’,10)

[1] ™®™ mmommommoamnmoanmoww e an

Kak BuIHO W3 mpuMepa, CTPOUTCS HYJIEBOM BEKTOP (VI JOTHYECKOTO BEKTOpa — TOJIBKO
FALSE, nnst cMiMBOJIBHOTO — ITYCTOW CHUMBOJI).

Ecnu 3apaTh TONBKO JUIMHY BEKTOpPA

vector (10)

TO OyAET BhIIaHO coo0MIeHne 00 ommoKe.

AnbprepHaTuBON GYHKIIMH vector () SABIAOTCI numeric (), logical (), complex (),
character ().

Bropoii crmoco6 3amaHusi BEKTOpa — HEMOCPEACTBEHHO 3a7aTh €ro AJIEMEHTBHL. JTO MOXKHO
OCYIIECTBUTh MPU TOMOIIM (YHKIMM KOHKAaT€HAlUU C (). ApPrymMeHThl ASTOH (QYHKIUH
SIBJISIFOTCSL AJIEMEHTAMU BEKTOpA.

> x=c(3,5,-2,4);x

[1] 3 5 -2 4

> y=c(T,F,T,T);y

[1] TRUE FALSE TRUE TRUE

> z=c('a’,'b’",’ab’,"abc’);z

[1] "a" "b" "ab" "abc"

Ecnu B kauecTBe apryMeHTOB (DYHKIUMU C () 3a1aTh JaHHbIE Pa3IUYHBIX TUIOB, TO OHU OYAYT
MPUBOAUTHCS K €IUHOMY: JIOTUYECKHME M YHCIIOBBIE JAHHBIE MPUBOAATCA K YUCIOBOMY THILY
JIAHHBIX; JJOTUYECKUE, YUCIOBbIE U CUMBOJIbHBIE — K CUMBOJIBHOMY THUILY; I€HCTBUTEIIbHbIE U
KOMIUIEKCHBIE — K KOMILJIEKCHOMY THITY.

> x=c(2,3,-2,T,F,T);x

[1] 2 3 -2 1 01

> y=c(4,-6,2.8,T,'a’",F,3,"7abc’);vy

[1] "4" "-e" "2.8" "TRUE" "a" "FALSE" "3" "abc"

B ¢yHkuu ¢ () aprymMeHTamMu TakKe MOTYT ObITh U BEKTOpa:

> x=c(1,-3.2,2);x

[1] 1.0 -3.2 2.0

> y=c(-0.6,pi,Inf,5);y

[1] -0.600000 3.141593 Inf 5.000000

> z=c(2,%x,-1,vy):z

[1] 2.000000 1.000000 -3.200000 2.000000 -1.000000 -0.600000
3.141593

[8] Inf 5.000000

Hakonen, MoxxHO 3amaTh BEKTOp, HaOWpas AaHHbIE Ha KIaBUAType. DTO peaju3yercs Mpu
IoMoIIU scan ().

CoziagrM YUCIIOBOI BEKTOP Y TIPH MOMOIIU GYHKIIHMH scan () .

> y=scan ()

[locne aToro cienyer HaxaTh Ha KJIaBuilly Enter. B KOHCOIM MOSBUTCS MPUTIIALLIEHUE

1:



II0CJIe Yero MOXKHO BBOAMTH JaHHbIE (4Kcia), Habupas ux Ha kinaBuarype. Ilpoben pasnenser
qyucIa,

1: 2 34

HaxaTue Ha Enter o3HavyaeT nmepexo] Ha HOBYIO CTPOKY

3: 13 56 7

7

JIBoifHOe Ha)kaTHe Ha KJIaBUIy Enter 3aBepiuaeT BBoA. BeiBoauTcs cooblieHrne o KOJTU4ecTBe
CUMTAHHBIX JJEMEHTOB BeKTOpa. UTOOBI BBIBECTH CO3/aHHBIM TakUM OOpa3oM BEKTOp,
JIOCTaTOYHO HaOPAaTh €ro UMs:

>y

[1] 2 34 13 5 6 7

CTOUT 3aMETUTB, UTO MPU MOMOIIH Scan () MOXKHO CO3/1aBaTh TOJIbKO YHCIOBBIE BEKTOPA.

B 3akiroueHue paccMOTpUM JBE MOJE3HBIX (PYHKIMH: 1s.vector () W as.vector().
[TepBast ©3 HUX TPOBEPSET, SBISETCS JIK APTYMEHT 3TOU (DYHKIIUU BEKTOPOM.

Coznaaum 1Ba 00bEKTa — BEKTOP Y, COCTOALIUIN U3 2IEMEHTOB PAa3HOTO THIIA, U (aKTop Z.

> y=c(T, F, 1, -3, 2,1+1i*2);vy

[1] 1+01i 0+0i 1+0i -3+40i 2+0i 1+21

> z=factor (y)

> z=factor(y);z

[1] 1+01i 0401 1+0i -3+01i 2401 1+2i

Levels: -3+01i 0+0i 1+0i 1+42i 2+01i

IIpoBepuM UX Ha IPUHAUIEKHOCTH K KJIACCy BEKTOPOB.

> is.vector (y)

[1] TRUE

> is.vector (z)

[1] FALSE

Bropas — as.vector (), — nepeBOAUT CBOM apryMEHT B BEKTOPHI.

[TpogomkuM MpoNUTBIA TpUMEp U MepeBeIEM CO3AaHHbBIN (PaKTOp B BEKTOP.

> is.vector (z)

[1] FALSE

> w=as.vector (z)

[TIpoBepum Teneps, ABIsIETCS W BEKTOPOM

> is.vector (w)

[1] TRUE

H BBIBCJICM €T0 Ha DKpPaH

>w

[1] "1+0i" "0+0i" "1+0i" "=3+01i" "2+0i" "1+21i"

AprymeHnTamMu QyHKIHHU C () caMH MOTYT SIBJISThCS BeKTopaMu. B aTom ciyuae

KaK pe3yJbTaT MoJIydaeM KOHKaTeHalni (00beIMHEHNE) ITUX BEKTOPOB. CKASIpHBIE 3HAYCHUS
(T. e. umcna) BocnpuHMMarOTcsi R kak Bektopsl anuHbl 1. Takum oOpas3om, aprymMeHTaMu
(GyHKIUU C () MOTYT OBITh KaK BEKTOPBI, TaK U CKAJISAPBI.

Hanpuwmep,

> c(c(l, 2, 3, 4, 5), 6, c(7, 8))

[1] 1 2 3 456 738



BekTop, cocTosmmii u3 mociaen0BaTeIbHBIX YHCEI, MOXHO MOJIYYUTh C TIOMOIIBIO KOMaH/TbI
HauajibHOe—3HAaUeHMe : KOHeUHOe—3HaueHre

Hanpuwmep,

1:5

Ha oty komanmy mnoxoxa GyHKOHS seq (), KOTopas TEHEpUpPYyeT apu(PpMETHUYECKYIO
nporpeccuto. HyKHO 3agaTh HadajdbHOE 3HAYCHHE, KOHEYHOE 3HA4YeHHWe M JHMOO 1Iar
MIPOTPECCHUU:

> seq(0, 1, by = 0.1)

[1] 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

00 KOJUYECTBO JIEMEHTOB MOCJIEI0BATEIbHOCTH

> seq(0, 1, len = 11)

[1] 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

B pesynprare Oymer chopMHpOBaH BEKTOpP, COCTOSIIMK W3 3aJaHHOTO YHCIA DJEMEHTOB,
PaBHOMEPHO pacrpeiesIEHHbIX Ha 3aJJaHHOM OTpPE3KE.

Oyukuusa rep (v, k) co3maér BeKTop, cocrosmmii u3 K xommii Bekropa V, eciu K— 3T0
YHCIIO:

> rep(c(l, 2), 3)

(1] 1 21 2 1 2

6o, ecim K = (Kg, Ky, . . ., Ky) — BEKTOp, TO 37IEMEHTHI BEKTOpa V OyayT MOBTOPSATHCS K1, Ko, . . .
, Kn pa3 cooTBeTCTBEHHO.

> x=rep(c(l,2,3,4,5),c(1,2,3,4,5)):x

(11 1 2 2 3 3 3 4444555505

Takke MOXHO CO3/1aBaTh BEKTOpa MpPH TOMOIIM (DYHKIHN, TCHEPUPYIONIUX CIydalHYO
MOCJICI0BATEIPHOCTD YHCEIT, TIOTIMHSIONINXCS OJJHOMY M3 PEATM30BaHHBIX B R BEepOsATHOCTHBIX
3aKOHOB.

DneMeHThI BekTOpa MOryT uMmeth 3Hadenus Inf, NaN, NA. Hanpuwmep,

> age = c(23, NA, NA, 18, 19, Inf, NaN)

Han BekTOpaMu MOXHO BBITIONHATH apU(PMETHYCCKHE OTEpAIlUU W dJICMCHTApPHBIC (DYHKIIHH.
bunapHas omeparus Haj JABYMS BEKTOpaMHU OJMHAKOBOW JUTMHBI MPOW3BOIUTCS HAJ KaXIOH
Mapoi AJIEMEHTOB, U PE3yJIbTATOM SIBISICTCS BEKTOP TOH e JJIMHBI, 9TO M UCXOHBIC. B ciyuae,
KOTJla pa3MEpHOCTh BEKTOPOB HE COBIAJACT, TMPOW3BOAMTCS NPHUBEICHUE JUIMHBI OoJiee
KOPOTKOTO BEKTOpa K JUIMHE JJIMHHOTO.

[IpuBeneHre BBIMOJNHAETCS CHEAYIOIIMM OOpa3oM — 3JIEMEHTHl BeKTopa AyOiaupyroTcs
HE00X0/IMMOE YHUCIIO pa3 MOJHOCTHIO (€C/IN JUTMHA OOJIBIIEro BEKTOpa KpaTHA JUIMHE MEHBIIEro
BEKTOpa)

> c(1, 2, 3, 4) + c(1, 2)

[1] 2 4 4 6

> c(l, 2, 3, 4) - c(1, 2)

[1] 0 0 2 2

> c(l, 2, 3, 4) * c(1, 2)

[1] 1 4 3 8

> c(1l, 2, 3, 4)/c(1, 2)

[1] 1 1 3 2

> c(l, 2, 3, 4)"c(l, 2)



[1] 1 4 3 16

> c(l, 2, 3, 4)/c(1, 0)

[1] 1 Inf 3 Inf

> 2*c(1, 2, 3, 4, 5)

[1] 2 4 6 8 10

WJIM YaCTHYHO (B IIPOTUBHOM CIIy4yae), IPU 3TOM BBIIAETCS PEAYIPEKICHHUE, HO

pe3yJIbTaT BCE PABHO BBIUUCIISIETCS.

> c(3, 1, 4, 1, 5, 9, 2) + c(9, 5)

[1] 12 6 13 6 14 14 11

BelpaxkeHuss BUJa BEKTOP*UMCJIO, BEKTOP/YMCIIO, BEKTOP+UMCIIO, BEKTOP—UNCJIIO
03HAYAIOT, YTO KAK/BIH SJIEMEHT BEKTOpAa YMHOXKAETCS WU JACTUTCS Ha YUCIO0, JTU00 K KaKIOMY
3JIEeMEHTY BeKTOpa MpubaBisieTcs (BBIYUTACTCS ) YUCIIO

> x1=c(10,-3,6,2,-4,NA,1:5);x1

[1] 10 -3 6 2 -4 NA 1 2 3 4 5

> x1*2

[1] 20 -6 12 4 -8 NA 2 4 6 8 10

> x1/4

[1] 2.50 -0.75 1.50 0.50 -1.00 NA 0.25 0.50 0.75 1.00 1.25

> x1+5

[1] 15 2 11 7 1 NA 6 7 8 9 10

> x1-2

[1] 8 -54 0 -6NA-1012 3

DneMeHTapHble MaTeMaTHYeCcKue (QYHKIIUU IPUMEHSIOTCS K KaKI0M KOMIIOHEHTE BEKTOPA.

> x = c(0, pi/2, pi)

> sin (x)

[1] 0.000000e+00 1.000000e+00 1.224606e-16

> x1=c(10,-3,6,2,-4,NA,1:5) ;x1

[1] 10 -3 6 2 -4 NA 1 2 3 4 5

> sqrt(xl)

[1] 3.162278 NaN 2.449490 1.414214 NaN NA 1.000000 1.414214

[9] 1.732051 2.000000 2.236068

[lpenynpexneHue

In sgrt(xl) : co3mansl NaN

Dyuxyuu 01 pabomsl ¢ 6eKMoOpamu

B R peanmuzoBano MHOro mnonesHslx (QYHKIUN A1 pabOThl C BEKTOpPaMH, MO3BOJISIOLINX
n30exaTh UCIOJIb30BAHUS IIUKJIIOB:

* length () — mIMHA BEKTOpA.

>x=c(l:5,NA,NaN,6:10) ;x

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

> length (x)

[1] 12

*max () ¥ min () — HaXOXKJAEHUE MAKCUMAJIbHOTO U MUHUMAJIBHOTO 3JIEMEHTOB B 33JJaHHOM
BekTope. Ecimn xorss Obl oauH »nemeHT paBeH NA, TO pe3ynbTaT IMOHCKAa MaKCHMyMa
(vuaumyma) — NA, ecimu ectb NaN — pesymerar NaN. s ycrpanenuss NA (NaN) wu3



pacyéroB OOCTATOYHO 3a4aTh max (xX,na.rm=T) mmin(x, na.rm=T). s 4KCIOBOro
BEKTOpa HYJIEBOU JJIMHBI MaKCUMaJIbHOE 3HaueHUe paBHO —Inf, a MUHMManbHOE paBHO Inf.

> x=c(1l:5,NA,NaN, 6:10) ;x

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

> min (xX)

[1] NaN

> max (xX)

[1] NaN

> min (x,na.rm=T)

(1] 1

> max (X,na.rm=T)

[1] 10

* pmax () ¥ pmin () — mapayIeNbHBI MaKCUMYyM (MUHHMYM) JUJIS JTFOOOTO 3aJaHHOTO YKCJIa
BEKTOpPOB. Pe3ynbTaT — BEKTOp, JJIMHA KOTOPOTO paBHA JJIMHE MAaKCHUMaJIbHOIO U3
CpPaBHUBAEMBIX BEKTOPOB U 3JIEMEHTHI KOTOPOT'O €CTh MaKCUMaJIbHbIE (MUHUMAJIbHBIC) 3HAYCHUS
CPaBHMBAEMbBIX BEKTOPOB, HAaXOASUIMECd HA OJMHAKOBBIX mo3ummsax. T.e. pmax (x, y) =
(max(x1, vyl), max(x2, y), . . .), pmin(x, y) = (min(xl, vyl),
min (x2, vy),...). ECIi BEKTOPbI-apryMEeHThI UMCIOT Pa3HyIO [UIMHY, TO HAUMEHBIIHIA BEKTOP
MPUBOAMUTCS MPU TOMOIIM TOBTOPEHUS JIIEMEHTOB K JVIMHE HauOOJIBIIIETO BEKTOPA.

> x=rpois(10,1);x # TeHepupyeM CIydamHyln BHOOPKY

[1] 2 01 3111102

> y=rpois(6,1);y # ¢ pacnpeneneHuem IlyaccoHa

[1] 0 4 21 00

> pmax (x,VY)

(1] 2 42 3 111422

> pmin (x,Vy)

[1] 001 10001C01

Ecau cpenu cpaBHHBaeMbIX 3JeMEHTOB MCXOAHBIX BekTopoB ecTh NA (NaN), To pesynbrarom
oyner NA (NaN). Eciu sxe B cpaBHHBaeMbIX BEKTOpaX BCE 3JEMEHTHI MPUHUMAIOT 3HaueHusT NA
(NaN), To maxce UCrob3ys OMIKI0 na . rm=TRUE, B pe3yabTaTe MOIYIUM

> x=c (NA, NaN,NaN)

> y=c (NaN, NA, NaN)

> pmin (x,y,na.rm=T)

[1] NaN NA NaN

> pmax (x,y,na.rm=T)

[1] NaN NA NaN

* mean () — cpeanee apudmerndeckoe BekTopa. Ecimm ecth XOTs ObI OJWH DJIEMEHT, 4YbE
snaueHne NA (NaN), To pesymbrarom cymmupoBanust takxe Oyaer NA (NaN). UtoOsr
n30exaTh HTOr0, TakKe HYKHO 3a7aTh JIOMOJHHUTEIBHBIM apryMeHT mean (x,na.rm =
TRUE).

> x1=c(10,-3,6,2,-4,NA,1:5);x1

[1] 10 -3 6 2 -4 NA 1 2 3 45

> mean (x1)



[1] NA

> mean (x1,na.rm=T)

[1] 2.6

* range () — BEKTOpP, COCTOAILIUN U3 JBYX 3JIEMEHTOB — MHUHHUMAJIbHOIO U MAaKCUMAJIbHOTO
3HAYCHHUM CBOETO apryMeHTa (BEKTOpa).

>x1l=c(10,-3,6,2,-4,NA,1:5),;x1

[1] 10 -3 6 2 -4 NA 1 2 3 45

> range (x1)

[1] NA NA

> range (x1,na.rm=T)

[1] -4 10

* sum () — cymMma 3JIeMEHTOB BekTopa. Eciiu ecTb XOTs Obl OJIUH 37€MeHT, ubé 3HaueHue NA
(NaN), To pesynsratom cymmupoBanus takxke 0yaer NA (NaN). UHTo6sl n3bekaTh 3TOr0, TaKKe
HY)KHO 3aJ1aTh JOIMOJHUTEIbHBIN aprymesr sum (x,na.rm = TRUE).

> x=c(1:5,NA,6:10)

> sum(x)

[1] NA

> sum(x,na.rm=T)

[1] 55

* prod () — NpPOU3BEJACHUE KOMIIOHEHT BEKTOpa. Eciu cpein 371€eMEHTOB UCXOQHOTO0 BEKTOpa

ectb NA (NaN), To pesynsrarom 6ymetr NA (NaN).Uroosr yopats NA (NaN) u3 paccmoTpenus,
HY)XHO 3a1atk prod(x,na.rm=T).
> x=c(1l:5,NA,NaN, 6:10) ;x
[1] 1 2 3 4 5 NA NaN 6 7 8 9 10
> prod(x)
[1] NA
> prod(x,na.rm=T)
[1] 3628800
* sort() — BO3BpallaeT BEKTOp TOM XK€ JJIUHBI, YTO WU HCXOJHBIA, C 3JIEMEHTaMH,
OTCOPTUPOBAHHBIMU B MOPSAKE BO3pacTaHus (110 YMONYAHUIO), THOO B MOPSAKE yObIBAaHUS —
sort(x,decreasing=T) (wm sort (x,dec=T)). 3uadenus NA (NaN) aBTomaTuuecKu
OMYCKAIOTCA MPU PACCMOTPEHUH.
>x1=c(10,-3,6,2,-4,NA,1:5);x1
[1] 10 -3 6 2 -4 NA 1 2 3 45
> sort(x1l)
[1] -4 -3 1 22 345 6 10
> sort (x1,dec=T)
[1] 10 6 5 4 3 2 2 1 -3 -4
> sort(x1l,decreasing=T)
[1] 10 6 54 3 2 2 1 -3 -4
*rev (sort ()) — cOpTHPOBKA BEKTOpPA B YOBIBAIOIIIEM MOPSIJIKE.
> x1=c(10,-3,6,2,-4,NA,1:5);x1
[1] 10 -3 6 2 -4 NA 1 2 3 4 5



> rev(sort(xl))
[1] 10 6 5 4 3 2 2 1 -3 -4
* rank () — OpHUCBaMBaHUE PAHIOB DJIEMEHTAM BEKTOpPa B IOPSAKE BO3pPACTaHWUSA 3HAYECHUS
ATUX 3JICMEHTOB B COOTBETCTBUU C OJHUM M3 33JIaHHBIX METOJIOB (random, average, first
max, min).
Ecnu Bce aneMeHThI BEKTOpa pas3yIMuHbl, TO PE3YJIbTAT PUCBAUBAHUS PAHTOB U1l BCEX METOJIOB
OJIMH U TOT %K€.
>x=c(5:1,6,9,10,8,7);x
[1] 54 3 216 9 10 8 7

random=rank (x, ties=’random’)
average=rank (x, ties='average’)
first=rank(x,ties=’"first’)
max=rank (x, ties="max’)
min=rank(x,ties="min’)
rbind (x, random, average, first, max, min)

(,11 ,21 (,31 [(,4]1 [,5] [,e]l [,71 [,8] [,9] [,10]
x 543216910 87
random 5 4 3 2 1 6 9 10 8 7
average 5 4 3 2 1 6 9 10 8 7
first 54 3 2 1 6 9 10 8 7
max 5 4 3 21 6 9 10 8 7
min 54 3 2 1 6 9 10 8 7
Ecnu xe cpeau 311€eMEHTOB BEKTOpa €CTh MOBTOPSIOIIMECS, TO PAHTH OJUHAKOBBIM 3JIEMEHTaM
BEKTOPA IPUCBAUBAIOTCA B KAXKIOM METOLE 10 CBOEMY.

[,11 ,21 (,31 [,41 [,5] [,e]1 [,7]1 [,81 [,9] [,10]
x 6.0 11 10.0 9 13 12 8 7 10.0 6.0
random 2.0 8 7.0 5 10 9 4 3 6.0 1.0

average 1.5 8 6.5 510 9 4 3 6.5 1.5

first 1.0 8 6.0 510 9 4 3 7.0 2.0

max 2.0 8 7.0 5 10 9 4 3 7.0 2.0

min 1.0 8 6.0 5 10 9 4 3 6.0 1.0

Meton random — paHr KaXAOro M3 OJAWHAKOBBIX 3JIEMEHTOB OIPEIEIACTCS CIyYalHbIM

06pa30M; average — OJWHAKOBBIM 3JICMCHTAM IIPUCBAUBACTCA CPCIAHCEC apI/I(i)MeTI/I‘IeCKOC ux

PaHI0B; first — paHrun OJWHAKOBLBIX 3JBJICMCHTOB OHNPCACIAIOTCA HX PACIIOJOXKCHUCM B
BCKTOPEC, maXxX — OJWHAKOBBIM JJICMCHTAM IIPUCBANBACTCA MaKCHMAaJIbHBIM M3 OHpeI[CJIéHHBIX
AJI1 HUX PAaHTOB; min — OJWHAKOBBIM »JJIEMEHTaM IMPpUCBANBACTCA MUHUMANLHBIA M3

ONPEAENEHHBIX JUISI HUX PAHI'OB.

AprymeHT na.last ¢yHknuu rank () orBedaer 3a NA.
> last=rank (x,na.last=T)
first=rank(x,na.last=F)

Na=rank (x,na.last=NA)

keep=rank (x,na.last='keep’)

vV V. V V

rbind(x, last, first, keep)



(.11 ,2] [,3] [,4] [,5] [,e] [,7] [,8] [,9] [,10]
x 8 11.0 13 NA 7.0 11.0 10 NA 14 7.0

last 3 5.5 7 9 1.5 5.5 4 10 8 1.5

first 5 7.5 91 3.5 7.5 6 2 10 3.5

keep 3 5.5 7 NA 1.5 5.5 4 NA 8 1.5

> Na

[1] 3.0 5.5 7.0 1.5 5.5 4.0 8.0 1.5

3HayeHue aprymeHra na.last=T — NA npucBauBaroTCs HauUOOJIBLIME PAHTH CPEOU
AJIEMEHTOB BEKTOpa; na.last=F — NA npucBauBaioTCs HaUMEHbIINE pAHTU Cpeau
AJIEMEHTOB BEKTOpa; na.last=NA — mepel MpUCBauBaHUEM paHroB 3ineMeHThl NA
YAQIAIOTCS U3 BEKTOpa; na.last='keep’ — 3lieMEHTaM BEKTOpa, YbW 3HaueHUs ecTb NA,

npucBauBaetcs panr NA.

*match (x, y) — onpenenser, Ha KAKOM MECTE B BEKTOPE Y BIIEPBbIE BCTPEUAIOTCS 3J1EMEHTHI
BEKTOpA X.

> X

[1] 8 11 13 9 7 11 10 12 14 7

>y

[1] 9 10 9 10 9

> match (x,y)

[1] NA NA NA 1 NA NA 2 NA NA NA

> match (y, x)

(1] 4 7 4 7 4

Kymynamuenvie (nakonumenvHuvle) yHKyuu

e cumsum (x) — KyMYJIATHBHAas CyMMa 10 apI'yMEHTY X (II0ciie10BaTeNbHOE
CJI0KEHHE IEMEHTOB BEKTOPA);

* cumprod (x) — KyYMYJISITHUBHOE IIPOU3BEICHHUE;

* cummax (xX) — KyMYJSTHBHBIN MaKCUMYyM (TIOCTIEIOBATEIbHBI MAKCUMYM
10 3JIEMEHTaM X);

e cummin (xX) — KyMYJSTHBHBII MUHUMYM (IIOCJI€I0BATEIbHBI MUHUMYM IO
AJIEMEHTaM BEKTOpa).

> x=1:10

> cumsum (X)

[1] 1 3 6 10 15 21 28 36 45 55

> y=-5:5

> cumprod (y)

[1] -5 20 -60 120 -120 0 0 0 0 O O

> x=-5:4

> cummax (x)

[1] -5 -4 -3 -2 -1 01 2 3 4

> cummin (x)

(1] -5 -5 -5 -5 -5 -5 -5 -5 -5 -5



3aoanue cumBoILHLIX BEKMOPOS

CuMBoObHBIE TIEpEeMEHHBIE B R 3a7al0Tcs Mpu MOMOIIM JABOWHBIX WM OJUHAPHBIX KaBBIYCK,
1100 ke NP MOMOIIU (PYHKIIUU

character () .

y=character (10) ;vy

[1] "™ mmomnmomnmomnmanann e

> for (i in l:length(y)) yl[i]l=letters[i]

>y

[1] "a" "b" "c" "d" "e" "f" "g" "h"™ "i" "3"

[Ipu 5TOM HE Ba)KHO, IPUCBAUBAETCS MEPEMEHHOM OJIMH CUMBOJI WM 11€J1asi CTPOKa.

> x="a’';x

(1] "a"

> y='Toxe CHMMBOJIbHaAA LepeMmMeHHasa';y

[1] "Toxe cuMBOJIbHasda InepeMeHHasa"

W3 oTnenbHBIX CHUMBOJIBHBIX TIEPEMEHHBIX MOXKHO CO3/1aBaTh BEKTOPBI C TMOMOIIBI0 (YHKITUU
c().

> BpeMeHa rogma=c (’'3muma’,’BecHa’,’ynero’,’ocenr’)

> BpeMeHa Trona

[1] "suma" "BecuHa" "jmero" "oceHp"

Takxke JnIs CO3MaHHMS CHMBOJIBHOIO BEKTOpa MOXHO  BOCIOJB30BaThCA  (DYHKITMEH
character (n), 3aaar01Iei MyCTOW CUMBOJIBHBIA BEKTOP JJIMHBI N.

> character (10)

[1] ™™ mmommomnmomnmomnmann e nn

[IpucBoeHue 3HaYeHUI TaKUM BEKTOPAM MPOUCXOAUT MPH IMOMOIIM UHIAEKCOB M YIPaBJISIOLINX
KOHCTPYKIUH.

Ecnu Hy»XHO co34aTh CUMBOJIBHBIM BEKTOP, COCTOSIIIMI M3 MPOMMCHBIX WM 3arjiaBHBIX OYKB
JATUHCKOTO aj¢aBUTa, TO MOXKHO BOCIIOJIb30BaThCS PYHKIUAMHU letters u LETTERS.

> letters

[1] "a" "b"™ "c'" "d" "e" "f"™ "g'" "h" "i" "gm "k"™ "1™ "m" "n" "o"
"p" "g" "r" "s"

[20] "t"™ "u"™ "v" "w" "x" "y" "z"

> LETTERS

[1] ™A™ "B"™ "C" "D" "E" "EF" "G" "H" "I" "g" "K" "L" "M" "N" "O"
"p" Q"™ "R" "M

[20] "T™ "y" omtyTotwromtxvormy" mvzn

Qynxkyus paste ()

Konkarenamuto (ckieiika) CTpok ocyiecTBisieT GyHKIHsS paste (). B mpocreiimem Bapuanre,
KOIJIa DJIEMEHTBl — CHUMBOJIBHBIE CTPOKH, ITIPOUCXOJIUT CKJIENKA YKa3aHHBIX CTPOK CO BCTABKOU
npo0erna B Ka4yecTBe pa3euTes.

paste ("3uma", "nepmBem", "cezoun", "roma")

[1] "BumMma nepBelM Cce30H Toma"

Ecmu aprymentsl ¢yHKmuM paste () — MacCHUBBl, TO CKJICHBAIOTCS COOTBETCTBYIOIIWE
KOMIOHEHTHI. [Ipum 3TOM, eciM [JMHBI MAacCHUBOB pPa3IMYHbI, MPOUCXOAUT IUKIHYECKas

noaACTaHOBKAa MCHBIICTO U3 HUX.



> paste(c(’'3uma’, 'BecHa’, ' nero’,’ocedr’ ), c (' -Bpemsa
rona’) ,sep='")

[1] "sumMa-BpeMmsa roma'" "BecHa-Bpema ronma" "mero-BpemMsa rozma'
"oceHb-BpeMsa Tozna"

Ecnmu oguH M3 BEKTOPOB — YHCIOBOH, TO OH aBTOMAaTHYECKH OyIeT KOHBEPTHPOBAaH B
CUMBOJIbHBIN:

> paste("x", 1:5)

> [1] "x 1" "x 2" "x 3" "x 4" "x 5"

MOXHO 3aMEHUTDH pa3ACIUTENb Ha JIPYTOM:

> paste ("x", 1:5, sep = "")

> [1] "x1"™ "x2" "x3" "x4" "x5H"

Oynkuus substr (x, start, stop) NO3BOISET BBIACIATH (3aMEHSTH) MOACTPOKH B
crpoke. E€ apryMeHTsI:

* X — HCXOJHas CTPOKa;

e start — HOMEp dJICMEHTA CTPOKH X, C KOTOPOI'O HAUMHACTCs BBIACIICHUC,

* stop — HOMEp dJIEMEHTA CTPOKH X, HA KOTOPOM 3aKaHYMBAETCS BBIJICIICHHUE.

Briaenum paznuuHbie TOACTPOKU U3 CTPOKU CEITOE OPIXO K YUYEHMIO IJIYyXO.
phrase='crrToe OpPOXO K YyYEeHMIO TJIyxo’

g=character (26)

for (i in 1:26) gl[il=substr (phrase,1,1)

ITomy4yum crnenyromuid CHMBOJIBHBIN BEKTOP

> q

[1] "c" "cu"

[3] "crrT" "coTo"

[5] "cuHToe" "cuhToe "

[7] "cerToe 6" "celTOe OpP"

[9] "criToe Opw" "chToOe Opox"

[11] "cHTOe Opoxo" "celToe Opwoxo "

[13] "cuoToe Opoxo k" '"ceToe Opoxo K "

[15] "cHTOe Opowxo kK y" "crHTOe OpmnxOo K yu"

[17] "cmToOe Opoxo k ydue" "cmToe OpoxOo k ydeH"

[19] "cHTOe 6OpioxOo k yueHM" "cCrHTOe OpIX0O K ydeHUD"

[21] "cmhToe Opoxo k yueHuwo " "ceToe Opo0xXOo K ydyeHuo 1"
[23] "cHToe Opoxo k ydeHuio " "cCeHTOe OpioxOo K ydeHMo I1Jy"
[25] "cHTOe OpixO k yueHMI0o TJiyx" "cCHToe OponXOo K YUYeHUIO IJIyxo"

C mnomompro Dynkmmm strsplit(x, split=character(0)) MOXHO pa30UTh
CHMBOJIBHBIN BEKTOP X HAa OTJEIbHBIE CUMBOJIBI.

phrase='ceTOe OpPOXO K YUYEHMI IJIyxO'

strsplit (phrase, split=character (0))

[[1]]

[1] "c"™ "w" "o" "o'" Me" " " Mg" M"p'" Mp" "x" "o M M My MoMw o nyn
y' Mem " vy

[20] "IO" " " "I‘" HJ—IH Hy!l "X" HOH



Ecnu s aprymenTa split 3amaTh HEKOe 3HaueHUE (CHMBOJBHOE), TO pa30HEHHE JIEMEHTOB
HCXOJHOTO BEKTOpa OyIeT MPOUCXOAUTh OTHOCUTEIHHO 3a/IaHHOTO 3HAYCHUSI.

strsplit (phrase, split=" ')

[[1]]

[1] "cerToe" "Opwoxo" "k" "yuenmwo" "ngyxo"

3n1ech pazOMeHKE MPOU3BOINIOCH OTHOCUTENIBHO ITpobera.

Emé onna mosie3Hast GyHKIIMSI, TTO3BOJISIONIAS OMPEACTUTh KOJIUYECTBO CHMBOJIOB B CTPOKE HMJIN
CHUMBOJIBHOM BeKTOpe. DTO pyHKIUsA nchar ().

> nchar (phrase)

[1] 26

> nchar (q)

[11 1 23456 78910 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
[26] 26

Jlozuueckue 6exkmopul

R ymeer paboraTh ¢ TOTHYECKUMHU BEKTOpaMH (U, CIEIOBATEILHO, C JIOTUYECKUMHU CKAJISIPaMu),
aneMeHThl KoToporo morytT umerh 3HaueHuss TRUE um FALSE, a Takxke 3nauenue NA.
Jlornueckue BEKTOpHI IMONYYAalOTCAd B pPE3yJbTaTe CPAaBHEHUN W NPUMEHEHMS K JIOTUYECKHUM
BEKTOpaM Jiorudeckux QyHkuuil. OmnepaHasl MOTYT MMETh pa3Hyloo JUIMHY. CpaBHEHMS U
Joruyeckue (QYHKLUUU BBIOJHSAIOTCS IOJIEMEHTHO M, €ClIM TpeOyercsi, C LHUKINYECKUM
C/IBUI'OM, KakK U B CiIy4ae apu(pMETHYECKUX ONepaLuil.

Cozragum JIOrMYecKuid BEKTOp YOUNQ TOM K€ JUIMHBI, YTO U aQe, C KOMIIOHEHTaMH, PaBHBIMU
TRUE, rae ycnosue Beimonneno, 1 FALSE, riae ycioBue He BBITIOJIHEHO.

> age = c(l1, 2, NA, Inf, NaN, 18, 19, 40)

> young <- (age >= 2) & (age <= 30)

> young

[1] FALSE TRUE NA FALSE NA TRUE TRUE FALSE

Jlormueckue BEKTOpPHI MOTYT HCIIOJIb30BaThcsd B 00br4HOM apupmeruke. IIpu stom TRUE
untepnperupyerca kak 1, a FALSE kak 0. @yHkius npoBepKd Ha MPHUHAJIEKHOCTh JUOO K
TUINy JAaHHBIX, JMOO K KJAcCy JMJAaHHBIX, a TaKkKe (QYHKIHMH MPOBEPKH Ha COOTBETCTBUE
HEKOTOPBIM 3HAYEHUSAM BO3BPAILAIOT JIOTUYECKUN BEKTOP TOW K€ JUIMHBI, YTO W IPOBEPSEMBIN
00wekT, ¢ kommoHentamu TRUE u FALSE.

ITpoBepum, ABIAIOTCSA JIU 3JEMEHTHI BeKTOpa a nepeMeHHbMU Buja NA mnu NaN. g atoro
BOCTIOJIb3yeMcsl PyHKIHEeH is.na ().

> a = c¢c(0, 1, Inf, NaN, NA)

> is.na(a)

[1] FALSE FALSE FALSE TRUE TRUE

B pesynbrare mosyyuMm JIOTMYECKUH BEKTODP, 4bsl JJIMHA COBMNAJAET C JJIMHOW BEKTOpa a, C
KOMITOHEeHTaMH, paBHbIMU FALSE, rne coorBeTcTByroniue 3HadeHusi BeKTopa a He paBHbI NaN
w NA, u TRUE B ocTasbHBIX ciiydasix.

OyHkug is.nan(a) Takke BO3BpPAIAET JIOTUYECKUM BEKTOP TOW K€ JUIMHBI, 4TO U
npoBepsieMblii 00beKT (BekTop a), ¢ snemeHtamu TRUE, rae cooTBeTcTByrOmME 3HAUYEHUS
ucxoaHoro Bekropa a pasHbl NaN, u FALSE B ocTanbHbIX ciaydasx.

> is.nan(a)



[1] FALSE FALSE FALSE TRUE FALSE

3aoanue umén snemeHmam 6eKmopos

Wuoraa mpu paboTe ¢ BeKTOpamMu OBbIBAaeT MOJIE3HO 337aTh UMEHA dJIeMeHTaM BekTopa. Crenarh
9TO MOKHO TIPH IMMOMOIIH (PYHKITUK names(HuMsi BEKTopa).

[Ipenmnonoxum, UMEIOTCS CIEYIONINE JaHHbIe — KOJUYECTBO CTYJCHTOB B Pa3jIMYHbIX PyMIax
(HK-201, HIT-201, HI1-202, H1-201, HIT-203).

OTH YKcna NpUBEIEHBI B BEKTOPE X.

> group=c(17,19,25,13,7)

OnHako, TOJIBKO TOT, KTO COCTAaBJISLI ATOT BEKTOP 3HAET, KAKOM 3JIEMEHT COOTBETCTBYET KaKOU
rpynne. [IpucBouM uMeHa KakKIOMy JJIEMEHTY BEKTOpa, TOTJa CMBICI €r0 CTaHeT TOHSATEH
To0oMmy.

names (group) =c (' HII-201'" , ' HII-202'" , " HII-203" , "HK-201" , "HN-201")

U TIOCMOTPUM Ha pe3yJibTar

> group

HII-201 HII-202 HI-203 HK-201 HM-201

17 19 25 13 7

[Tocne mpucBamBaHuss MMEH HIIEMEHTAM BEKTOpa oOpamarbcs K 2JIEMEHTAaM MOXHO Kak C
MOMOIIIbIO UH/IEKCA, TAK U UMEHHU:

> group[2]
HI1-202
19
> group [’ HII-203"]
HII-203
25
> group[’HII-203"]1=18
> group
HII-201 HII-202 HIT-203 HK-201 H/-201
17 19 18 13 7
Hnoexcayus eexmopos
JlocTyml K 371eMEHTaM BEKTOpa OCYIIECTBIIAETCS oneparopoM [i], rme 1 — HOMEp HYKHOIO
aneMmenTa. Hanpumep, u[5] — o210 5-ii anemeHT Bekrtopa u. Hymepanus snemMeHTOB

HaunHaeTcss ¢ 1. BelpaxkeHus Buaa u[i] MOryT BCTpeuyaTbCi U B JIEBOM YacTH OT 3HAKa
npucBauBanus. [Ipyu 3TOM eciy BEKTOp MMEET UIMHY HE MEHbIIE 1, TO u[i] mOpPOCTO MPUMET
HOBOE 3HaYeHHE. B MpOTUBHOM cilydyae BEKTOP U YBEJIUYUT CBOKO JUIMHY 1O 1, dJIeMeHT u[i]
MPUMET HOBOE 3HAYEHUE, & OCTATHHBIM HOBBIM KOMIIOHEHTaM OYAYT MPUCBOEHBI 3HAUEHUST NA.

> u <=1

> ul[b] <= 5

> u

[1] 1 NA NA NA 5

Bripaxxenue Buga u[-1i] o03Ha4yaeT, 4To OyJET CO3/laH HOBBIM BEKTOP MyTEM yIajeHUs 1-TO
OJIEMCHTA U3 UCXOAHOT'O BEKTOpa u.

> x1=c(10,-3,6,2,-4,NA,1:5);x1

[1] 10 -3 6 2 -4 NA 1 2 3 45



> length (x1)

[1] 11

> x1[-6]

[1] 10 -3 6 2 -4 1 2 3 45

OOpamienrie Buga u[] OPUBOJUT K CO3JAHHIO HOBOTO BEKTOpA, COCTOSIIIETO W3 BCEX
3JIEMEHTOB UCXOJHOI'0 BEKTOpa U.

> x1[]

[1] 10 -3 6 2 -4 NA 1 2 3 45

Bexmopul 6 kauecmee unoexcos

[Iyctb v — HEKOTOpBI BEKTOP (YMCIOBOW, JIOTMYECKUM, CUMBOJIbHBIN). Hamomuum, uto
oOpailleHue K KOHKPETHOMY 3JIEMEHTY 3TOT0 BEKTOpA OCYLIECTBIISIETCA C ITOMOILIBIO KOMaH/bl
WHJEKCUpOBaHUsA Vv [1]. B KadecTBe MHIEKCA X MOXKET BBICTYNATb HE TOJBKO CKaJsIp, HO U
BEKTOp. B 3TOM ciiydae CTpOMTCS HOBBIM BEKTOP, COCTOSIIUN M3 TEX DJIEMEHTOB BEKTOpaA V,
KOTOPBIE YIOBJIETBOPSIOT 3a1aHHBIM YCIIOBUSIM.

Uro Oyzaer 1osiydeHo B pe3ynbTare IPUMEHEHHUs B KaUeCTBE UHJIEKca BEeKTopa?

Bo3MoxHBI crepyromue ciyqau:

* X — JTO JIOTMYECKUU BEKTOp. B 3TOM citydae >kenareiabHO, 4TOOBI AJTMHBI BEKTOPOB X U V
coBnaganu. Eciii JIOrm4eckuil BEKTOp X, MUCIOJb3yEMbIH B KaueCTBE MHAECKCAa KOpOYe BEKTOpa
JJAHHBIX V, TO JJIMHA BEKTOpPA X JIOBOJUTCS IO JUIMHBI BEKTOpAa V LUKIWYHBIM IMOBTOPEHUEM
9JIEMEHTOB. Ecii BEKTOp-MHIEKC OOJbIIE UCXOIHOTO BEKTOPA V, TO BEKTOP V JOBOJHUTCS IO
pasMepa BekTopa x jodaBiieHneM dyieMeHToB NA. HoBBIi BEKTOp v [X] COCTOHT TOJIBKO U3 TE€X
KOMIIOHEHT HCXOJHOTO BEKTOpa V, I KOTOPBIX COOTBETCTBYIOIEEC 3HAYEHHE B BEKTOpE-
nnpekce x ectb TRUE.

> x1=c(10,-3,6,2,-4,NA,1:5);x1

[1] 10 -3 6 2 -4 NA 1 2 3 45

> x2=c(T,F,T,F,F)

> y=x1[x2];y

[1] 10 6 NA 2 5

> x3=rep(c(T,F),10),;x3

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

[13] TRUE FALSE TRUE FALSE TRUE FALSE TRUE FALSE

> y=x1[x3];y

[1] 10 6 -4 1 3 5 NA NA NA NA

* X — DOTO IOJOXUTEIbHbIA ILEJIOYNUCICHHBIM BEKTOpP. Torga KOMIIOHEHTHI BEKTOpa X
WHTEPIPETUPYIOTCA KaK OOBIYHBIE WHIEKCHI, U V [X] — BEKTOp, COCTOSIIINI U3 DJIEMEHTOB
BEKTOpa v B TOM IOCJIEN0BATEIBHOCTH, B KOTOPOM OHHM YKa3aHbI B BEKTOPE-UHIEKCE X.

> x1=c(10,-3,6,2,-4,NA,1:5);x1

[1] 10 -3 6 2 -4 NA 1 2 3 45

> x=c(1,3,5,15)

> y=x1[x];vy

[1] 10 6 -4 NA



* X — OTPUIATETbHBIA LEJIOYUCICHHBIH BEKTOp. AOCONIOTHBIC 3HAYEHUS BEKTOpa 1
WHTEPIIPETUPYIOTCS KaK HOMEpA dJIEMEHTOB, UCKITIOYAEMBIX U3 V.

> x1=c(10,-3,6,2,-4,NA,1:5);x1

[1] 10 -3 6 2 -4 NA 1 2 3 45

> x=c(-1,-3,-5)

> y=x1l[x];y

[1] -3 2 NA 1 2 3 45

> y=x1[-(2:06)1;y

[1] 10 1 2 3 4 5

* X — CHMBOJbHBIA BEKTOp. Ero 3HaueHuss HMHTEPHPETUPYIOTCA KAaK HMMEHA 3JIEMEHTOB
BeKTOpa v. B pesymbrate, v[x] — BEKTOp, C(HOPMHUPOBAHHBIA U3 COOTBETCTBYIOIIMX
AJIEMEHTOB BEKTOpPA V B TOW MOCJIEIOBATEIBHOCTH, B KOTOPOM OHU YKa3aHbI B X.

> x1=c(10,-3,6,2,-4,NA,1:5);x1

[1] 10 -3 6 2 -4 NA 1 2 3 45

> names (x1)=letters[l:length(xl)],;x1

abcdefghiijk

10 -3 6 2 -4NA 12 3 405

>

> y=x1[c('a’",’'c’","f')]l;y

a c f

10 6 NA

> y=x1[letters[3:8]];y

cde f gh

6 2 -4 NA 1 2

> y=x1[c('g’","a’,’"3",’d")1;y

ga jd

1 10 4 2

Takke B KadyecTBE HMHIEKCOB MOYKHO YKa3blBaTh pA3JIMYHBIE OINEpalUM, MPUBOIAIINE K
CO3JAHUIO JIOTUYECKOTO BEKTOPA.

> x1=c(10,-3,6,2,-4,NA,1:5);x1

[1] 10 -3 6 2 -4 NA 1 2 3 4 5

> yl=x1[x1<5];vyl

[1] -3 2 -4 NA 1 2 3 4

> y2=x1[(-4<x1) & (x1<3)]1;y2

[1] -3 2 NA 1 2

> y3=x1[(x1<=-2) | (x1>3)];y3

[1] 10 -3 6 -4 NA 4 5

> ya4=x1[! ((-3<=x1) & (x1<3))]1;vy4

[1] 10 6 -4 NA 3 4 5

1583071

> y5=x1[!is.na(x1)];y5

[1] 10 -3 6 2 -4 1 2 3 45

3neck popmupyercss BEKTOp Y5 TONBKO M3 TeX KOMIIOHEHT BEKTOpa x1, KOTOpbIE HE

sBisgroTest NA u NaN.



> x1=c(10,-3,6,2,-4,NA,1:5) ;x1

[1] 10 -3 6 2 -4 NA 1 2 3 4 5

> x1[8]=NaN; x1

[1] 10 -3 6 2 -4 NA 1 NaN 3 4 5

> y6=x1[!is.nan(x1)];y6

[1] 10 -3 6 2 -4 NA 1 3 4 5

Komanna

> x[is.na(x)] <= 0

3ameHnseT 3HaueHust NA u NaN HynsMu.

Bripaxenue

> x1=c(10,-3,6,2,-4,NA,1:5);x1

[1] 10 -3 6 2 -4 NA 1 2 3 4 5

> z=(x1 + 1)[(!is.na(x1l)) & x1 > 0];z

[1] 11 7 3 2 3 45 6

co31a€T BEKTOp Z M pa3MeniaeT B HEM AJIEMEHTHI BeKTopa x1+1 (K KaKIOMY DJIEMEHTY
BeKTOpa x1 mpubaBieHa 1), yIOBIETBOPSIONINE 3aJaHHBIM YCIOBHSIM.

dyHKIMS which ()

[Tpu pabote ¢ MaccuBaMu OBIBa€T HY)KHO OMPEIENIUTH ISl HEKOTOPOTO 3JIeMEHTa(0B) BEKTOpa
ero unuekc. Jns storo cnyxut ¢yHkuus which (), paboTy ¢ KOTOpOH paccCMOTpPUM Ha
npuMepe.

HYCTL 3aJlaH BCKTOp X.

> X

[1] 10 4 7 9 7 8 6 14 10 10 5 8 11 11 20
> length (x)
[1] 15

Onpeznenm HOMepa IEMEHTOB BEKTOpa X, KoTopsle Oosbiie 10.

> which (x>10)

[1] 8 13 14 15

Teneps, eciii HY’)KHO B BEKTOpPE X HAWTH, K IPUMEPY, BTOPOH 3JIEMEHT, npeBocxoasmuii 10, To

A0CTAaTOYHO YKa3aTb

> x[13]
(1] 11
Njiziele
> y=which (x>10)
> x[yl[2]]
(1] 11
Haiiném B BeKTOpe X BTOPOM DIIEMEHT, KPATHBIM 5.
> X
[1] 10 4 7 9 7 8 6 14 10 10 5 8 11 11 20
> y=which (x\%\%5==0) ;y
[1] 1 9 10 11 15
> x[yl[2]]

[1] 10



C ¢yukumeit which () cxoxu emé aBe GyHKIMU — which.max () ¥ which.min (),

KOTOPBIC Haxo4dAT, COOTBCTCTBCHHO, HOMCP MAKCUMAJIBHOIO W MHUHHMAJIBHOI'O 3JICMCHTOB

BEKTOpA.

> whi
(1] 1
> whi
[1] 2

ch.max (x)
5

ch.min (x)

C nomompto which () MOXHO HAXOIUTH 3JIEMEHTHI BEKTOpa, YbH 3HAYCHHS Haubosiee OJIM3KU K

HEKOTOPOMY 3aJ[aHHOMY.

Haiiném Bce aneMeHThI BekTOpa, Hanbonee Omu3kue Kk 12.

> x

[1] 1
> y=w
[1] 1

047 978 6 14 10 10 5 8 11 11 20
hich (abs (x-12)==min (abs (x-12)));vy
3 14

" BBIBCJICM UX Ha 3KpaH.

> xly
[1]1 1

]
1 11

1.2. Matpuiisr

3adanu

emanmpuybvl

UucnoByo MaTpHUIly MOKHO CO3/1aTh U3 YHCIOBOI'O BEKTOPA € NOMOIIbIO GYHKIMKU matrix ()

matri

X (x, nrow, ncol, byrow, dimnames)

s 3apanus MaTpuLbl

> mat
[,1]
[1,]

[2,]
> mat
[,1]
[1,]
[2,]
>

HE00X0/IMM MACCHUB JIaHHBIX X,

HYXXHO YKa3aThb YHCIO CTPOK Nrow = m HW/WIA YHUCIO CTONOmOB ncol = n (1o
YMOJIYaHHIO, YUCIIO CTPOK PaBHIETCS YUCILY CTOJIOLIOB U paBHO 1);

OTIpPENIeIUTh KaK 3JEMEHThl BEKTOpa X 3allOJHSAIT MaTpUIly — IO CTPOKaM WJIHM IO
cronbuaMm (MO yMOJYAaHUIO MaTpulla 3amojiHsgeTcs Mo crojbuam). B pesynbrare
3JIEMEHTHI U3 BEKTOpa OyAyT 3alucaHbl B MAaTPULLy YKa3aHHBIX pPa3MepOB.

AprymenTt dimnames — CIHCOK M3 JIByX KOMIIOHEHT, INepBas M3 KOTOPBIX 3aJaéT
Ha3BaHUS CTPOK, a BTOpas — Ha3BaHMsS CTOJOLOB (110 YMOJYAaHUIO HMMEHA CTPOK M

CTONOIIOB HE 3aar0TCH).

rix(l:6, nrow = 2, ncol 3)
[,2] [,3]

1 35

2 4 6
rix(l:6, nrow
[,2] [,3]
123

4 5 6

matrix(l:6, nrow = 2, ncol = 3,

2, ncol 3, byrow=T)

byrow=T,list(c(1,2),c(’A",'B",'C")))

A B C



11
2 4
>

2 3
56
®dopMabHO HY)KHO, YTOOBI JUTMHA BEKTOpa X ObLIa KpaTHA MPOW3BEACHHUIO TPEOYyeMOro 4ducia

CTPOK Ha TpeOyeMoe YUCIIO CTOIOLOB,

matrix(l:2, nrow = 2, ncol = 3)
[,11 [,2] [,3]

[1,] 1 11

[(2,] 2 2 2

matrix(l, nrow = 2, ncol = 3)

[,11 [,2] [,3]

[1,] 1 11

[(2,] 1 11

HO 3TO He 00s3aTCIIBHO:

> matrix(1l:12, nrow = 5, ncol = 3)
[,11 [,2] [,3]

[1,] 1 6 11

[(2,] 2 7 12

[3,] 381

(4,1 4 9 2

[5,] 5 10 3

[lpenynpexneHue

In matrix(l:12, nrow = 5, ncol = 3)

IOJMHA HOAaHHHX [l12] He 4BJIGeTCa MHOXUTEJIEM KOJIMUeCTBa CTPOK [5]
Ecnu ykaspiBaeTcsi TONBKO OJHA M3 Pa3MEpHOCTEW (Hampumep, TOJIbKO YHCIO CTOJOIOB), TO
JKenaTeNIbHO, 4YTOOBI JIMHA BEKTOpa ObLTa KpaTHAa 3TOM pa3MepHOCTH. BTopas pa3mMepHOCTH
OyZIeT ompe/eneHa Kak OTHOIIEHUE ATTMHBI BEKTOpa K MEPBOM pa3MEpPHOCTH.

> matrix(1:12, ncol = 3)

[,11 [,2] [,3]

(1,1 1 5 9
(2,1 2 6 10
(3,1 3 7 11
[4,] 4 8 12

’
Ecnu e uucio cTonabuoB (CTPOK) HE SIBISETCS JEIUTENEM JUIMHBI BEKTOpa X, TO MaTpHIla BCE
paBHO Oyner mocTpoeHa (mpaBaa ¢ TpeaynpexacHuem). Bropas pasmepHOCTh Oyaer
ompeeseHa Kak Oykaiiiiee OoJbIee 1eI0e YUCIO K OCTaTKy OT JCJICHHS JJIMHBI BEKTOpa Ha
3a/IaHHYI0 Pa3MEPHOCTb.

> A=matrix(1:12, ncol = 5);A

[lpenynpexneHue

In matrix(1:12, ncol = 5)

OJIMHa OaHHBEIX [12] He 4gBJgeTcsa MHOXMUTEJIEeM KOJMUeCTBa CTOJOLOB [5]
[,11 [,21 [,31 [,4] [,5]

[1,] 1 4 7 10 1

[2,] 2 58 11 2



[3,] 3 6 9 12 3

> B=matrix(l:12, nrow = 5);B

[IpenynpexneHue

In matrix(1l:12, nrow = 5)

IOJIMHA HOAHHHX [12] He 4BJISeTCsa MHOXMUTEJIEM KOJIMYeCcTBa CTPOK [5]
21 [,3]

510 3

OyHkuuu nrow (A), ncol (A) u dim (A)BO3BpalIalOT YHUCIO CTPOK, YUCIO CTOJOIOB U
pPa3sMEPHOCTb MAaTPHULIBI A COOTBETCTBEHHO.

> nrow (A)

[1] 3

> ncol (B)

[1] 3

> dim (A)

[1] 3 5

Oyukuus chind(A, B)

> C = cbind (A, B)

co3maéT MaTpuily U3 MaTtpull (BEKTOpOB), MPUIKCHIBAs cripaBa K A marpunly (Bekrop) B (ans
3TOTO YHUCIIO CTPOK Y A ¥ B 10KHO coBMaaatsh).

> A=matrix(l:12,nrow=3) ;A

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

14 7 10

2 58 11

;1 36 9 12

B=matrix (13:24,nrow=3);B

11 0,21 [,3] [,4]

13 16 19 22

14 17 20 23

;] 15 18 21 24

Z=cbind(A,B) ;7

11 0,21 (,31 [,41 [,5] [,e] [,7] [,8]

147 10 13 16 19 22

258 11 14 17 20 23

36 9 12 15 18 21 24

®ynkiua rbind (A, B)

> A = rbind (A, B)

co31a€T MaTpHIly, MPUIIHUCHIBAas CHU3Y K MaTpuile A MaTpuily B (AJIT 3TOTO YKCIO CTOJOIOB y
WCXOJIHBIX MAaTpHI] JOJDKHO COBIAJATh). 3aMETHM, YTO B CIHCKaX apryMeHTOB (YyHKITUH
cbind () m rbind () MOXHO yKa3aTh OoJiee IBYX MaTpHII.

> Z=rbind(A,B);7Z



[,1] [,2] [,3] [,4]
[1,] 1 4 7 10

[2,] 2 58 11

[3,] 3 6 9 12

[4,] 13 16 19 22
[5,] 14 17 20 23

[

6,1 15 18 21 24
YroObl 3a7aTh  JMArOHAIBHYIO  MAaTpHIly  JOCTaTOYHO  BOCHOJb30BaThcsid  (pyHKIMEH

diag(x,nrow,ncol).

> diag(1,3,3)

[,11 [,21 [,3]
[1,1] 1 0 O
[2,] 01 0
[3,1] 0 01

Jlis nocTpoeHus KBagpaTHON €IMHUYHONW MaTpUIIbl HY>)KHO 3a/1aTh TOJIBKO YHCJIO CTPOK NIrOW B
MaTpuiie (€ciu 3a1aTh YUCIIO CTOIOLOB ncol, To OyneT BHIBEACHO

cooOrieHue o0 ommuoKe).

> diag(nrow=4)

[,11 [,2] [,3] [,4]

[1,] 1 00O
(2,7 01 0O
[3,] 00 1O
(4,17 00 01

14
Ecnu apryment X ¢ynkuuu diag (X) ecTh MaTpuiia, TO B pe3yiabTaTe MpUMEHEHUs: QyHKIUU
OyJIeT MOCTPOEH BEKTOP U3 JIEMEHTOB X, PaCIOJIOKEHHBIX Ha TJIaBHOM JUaroHalu.

> X=matrix(l:16,nrow=4) ;X

[,11 [,21 [,3]1 [,4]
[1,] 1 5 9 13

[2,] 2 6 10 14

[3,]1 3 7 11 15

[4,] 4 8 12 16

> diag (X)

[

1] 1 6 11 16

ITocre TOro, Kak MaTpHIa CO3JaHa, €€ MOXXHO M3MEHSTh, IPUCBaWBasi €€ HIIEMEHTaM HOBBIC
3HaYeHus. EcTh 1 Apyroi crmoco0 pepakTHpOBaHUS MaTpHUIlbl. B MEHI0 KOHCONM Halo BHIOpATh
[TpaBka, 3aTeM HaxaTb PeakTop JaHHBIX U B BBIBEJJCHHOM OKHE 3a7aTh UMs HY>KHOM MaTpHIIbI
(To’)ke camMoe MOXKHO cjaenaTh M npu nomomu QyHkuun fix(ums odbekra)). B pesynbrare

OyzneTBbIBE/IEHO HOBOE pabouee OKHO, TOX0Kee Ha cTpaHully MS Excel.
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Coznagum mMatpuny A

>A=matrix(1:16,nrow=4);A

[11[2] [.3] [.4]

[1,]15913

[2,]261014

[3,]371115

[4]481216

Y U3MEHHM €€ B PEJAKTOPE.

B penmakTope Takxe MOKHO MPUCBaUBATh (MEHSATH) UMEHA CTPOKAM U CTOJIOIAM.
Onepayuu Hao mampuyamu

Apudmerndeckre ornepanuy HaJ MaTPULAMH OCYIIECTBISIOTCS TIOJIEMEHTHO, TI03TOMY, YTOOBI,
K IIPUMEPY, CIOKUTH JIBE€ MATPULIbI, OHU JOJIKHBI UMETh OJJMHAKOBBIEC Pa3MEphI:
A = matrix(1:9, nrow = 3);A

r 1]

1,1 0 2 4
2,1 -2 0 2
3,1 -4 -2 0

Bnpoqu, MOKHO OCYHICCTBJIATH CMCIIAHHBIC OIICpaliliy, KOrga OJWH U3 OIICpaHAOB —

(11 [,2]1 [,3]
(1,1 1 4 7
[2,1] 2 5 8
[3,] 3 69

B = matrix(-(1:9), ncol = 3,byrow=T);B
(11 [,2]1 [,3]
(1,1 -1 -2 -3
[2,]1] -4 -5 -6
[3,] -7 -8 =9
A+ B

(.11 [,21 [,3]
[

[

[

MaTpHIIa, a APYroil — BEKTOp (B YaCTHOCTH, CKaJsp). B aTOM cimydae matpuiia paccMaTpuBaeTcs
KaK BEKTOp, COCTABIICHHBII U3 €€ AJIIEMEHTOB, 3allMCAHHBIX MO CTOJIOIAM, U JIEHCTBYIOT T€ K&

MpaBHJIA, YTO U ISl apU(METHIECKHIX OTepaIliii HaJ BEKTOpaMHu:



> A+3

[,11 [,2] [,3]
(1,1 4 7 10
[2,] 5 8 11
[3,]1] 6 9 12

> B+3

[,11 [,2] [,3]
[1,1 2 1 0
(2,1 -1 -2 -3
[3,] -4 -5 -6
> (1:3)*A

[,11 [,2] [,3]
(1,1 1 4 7
[2,] 4 10 16
[3,1 9 18 27
> A* (1:3)

[,11 [,2] [,3]
(1,1 1 4 7
[2,] 4 10 16
[3,1 9 18 27
> (1:9)+A

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

[,11 [,2] [,3]
[1,1 1 4 9
[2,] 16 25 36
[

3,1 49 64 81

Ecnu nnmuHbl 00BEKTOB HE KPATHBI, TO BEIBOJUTCS MPEIYTPEKICHUE

> (0:3)*A

[,11 [,2] [,3]

[1,]1 0 12 14

[2,]1] 2 0 24

[3,] 6 6 O

[lpenynpexneHue

In (0:3) * A

OJuHa OoJapmero oObeKTa He HABJIAEeTCS IPOM3BEIEeHMEeM OJIMHBI MEHBIIEeT O
oOBEeKTa

DieMeHTapHbIe MaTeMaTHYeCKre (DYHKIIMH TaKKe TPUMEHSIOTCS TTOAJIEMEHTHO:
> sqrt (A)

[,11 [,2] [,3]

[1,] 1.000000 2.000000 2.645751



1.414214 2.236068 2.828427
1.732051 2.449490 3.000000

(11 0,21 [,3]

1,] 0.000000 0.6931472 1.098612
2,] 1.386294 1.6094379 1.791759
3,1 1.945910 2.0794415 2.197225

@yHKIMA outer (x, Yy, <«omepauus») MNPUMEHSAET 3aJaHHYIO ONEPAIUI0 K KKIOW mape
AJIEMEHTOB BEKTOPOB X W Y. [loaydnm Marpuily, COCTAaBICHHYIO U3 PE3YJIbTATOB BBIITOJIHEHUS
9TOW omepanuu. YHUCIO CTPOK MaTpPUIlbl — JUIMHA BEKTOpa X, a YHCIO CTOJIOIOB — JUIMHA
BEKTOpa v.

> x =1:5; x

[1] 1 2 3 45

>y =-2:3;

1] -2 -1 01 2 3

[

> outer(x, vy, "*")

(,11 [,21 [,31 [,4] [,5] [,6]

[1,] -2 -1 01 2 3

[2,] -4 -2 0 2 4 6

[3,] -6 -3 0 3 6 9

[(4,] -8 -4 0 4 8 12

[5,] -10 -5 0 5 10 15

> outer(x, y, "™")

[,11 [(,21 [,31 [,4]1 [,5] [,6]

[1,] 1.0000000 1.0000000 1 1 1 1
[2,] 0.2500000 0.5000000 1 2 4 8
[3,] 0.1111111 0.3333333 1 3 9 27
[4,] 0.0625000 0.2500000 1 4 16 64
[5,] 0.0400000 0.2000000 1 5 25 125

Bmecto outer (x, vy, "*'") (BHElIIHee MPOM3BEICHHE BEKTOPOB) MOXKHO HCIOIB30BaTh X

505 VY.

> X%0%Yy

[,11 [,21 [,31 [,4]1 [,5] [,6]
[1,] -2 -1 01 2 3

[2,] -4 -2 0 2 4 6

[3,] -6 -3 0 3 6 9

[4,] -8 -4 0 4 8 12

[5,] -10 -5 0 5 10 15

TpancioHrpoBaHNE MATPUIIBI OCYIIECTBIIACT PYHKIUS t (A) , a MATPUIHOE
MIPOU3BEAECHUE — OIlEpalusd $* .

> A = matrix(1:9, nrow = 3);

> B = matrix(-(1:9), ncol = 3,byrow=T)

> AS%*3B

[,11 [,21 [,3]



]

] -14 -32 -50

1 =32 =77 =122
3,1 -50 -122 -194

JIiist peleHns CUCTEMBI JTMHEHHBIX ypaBHEHHE AX = D ¢ KBaapaTHOI HEBBIPOKICHHON MaTpHUIICH

[1,] -66 =78 =90
[2,] =78 =-93 =108
[3,] -90 -108 -126
> B%*%A

[,11 [,21 [,3]

[

[

[

A ecThb GyHKIMS solve (A, Db):
> A = matrix(c(3,4,4,4), nrow = 2);A

[,11 [,2]
[1,] 3 4
[2,] 4 4

> b=c(1,0)

> solve (A, Db)
[1] -1 1

CucTeMbl TMHEHHBIX YPaBHEHUH, YbU MaTPHULIBI KOA()(OUIIUECHTOB UMEIOT BEPXHUN TPEYTOJIbHBIN
WIM HWKHUN TPEYroiabHBIA B (T.€. JIMOO BCE AJIEMEHTHI MOJ IJIABHON JMaroHajlbl0 PaBHBI
HYJTI0, TMOO HaJ TIAaBHOM MAroHajbl0) MOXKHO pemaTh ¢ moMomblo (yHKMid backsolve
(A, b) m forwardsolve(B b), rme A U B — BepXHAsd TPEYyrojbHas U HWKHII
TPEyroJibHasi MaTPHUIIBL, b — BEKTOP CBOOOAHBIX K03 PHLIneHTOB.

> A = matrix(c(3,0,4,4), nrow = 2);A

[,1]1 [,2]

[1,] 3 4

[2,] 0 4

> b=c(1,1)

> backsolve (A, Db)

[1] 0.00 0.25

> B= matrix(c(3,4,0,4), nrow = 2);B
[,11 [,2]

[1,] 3 0

[2,] 4 4

> forwardsolve (B, b)
[1] 0.33333333 -0.08333333

OyHKIUA det (A) HAXOIUT ONpPEAEIUTEeNb MaTpUIlbl, a solve (A) — o0paTHYI MaTpUILy:

> det (4)

[1] -4

> solve (A)

[,1] [,2]

[1,] -1 1.00

[2,] 1 -0.75

B R ecrp ¢yHkuus determinant (), nomHas ¢opma KoTopoi determinant (x,

logarithm = TRUE, ...).B omuune or det () BO3BpamaeT He CKaJAp (ONPEIEIUTEND



MaTpHIlbl), @ CHHCOK, COCTOSIIMHA W3 JBYX 3JIEMEHTOB, MEPBBIH M3 KOTOPHIX JHOO MOIYIh

omnpenenurens (JOrMYecKHi apryMeHT logarithm npunumaer 3Hadenue FALSE), nu6o

gorapupm monyis ompenenurens ( logarithm = TRUE), a Bropoit — mubo —I

(ompenenuTens oTpUIaTeneH), oo 1 (ompenenuTens HEOTPHUIIATEIICH).

> X

> determinant (X)

Smodulus
[1] 1.609438

attr (,"logarithm")

[1] TRUE
S$Ssign

(1] -1
attr(,"class")
[1] "det"

Kpome ¢ynxiuu solve ()

JJI1 HaXOXIACHUA O6paTHOI71 MaTpuibl MOXHO HCIIOJIB30BaTh H

byHKIMIO ginv () (HO AJIst TOTO CHAavasjia HaJI0 MOIKIIOYUTh MakeT MASS).
> X=matrix(c(1,2,4,2,1,1,3,1,2),nrow=3) ;X

[, [,2] [,3]

14

~

1]
1,]
2,]
3,1

SN

14

2 3
11
12
solve (X)

11 0,21 [,3]

library (MASS)
ginv (X)

[
[
[
>
[
[
[
[
>
>
[,11 [,2] [,3]
[

[

[3

1,] -2.000000e-01 0.2 0.2
2,] -2.224918e-16 2.0
;] 4.000000e-01

1,] -2.000000e-01 0.2 0.2
2,] -3.172066e-17 2.0
3,] 4.000000e-01

-1.0

-1.4 0.6

-1.0

-1.4 0.6

PaccmoTtpum emié psin pyHKIMN NOJE3HBIX TP paboTe ¢ MaTpULIAMU. JTO:

*colSums (X, na.rm) — cymMMa 3JIEMEHTOB IO CTOJIOIIAM;

* rowSums (X, na.rm) — CyMMa 3JIEMEHTOB II0 CTPOKaM;

* colMeans (X, na.rm) — CpeIHHE 3HAYCHHS MO CTOJIOIAM;

* rowMeans (X, na.rm) — CpeqHHUE 3HAYECHUS 10 CTPOKAM.

AprymeHTBl (YHKIUN: X — HMCXOJHBIM YUCIOBOM MaccHMB (MaTpulla), na.rm —JIOTHYeCKHi

apryMeHT, HY)KHO Ji1 yOupath u3 paccMorpenust NA (1o ymoiryaHuio na . rm=FALSE).



369 12

1] 6 15 24 33

row3ums (A)

1] 22 26 30

colMeans (A)
[1] 2 5 8 11
> rowMeans (A)
[1] 5.5 6.5 7.5
Cob6cTBeHHbIE BEKTOpa M COOCTBEHHbIE YKCIa MATPUIO HAXOISATCS MPU OMOILN
eigen (X, symmetric, only.values = FALSE)
rjae X — HMCXOJHAas MaTpulla. symmetric — JIOTHYECKH apryMEeHT, €CJIM ero 3HaueHUE eCTh
TRUE, To mpeamnonaraercs, 4To MaTpuia X — cUMMeTpuyHas (DpMHUTOBA AJIsi KOMILIEKCHBIX
yricen), U OepyTcs AJIEMEHTHI. JIeXKallhe TOJIbKO Ha TJIABHOM OuaroHaidu u mon Hero. Ecnu
aprymMeHT symmetric He 3agaH, TO MaTpuia OyIeT NpoBEepeHa Ha CUMMETPUYHOCTb.
Jlormdeckuii apryMmeHT only.values omnpenessieT, Hy>KHO JIH BBIBOJUTH TOJIbKO COOCTBEHHbBIE
qrclia WK ei€ U COOCTBEHHBIE BEKTOPA.
> X

Svalues

[1] 5.892488 -2.266818 0.374330

Svectors

[,11 [,21 [,3]

[1,] 0.5917695 0.7343437 -0.01899586

[2,] 0.3865001 -0.2573049 -0.83006716

[3,] 0.7074083 -0.6281191 0.55733982

BosBpariaer BeKTOp COOCTBEHHBIX 3HAYCHHM, pPACIOJIOKEHHBIX B TMOPSAIKE YOBIBAHHUS HX
Mojynel (COOCTBEHHBbIE 3HAUEHUS MOTYT OBITh W KOMIUIEKCHBIMU) U MATPUILy, YbH CTOJIOIIBI
€CTh COOCTBEHHBIE BEKTOPHI HCXOJIHON MAaTPHIIBL.

lower.tri (X, diag = FALSE)

u

upper.tri (X, diag = FALSE)

CTPOAT JIOTMYECKUE MATPULBI(UbK PAa3MEPHOCTH COBIAJAIOT C Pa3MEPHOCTHbIO MATpPUIbl X) , B
KOTOPBIX Ha JMAaroHAJIAX HUXKE TIaBHOM (lower.tri (X, diag =FALSE)) WU BBIIIE
rmaBHOW (upper.tri (X, diag = FALSE)) crosar jgorumdyeckue nepemernHsie TRUE.
AprymeHT diag oTBe4aeT 3a IJIaBHYIO IMaroHajb.



Onepayuu ¢ unoekcamu

JlocTyn k aneMeHTaM MaTpHIbl IPOUCXOAUT IO UHAEKCY. A[1, 7J] cchulaeTcsa HA

AJIEMEHT I-# CTPOKH | j-ro cTosiona MaTpuilsl A. Ha MecTe WHICKCOB | ¥ | MOTYT

CTOSITb BEKTOPBI.

* 1 W J — nonodcumenvHvie YeloyUcieHHble 6eKkmopbsl, Torma A[i, j] — moaMarpuua
Matpuilbl A, oOpa3oBaHHas 3JE€MEHTaMH, CTOSUIMMU Ha MEPECEUCHHHM CTPOK C HOMEpamMu H3
BEKTOpa 1 W CTOJOIOB C HOMEpaMu U3 J.

* 1 U j — ompuyamenbHble YEI0YUCNIEHHbIE 8eKMOpbl, Toraa A[i,j] — moaMarpuua,
MOJYyYECHHAs! U3 UCXOJHOW MaTpUUbl yIAJICHUEM 3JEMEHTOB Ha COOTBETCTBYIOLIMX CTPOKAX U
CTOJIOIIAX.

* i u j — noeuveckue gexmopwi. Torma A[i,j] — HOBas MaTpuila, COCTOSIIAS U3 TeX
3JIEMEHTOB UCXOJHOM MaTPUIIbI, ISl KOTOPBIX JIEMEHTHI BEKTOPOB 1 U ]

npunumarot 3Hauenre TRUE.

* 1 W J — cumeonbHble 8eKmMopbl, T.€.BEKTOPHl C UMEHAMHU CTPOK M cTosOnoB. HoBast maTpuia
oOpazoBaHa 2JIEMEHTAMHU HCXOJHOW, HAXOJSIIMMKCS Ha IEPECeYEHUU CTOJIOIOB M CTPOK C
3aJJaHHBIMUA UMEHAaMHU.

*A[i, ] —»oKkBUBaIEHTHO A[1, l:ncol (A)].

*A[, Jj]—»oKBUBAICHTHO A[l:nrow (A), J].

Bo3MoxeH 10CTyn K 2JIeMEHTaM MATPHULIBI C IIOMOILBK OJHOTO MHJIEKCA:

* A[5] o3Hauvaer 5-i IEMEHT MATPULBI A, €CIU CUUTATh, YTO JIEMEHTHI IPOHYMEPOBAHBI 110
CTOJIOIaM.

* Eciu 1 — BekTop, TO A[1] O3HaYaeT BHIOOPKY COOTBETCTBYIOLINX JIEMEHTOB

U T. 1.

MOo>KHO 3a/1aTh KIMEHA CTOJIOIaM M CTPOKaM MaTPHIIbI

A=matrix (1:12,nrow=3)

rownames (A)=letters[l:nrow(A) ]

colnames (A)=LETTERS[1:ncol (A) ]

A

D

7 10

8 11

9 12

vV Q O o ¥ V V V
w N - W
o U0

ITocae atoro AOCTYII K CTPOKaM 1 CTOJ'I6LI3.M, KaK YK€ I'OBOPUJIOCH BBIIIC MOKET
MPOUCXOAUTH IO UMCHHU.

> A [ 14 a’ ’ 14 CI ]

(1] 7



A BCD
2 58 11

1.3. MHOrOMEpPHEIE MAaCCUBEI

Marpuibl — 3TO YaCTHBIN
pasMepHocTH. B o00mem cinydae mMaccMBBI MOTYT HMMETh OoJjblle pa3MmepHocTeil. Paborta ¢

MHOTOMEpPHBIMH MaccMBaMu B R Bo MHorom anajormdna pabore ¢ martpuniamd. OCHOBHOM

cnoco0 ux co3maHuss — QyHKUus array (X,

9JICMCHTLI MaCCHBA U BCC €0 pa3MCPHOCTH.

Cozmanum MaccuB pa3MepHOCTH 3 X 5 X 4
> A=array(l:60, c(3,5,4))

HpI/I BbI3OB€ MAaCCHUB BbBIBOJHUTCA ITOCJIOMHO.

> A

(,11 [,21 [,3]1 [,4] [,5]
[(1,] 1 4 7 10 13
[2,] 2 5 8 11 14
[3,] 3 6 9 12 15
;o 2
[,11 [,21 [,3]1 [,4] [,5]
[1,] 16 19 22 25 28
[2,] 17 20 23 26 29
[3,]1 18 21 24 27 30
;0 3
[,11 [,2] [,3]1 [,4] [,5]
[1,] 31 34 37 40 43
[2,] 32 35 38 41 44
[3,] 33 36 39 42 45
, 4
[,11 [,2] [,3]1 [,4] [,5]
[1,] 46 49 52 55 58
[2,] 47 50 53 56 59
[3,] 48 51 54 57 60
MoxHO 3a1aTh UMEHA Pa3MEPHOCTSM:
> diml =c('A’", 'B’, 'C’")
> dim2 =c('X1’, ’'X2’', ’'X3’', ’'X4’, ’"X57")
> dim3 = c(’'3Buma’,’'Becna’,’'Jlero’,’OceHp’)
> dimnames (A) = list (diml, dim2, dim3)
> A

;s 3BuMa

X1 X2 X3 X4 X5
A1 4 7 10 13

B 258 11 14

C 3 6 9 12 15

cnyqaﬁ MHOI'OMECPHBIX MAacCCHBOB.

BEKTOP pasMepHOCTel). YKa3blBaloTCA

HMEIOT [IBE



, , BecHa

X1 X2 X3 X4 X5

A 16 19 22 25 28

B 17 20 23 26 29

C 18 21 24 27 30

, , JleTo

X1 X2 X3 X4 X5

A 31 34 37 40 43

B 32 35 38 41 44

C 33 36 39 42 45

;, +» OceHb

97

X1 X2 X3 X4 X5

A 46 49 52 55 58

B 47 50 53 56 59

C 48 51 54 57 60

¥ TIOCJIE 3TOTO 00pamaThes K SJIEMEHTY 110 HIMEHH €T0 CTPOKH, CTOJI0Ma, CI0s U T.
.

> A[,,"Ocennp"]

X1 X2 X3 X4 X5

A 46 49 52 55 58

B 47 50 53 56 59

C 48 51 54 57 60

> Al,'X2","3uMma" ]

A B C

4 5 6

OtmeTuM, YTO TNOJOOHBIM 00pa3oM NPOUCXOAUT paboTa € MacCHUBaMH, COCTOALIUMHU U3
CUMBOJIBHBIX CTPOK, JIOTHYECKMMH MAacCUBaMU W MacCHUBaMH, IIOJyYE€HHbIMH Ha OCHOBE

CITMCKOB.

3aganue 2. Pabora co cnuckamu, ¢peiimMamMM JaHHBIX, IpeoOpa3oBaHUE U3 OAHOH CTPYKTYpbI
JaHHBIX B Apyryto. Heo6xoanmo 3amycTuTh Bce KOMaHIbl U3 pas3nienoB 2.1-2.4. BhIMOTHUTH

ylpakHeHUs U3 pazzena 2.5.

2.1. Crucku

Cnucku 6 R — 9TO KOJUIEKIIUU OOBEKTOB, JOCTYIT K KOTOPOM MOKHO MPOU3BOAUTH MO HOMEPY
i uMeHd. CITUCOK MOXET COJEPkKaTh OOBEKThI (KOMIOHEHTHI) Pa3HBIX THUIIOB, YTO OTJIMYAET
CIIUCKH OT BEKTOpOoB. KOMIOHEHTamMH CHHCKAa MOTYT OBITh B TOM YHCJE BEKTOPHI U JIPYTHE
CIMCKH.

DyHKIUA

> list (o6wexTl, O0OBEKTZ, ...)

CO31a€T CIIUCOK, COJIEP AN YKa3aHHbIE OOBEKTHI.



CoznaanM CriMcoK writer ¢ yKa3aHHBIMH TOJISIME: (paMIUTHS, UMs, TOJ] POXKACHUS, TOJ CMEPTH,
JIOTHYECKOE TOoJIe ceMeiHoro mnosnoxenus, npodeccus, PUO xennl (Myxa) (eciim HeT — NA),

KOJIMYECTBO JIETEH (€C/IH eCTh), TPH HanboJiee N3BECTHBIX MPOU3BEACHHUS (TPH IOJIS).

writer=1list ("llexcnoup", "VYuneam", "1564", "lele", T,
"npamarypr", "Xaraysmu  AxHHaA", 3, "PomMeo u IxynbeTTa", "TamneT",
"Orejyio")

BriBeneMm Ha 3kpaH.

>writer

"Pomeo u IxyJnbeTrTa"

"Oresqmo"

Taxke CIHUCOK MOXKHO €O31aTh ¢ Iomolbl vector ("list" gnmHa). byaer cosnan
NyCTON CMMCOK 3aaHHOM JuinHBL. DyHKIUSA 1ist () 0e3 apryMeHTOB TakXke cOo3aéT MycTon
CIIHCOK.

[TpoBepka oObeKTa Ha MPUHAJIEKHOCTh K CIIMCKaM OCYIIECTBIISIETCS ¢ MOMOIIbIO 1s.1ist (),
nepeBoj] 00bEKTa B CIIUCKH — as . 1ist ().

K xommnoneHTam MoKHO oOpararkcsi o Homepy. Homep ykasbiBaeTcsi B JBOMHBIX KBaJpaTHBIX
CKOOKax Iociie UMEHH CITUCKaA.

> writer[[11]

[1] "llexcnup"

> writer[[9]]

[1] "Pomeo u IIxynbeTTa"

MoxHO c03/1aBaTh HOBbIE KOMIIOHEHTHI:

writer[[12]]="Aurausa’

writer



"Pomeo u IxyJnbeTrTa"

1 "AHTamsa"

MMena aeMeHTOB CIMCcKa 3a1al0TCs TAKXKE, KaK U B CIIy4yae BEKTOPOB

> names (writer)<-c("dammunusa", "uma", "ron poxnenua","ronm cmepTu",
"ceMeVHEM cratyc", "npodeccua", "umsa xeHs" , "umcio neren",
"npouzeeneHuel", "npomsseneHmel", "npomzeeneHue3")

writer

ShamMmnusa

[1] "llexcnup"

SumM4a

[1] "Yunpsam"

S'‘ron poxnmeHus

[1] "1564"

S‘ron cmerpu’®

[1] "1l61l6"

$‘cemeMrHelr craryc'

[1] TRUE

Snpodeccus

[1] "nmpamarypr"

100

SV‘ymMma xeHH

[1] "XaTaysm AxnzHa"



SYumpciso pmeren

[1] 3

SnpousBenenuel

[1] "Pomeo u IOIxynberTa"
SnpousBeneHue?

[1] "TamnetT"
SupomsBeneHue3

[1] "Oremyo"

S<NA>

[1] "Aurjaua"

3amMeTUM, YTO €CIM Ha3BaHHUE IOJS CIHMCKAa COCTOMUT Oejiee 4YeM U3 OJHOI0 CjIoBa, TO 3TO
Ha3BAHUE BBIBOJUTCS B OJJMHAPHBIX KaBbluKaX. [ [pUCcBOMM MMS MTOCIEHEMY DIIEMEHTY CIIHCKA.
> names (writer) [12]='CTpana’

> writer

Shammnms

[1] "llexcnup"

SumM4a

[1] "Yunpam"

$'ron poxmeHus

[1] "1564"

S‘ron cmeTpu®

[1] "1le6l6™

S ‘cemenHelr craryc'

[1] TRUE

Snpodeccus

[1] "mpamaTypr"

SV‘yumMma xeHH

[1] "Xaraysm AxnHa"

S‘uycyo pmerenn

[1] 3

SnpomnsBenenuel

[1] "Pomeo u IIxynberTa"

SupomusBeneHue?

[1] "T'amjeT"

SnponsBeneHue3

[1] "Oremnmo"

SCrpaHa

101

CrpaHa

"AunTaua"

NMmeHa KOMIIOHEHT CIMCKAa MOYKHO YKa3aTh Cpa3y MPH €ro CO31aHUU:
writer=1list (pamunua="llexcnoup", uMa="Yunram",’' ron
poxnenusa’="1564", 'rvonm cmepTn’="1616", 'cemelHoe noJjoxeHue’=T,

npodeccusa="gpamaTypr", 'mMma xeHvl’ ="XarTays¥n AHHA", umciso nperewn’=3,



npomsBeneHuel="Pomeo u IxynpbeTTa", npouszBeneHme’="Tammet",
npomseenenue3="0Tenjo")

Teneppr K KOMIIOHEHTaM BEKTOpa MOXHO oOOpamarbcs 1Mo WMeHH. Jlisi 3Toro ectb JBe
BO3MOXKHOCTH. VIMsI MOKHO YKa3bIBaTh IOCJIE€ 3HAaKa $, KOTOPHIH MPUIMCHIBACTCS K Ha3BaHHIO
CIIMCKA.

> writer$"uma xeHw"

[1] "XaTaymm AxHHa"

> writer$’ pammnmsa’

[1] "llexcnup"

> writerSnpodeccus

[1] "opamatypr"

CTouT 3aMETHTh, YTO €CIIM Ha3BaHHME KAKOTO-TUOO 3JIEMEHTa CIHUCKA COCTOUT U3 JABYX M Ooliee
CJIOB, TO oOpalieHue Buaa

writerSmuMsa XeHE

MIPUBEIET K MOSBICHUIO COOOIIEHUS 00 OmMnOKe.

BTtopoii crmocod — ums 2JIeMeHTa CIHCKa 33/1aéTCs B KAaBBIYKAX M JIBOMHBIX

KBaJPAaTHBIX CKOOKaX

writer[['mMmsa’]]

[1] "Yunpam"

writer[["uMma"]]

[1] "Yunpam"

OI[I/IHapHHe KBaJApaTHbIC CKOOKH CO3JAaK0T HOBLIC CIIMCKHM Ha OCHOBC IICPBOHAYAJIBHOIO.

Hampuwmep:

*1st[1:4] — HOBBIN CIMCOK, COCTOSAIINN U3 NIEPBBIX YETHIPEX IIEMEHTOB UCXOIHOTO CIIACKA
1st;

e 1st[-(2:4)] — CHOHUCOK, MOJYYEHHBI HCKIIOYEHHEM BTOPOrO, TPETHETO0 M YETBEPTOIO

3JIEMEHTa U3 UCXOIHOTO CIIMCKA;

* Ist[c("name "occupation'")] — COUCOK, COCTOSIIIMK W3 3JIEMEHTOB CIIACKA 1St C
YKa3aHHBIMU UMEHAMU.

[IpaBuia Mcnoap30BaHUs MHAECKCOB aHAJIOTMYHBI COOTBETCTBYIOIIMM IPaBWJIaM [IJIi BEKTOPOB.
BaxHo noHuMaTh pasznuuuMe MEXAYy MpaBUIaMH HMCIOJIB30BaHUS OJWHAPHBIX W JBOMHBIX
KBaJIpaTHBIX CKOOOK:

* 1st[[1]] — mepBas KOMIIOHEHTA CIIUCKA;

* 1st[1] — HOBBII CIIUCOK, COCTOSIIMI U3 MEPBON KOMIIOHEHTHI CIIMCKA UCXOJHOTO CIIMCKA.
OTMeTuM, YTO B IBOMHBIX KBAJIPATHBIX CKOOKAaX B KAU€CTBE MHIEKCOB HE MOTYT HCIOJIb30BATHCSA
BEKTOPBI.

CIHCKH SBISIOTCS PCKYPCHUBHBIM THUIIOM JaHHBIX, T. €. KOMIIOHCHTBI CIIMCKA MOT'YT CaMU OBITh

CIIICKaMHU.

> Pushkin <- 1list (name = "Amnekcaunp CepreeBuu IlymkuuH", year =
1799)

> Gogol <- list(name = "Huxkomna¥ BacumnbeBuu I'orosib", year = 1809)

> 1st <- list (Pushkin, Gogol)
> 1st[[1]]@name
[1] "Anexcaunnp CepreeBudu IlymkuH"



> length(lst)

[1] 2

OYHKIMS C () OCYHIECTBIISIET KOHKATEHAIUIO ABYX WK O0Jiee CIIUCKOB:

> clst <- c(Pushkin, Gogol)

> clst

@name

[1] "Anexcaump CepreeBuu Ilymxun"

dyear

[1] 1799

@name

[1] "Hukojsia BacunbeBuu I'oroJib"

dyear

[1] 1799

> length(clst)

[1] 4

> clst@name

[1] "AnexcaHzmp Cepreesuu [Iymxuu"

> clst@year

[1] 1799

> clst[[3]]

[1] "Huxomnam BacumnbeBmuu I'oroJsip"

> clst[[4]]

[1] 1809

Oyaknus unlist (x, recursive, use.names = TRUE) npeoOpa3oBBIBAET CIIUCOK X
B BEKTOpP, AJIEMEHTAMHU KOTOPOTO SIBJISIOTCA KOMIIOHEHTBHI CHHCKA. JIOTMYECKUH apryMeHT
recursive oOIpenenser, HYKHO JU pacKiIaablBaTb KOMIIOHEHTHl CIIMCKa Ha BeKToOpa
(logical, integer, real, complex, character) wuium HeT (IO YMOTYAHHIO
recursive = TRUE). Jlorudeckuii apryMeHT use.names IMO03BOJSET COXPAaHUTh HMEHa
KOMITOHEHT CITMCKa M TIPUCBOUTH MX AJIEMEHTaM CO37]aBa€MOro BekTopa (use .names = TRUE
— 3Ha4YEHUE M0 YMOIIYAHUIO).

s Mmatpunsl X ¢ momouipio GyHKIMU determinant () co3gaauM CIUCOK,

> X
[,1
[1,
[2,
[3
> Y=determinant (X);Y
Smodulus

[1] 1.609438

attr (,"logarithm")
[1] TRUE

S$Ssign

[1] -1
attr(,"class")

10,31

I 2
1123
] 211
] 412

4



[1] "det"

KOTOPBIH peoOpa3zyeM B BEKTOP.

> z=unlist(Y);z

modulus sign

1.609438 -1.000000

[Tpu mpeobpa3oBaHMM CHHCKA B BEKTOP YUMTHIBACTCS MEPApXUsl THIOB JaHHBIX (logical <
integer < real < complex < character). CoOTBETCTBEHHO, B pPE3yJIbTaTe
npeoOpazoBaHus OyleT IMOJIy4eH BEKTOp, YeW THI JaHHBIX OMpeleNsercs HauOOJIbIIUM
COIJIACHO MepapXHH TUIIOM KOMITOHEHTHI cmucka. B R mpemycmorpena u oOpatHas QyHKIUS
relist (), MO3BOJISIONIAs BOCCO3AATH CIIMCOK. APryMEHTHI GYHKIMU relist ():

* f1esh — BeKTOp, KOTOPHIH HYKHO IPeoOPa30BaTh B CIIUCOK;

* skeleton — CIUCOK, CTPYKTYpa KOTOPOT'O ONPEIEIAET CO34aBAEMbIN CIIUCOK.

[IpeoOpaszyem noayyeHHBIN B MIPEIbIIYILIEM IPUMEPE BEKTOP Z

> z

modulus sign

1.609438 -1.000000

CHOBA B CIIUCOK. J[J11 3TOro 3a1ailuM «CKENET» — CIIMCOK, 3aJA0LIUNA CTPYKTYPY

HMCKOMOTO pe3yJibTara.

> Z=list(c(l),c(l));Z

[[1]]

[1] 1

[[2]]

[1] 1

Bocco3naém crimcoxk.

> Y=relist(z,2);Y

[[1]]

[1] 1.609438
[[2]]

[1] -1

2.2. ®akTopel — factor ()

@®aKTOp — 3TO BEKTOPHBIA 00BEKT, KOJUPYIOIINHA KaTeropruaibHble JaHHbIE (K1acchl). @akTopbl
co31ar0TCs ¢ moMotibio Gynknuun factor () .

[Tposenu ompoc, B xone kotoporo 150 yenoBek OblI 3aJaH OJUH U TOT ke Borpoc:«HazoBute
camblii u3BecTHbI QuibM AHapess TapkoBckoro». B pesynbrare copMupoBaH CHUMBOJIbHBIN
BEKTOp 0pros, coctosmuii u3 150 anemMeHToB.

> length (opros)

[1] 150

105

Briienum paznuyHble KaTeropuy — BapUaHThl OTBETOB.

> factor (opros)

B pe3yibTare 6y,Z[CT BBIBEJECH CaM HCXOIHBIN BCKTOp M YKa3zaHbl BCC PA3JIMYHLIC KATCTOpHUU

(paxropsr).



He 3HAa
Conapuc
BaHOBO
HE 3HAD
Comnapuc
IBAHOBO
He 3HAao
Comapmuc
BaHOBO
He 3HAao
Conapuc
IBAHOBO
HEe 3HAa
Comapuc
IBaHOBO
He 3Hao
Comnapuc
IBAHOBO
HEe 3HAD
Comnapuc
Aumpenm P
Aumpenm P
HEe 3HA
HEe 3HAa
He 3Hao
He 3Hao
He 3Hao
He 3HAa
He 3HAa
Crankep
Crankep
Crankep
Comgapuc
He 3HAa

Crankep

He BHaw AHIOpeM PybiieB MBaHOBO meTcTBO CTajikep
Conapuc 3epkalio He 3Haw AHIOpewn Pyo6Jes

Banoro gmercTeo Crankep Cojgapuc 3epkalio

Angpen PyOjser MBaHOBO meTcTBO CTajikep
3epkajio He 3Hawo AHOpeM Pybiies

mercTtBO Crankep Comdapmc 3epkalio
Annpey Py6rner lVBaHOBO meTcTBO CTankep
3epkajio He 3Haw AHOpeM Pybiies

mercTBO Crankep Cojdgpmc 3epkajio
Angpemn PyOjser VMBaHOBO meTcTBO CTajikep
Bepkajio He 3Hao AHIOpen Pybnes

mercTtBO Crankep Comdgpmc 3epkalio
Angpen PyOiser VMBaHOBO meTcTBO CTajikep
3epkajio He 3Haw AHOpeM Pybiies

mercTBO Crankep Cojndgpmc 3epkajio
Annpey Py6rner lVBaHOBO meTcTbBO CTankep
Bepkajio He 3Hao AHIOpen Pybies

mercTrBO Crankep Cojsdgpmuc 3epkalio
Anmpen PybOner VBaHOBO meTcTBO CTankep
3epkalJio He 3Hao AHmpew PybOies

mercTBO Crankep Comndgpmc 3epkajio
Annpey Py6rner lVBaHOBO meTcTbBO CTankep
3epkaljio He 3HAaK He 3Hap

ybineB AHmpen PybOJsesn
ybineB AHmpemn PybOiesn

He 3Hal He 3HAap He 3Hap

He 3Hal He 3Hap He 3Hap

He 3Hal He 3HaA He 3Hao

He 3Hal He 3HaA He 3Hao

He 3Hal He 3HaAK HEe 3Hao

He 3Hal He 3Hap He 3Hap

AHngpen Py6Giser AHIOpen Py6Gjer
AHngpenn PybGiser AHIOpen Py6ier

He 3HAa
Crankep
He 3Hao
CoJiapuc
He 3HAa
Crankep

He 3Hap

Crankep
Crankep
CoJigapuc
He 3HAawo
Crankep

Comgapuc

Crankep
Crankep
He 3Hawo
Crankep
Comgapuc

He 3Hap

Levels: Aunpemn Py0Osier 3epkajio JMBaHOBO HeTCTBO He 3Haw Cojugpuc

Crankep
[Tpu BIBOAE (paKTOPHI (KaTErOpHH) pacroiaraloTcs B anpaBUTHOM MOPSAIKE (€CIU UMEEM JIETIO ¢
CUMBOJIbHBIMH JaHHBIMU) WJIM B TOPSIKE BO3pacTaHUs (YMCIOBBIE JAaHHBIE),eCIM HE HYKHO

yrnopsAaao4nBaTh KaTeropuu, TO ciIeayer CICayeT BOCIIOJIB30BAaThCs

factor (x,ordered=F) . 3naueHus NA, eciu ObUIM 3JIEMEHTAMH HCXOJTHOTO BEKTOPA,



UTHOPUPYIOTCS. UTOOBI MX yYUTHIBaTh, HY)KHO MCIIONB30BaTh QPyHKIUIO addNA (x), rie x —
HCXOIHBIN BEKTOP.

Oynkiuus ordered (x) aAedcTByeT aHanornyHo factor(), TOIBKO KaTeropuu 00sS3aTeNbHO
YIOPAIOYMBAIOTCA U YKa3bIBAETCs YMUCIO KaTteropuil. @yHkuus is.ordered (x) MpoBeEpsET,
YIIOPSAOYEHBI JIU KaTETOPUU WIU HET

CokpaTuM MCXOJHBIN BEKTOp opros 1o 30 3JeMEHTOB U Bocnoib3dyeMcss ordered () .

> oprosZ2=opros[10:40]

> opros?2

COKpaTI/IJ'II/I BCKTOP M BBIBCIIU €TI0 Ha OKpPaH.

[1] "Crankep" "Comapuc" "3epxkano" "He 3Ha"
[5] "Auzgpem Py6Gser" "MBaHoBo zmercTBo" "Crankep" "Comapuc"
P
[9] "Bepxano" "He zHa" "Ahnmpeyu PyOiser" "VMBaHOBO meTCTBO"
[13] "Crankep" "Comngpuc" "3epxkajo" "He 3Ha"
[17] "Aunpew PyOmner" "VMBanoBo pmercTteo" "Cranxep" "Comnapuc"
[21] "3Bepxkano" "He szHawn" "Angpen Py6mer" "MBaHOBO meTcTBO"
p P
[25] "Crankep" "Comnspuc" "3epkajo" "He 3Ha"
[29] "Aumpem Py6imer" "MBanoro pmercTBo" "Crankep"
p p

Teneps IpoBEpUM Ha yIOPSAIOYEHHOCTb KaTETOPUil.

> is.ordered (opros?2)

[1] FALSE

Hcnons3zyem ordered ()

> opros3=ordered (opros2)

> opros3

[1] Cranxep Congpuc 3epkalJio He 3Hawo

[5] Aumpemn Pybner MeBaHOBO meTcTBO Crankep Comapuc

[9] Bepkaso He 3HaKW AHIOpelU Py6jeB VMBaHOBO IOETCTBO

[13] Crankep Consgpmuc 3epkajio He 3BHao

[17] Aunpen Py6Giser MBaHOBO meTcTBO Crajnkep Cojagapuc

[21] 3epxajso He 3Haw AHOpel Py6jeB VBaHOBO HOeTCTBO

[25] Crankep Cosgpuc 3epkalJio He 3Hako

[29] Angppey Py0OisieB }MBaHOBO meTcTBO CTajikep

6 Levels: Aunnpew Pybner < 3Bepkajio < MBaHOBO HeTCTBO < He 3Haw <
< Crarnkep

W CHOBA MMPOBEPUM Ha YIIOPAIOUYEHHOCTb.

> is.ordered (opros3)

[1] TRUE

[TpoBepka Ha TPHUHAIICKHOCTh KAaKOTO-THOO 00BEKTa K (DakTopaMm OCYIIECTBISIETCS MPHU

noMoiy  (QyHKIIUU is.factor(), mepeBox B  (dakTopel — as.factor ()

(as.ordered() — nepeBOIUT B yIOPSAIOYCHHBIC (DAKTOPBI).

> is.factor (opros?2)

[1] FALSE

> as.factor (opros2)

[1] Crankep Comnapuc 3epkajio He 3Ha

[5] Anmpen PyOiyer lVeBaHOBO mercTreO Crankep CoJsapuc



3epkajio He 3BHaw AHIOpeM Pyb6iieB VMIBAHOBO IOETCTBO

Crankep Comngpuc 3epkKaljio He 3Hab

Angpemn PybGiser MBaHOBO meTcTBO Crankep Cojuapuc

Bepkanio He 3Haw AHOpew Py6Oiser VBaHOBO IOETCTBO

Crankep CoJgapucC 3epkKajio He 3Hap
29] Anzmpen PyOmneB lBaHOBO meTcTBO CTalkep

Levels: Aunmpen Py6Gner 3epkayio l/BaHOBO HeTCTBO He 3Hao Coxdgpuc
Crankep
Ecnun HyxHO mepeBecTH (akTOpbl B BEKTOPHI, TO HCIONb3yeM as.vector(). I[lpu stom
(dakTop IpeoOpPa30OBLIBACTCS B CHMBOJILHBIN BEKTOP.

> x=rep(c(l,5,7,3,2),6);:x

[1] 157321573215 732157321573215732

> y=factor (x),;y

(1] 157321573215 732157321573215732
Levels: 1 2 3 5 7

> is.vector (y)

[1] FALSE

> z=as.vector (y);z

(1] '™1w mwHm nwym o mw3wmompwomimw o uwnmowymwo o mIwo mpw o wimowgw o wywow3mw o npn
nn

[17] ™5™ mjw mgm wgm wjm o wpm o wgnom3womgm o ninongn wynow3w ngn

> is.vector (z)

[1] TRUE

@ynxyus gl ()

@yHKIMA gl () MNO3BOJSAET CO3/1aBaTh KaTErOPHUAJIbHBIE TAHHBIE C 3aJIaHHBIM YHCJIOM YPOBHEU
(kaTeropuii, (aKTOPOB).

[Tonnas 3anuce

gl(n, k, length, labels, ordered = FALSE)

Pa3z6epém aprymMeHTsI:

* N — LEJOYUCICHHBIA apryMEHT, 3a4a€T KOJUYECTBO PA3JIMUHBIX KATETOPUN.

* Kk — LEIOYMCIEHHBIA apryMEHT, ONPEACISIET CKOJBKO pa3 3TH KaTErOpUH BCTPEYAKOTCS
(urcio MOBTOpEHUI Habopa KaTeropuit).

> gl (5,3)

[1] 1 11222 333444555

Levels: 1 2 3 4 5

* length — HeNOYUCIEHHBIA apryMEHT — JJIMHA CO3/1aBA€MOI0 KaTErOpHaJbHOTO BEKTOpa
(mo ymommuanuto length = n k). Ecnu 3amanHas ajiMHa MEHbBIIE MPOU3BEACHUS n K, TO
OymeT co3maH yYCEUYECHHBIM BEKTOp, €CIM 3aJaHHas JJIMHA OojbIle, 4yeM n -k, TO
KaTEeropUaJIbHBIM BEKTOP JUIMHBI N -k TOBTOPSETCS A0 TEX MOpP, MOKA €ro JIMHA HE COBMAJIET C
3aJaHHOM.

> gl (5,3,15)

[1] 1 11222 333444555

Levels: 1 2 3 4 5



> gl(5,3,12)
(1] 1 112 2
Levels: 1 2 3
> gl(5,3,25)
(1] 1 1122233344455511122233314
Levels: 1 2 3 4 5

* labels — CUMBOJIbHBIM apryMEHT, BEKTOP AJIMHBI N, 33Jat0Mi Ha3BaHUsl KaTeropui (1o

N

3334414

[N
&)

YMOJTYaHHIO 3aJIAI0TCS YUCIIOBBIE KaTeropun labels = 1:n).
gl(5,3,15,1labels=LETTERS[1:5])

[ 1] AAABBBCCCDDDETEHE

Levels: A B C D E
gl(5,3,15,1labels=c(’'xareropusal’,’'kareropusal’,’kareropmusal’,’'karer

opusa4d’, "kareropmusabdb’))

[1] xareropusal xareropusal kaTeropmsal KaTeropmsaZ KaTeropusalZ
KaTeropmaz

[7] KaTeropmsal3 kaTeropusal3 kaTeropusa3  kKaTeropmusad — kKaTeropuss
xKaTeropusasd

[13] xaTeropusab kaTeropmusadb kaTeropusab

Levels: xareropusal kxarTeropual xaTeropmsal kKaTeropmsad xareropusad

* ordered — JOTUYECKHH apTyMEHT, ONPEICISIET, HYKHO JIU YIOPSI0YMBATH KaTeropuu (1o
ymomndanuto 3HaueHue FALSE).
gl(5,3,15,1labels=c(’'xareropusal’,’'kareropusa’l’,’kareropmuald’,’'karer
opusad’,

"kareropuab’), ordered=T)

[1] xaTteropmusal kxarteropusal kareropual KaTeropmal —KaTeropmsal
KaTeropma?2
[7] KaTeropmsal3  KaTeropual3 kaTeropua3  kKaTeropmuad — KaTeropusad
xaTeropusaé

[13] xaTeropusab kaTeropusadb kaTeropusab
Levels: xkareropusal < kareropusaz < xkareropua3 < kareropusad <

KaTeropmuad

2.3. Tabmurpr — table()

Hpyras ¢yHKIMs, MO3BOJIsAONIas paboTaTh C KaTeropualbHbIMU JAaHHBIMM — table (1Ms
oBbexTa). OcOOEHHOCTh 3TON (PYHKIMHU 3aKJIIOYAeTCs B TOM, YTO OHA HE TOJIBKO BBIAEISET
pa3IMYHBIE KAaTErOpUHM HAHHBIX, HO M CHCTEMATU3UPYET HUX, YKa3blBass CKOJIBKO JJIEMEHTOB
HaXOJUTCs B Kax/10i kareropuu. B pesynbrare pabotsl table () mnomaydum Tabnuiy, nepBas
CTPOKa KOTOPON — 3TO pa3iIMYHbIE KaTETOPUH, a BTOpPasi — CKOJIBKO pa3 OHU BCTPEYALOTCS.
[TprMeHNM K BEKTOpPY Opros2 U3 MpeAbLAyLIero npuMepa GpyHkmuo table () .

> table (opros?2)

opros?2

Annpen PyOisieB 3epkajio VBaHOBO OeTCTBO He 3Hawo Comsapuc

55555

Crankep



6

Kareropuu ynopsinodensl. Eciu B mepBoHadanbHOM MaccuBe NaHHBIX Obli NA u (mm) NaN,
TO Tpu (pOpMUPOBAHUH TAONULEI OHU OyAyT OTOpoImIeHbl. UTOOBI MX Y4ecTh HAJO MPOIMUCAThH
JIONTOJTHUTENbHBINA apryMeHT table (x, exclude=NULL) .

Jlo6aBum B BekTOp opros2 3nmeMeHThl NA u NaN.

> opros2=c (opros2,rep(c(NA,NaN),c(6,9)))

> opros?2

[1] "Crankep" "Comapuc" "3epxaso" "He 3Han"

[5] "Aumpeu PyOser" "MeraHoBo mercTro" "Crankep" "Comapuc"
[9] "3Bepxajno" "He zHa" "Ahnmpeyu Pybiser" "VMBaHOBO meTCTBO"
[13] "Crankep" "Comnspuc" "3epkajo" "He 3Haw"

[17] "Aumpem Py6bser" "lranoro merctro" "Crankep" "Comapuc"
[21] "Bepxkano" "He 3Haw" "AHnpemn Py6jser" "VBaHOBO OeTCTBO"
[25] "Crankep" "Comngpuc" "3epxkajyo" "He 3Ha"

[29] "Aunpem Py6jger" "MBaHoBO zmeTcTBO" "Crankep" NA

[33] NA NA NA NA

[37] NA "NaN" "NaN" "NaN"

[41] "NaN" "NaN" "NaN" "NaN"

[4

5] "NaN" "NaN"

[Toctpoum Tabnuny, orOpacsiBas NA u NaN

> table (opros2)

opros2

Anmpen PyOser 3epkasio BaHOBO meTcTBO He 3Hawo Comapuc

55555

Crankep

6

U YYUTBIBasg UX

> table (opros2,exclude=NULL)

opros2

NaN Aunpnpew PyOisier 3epkasio VIBAHOBO INeTCTBO He 3HAW

95555

Comnapuc Crankep <NA>

56 6

[IpunapiexxHoCTh 00BEKTa K Kilaccy table () mpoBepsercs mpu momoimu is.table(), a
IEPEBO B 3TOT KJacc — as.table ().

[TpoBepuMm, mpuHamIekaT M BEKTOp W (akTop K Kiaccy table () wu urto Oyner, eciu
HOTIBITAThCS IEPEBECTH BEKTOP U (akTop B Kilacc table () .

> x=rep(c(1,5,7,3,2),6);x

(11 157321573215 732157321573215732

> y=factor(x);y

(11 157321573215 732157321573215732
Levels: 1 2 3 5 7

Co3nanu BEKTOp M Ha OCHOBE 3TOro BekTopa (akrop. IIpoBepum HX Ha NPUHAUIEKHOCTH K

Kiaccy table ().



> is.table (x)

[1] FALSE

> is.table (y)

[1] FALSE

ITompoOyem paccMaTtpuBaTh BEKTOp x Kak table () .

> z=as.table(x);z
ABCDEFGHTIJKLMNOPOQRSTUVWIXY Z
157321573215 73215732157321
Al B1 C1 D1

57 3 2

> is.table(z)

[1] TRUE

AHaJOTUYHO ¥ ¢ (DaKTOPOM v .

> z=as.table(y);z

Oumbrxa B as.table.default(y) : He MOTYy npeobpa3oBaThb B TabIULy

> is.table(z)

[1] FALSE

Kak mnokazano B mnpumepe BekTopa, (aktopsl M Tabmuubl (table ()) — 3TO pa3HbIe

CTPYKTYpbI. BekTopa MOKHO paccMaTpuBaTh Kak TaOJIHUIIbI (IIPH 3TOM KaXKIbIH 3JIEMEHT BEKTOpa
— 9TO CKOJIBKO pa3 BCTPEUAETCsl HEKasi KaTeropus, UMEHa KaTeropuii 00pa3yroTcs Py MOMOIIH
JaTUHCKOTO andaButa), a GakTOpbl — HeNb3s. TabauIy MOKHO MPeoOpa3oBaTh B BEKTOP:

> as.vector (z)

[1] 157321573215 732157321573215732
3aMeTHM, 4TO B 3TOM ciydae (B OTIMYME OT IpeoOpa3oBaHus (akTOPOB B BEKTOPHI) YHCIIA HE

CTAaHOBATCA CUMBOJIaMH.

2.4. ®peiiMbl 1aHHBIX (TaOMIBI JaHHBIX) — data frames

Opeiimbl (Tabmuiel) JaHHBIX (data frames) — OJIWH M3 CaMbIX BOKHBIX THUIIOB JIAaHHBIX B
R, mo3Bossttonuii 00beIMHATH TaHHBIE PAa3IMYHbIX TUIOB BMecTe. Eciu cierka ynpocTuTh, TO
TabJIMla JaHHBIX — 3Ta JABYMEpHas Tabiula, B KOTOPOH (B OTJIMYME OT YHMCIIOBBIX MaTpul),
pa3Hble CTOJOLBI MOTYT COAEpkKaTh JIaHHbIE Pa3HbIX TUIOB (HO BCE JIaHHBIE B OJTHOM CTOJIOLE
uUMeroT oauH Tun). Hampumep, Takass Tabiauia MOXeT COIEp:KaTh pe3yJbTaThl SKCIIEPUMEHTA.
Coznath ¢peiiM JaHHBIX MOXKHO C moMoItslo pyHknun data.frame () :

> frm <- data.frame (datal, dataz2, ...)

3/1ecb MHOTOTOYME O3HAYaeT, YTO CIHUCOK JaHHBIX MOJYKET COAEpXkaTb MPOU3BOJBHOE YHCIIO
JeMeHTOB. B kadectBe naHHbIX (datal, data2, . . . ) MOIYT BBICTYIaTb BEKTOPBI
(uMCcnoBBIE, CUMBOJIbHBIE MJIM JIOTUYECKHE), (GaKTOPbI, MAaTPHUIIb! (UHUCIOBBIE, CUMBOJIbHbBIE WU
JIOTUYECKHE), CIIUCKHU WU APYyrue TaOIHUIbl JAHHBIX.

[Ipu >TOM BCe BEKTOpHI JOKHBI HMMETh OJMHAKOBYIO JJIMHY, @ MaTpHUIbl M TaOMUIBl —
OJIMHAaKOBOE (TaKoe >K€) YMCIO CTPOK. MoOryT Takke BCTpedaTbcs BEKTOPHI, JJIMHA KOTOPBIX
MEHbIIIE, HO B 3TOM CJy4Yae JTa JJMHA JOJDKHA SBIATHCS JEIUTENEM MaKCHMAJIbHON

BCTpC‘IElIOU.ICfICﬂ JnuHbBL To ke Tpe6OBaHI/Ie MMPEABABIACTCA K KOMIIOHCHTAM CITMCKOB. CDYHKI_II/ISI



data.frame mpocto cobupaer Bce qaHHBIE BMecTe. CHMBOJIBHBIE BEKTOPHI KOHBEPTUPYIOTCS
B (akTopsl. OcTasibHbIe JAHHBIE COOMPAIOTCS BO (peiiM TaKMMHU, KAKUE OHH €CTb.
Coznmaaum TabIUIly NaHHBIX MO YETBHIPEM CTYACHTaM — TOJ POKISHUS W TOJl MOCTYIUICHHS B
BY3.

Y = matrix(c(1988,1987,1989,1989,2005,2005,

2006, 2005), nrow = 4)

rownames (Y) = c("lraunor", "YanpsauHor", "Kpacuora", "VYcTooror")
colnames (Y) = c("rom poxmeHusa", "ron noctTynjeHusa")

[Tpu oOparieHnH MOIyYIrUM CIICTYIOIIYIO TaOIUILy:

> Y

TOI POXIOEeHMS IO IOCTYIJIEHUS

VBaHnor 1988 2005

Ynvauor 1987 2005

Kpacuora 1989 2006

Ycrooror 1989 2005

JloGaBrM HOBBIE CTOJIOLBI — €CTh JIM Y CTYACHTA 3aJI0JDKEHHOCTH M Ha KaKOM Kypce.

n = c(FALSE, TRUE, FALSE, FALSE)

y=c(2,1,3,2)

Yl=data.frame(Y,n,y)

Y1l

TOn POXIOeHMA I'oX IMNOCTYIJIEHUS N Y

Banor 1985 2002 FALSE 2

Ynvauor 1987 2004 TRUE 1

Kpacuora 1986 2003 FALSE 3

YcrioroB 1984 2001 FALSE 2

[Tepenmenyem nocieaHue CTOJIOBI M CHOBA BBIBEIEM TaOIUILY

colnames (Y1) [3] = "3amojikeHHOCTDL"
colnames (Y1) [4] = "kypc"
Y1l

TOJ1 POKJECHHUS I'OJI MOCTYIUICHHS 3aJ0JKEHHOCTD KypC

VBaHor 1985 2002 FALSE 2

YnpaHo 1987 2004 TRUE 1

Kpacuora 1986 2003 FALSE 3

Ycrioros 1984 2001 FALSE 2

Ecnu cpenu aprymenToB ¢pyHkiuu data.frame () ecTh CIHUCOK, TO KaX/ass €ro KOMIIOHEHTA
npeBpaiiaerca B cronden gpeliMa M MMEHa CTOJOIOB (POPMHUPYIOTCS CaMOCTOATEIBHO, YTO
BHJIHO U3 IIpUMeEpa.

> 1st = list(l:4,FALSE, c("A", "B"))

> data.frame (lst)

X1.4 FALSE. c..A....B..
1 1 FALSE A
2 2 FALSE B
3 3 FALSE A
4 4 FALSE B



Joctynm K 3ieMeHTaM TaONUIbl OCYIIECTBISETCS IBYMS CIIOCOOAMHU: B «MaTPUYHOMY HIIU
«CTIHCKOBOM» CTUJISIX. B mepBOM ciydae yKas3bIBalOTCS HOMEpPA WM MMEHa CTPOKH M CTOJOIA.
Bo BTOpOoM Tabnuia paccMaTpuBaeTCs Kak CIHCOK, JIEMEHTAMH KOTOPOTO SIBISIOTCS CTOJOIIBI
TaOIHITBI, U YTOOBI OOPATUTHCS K €T0 MJIEMEHTY HY)KHO YKa3aTh UMS WM HOMEP 3TOTO JIEMEHTa
(T. €. UM UK HOMED CTOJIONA), a 3aTEM UMS UM HOMEP CTPOKH.

Y1 ["Vrauor", "kypc"]

[1] 2

Y1["YcToTOoB", ]

TON.POXOEeHUS TOI.INOCTYIJIEHMS SBaIOJIKEHHOCTL KYPC

Ycrioror 1989 2005 FALSE 2

Y1[4, 3]

[1] FALSE

Y1[,c(2,4)]

TON.TNIOCTYIJIEHUS KYypPC

VBanor 2005 2

Ynvauor 2005 1

Kpacuora 2006 3

Ycrioro 2005 2

Y1S$xypc

[1] 2 1 3 2
Y1[["3anmomxeHnunocTe"]] [3]
[1] FALSE

Y1 [ ["zagoimkeHHocTs" ] ] [2]
[1] TRUE

PG,I[aKTI/II)OBaTb Ta6J'II/II_ILI JaHHbIX MOXHO U B PCAAKTOPC.

2.5. BBoa-BrIBOA JaHHBEIX B R

Paccmotpum crenyromue pyHKITUN, TO3BOJISIIONITNE BBOAUTE JaHHBIE B R:
e scan();

* read.table ()

* read.csv ().

Dyukmusg scan ()

I[aHHBIe CUUTBIBAIOTCA B BEKTOP UJIK B CIITMCOK C KOHCOJIN HUJIN U3 q)afma.

IlonHbI1 BUA:

scan(file = "", what = double(0), nmax = -1, n = -1, sep = "",
quote = if (identical (sep, "\n")) "" else "’/\"", dec = ".",
skip = 0, nlines = 0, na.strings = "NA",

flush = FALSE, fill = FALSE, strip.white = FALSE,

quiet = FALSE, blank.lines.skip = TRUE, multi.line = TRUE,
comment.char = "", allowEscapes = FALSE,

encoding = "unknown")

ApPryMeHTBHI:



« file — ums ¢ailia, OTKya CUUTBHIBalOTCS AaHHbIe; ecnu file=, To mpou3BoIUTCS BBOA C
KJIABUATYPBI;, €CITU 33J]aHO TOJBKO MM (aiina, To oH ((haiii) HieTcs B TEKyIIeH TUPEKTOPUHY;
uHaue 3a/1aéTcs MOMHBIN MyTh K (aiiny; moxet 06T 1 URL.

* what — 3aga€rcs THN CUMTBHIBaeMbIX JaHHBIX: logical, integer, numeric,
complex, character, 1list; ecliM CYUTBIBACTCS CIIMCOK, TO CTPOKHM B dailie
BOCITPUHUMAIOTCS KaK IOJIsl CHUCKA YKa3aHHBIX BBIIIE THIIOB;

* nmax — LEJIOE MOJOKUTEIBHOE YUCIO0 — MAKCHUMAJIbHOE YUCIIO JAHHBIX JJI YTCHHS WU
MaKCUMQJIBHOE YHCIO 3allUCel B CIHCKE, IPU MPOIMYCKE 3TOr0 aprymeHTa WM IpU
HENPABWJILHOM €T0 33/1aHuu (ailyl CANTHIBAETCS 10 KOHIIA,

* N — LEJ0€ IMOJOXKUTEIbHOE YHCIO — MAKCUMaJIbHOE YHUCJIO JAHHBIX [UISl YTEHUS;
HETPaBUIbHBIC 3HAYCHHUS WK HE THIA INteger urHopupyroTCs

* Sep — pa3leIUTENb MOJIEH; 0 VMOJYAHHUIO - IPO00eT,;
b

* quote — BUJ KaBblUeK (JIBOMHbIC UM OJMHAPHBIE);

* dec — JeCATHYHBIN pa3feNuTeNb (TOUKA WIIM 3arisiTas);

* skip — 1enoe MOJOXUTEIBHOE YHUCIO — YHCIO CTPOK (paiiyia, KOTOpHIE CIenyeT
IPOIYCTUTh NEPE]] YTEHUEM;

* nlines — HenoOe NOJOKUTENBHOE YUCIO — MAKCUMaJIbHOE YHCIIO CTPOK JUIsl CYUTHIBAHUS,
* na.strings — CHUMBOJIbHBIII BEKTOp — €ro 3JEMEHThl HHTEPIPETUPYIOTCS Kak
nponyieHHble 3HadyeHus: NA; mycTbie oI 10 yMOJTYaHUIO CUUTHIBAIOTCS Kak NA,;

 flush — noruueckuii aprymMeHT — 3HaueHue | RUE nmo3Bossier 100aBisiTh KOMMEHTapuu
K CYMTHIBAEMBIM JAHHBIM I10CJIE TIOCIEIHEr0 CYUTAHHOTO OJIs (HO HE 00Jiee OJJHOTO);

« £il1l — noruueckuil aprymeHT — 3HaueHue TRUE no0ainstorces mycThie Moist K CTPOKaM,
B KOTOPBIX KOJIMYECTBO IOJIEH JaHHBIX MEHBIIE ONPEAEIEHHOI0 IapaMeTpoM what;

* strip.white — norudeckuil BEKTOp; UCHOIB3YETCs, TOIBKO €CIH 3aJlaH MapaMeTp Sep,
yIaJISeT MyCTOe MPOCTPAHCTBO (TIpo0eIT) mepel CHMBOIBHBIMH MTEPEMEHHBIMH U TIOCIIE HUX;

* quiet — jormueckuii aprymeHT; npu 3HauyeHnn FALSE ¢yHkums BbBeneT cooOmeHue o
TOM, CKOJIBKO 3JIEMEHTOB ObLIO IPOYUTAHO;

* blank.lines.skip — jorudeckuil apryment; npu 3HadyeHun |RUE mycteie cTpoku
UTHOPHUPYIOTCSl (HE CUMTHIBAIOTCS) (3aMETUM, YTO mapamerpel skip M nlines Bc€ paBHO
OyIyT yYUTBIBATh BCE MYCTHIE CTPOKH);

e multi.line — JIOTMYECKUMH AapTryMEHT;, UCIOJb3YyETCs, €CIW AapryMeHT what
OpUHUMAeT 3HayeHue list; mpu 3HaueHun FALSE Bce 3amMcu OyJIyT CUUTaHbl B OJIHY
CTpOKYy; ecnu ke 1 £111=T, TO YTEHHUE NMPHU JOCTHKEHUU KOHIIA CTPOKU OYJET MPEKPaIlICHO;

* comment.char — CUMBOJIbHBIN apryMEHT, ONpEeNsieT 3HAK KOMMEHTApHS;

* allowEscapes — JOIMYECKUH apryMEHT — HYKHO JIM CIIEAYIOLUE M0CIe0BATEIbHOCTH
cumBosioB \n, \a, \b, \f, \r, \t, \v Ipu YT€eHHUH paccMaTpPUBATh KaK KOMaH]bI
(TRUE) nim npocTo Kak CUMBOJIBL  (FALSE) ;

* encoding — CHMBOJIbHBINA apryMeHT, 3aJ1aéT KOJAUPOBKY CUMTHIBAEMOTO (aiia.

Qynkyuu read. table () u read.csv()

Ecnu ncxoanble JaHHbIE IPECTABICHbI B BUE TaOIMIIBI U UTOTOBBIA pe3yiabTaT AOJDKEH OBITh
tabnuuei (dppeiiMoM IaHHBIX), TO yJOOHEe BOCHONb30BaThCs (yHKIMEH read.table ()

mbo read.csv ().



[TonHas 3anucek GyHKIUH:

read.table(file, header = FALSE, sep = "", quote = "\"'",
dec = ".", row.names, col.names,

as.is = !stringsAsFactors,

na.strings = "NA", colClasses = NA, nrows = -1,

skip = 0, check.names = TRUE, fill = !blank.lines.skip,
strip.white = FALSE, blank.lines.skip = TRUE,
comment.char = "#",

allowEscapes = FALSE, flush = FALSE,

stringsAsFactors = default.stringsAsFactors(),
fileEncoding = "", encoding = "unknown")

Ynpoménable BApUaHThl (QYHKIHH:

read.csv(file, header = TRUE, sep = ",", quote="\"", dec=".",
fill = TRUE, comment.char="", ...)

read.csv2 (file, header = TRUE, sep = ";", quote="\"", dec=",",
fill = TRUE, comment.char="", ...)

read.delim(file, header = TRUE, sep = "\t", quote="\"", dec=".",
fill = TRUE, comment.char="", ...)

read.delim2 (file, header = TRUE, sep = "\t", quote="\"",
dec=",",

fill = TRUE, comment.char="", ...)

KOTOpbIE OCOOEHHO TMOJIE3HBI TPU CYHUTHIBAHWU HAaHHBIX W3 (QaitnmoB Excel. Jlng srtoro
UCXOIHBIN (aiii coxpaHsercs B popMaTe .CsSV U 3aT€M NMPOUYUTHIBACTCS MPH MOMOIIM OJTHOU
U3 YeTHIPEX NMPUBEAEHHBIX BbIlIe QYHKIUH (JTydlle BOCHONB30BaThesi read.csv2 () ).
ApryMeHTbI:

¢ file — oOs3aTenbHBIA apryMeHT, UMsl (haiina;

* header — norudeckuil mnapamerp; mnpu 3HaueHuu TRUE cuuthiBatoTcs uMeHa
NEepeMEeHHBIX U3 Qaiina;

* sep — pa3ieiuTeNb MOJIEH; 10 YMOIYaHHIO - Ipooen;

* quote — BUJ KaBbIYEK (JIBOMHBIEC WM OJAUHAPHbIE);

* dec — JeCATUYHBIN pa3aenauTenb B yMcaax (TOUKa WK 3amsTas);

* row.names — BEKTOp UMEH CTPOK; MpeACTaBiIsgeT co00i TUO0 BEKTOP ¢ UMEHAMH CTPOK
UTOTOBOM TaOMUIIBI; IMOO YHUCIO — HOMEP CTOJNOIA UCXOJHON TaONHUIbl ¢ HA3BaHUSIMU CTPOK;
au00 MMs cToNOIa CYMTHIBAEMOM TaOMUIlbl, Ti€e NMPUBEICHBI HAa3BaHMUSA CTPOK; €CIM 3TOT
napaMmeTp He 3aJlaH, TO CTPOKM B UTOrOBOM Ta0iMIle Oy yT IPOHYMEPOBAHBI;

* col.names — BeKTOp HUMEH CTOJOLOB B HTOrOBOW TaOJMIE; MO YMOJYAHHUIO —
«V<HOMEDP CTOJNOLa>»;

* as.ls — HYXHO JM CHUMBOJIbHbIE TEpEMEHHBIE, HE NMpeoOpa30BaHHbIE B YKCIOBBIE HIIU
JIOTUYECKHE, TIEPEBOUTh B (DaKTOpPhl. as.is — aubO JOTWYeCKHi, MO0 YUCIOBOW BEKTOD,
OTIpeAeAIONNN CTOIOLbI, HEKOHBEPTUPYEMBIE B (PaKTOPHI.

e colClasses — CHMBOJIBHBIM BEKTOp; ONpENENSET KIACChl J@HHBIX B CTOJOIAxX
(cUMBOJIbHBIE, JIOTUYECKUE, YHUCIIOBbIE, 1aThl). Bo3MOXKHbIE 3HAaUeHUs: NA — aBTOMaTH4ecKas

KOHBEpTallksd  THUIOOB  JTAHHBIX, NULL - cToyber; mpomycKaeTcss (JaHHBIE  HE



peoOpa3oOBHIBAIOTCS), THI JAHHBIX B KOTOPBIA OyAyT TepeBeleHBI JJIEMEHTBI CTOJIOIA,
factor;

* na.strings — CHUMBOJIbHBIM BEKTOp, IEMEHTBI KOTOPOTO IIPU YTEHUU MCXOIHOU

TabIuIBl B (aiine OyayT HHTEpPIPETUPOBAThCS Kak NA;

* Nrows — UEJIOYUCICHHBIM apryMeHT; ONpeAeiieT MaKCUMAaJIbHOE 4YMCIIO CUUTBIBAEMBIX
CTpOK;
e skip — T[OJOXWUTENBHBIA LEIOYHUCICHHBIM apryMEHT;, OIPEIEIseT 4YHUCIO CTPOK,

MPOITYCKAEMBIX NIEpPel YUTCHUEM;

* check.names — norudyeckuii apryMmenT; npu 3HaueHnu T RUE nMeHa nepeMeHHbIX OynyT
MIPOBEPEHBI HA CUHTAKCHUUECKYIO MPABMIBHOCTh U OTCYTCTBHE 1yOJIMPOBAHNS,

e fill — norumveckudd aprymeHTt; npu 3HadeHun |RUE cTpoku pasHoi ivHBI OymyT
MIPUBEJICHBI K €IMHON (MaKCUMaJIbHOW) JOOABICHUEM MyCThIX MOJICH;

* strip.white — J5Oruyeckuii apryMeHT; HCIOJb3YETCS TOJBKO €CIU OIpPEAeNEH
pas3zienuTenb Sep, Mo3BOJIsIeT YOUpaTh IPOoOebl epel U MoCIe CUMBOJIBHBIX EPEMEHHBIX;
[Tpumeuanus:

o Oynkuusa read.table () sBIseTCS OCHOBHOM AJIsSi CYMTHIBAHUS TaHHBIX U3 TAOIUIL.

* [lone TabauIBl CYMTACTCS MYCTHIM, €CITU B HEM HUYErO HET (IO 3HaKa KOMMEHTApHUS WIH IO
CHUMBOJIa OKOHYAHUS CTPOKH).

* Ecniu mapamerp row.names He onpenenéH (T.e. He 3aJaHbl IMEHA CTPOK Pe3yIbTUPYIOICH
TaOJIMIIBI), @ ITTMHA 3ar0JIOBKA HA €IMHUILY MEHBIIE Yncia

CTOJIOIIOB, TO MEPBBIN CTOJOEI] OYAET pacCMaTPUBATHCS KaK CTOJIOCI] C HA3BAHUSIMU CTPOK.

* Uucno cTosi0IioB B CUMTHIBAEMOW TAOJIMIIE OMPEAESEeTCS aBTOMATUYECKH IOCTE MPOUYTCHUS
MEPBBIX MATH CTPOK.

* Bcé€, 4To HaXoIUTCA B HCXOAHOW TaOJIHIIE MOCTIE 3HAKOB KOMMEHTAPHs, HE CUMTHIBACTCS.

* 3aganue mapamerpa nrows (IycTh JaXe C OYeHb M3OBITOYHBIMU 3HAYCHHUSIMH) MO3BOJISET
YMEHBIIUTH 3aTPAThI MAMSITH.

e JInst uTeHus: OONBIINX MATPHIL IPEATNOYTUTEIHHEE UCIIONB30BaTh (QYHKIUIO scan () .

Bv1600 oanuvix 6 R

31ech Mbl PAaCCMOTPUM CJEeAYIOITIe (PYHKIINU:

e write();

* cat();

e write.table();

e write.csv () ;

* write.csv ().

Qynkyus write ()

Oyuknus write() npeagHazHadeHa ISl 3alMCH JaHHBIX (B OCHOBHOM MaTpull) B R. E€ Bun:
write(x, file = "data",

ncolumns = if (is.character(x)) 1 else 5,

append = FALSE, sep =" ")

ApPryMeHTBHI:

* X — JIaHHbBIE, KOTOPbIC HY)KHO 3aI1CaTh;

» file — ums Qaiina, kyna Oynet 3anucaHa nH(GOpMaLIKS;

* ncolumns — YUCIO CTOJOLOB, B KOTOPBIX OyJeT 3anucaHa HHPOpMaLus;



* append — Joruyeckuii aprymeHT — eciu 3HadeHue [RUE, To nanubie ponuimryrcs B
UCXOnHBIN (aiin, ecau xe FALSE, To ¢aiin Oyzner nepenucan 3aHOBO;

* sep — pa3denuTeNb CTONONOB (\t — Talymsanus) .

Ecnu B xadecTBe aprymeHTa (yHKIIUHU 3a/1aTh TOJIBKO JaHHBIE — write (x), TO OHH OYyIyT
BBIBEJICHBI HA JKPaH.

Q@ynkyus cat ()

@yHKIMA cat () HMEET BUJI

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

E€ aprymeHTsr:

e . . . — o00bexTH R, KOoTOpHIC OYAYyT 3amucaHbl B (aii.

« file — wuwms ¢aiina, kyaa Oyaer 3anrcana nHGOPMALIKS; €CITU ATOT APTyMEHT OTCYTCTBYET,
TO JJaHHBIC OYyT BHIBEACHBI HAa JKpPaH;

* Sep — pasleNHTeNhb JIEMEHTOB 3alHCHIBAEMOT0 00BEKTAa,

e fill — JOTMYECKUI WJIM TMOJOKUTEIbHBIN LETOUYNUCIECHHBII apryMeHT — KOHTPOJUPYET
CO3/IaHME HOBBIX CTPOK B 3amuckiBacMoM (aitnie. Ecmm £111 — 4mcIoBOM, TO 3amaéTcs JIMHA
CTPOKH (KOJIMYECTBO CUMBOJIOB B cTpoke). Ecnmu £111 — joruveckuid u ero 3HaueHue FALSE,
TO HOBBIE CTPOKH CO3JAOTCS TOJBKO IPHU HAJUYMU B 3aMIMCHIBAEMBIX JIAaHHBIX CUMBoOJa “\n”;
eciu 3HaueHue TRUE, To 3aiaércs 10NMOMHUTENbHBIN apryMeHT width, onpenensomui JIuHy
co3zaBaeMoH B ¢aile CTpOKH;

* labels — CHMBOJBHBIM BEKTOp, 3aJaOlMi Ha3BaHWUs CTpOK. Mraopupyercs, eciu
aprymMmenT f£ill=FALSE.

« append — JIOTHYECKHUA apTyMEHT — HCIIOJIB3YeTCs, €Ci 3adaHo uMms Qaitna. Ecim
3HaueHue aprymMeHTa TRUE, TO HOBBIE JaHHBIC JOOABISIOTCS K MCXOMHOMY (aiinmy, eciu
FALSE, TO 3allUCBIBAIOTCSI BMECTO CTaphIX.

OyHkus cat () mpeoOpa3oBBIBAET UCXOAHBIE JAHHBIE B CHMBOJIbHBIE, OOBEIUHSAET UX B
€MHBIN CHUMBOJILHBIN BEKTOP U 3alMCHIBACT B 3a/1aHHBIN (aii.

Qynkyuu write.table (), write.csv() u write.csv2()

OyHkus write.table () 3amMchiBacT TaOIHIY JAaHHBIX (MM MATPUILY) B 3a/IaHHBIN (aiir.

Ecnau 3amuceiBaeMblii OOBEKT HE SIBIISCTCS (I)peﬁMOM JaHHBbIX, TO OH aBTOMATH4YCCKH 6y,[[eT

KOHBEPTUPOBAH.

Bun ¢pynxuuu:

write.table(x, file = "", append = FALSE, quote = TRUE, sep = "
"I

eol = "\n", na = "NA", dec = ".", row.names = TRUE,

col.names = TRUE, gmethod = c("escape", "double"))

PasznoBuaHocTH:

write.csv(...)

write.csv2(...)

AprymeHTsI:

* x — 3amuchiBaeMblii 00beKT. [Ipeanoururensuee, yToObl 3TO OblIa MaTpHlla WK TabaHIa

(ppoiim) naHHBIX.



 file — wums# Qaiina, B KOTOPHII OyayT 3alMCaHbl JaHHBIE.

* append — JOTHYECKHUI apryMEHT — HCIOJIb3YeTCs, €CIIU TOJBKO 3a/1aHo uMsl Qaitna. Ecnu
3HadeHue aprymenta TRUE, To HOBbIE naHHBIE 1O0ABISAIOTCS K HCXoaHOMY (daiiny, ecnmu FALSE
— 3aMKCBIBAIOTCSA BMECTO CTapbIX.

e quote — JOrMYeCKUN WIM 4YUCIOBOM apryMeHT. Eciam quote sBisieTcss JIOTMYECKUM
aprymenToM u ero 3HaueHne TRUE, To Bce cuMmBOIbHBIE TepeMEeHHbIE U (DaKTOphl OyayT
3anucaHbl B Qailn B ABOHHBIX KaBbluKax. Ecim 3Hauenue aprymenta FALSE — cumBonbHBIE
nepeMeHHbIe U (haKTOpBI 3alKChIBaIOTCA 0e3 KaBblueK. Eciu qUOte — 4YucIioBOW BEKTOp, TO €ro
3JIEMEHTHI 33J]al0T HOMEpa CTOJI01I0B, B KOTOPBIX JaHHbIE JOJDKHBI ObITh 3allMCaHbl B KaBbIUKaX.
Ha3BaHus cToa010B M CTPOK 0 YMOJTYAHUIO OyAyT 3allUCaHbl B KaBbIUKaX.

* sSep — AapryMeHT, ONpEeACISAIOIIMN pa3JenuTenb I0JIeH; 3HAaYeHHs B KaKIOW CTpOKe
UCXOJIHBIX JIAHHBIX PA3/AEISIOTCA ’TUM CUMBOJIOM.

s eol — cumBOJ OKOHYaHHs cTpoku; aast Windows u Unix - “\n”, “\r”; nmas MacOS -

Il\rll .

* na — CHUMBOJBHBIN apryMeHT Ui 0003HAUYECHHUS! OTCYTCTBYIOIIMX JJIEMEHTOB B MCXOIHBIX
JTAHHBIX.

* dec — JECATUYHBIN pa3JennuTeNb B UUCIAX (TOUKa UIIU 3amsTas).

* row.names — apryMeHT, 3aJalolluil Ha3BaHUs CTPOK B (aiine. AprymeHT aubo

noruueckuil (ecam 3Hauenne TRUE, To ucnonb3yroTcst uMEHa CTpOK, yKa3aHHbIE B MCXOTHBIX
JAHHBIX ), JINOO MpEACTaBIIAET COOON CHMBOJIBHBINA BEKTOP, HENIOCPEACTBEHHO 3a/1al0luil UMEHa
CTpOK.

* col.names — aHaJOTUYHBIN apTryMEHT, 3aJa0IIUH UMEHA CTOJIOIIOB.

e gmethod — CHMBOJBHBIM BEKTOP, OIPEACIISIONINN KAK MOCTYIIaTh C BIOKECHHBIMHU T B
yr

” ” 7

Jpyra KaBblYKaMu — ”a’” 7. ]lpa 3HaueHuss — escape (BHEIIHUE KaBBbIYKU yOHUparoTCs
- 10 ymMon4aHuio) U double (BCe KaBBIYKU OCTAIOTCHA).

Hns pyakmuit write.csv( ) M write.csv2( ) aprymeHtel col.names, sep,
dec n gmethod He MOTyT OBITh U3BMEHEHBI.

IIpumeyanus:

* Ecu B ucxoHOM 3anuceiBaeMOM TabJIUIE TaHHBIX HET CTOJIOLIOB, TO IPH 3alIMCH UMEHA CTPOK
OyIlyT MPUCBOEHBI TOJBKO B TOM Ciydae, Korjaa row . names=TRUE, 1 Ha000poT.

» JleficTBUTENBHBIE M KOMIUIEKCHBIE 4YHCJA 3alMCBIBAIOTCS € MAaKCHUMaJIbHO BO3MOKHOMU
TOYHOCTBIO.

 Ecniu B uCXOAHOW 3amuchiBaeMOM TaOMuIlEe AAHHBIX HMEJIHCh CTOJIOLBI C MAaTpUYHOM
CTPYKTYpOIl, TO IpU 3aluCH KaXbli U3 CTOJOIOB 3TOW MaTpullbl OyJIeT MpeAcTaBieH B BHUJE
OTJENBHOTO CTONOLA; B CBS3M C OTUM apryMeHTsl col.names M quote JOJKHBI
COOTBETCTBOBATH YHCILY CTOJIOIIOB PE3YJIbTUPYIOIIEH TaOIHUIIbl, @ HE UICXOJHOM.

* Kaxnapiii cronbeny B Tabnuie MaHHBIX, SBISIOMIMKACA CIHMCKOM WIM JaToi, Oyner
[IEPEKOHBEPTUPOBAH B CUMBOJIBI.

* TobKO CUMBOJIBHBIE CTOJIOIBI (MM CTOJOLBI, IEPEKOHBEPTUPOBAHHBIE B CUMBOJIBI) OYIYyT MpU
3aIMCH 3aKJIFOYCHBI B KAaBBIUKHU (€CJTH 3TO YKa3aHO B apryMeHTe quote).

* AprymeHT dec mpHUMEHseTCd TOJBKO K TEeM CTOJOLaM, KOTOpble He ObLIN

MNEPCKOHBCPTUPOBAHBI B CHUMBOJILHBIC (T.e. TOJBKO K YHCJIOBBIM ,[[aHHBIM).



*.CSV haiine

OyHKIIMH write.csv() W write.csv2 () UCHOIB3YIOTCS Ais 3amucu (ailyioB B
dopmare *.csv. Ecmm mnapamerp row.names=TRUE, TO 3Hau€HUs TNapaMeTpPOB
gmethod wu col.names ycraHaBauBaercad NA; eciad Xe row.names=FALSE, TO
gmethod=col .names=TRUE.

Jns pysknun write.csv () mnapamerp dec NpUHUMACT 3HaYeHUE " .”, a mapamMmerp Sep
— 7, . Hna byskuun write.csv2 () IeCATHYHBIN pa3aenurens dec=", ", pa3aeauTeb
mnojiet sep=";" .

3ameyanus.

* [IonbITKM M3MEHUTH 3HAYEHUSI MO YMOJYAHUIO MapaMeTpoB col.names, sep, dec H®
gmethod UTHOPUPYIOTCS M OYIET BBIIAHO MIPEAYIPEKICHHE.

» Eciu tabnuia JaHHBIX COIEPXKUT OONBIIIOE YHCIIO CTOJOIOB (Ooee cTa),

byakuus write.table () paboTaeT MeIIEHHO, TaK KaK KaXKIbIH CTOJOEI] MOXXET OBbITh
MePEMEHHOM CBOETO KJlacca M M03TOMY 00padaThIiBaeTCs OTACIBHO.

Coznaaum Tabnuily JaHHBIX:

x<-data.frame (a=letters[1:3], b=1:3);x

b

al

b 2

c 3

rownames (x) =LETTERS[1:3]

1
2
Cc 3

U 3aTeM IpH MOMOUIM Pa3IMYHBbIX (PYHKIMH 3amuuieM 3Ty TaOJHuIly M MPOYUTaeM CO3JAaHHBIN

o o VvV VvV wN RV

o o O X

daiin.

3anuch

write.table (x, file="example.csv", sep=",", row.names=T,
col.names=NA,

gmethod="double")

W YTCHUE

> read.table ("example.csv", header=T, sep=",", row.names=1)
ab

A al

B b 2

Cc 3

15030

> write.csv(x, file="example.csv",row.names=T)

> read.csv ("example.csv", row.names=1)

ab

A al



B b2
Cc 3

2.7. YapaxHeHHs
Bce nannrie JOCTYIHBI B naketre ISLR, 3a UCKIIIOUEHHEM Boston U USArrests (OHI/I BXOJAT

B cocTaB 0a3oBoro auctpuOytusa R).

Ynpaoicnenue 1

OTo ympakHeHHe Kacaercss Habopa maHHBIX College, KOTOpPBIH MOXHO Haiitu B (aiine
College.csv. OH cOIEpKUT HECKOIBKO MEPEMEHHBIX U1 777 YHUBEPCUTETOB U KOJUIEIKEN
CIIIA. K 3TuM nepeMeHHBbIM OTHOCSATCS:

* Private: HUHAUKATOP TOTO, SIBJISIETCA JIU 3aBEACHNUE TyOIMUHBIM WU

YaCTHBIM,;

* AppPsS: KOJIMYECTBO MOIYYCHHBIX 3asIBJICHUM Ha IIOCTYIUICHUE;

* Accept: KOJMYECTBO NPUHATHIX aOUTYpUEHTOB;

* Enroll: KOJIMYECTBO HOBBIX 3apErUCTPUPOBAHHBIX CTYIACHTOB;

* ToplOperc: KOJIUYECTBO HOBBIX CTYJEHTOB, BXOAMBIIUX B CIHUCOK 10% JIydlIMX Yy4EeHHUKOB
CBOETO KJIacca B CPEeIHEN ILIKOJIE;

* Top25perc: KOJIMYECTBO HOBBIX CTY/IEHTOB, BXOAMUBILIUX B CIUCOK 25% JIydllINX YYEHHUKOB
CBOETO KJIacCa B CPEIHEN IIKOJIE;

* F.Undegrad: KOJIMYECTBO CTYI€HTOB, 3aHUMAIOIINXCS TOJHBIA pabounii 1EHb;

* P.Undegrad: KOJIMYECTBO CTY/IE€HTOB, 3aHUMAIOIIMXCSl HEMOJIHBIA paboUuunil 1€Hb;

* Outstate: miara 3a o0y4eHue A CTyICHTOB U3 APYTHX IITATOB;

* Room.Board: miara 3a poKMBaHUE U ITUTAHUE;

* Books: CTOUMOCTb YU€OHUKOB;

* Personal: IpUMEpHbIE 3aTPaThl HA IUYHBIE HYXKIbI;

* PhD: IpOLIEHT NIPEnoAaBareliel ¢ yUeHOU CTENEHBIO;

* Terminal: mNOpPOUEHT MpeENOJaBaTeled C CaMOM BBICOKOM  YYEHOM  CTENEHBIO
B COOTBETCTBYIOLIEH 007acTH HAYKH;

* S.F.Ratio: COOTHOILIEHUE MEXKY YACIECHHOCTBIO CTYACHTOB U MPENOJaBaTeNeH;

* perc.alumni: OpOIEHT ObIBIINX BHITYCKHUKOB, JENAIOIINX JIEHEKHBIE MT0KEPTBOBAHUS;

* Expend: 3aTparsl 3aBe/IeHUs Ha 00y4eHHEe OJJTHOTO CTY/IEHTa;

* Grad.Rate: NPOLEHT CTYAEHTOB, 3aBEPIIAOIIUX TOJHBIA LUK

00y4eHwusl.

[Tepen 3arpy3koi naHHbIX B R MX MOXHO ImpocMoTpeTh B mporpamme Excel umm B TekcToBOM
penakTope.

1. [Tpumenute pynkuio read. csv () i 3arpy3ku JaHHbIX B R. [IpucBoiite 3arpy:xeHHBIM
JMaHHBIM MM college. YOeaurtech, uTo BBl 3a7amy MpaBUIIbHYIO JUPEKTOPHIO, B KOTOPOU
XPaHATCS TU JIaHHBIE.

2. [IpocmoTtpuTe naHHbIe MpH oMoy GyHKIMU £ix () . BBl 1OMKHBI 3aMETUTh, YTO MEPBBIT

CTOJ'I6CI_I MpoCTO COHACPKUT HA3BAHHA YHUBCPCUTCTOB. MEbl HE OYeHb XO0THM, YTOOBI 3TOT



cTonbenr paccmarpuBaics R kak manueie. OJHAKO 3TH HAa3BAaHUS MOTYT OKa3aThCsS MOJIE3HBIMU
no3anee. [lonpoOyiite caemyrome KOMaHIbI:

> rownames (college) = college[, 1]

> fix(college)

Bbl OJDKHBI yBUIETH, YTO TENEPh MOSBUIICSA CTOJNIOCI] row.names ¢ Ha3BaHMSIMH BCEX
HCCIICIOBAHHBIX YHUBEPCUTETOB. DTO O3HAYAET, YTO CUCTEMa R mpucBomia K101 CTpOKE UM,
COOTBETCTBYIOIIICE TOMY WM HWHOMY YHHBEPCHUTETYy. R He OyneT mbITaThCsA BBIMOJIHATH
BBIYHCIICHHS HaJ] UMEeHaMH CTpokK. OIHAKO HaM BCE €Ille HY)KHO YAQJIUTh NEPBBIA CTOJOEI, B
KOTOPOM XPAHSATCS Ha3BaHUs YHUBEpcUTETOB. [lompolyiiTe

> college = college [, -1]

> fix(college)

Teneps BBl JOKHBI BUIETh, YTO TIEPBBIM CTOJIOIIOM B JIAaHHBIX SBIIAETCS Private. 3aMeTspTe,
YTO TIepea CTOJIONOM Private MOSBWICS €IIe OJMH CTOJIOCIl C 3arojOBKOM roOw.names.
OpmHako ATOT cToyiOel] HE SABJSAETCS YacCThIO JAHHBIX — 3TO MMEHA, MPHCBOCHHBIC R Kakmoin
CTpOKE.

3. [Ipumenurte QyHKIMIO summary () A7 BbIBOJA KOJTHMUYECTBEHHOW CBOJKHU IO MMEIOIIMMCS B
Ta0IHIIE TIEPEMECHHBIM.

4. Co3pmaiiTe HOBYIO Ka4eCTBEHHYIO MEpeMeHHYI0 Elite, pa3OuMB Ha KIAcChl MEPEMEHHYIO
ToplOperc. Msl cobupaemcsi pa3iednuTb YHUBEPCUTETHI HA JABE TPYIIIbI B 3aBUCUMOCTU OT
toro, mnpesbimaeT au 50% 1018 CTYAEHTOB, BXOAMBIIUX B cHMCOK 10% y4mmx y4eHUKOB
CBOMX KJIACCOB B CPEJIHEH IIKOJIE.

> Elite = repO'No" , nrow(college))

> Elite[collegeS$ToplOperc > 50] = "Yes"

> Elite = as.factor(Elite)

> college = data.frame(college, Elite)

HpI/IMeHI/ITe (I)YHKLII/IIO summary () U1 HAXOXKIECHUS YUCIIA JIUTHBIX YHUBCPCUTCTOB.

Ynpaosicnenue 2

OTo ynpakHEHHUE KacaeTcst Habopa IaHHBIX Boston.

1. Jlanabie Boston SABISIIOTCS YacThio makeTa MASS.

> library (MASS)

Teneps gaHHbIe cofepxaTcs B 00beKTe Boston.

> Boston

[TounTaiiTe 06 3TOM HabOpE TaHHBIX:

> ?Boston

CxoybKO CTpOK B 3TOM Habope naHHbIX? CKOJIBKO CTOJOIOB? UTO MpencTaBisitoT cOOOM ATH
CTPOKHU U CTONOLIBI?

2. Kakue wu3 mnpuroponoB bocroHa HMEIOT 0COOEHHO BBICOKHE YPOBHM IPECTYNHOCTU?
Hanoroseie crtaBku (tax) ? OTHOIIEHHE YWCICHHOCTH YYAlllUXCS K YUCICHHOCTH Yy4YHUTENen
(ptratio)?

3. Uepes CKOJBKO MPUTOPOJIOB U3 ATOr0 HAbOpa JaHHBIX IpoTekaeT peka Yapib3 (chas)?



4. YV Kakoro KOJMYECTBa MPUTOPOJOB U3 3TOro Habopa JaHHBIX CPEAHEE YUCIIO KOMHAT B JIOME
(rm) 6ompmie cemu? bonbiie BocbMu? ONUIIUTE NPUTOPOJBI, IJI€ YUCIO KOMHAT B JIOME B

CpCOAHECM BBIIIC BOCbMHU.

Ilpakmuueckasn paboma 12

Ha mpakTtrueckoM 3aHATHH BbIIAOTCS 3anaHus. CTYACHT BBINMOJHSET 3aJaHUS W 3arpyaeT
OTYET Ha MOPTAJ WM IMOKa3bIBAET IpenoaBareito B ayautopuu. llIkana oneHuBaHus:

Bce 3amanus BBINIOJIHEHBI, HET 3aMEYaHUH, TaHbl OTBETHI HA BCE BOIPOCHI - 5 Oajia;

3amaHus BBINOJHEHBI, HO UMEIOTCA 3aMeuaHusa He Oouee, ueM 30% 3amaHuii, JaHbl OTBETHI HA
BCE BONPOCHI - 4 asia;

3aganus BBIITOJIHEHBI, HO MMEIOTCS 3aMedaHus He Ooisee, yeM 50% 3amaHuii, maHbl OTBETHI HA
BCE BOMNPOCHI - 3 Oasia;

3agaHus BBIIOJHEHEI, HO UMEIOTCS 3aMedanus He Ooitee, ueM 50% 3agaHuii, TaHbl OTBETHI HE HA
BCE BOITPOCHI - 2 Oaa;

3amaHus BBIIOJHEHEI, HO HIMEIOTC 3aMeuaHus He Ooiee, yeM 50% 3amaHuii, He JaHbl OTBETHI Ha
BCE BOIPOCHI - 1 Gar;

3amauue He BBITOIHEHO - 0 OaJLTOB.

3amanue 1. T'eHepanus TmceBOOCTydalHOW BBIOOPKH JIJISi  33JaHHOTO  PaCHpPEICIICHUS.
MO[[GJIHpOBaHI/Ie JaHHBbIX C 3aJaHHbBIMH CTAaTUCTHUYCCKUMU XapaKTepI/ICTI/IKaMI/I.HCO6XOIII/IMO
BBITIOJTHUTH BCE KOMaH/bl U YIpakHeHus u3 pazzaenos 1.1-1.4.

1.1. ba3zoBsIiit mpumep

Ecniu Bbl xoTure mnosiydarb OAMHAKOBBIE pE3YyJbTaThbl OT TIE€HEpaTopa CIy4dyalHbIX YHUCEN,
HEOOXOAMMO YKa3aTh CTAPTOBYIO MO3UIIMIO. DTO Ba)XXHO, YTOOBI MOXHO OBLJIO TOBTOPHUTH
pe3yJIbTaThl UMUTALIMK U JJISI OTIIAJIKU KOJA.

[TorrpoOyiiTe BHIMOIHUTH KOMAH/IbI:

>vecpoisson=rpois (100, 5)

>mean (vecpoisson)

## [1] 4.74

Ecnu ato penate MHOro pas, Bel monyuurte pasHble 3HadeHMs. Eciau paccMOTpeTs BBIOOPKY
MOJIyYEHHBIX 3HAueHUH, TO Bbl momyuute BBIOOpKY pacnpezneneHusi cpeaHux 3Hadenuin 100
CIIy4allHBIX MEPEMEHHBIX I pacnpenesenus [lyaccoHa.

UtoObl BBIIABAJICS OJWH W TOT K€ HA0Op CIydyalHBIX YHCEN UCIHOJIb3YUTE (PYHKIUIO
set.seed().

>set.seed (198911)

>vecpoisson=rpois (100,5)

>mean (vecpoisson)

## [1] 4.8

>set.seed (198911)

>vecpoisson=rpois (100,5)

>mean (vecpoisson)

## [1] 4.8



1.2. lIpumenenue pynaximu apply()
Uro0Obl HE UCTIOIB30BATh MEAJICHHBIC IIUKIBI B R UIsI IMHTAIMOHHOTO MOJAETUPOBAHUS JTy4IIIe
HCITOJIH30BaTh Takue PYyHKIINU KaK apply () .
CrenepupyeM 5 ciydaliHbIX 3HaUYEHUI 3KCIIOHEHIIMAIBHOTO pactpeaeneHus ¢ napamerpom 0.1 u
CIIO)KMM HX BMECTE: sum(rexp (n=nexps, rate=rate)). HM3BecTHO, 4TO CcymMma
SKCIIOHCHIIMAJIBHO  PACHPEACIICHHBIX CIy4allHbIX BEJIWYMH JAeT raMMa-pacipeicsiecHue
O®yHkiua replicate () MO3BOJAET BBINOJHATH OAHU W T€ K€ JCUCTBUA, HE YBEIMYMBAs
ciumkoM koa. Hrke Boimonmanm 10000 pa3 HabopoB U3 5 uuncer.
reps <- 50000
nexps <- 5
rate <- 0.1
set.seed (0)
system.time (

x1 <- replicate(reps, sum(rexp (n=nexps, rate=rate)))

) # replicate

## user system elapsed
## 0.304 0.003 0.307
head (x1)

## [1] 38.01 42.64 85.13 58.21 16.67 81.43
UYtoObl IPOBEPUTH IMOJIyY€HHUE TaMMa-pacrpeesieHus, TOCTPOUM THCTOTpaMMy pacrpeaeseHus
qgplot.
require (ggplot2)
ggplot (data.frame (x1), aes(xl)) +

geom histogram(aes (y=..density..)) +

stat function (fun=function (x)dgamma (x, shape=nexps,
scale=1l/rate),

color="red", size=2)

plot of chunk unnamed-chunk-6



density

100 150 200

%1

MoxHO caenarb HPOBEPKY raMMa-paclpeleseHUs] MOKHO HCIIOJIb30BaTh IpPyrue KOMaHIBI,
OTKpoHTe crhpaBky help (replicate) u Bbl yBuaure, 4to ecTh Takue (QYHKIHU Kak
sapply (), lapply () uvapply (). OHHU CBA3aHBI B CBOIO OYepeb C PYHKIHMIMH apply ()
utapply ().

Kox ¢ ¢pynkuueii sapply () OyzaeT ciaeqyromum:

set.seed(0)

system.time (x1 <- sapply(l:reps, function (i) {sum(rexp (n=nexps,
rate=rate))})) # simple apply

## user system elapsed

## 0.277 0.017 0.295

head (x1)

## [1] 38.01 42.64 85.13 58.21 16.67 81.43
Clapply():

set.seed (0)
system.time (x1 <- lapply(l:reps, function (i) {sum(rexp (n=nexps,

rate=rate))})) # list apply

## user system elapsed
## 0.231 0.001 0.232
head (x1)

## [[1]]

#4# [1] 38.01



ik

## [[2]]

## [1] 42.64
ik

## [[3]]

## [1] 85.13
i

## [[4]]

## [1] 58.21
ik

## [[5]]

## [1] 16.67
ik

## [[6]]

## [1] 81.43

Ecnu Mbl npumeHsieM NpocTyro (PyHKIHIO Kak sum (), KaK IPaBUIIO, Jy4lle CIeNaTh MaTpUILy
CO BCEMH JaHHBIMH MMHTAIMH W MPUMEHUTH JAHHYIO (QYHKIHIO K COOTBETCTBYIOIIUM YaCTSIM
matpuipl. yaknun rowSums () U colSums () AEMOHCTPUPYIOT 0co0yr0 3(hdeKTUBHOCTH B
JTOM CIIy4ae.

set.seed (0)

system.time (x1 <- apply(matrix (rexp (n=nexps*reps, rate=rate),
nrow=nexps), 2, sum) )

# apply on a matrix

## user system elapsed
## 0.114 0.003 0.117
head (x1)

## [1] 38.01 42.64 85.13 58.21 16.67 81.43

set.seed(0)

system.time (x1 <- colSums (matrix (rexp (n=nexps*reps, rate=rate),
nrow=nexps)))

# using colSums

## user system elapsed
## 0.018 0.001 0.018
head (x1)

## [1] 38.01 42.64 85.13 58.21 16.67 81.43

Ecnu y Bac MHOTOsI1€pHBII TTPOLIECCOP, TO CKOPOCTh 00paOOTKH MOKHO MOBBICUTH TTOCPEICTBOM
napasuiensHOM 00paboTku naHHBIX. B makere parallel ecth Qpynkuus cmlapply(), KoTopas
SABJISICTCS MapaJyiebHbIM BapuaHToM lapply () . Ilo yMomyaHuio UCHOIB3yeTCs OIUH
MIPOIIECCOP, JIJIST U3MEHEHHS YK CIIa TIPOIIECCOP U3MEHHUTE MC . COres.

require (parallel)

set.seed (0)

system.time (x1 <- mclapply(l:reps, function (i) {sum(rexp (n=nexps,
rate=rate))})) # multi-cluster apply

## user system elapsed



## 0.385 0.095 0.250

head (x1)

## [[1]]

## [1] 28.92
##

## [[2]]

## [1] 67.89
##

## [[3]]

## [1] 26.47
##

## [[4]]

## [1] 37.11
##

## [[5]]

## [1] 31.21
##

## [[6]]

## [1] 24.9

1.3 I'enepanusi HOpMAITLHO-PACTIPEACIICHHBIX CIIYYaliHBIX BETUYHH

[Mpumep monydenus 1000 ciaydaiiHpix 3HaueHUi HOpManibHOTO pactpeneiaenus N(0,1):
samples = rnorm(1000, 0, 1)

Bosbmem caygaitnyto BeiOopky u3 1,000,000 3HayeHHil 17151 HOPMAIBHOTO PACHpPENEICHUs C
MaremMatudeckum oxupanreM 0 u cranmaptHbiM oTkioneHreM 1 N(0,1) u BbIOOpPKY pasMepom
1,500,000 N(3,1). ITocTpouM rucrorpammy ¢ mupuHoi crosodia 0.25:

require (ggplot2)

sampa=rnorm (1000000,0,1)

sampb=rnorm (1500000, 3, 1)

combined = c(sampa, sampb)

plt = ggplot (data.frame (combined), aes (x=combined) ) +
stat bin(binwidth=0.25, position="identity")

plt



150000 =

POl =

count

S0000 -

combined

YnpaxHeHue.
OTBeThTE HA BOIIPOCHI

a) CkoJnpKO y TaHHOTO pacnpenenenus Mo, [louemy Tak mpouszonuio?

b) Hapucyiite rpaduk pacnpeneneHns 4acToT, HConb3ys geom density ().

Tenepp moctporm 3 000 000 Towek M3 cMecH ABYX CIy4aiHBIX BBIOOPOK TSI HOPMAaJIbHOTO
pacupeneneHus.

popl=rnorm(2000000)

pop2=rnorm (1000000, 1, 2)

combined = c(popl, pop2)

plt= ggplot (data.frame (data=c (combined, popl, pop2),
labels=rep(c ("combined", "popl", "pop2"), c(3e6, 2e6, 1leb))),
aes (x=data)) + stat bin(aes(fill=labels), position="identity",
binwidth=0.25, alpha=0.5) + theme bw()

plt



250000 =

200000 =
150000 -
labels
= |cml:-ined
=
8 pop1
pop
100000 -
50000 =

data

YupaxHeHnue.
OTBeTbTE HA BONPOCHI

3) Kakoe otnuune oT npeablayIe rucTorpaMMBl.
4) IMoctpoiiTe quarpammy 9acToT Jijist POP1 u pop2 Ha ogHOM TpaduKe.

CrenepupyeM JBa MHOTOMEPHBIX HOpMasIbHBIX KiacTepa u3 100 000 Touex KaXKIblid:
require (MASS)

Sigma=matrix(c(5,3,3,2),2,2)
exl=mvrnorm (100000, rep(0,2),Sigma)
Sigma=matrix(c(9,-5,-1,5),2,2)

ex2=mvrnorm(n=100000, rep(3, 2), Sigma)

YupaxHeHue
5) IMoctpoiiTe GyHKIINN YAaCTOT pacipeneieHHs.




Juis 31010 MCNONBL3ylTe geom point () mgeom density2d().

1.4. Meron MonTte-Kapno

MpbI nmoKakeM, Kak BBIYUCIHTH BEPOSTHOCTH MPOCTHIX COOBITHIA C TTOMOIIBI0 MMHUTALMOHHOTO

MozeIrpoBaHus MeToqoM Monre-Kapio.

[Tpenmonoxxkum, Mbl Opocuniu 1Ba Kybuka. KakoBa BepOSITHOCTb, UTO UX CyMMa HE MEHble 77

Mgl nozoiiieM K 3TOMY, MOJEIUPYS MHOKECTBO OPOCKOB JIBYX YECTHBIX UTPAJIbHBIX KOCTEH, a

3aTeM BBIYMCISISA JIOJII0 T€X HCIBITAHUNA, CyMMa KOTOpBIX paBHa He MeHee 7. bynmer ymo6HO

Hamucatbh (QYHKIMIO, KOTOpas MMHUTHPYET UCIbITaHus U Bo3Bpamiaer TRUE, ecnm cymma He

MeHee 7 (MbI Ha3bIBaeM 3TO COObITHEM), B poTHBHOM ciiydac — FALSE (dyHkius sample()

BO3BpAILIAET CIy4yailHYIO BHIOOPKY).

isEvent = function (numDice, numSides, targetValue, numTrials) {
apply (matrix (sample (1:numSides, numDice*numTrials,

replace=TRUE), nrow=numDice),

+2, sum) >= targetValue

}

MpI pazpaboTanu QyHKIHUIO, OyJaeM MpuUMeHsITh €€ 1 Mmetona MonTte-Kapio mist 5 monbsITok.

set.seed (0)

#try 5 trials

outcomes = isEvent (2, 6, 7, 5)

mean (outcomes)

## [1]1 1

Teopernueckn OTBET AODKEH ObITH 28/36, T.e. okoino 0.6; Ham oTBeT | CIMIIKOM Jalex.

[TonnpodOyem cnenars 10 000 ucnsITaHuUil:

set.seed (0)

outcomes = isEvent (2, 6, 7, 10000)

mean (outcomes)

## [1] 0.5843

Kak Buaum pesynpraT npubinsuics k Teopetuaeckomy. B merone Monte-Kapio ncnonbs3yrores

IPOCThIE BBIYMCICHUS, HO HUX Tpedyercs JOCTaTOYHO MHOIO, IO3TOMY JIyYIlle HUX

pacmapajieanTh ¢ IIOMOIIBIO TakeTa parallel.

require (parallel)

Hcnone3yem ¢yHKIMIO pvec (), OIS OTOTO CleIaeM TOJIb30BaTENbCKYI0  (YHKITHIO
isEventPar () .
isEventPar = function (numDice, numSides, targetValue,

trialIndices) {
sapply(l:length(trialIndices), function (x)
sum (sample (1:numSides, numDice, replace=TRUE)) >= targetValue)
}
BrzoeeMm pvec () :
set.seed (0)
outcomes = pvec(1:10000, function(x) isEventPar (2, 6, 7, X))
mean (outcomes)
## [1] 0.5931



P C3YJIbTAThl MAPAJUICIIBHOTO H O0OBLIYHOTO AJITOPUTMOB TMPAKTHYCCKHU HC OTIHUYAKOTCA 3a CUCT

HMCIIOJIb30BaHMUs set .seed (0) .

3ananue 2. Ilosbimenue 3¢dexTuBHOCTH PabOTHl anropuTMoB. HeoOX0aUMO BBINOJIHUTH BCE

KOMaH/Ibl ¥ YIpaXHEHUS U3 pazaenos 2.1-2.3.

2.1. Ucnionws3oBanue yTumuThl Rprof
Mpg1 Oyzaem ucnosib3oBaTh OubIMOTeKH profvis u bench.
library (profvis)
library (bench)
Paccmotpum crienyromryto pyakmuto f ()
f <- function() {
pause (0.1)

g ()
h ()

g <- function () {
pause (0.1)
h ()

h <- function() {
pause (0.1)
}
Hcnons3oBana QyHKIUS pause u3 oubmmorekn profvis.
Ecmu Mb1 Oyaem mpodumupoBath Kox mnsi f (), ocraHaBimmBasch kaxasie 0.1 cex, TO Mbl
yBUJEIH OBl CIIETYIONTYIO BBIAAUy
"pause" "f"
"pause" "g" "f"
"pause" "h" "g" "f"
"pause" "h" "f"
U3 s3T0ii BhIAauM OBUIO ObI MOHATHO, YTO KOA TpaTtuT 0.1 ¢ Ha HEMOCIEeICTBEHHOE BHIIIOJHEHUE
£(),02cHag() u0.lcuah().
Ecnu ucnons3oBars yrumuty Rprof(), To Ml mosrydnm cieayronee:
tmp <- tempfile()
Rprof (tmp, interval = 0.1)
£0
Rprof (NULL)
writelLines (readLines (tmp))
#> sample.interval=100000
#> "pause" "g" "f"
#> "pause" "h" "g" "f"
#> "pause" "h" "f"
[Tpu pabGote MpoUIMPOBIIUK 3aMeUISIET BBIMOJIHEHHE KOJa, MO3TOMY IpH MpOo(UINpOBaHUU

HE0OXO0aMMO 00€CTIeUnTh OaIaHC MEXIy TOUYHOCTBIO BBIA4YM MPOQPIIHPOBITUKA (a 3TO TpedyeT



BMEIIATENILCTBO B pabOTy NpOrpaMMbl) M 3aMEUICHHEM H3-32 BMeEIIaTelbcTBa. lloaTomy
Ka)X[IbIH pa3 pe3ysbTaThl MPOPHINPOBAHIS HEMHOTO OTIIMYAIOTCS PYT OT APYTa.

[MpopmmupoBnmk Rprof () co3maer mocraroyHo Oonbliold o0beM BeIOOpKU (Gombme 100
3amycKoB) sl (DYHKIMH, KoTopas paboraeT mapy CeKyHA. B To e BpeMs He XBaTaeT

BU3YaIH3aIlui, KOTOPYIO o0ecrieunBaeT oubamoreka profvis.

2.2. Busyanmzanus nporiecca npouiInpoBaHus

3anycTtuth profvis MOXHO 2 criocobamu:

1. U3 memnro Profile B RStudio.

2. INoakmrounth GyHkIUI0 profvis () u3 Oubnmuoreku profvis. Jlydme Ko mporpaMmbl
COXpaHUTh B (paiisie .1, a 3aTeM cocIaThCs Ha ATOT (ailyt np nmpodrIMpoBaHUN.

source ("profiling-example.R")

profvis (f())

[Mocne npodunupoBanus Profvis orkpoer uHTEpakTUBHBIA tMI-10KYMEHT, Tie MOKHO M3Y4UTh

pe3yabTathl npodunupoBanus. [lepsas aktuBHas Bkiaaka - 3to Flame Graph.

g a |
N N ] ~/Documents/adv-r/fadv-r - master - RStudio Source Editor
%) Profilel
H e /5, Publish ~
Flame Graph Data Options ~
profiling-example.R Memory Time
f <~ function() {
pause(@.1) 80
g 140
hO 80
¥
g <- function() {
pause(@.1) 70
hO 70
H
h <- function() {
pause(@.1) 150
pause
pause |h pause
pause g h
.F
T T T T T T T
0 50 100 150 200 250 300
Samnble Interval: 10ms 300ms

Bbl MOkeTe YBUICTh UCHOJB30BaHUE MaMATH W BPEMEHH Pa3HBIMH (YHKIUSMHU MPOTPAMMBI
(Memory u Time cmpaBa). MoXHO yBHIETh B JAMarpaMMe HCIOJIb30BAHUSA BPEMEHH, YTO
¢byHKIMS h () BBI3BIBaeTCA 2 paza, MMEHHO MOATOMY O0Ilee BpeMs B JBa pas3a OoJblie, 4eM y
GyHKIMH g () .

BHusy Mbl BUIUM odepeqHOCTh BbI3oBa QyHKuMi. Ecnu Bbl HaBeneTe Mblllb HA KOHKPETHBIN
BBI30B (DYHKIIMH, TO MOKHO OyJIeT MoKa3aHa CTpoKa Koja u Oojee moapoOHas mHpopMaims oo

9TOM BBI30OBCE.



' 000 ~/Documents/adv-r/fadv-r - master - RStudio Source Editor

% Profilel
% H e ‘5, Publish ~
Flame Graph Data Options ~
profiling-example.R Memory Time
f <- function() {
pause(@.1) 80
90 140
hO 80
}
g <- function() {
pause(@.1) 70
h 70
1
h <- function() {
pause(@.1) 150

Label h
Called from profiling-example.R#4
Total time 80ms

Memory 0 /0.0 MB
Agg. total time 150ms
Call stack depth 2

pause |h pause
pause g h
.F
T T T T T
0 50 100 150 200 250 300
~ Sample Interval: 10ms 300ms |

Taxoke ecTb BKIanka o JaHHbIX Data. OTo mo cytu neno Apyroe NpeacTaBlIeHUE JAaHHBIX U3

Flame Graph asist 60sbmmx K010B.



(N N ~/Documents/adv-r/fadv-r - master - RStudio Source Editor ‘
% Profilel
= - 5, Publish ~
Flame Graph Data Options ~
Code File Memory (MB) Time (ms)
vf o] 0.0 300
> g profiling-example.R 0 | 0 140 .
pause profiling-example.R o] o 8o |
h profiling-example.R 0 | 0.0 80 l
Sample Interval: 10ms 300ms

Bo Briazike flame graph Buu3y Bbl MokeTe yBHIeTh 0cOOBIN BHJ BbhI30Ba <GC>, aT0 Garbage
Collector — coopiuk mycopa. Eciiu <GC> OTHUMET MHOTO BPEMEHH pabOThI IPOTPaMMBbI, TO Yy
Bac MHOr0 KOIMpOBaHUs Mao JKUBYIIUX O0BEKTOB JaHHBIX.
Cospaiite xof.
x <- integer ()
for (i in 1:1e4) {
X <- c(x, 1)
}

Boinonnute ero npodunusanuio u Bel yBuauTe, 4to Oosblllas yacThb BPEMEHM ylUIa Ha cOOp
Mycopa.



7 Profilel

) - Publish ~
Flame Graph Data Options ~
<expr> Memory Time

profvis: :profvis({x <- integer()
for (1 in 1:1e4) {

X <- c(x, 1) -127.6 159.2 170
i3D)

<GC>
c ﬂ

T T T T T T T T
0 go/ 40 60 80 100 120 140 160

Sample Interval: 10ms 170ms

MoXHO yBUAETH, YTO MPOTpPaMMbl HCIIOIb30BAJNA €IIe€ TaKKEe MHOTO MaMsTH, KOTOpas TO
3anogHsack (1o 159.2), a moroM ocBoboxaanack (127.6). IIpoGiem B TOM, U4TO HCIIOIB30BAJICS
UK for, KOTOPBINA CO3/aBajl KaXKIblid pa3 HOBBIN OOBEKT M X.
YupaxxHenue
BrimomHuTe MpodriM3anuio 1aHHOTO KoJia
f <- function(n = 1leb) {

x <= rep(l, n)

rm(x)

2.3. Mukporectsl (Microbenchmarking)
MukpoTecThl OleHHBAT 3()(HEKTHBHOCTh MAJIEHBPKOTO KyCOYKa KoJia, Ha paboTy KOTOPOTo OT
HaHOCEKYH/ (NS) 10 MUKPO (WUS) Wik MIIUTACEKYH T (MS). J[J1s1 5TOro MOKHO MCTOIB30BaTh MAKET
(6ubmmorexky) bench.
X <- runif (100)
(1b <- bench::mark(

sgrt (x),

x ~ 0.5

))
#> # A tibble: 2 x 6

#> expression min median "itr/sec’ mem alloc “gc/sec’
#> <bch:expr> <bch:tm> <bch:tm> <dbl> <bch:byt> <dbl>
#> 1 sqgrt(x) 865ns 1.05us 679021. 848B 0
#> 2 x70.5 3.78us 4.17us 203205. 848B 0
[To ymomuanuto bench::mark () BbBIIOTHAECT KaXI0€ BBIpAKEHUE MHUHUYM 1 pa3s
(min iterations = 1), CTONBKO UTEpalMii CKOJIBKO MOXKHO BBINOJHHUTH 3a 0.5 cexyHI

(min_time = 0.5). ®ynkuus mark () mpoBepseT, YTOObI KaXAbI 3alyCK MPOrPaMMbI



BOB3BpalllaJl OJIHO M TO ke 3HaueHue. Ecnu HeoOXoIuMOo, CpaBHUBATh CKOJPOCTh pabOTHI MpHU
pa3HbIX BO3Bpallla€MbIX 3aHUYECHUS ycTaHOBUTE check = FALSE.

Oynkius bench: :mark () npegocTaBiIseT pe3yabTaThl B Buae (peiiMa maHHbIX (opmara
Tibble ¢ ZaHHBIMM O MUHUMAJIBHOM, MEAUAHHOM BPEMEHM BBIIIOJIHEHUS, YUCIIO UTEPALIUNA B
CeKYyH]y, JaHHbIE 00 MCIOJIB3BOAHNUHU MTAMATH M COOPIIMKA MyCOpPa, a TAKXKe Ipyrue 3HauCHHsI.
Busyanusupyiite peysnbTUpYOIIKE JaHHbIe bench: :mark () ¢ nomompeo plot () .

plot (1b)

#> Loading required namespace: tidyr

x"0.5 - e e o

S

7 C

;‘;’; g

= ® none
o

>

]

sqrt(x) = * CENING 00 CINNINED

1 }IJS 3;15 10Ips 30Ips
time

MoXHO yBUAETh MYJIBTHUMOJAJIBHOCTh PACHpPENJICHUs BPEMEHHU BBIIIOJIHEHHUS U CMEIIEHHOCTh
BIpaBo. YacTo Takoil rpaduk CBs3aH ¢ pabOTON APYrUX MPOTPpaMM Ha KOMITHIOTEPE.
YnpaxkHeHnue
[TpoBeauTe microbenchmarking nnst AByx yHkImii:
x ~ (1 / 2)
exp (log(x) / 2)

Ilpakmuueckas paboma 13

Ha mpaktuueckom 3aHsTHU BbIIAIOTCS 3anaHusa. CTYACHT BBINOJHSET 3aJaHUS U 3arpyaer
OTYET Ha MOPTAJ WM IMOKA3bIBAET MpenoaBarento B ayautopuu. lllkana onenuBaHus:

Bce 3aganus BBITIOIHEHBI, HET 3aME€UaHUM, JaHbl OTBETHI HA BCE BOMPOCHI - 5 Oasa;

3aganus BBITOJIHEHBI, HO MMEIOTCS 3aMedaHus He Oonee, yeM 30% 3amaHuii, TaHbBI OTBETHI HA
BCE BONPOCHI - 4 Gaiia;

3agaHus BBIITOJIHEHBI, HO MMEIOTCS 3aMedaHus He Oonee, yeM 50% 3amaHuii, TaHbBI OTBETHI HA
BCE BOTIPOCHI - 3 6asia;

3aaHus BEITIOJHEHEI, HO HMEIOTCS 3aMeuaHus He Oojiee, ueM 50% 3amaHuii, TaHbl OTBETHI HE HA

BCE BOMPOCHI - 2 Oasia;



3aganus BHIIOJHCHEI, HO UMEIOTCS 3aMedaHus He Ooiee, ueM 50% 3amaHuii, He JaHbl OTBETHI HA
BCE BOMPOCHI - 1 Oa;

3amanue He BBINOIHEHO - (0 0aJUIOB.

3ananue 1. Pacyer 0a30BBIX CTATHCTUYECKHUX XapaKTEPHCTUK Ul psja JaHHBIX. Paccumrarthb
CTATUCTUYECKUE XAPAaKTEPUCTUKHU psna ¢ rnoMominbio GyHkumid PyHkinuu mean(), median(),

sd(), prop.table(), var(), IQR(), summary() nns konouku Enroll Habopa nanusix College.

3amanue 2. Pacuer 0a30BBIX CTATUCTUYECKHX XapaKTEPUCTHK IS psjaa daHHbIX. [IpoBemute
tectbl CthrosieHTa, YwikokcoHa, [llanmupo-Yunkca, ANOVA, xu-kBaapar [lupcona, TecTb
OounHapHOi Kinaccudukanuu s komoHku Enroll Habopa manubeix College (ans sToro co3maiite
kosoHKy Class Takoro ke pa3mepa, uto Enroll, u 3anonnute e€ cay4yailHBIMU LIETTBIMUA YHCIAMH
1 u2).

Ilpakmuueckaa paooma 14

Ha npakrtmueckom 3aHSATHH BBIAAOTCS 3amaHus. CTyIeHT BBITIONHSCT 3aJaHHsl U 3arpykaer
OTYET Ha MOPTaJ WU MOKA3bIBACT IPEIIoAaBaTeiio B ayautopuu. [llkana oneHuBaHus:

Bce 3amanus BEITIOTHEHBI, HET 3aMEUYaHMi, TaHBI OTBETHI HA BCE BOIIPOCHI - 5 Oaia;

3aJaHus BBINOJIHEHEI, HO UMCIOTCA 3aMeuaHus He Oouee, ueMm 30% 3amaHuii, JaHbl OTBETHI HA
BCE BOIPOCHI - 4 0ajIa;

3amaHus BBIIOJIHEHBI, HO UMEIOTCS 3aMedaHus He Oosee, ueM 50% 3agaHuii, JaHbl OTBETHI Ha
BCE BOIPOCHI - 3 0ajIa;

3aJaHus BEIIIOJHEHBI, HO HMEIOTCS 3aMeuanus He Oojiee, yeM 50% 3amaHuii, JaHBl OTBETHI HE HA
BCE BOMPOCHI - 2 0aia;

3aaHus BEIIIOJHEHEI, HO HMEIOTCS 3aMeuanus He 0oiee, yeM 5S0% 3amaHuii, He JaHbl OTBETHI HA
BCE BOMPOCHI - 1 Oa;

3amanne He BRIIOIHEHO - (0 0aJUIOB.

3apanue 1. IlpoBenenne MHK miis mapHoii nmHeiHON perpeccun ¢ momouisto Im(). Ananus
KauecTBa IOCTPOCHHOH Monenu. Bocmonb3yiitech ¢yHkuuenr Im() mas moaroHku mnpocToit
JUHEHMHON perpeccuy ¢ mpg B KauecTBE OTKJIMKA M horsepower B KauecTBe MpeAUKTOpa AJIs
Habopa nmanHbIX auto. IlpumennTte GyHKIMIO summary () /Uisl BEIBOJAA PE3YJIbTAaTOB Ha DKpPaH.
[TpoKOMMEHTHPYITE 3Ty BBIBEJICHHYIO HH()OPMALIUIO.

1). EcTb 11 nuHeiHast cBsI3b MEX1y IPEAUKTOPOM U OTKIUKOM?

2) HackonbKo CHIIbHA CBSI3b MEXK1Y MPETUKTOPOM U OTKIMKOM?

3) KakoBo HamnpaBiieHHE CBSA3b MEXK]Y IPETUKTOPOM M OTKIUKOM?

4) Uemy paBHO MoJenbHOE 3HaueHHe mpg npu horsepower = 98? KakoBbl COOTBETCTBYIOIIHE
95%-Hble JOBEpUTENbHbIE HHTEPBAIBI IS PETPECCUOHHON PSAMOM U JIJIs1 ITPeICKa3aHHOTO
3HAYCHUS?

5) Ioctpoiite rpaduk 3aBUCUMOCTH OTKJIMKA OT MPEIUKTOPA.

Ucnonp3yiite Qynkmuto abline() mns mgo0aBieHUs PErPEeCCHOHHON JWHWW, HaWIEHHOW 10

MCTOY HAUMCHBIINX KBAaAPaTOB.



6) Bocnone3syiitech GpyHkImeit plot() st TOCTpOEHUST AMATHOCTUYECKUX TPAPUKOB IJII MOJIECIH,
MOJIOTHAHHOW 10 METOly HAaMMEHBINUX KBaApaToB. [IpokoMMeHTHpYiiTE MTt00BIE OOHAPYKEHHBIE

BaMH MPOOJIEMBI C 3TOW MOJIEIBIO.

3aganue 2. Pacyer mapameTpoB MOJEIM MHOKECTBEHHOW perpeccuu. AHaau3 KadyecTBa
MOCTPOEHHOMN MOJIeNH. Y CTpaHeHHE MYJIbTHKOUIMHEAPHOCTH TTocpeacTBoM step() u vif().

st cMOIeTMPOBaHHBIX JIAHHBIX

> set.seed (1)

> x1 runif (100)

> X2 0.5*x1 + rnorm(100) /10

>y =2 + 2*x1 + 0.3*x2 + rnorm(100)

[TocTporiTe MTMHEHHYIO MOJIeTTb MOJIEIb, B KOTOPOU Y SABJIsIETCSA (QYHKIIMEH OT X1 | X.
1) BeimonHuTe pacuer napaMeTpoB MOJIETH MHOXXECTBEHHON PErpecCuu.
2) [IpoBeauTe aHaJIM3 KauyecTBa MOCTPOSHHON MOJIEIH.

3) YcrpanuTe MyNnbTHKOJUTMHEAPHOCTH TocpeacTBoM step() u vif().

Ilpakmuueckana paboma 15

Ha mpakThyeckoM 3aHSITHM BbIAAIOTCS 3aaaHusi. CTYIEHT BBINOJIHSCT 3aJaHHsl U 3arpyxaet
OTYET Ha MOPTAJI WM TIOKa3bIBACT MpEIoiaBaTelto B ayauropun. lllkana oreHuBaHus:

Bce 3amanus BBIMOHEHBI, HET 3aMEYaHMIA, JaHbl OTBETHI Ha BCE BOIPOCHI - 5 Oaiia;

3aJaHus BBINOJIHEHEI, HO UMCIOTCSA 3aMeuaHus He Oouee, dem 30% 3amaHuii, JaHbl OTBETHI Ha
BCE BONPOCHI - 4 Oarna;

3aJaHus BBINOJIHEHEI, HO UMCIOTCSA 3aMeuaHus He Oouee, deM 50% 3amaHuii, JaHbl OTBETHI HA
BCE BOIPOCHI - 3 Oasia;

3amaHus BEIIOJIHEHBI, HO UMEIOTCS 3aMeuanus He Oonee, ueM 50% 3amaHuii, 1aHbl OTBETHI HE Ha
BCE BOTMPOCHI - 2 Oasia;

3a/1aHus BBITIOJIHEHBI, HO UMEIOTCS 3aMevaHus He Oonee, ueM 50% 3amxaHuii, HE TaHBI OTBETHI Ha
BCE BOMPOCHI - 1 Oam;

3aganue He BRITONMHEHO - 0 0aJUIOB.

3ananue 1. [locTpoeHne TOYEUHBIX JUarpamm.
1) IlpumenuTe QpyHkuo pairs () A7 HOCTPOEHUS MATPULIBI JUarpamMM pPaccestHUsl 10 MePBbIM
JIECATU YHCIOBBIM CTOJIOIAM.

2) IMpumenute GyHkuumio plot() st 5 map croaoIoB.

3aganue 2. IloctpoeHue cTONOUATBIX, KPYTOBBIX JUarpaMM, THCTOTpaMM M (QYHKUIUH
IJIOTHOCTH.

1) Bocnonwsyiitech @ynkimueit hist() u nns 4 komudecTBeHHbIX nepeMeHHbIXx Habopa College()
MOCTPOWTE THUCTOTpaMMBbl C Pa3HbIM YHMCIOM KiaccoB. [lone3Hol s Bac MOMKET OKa3aThCs
KOMaHza

par (mf row = c (2, 2))



OHA pPa3/IeTUT OKHO TpadUv4ecKOro YCTPOHCTBA Ha YETHIpE OOJIACTH, YTO CIENIaeT BO3MOKHBIM
IOCTPOCHHUE YEThIpeX TpaUKOB OJHOBPEMEHHO. V3MEHEHHEe apryMeHTOB JTOW (YHKUIUHU
MpHUBEET K pa3AeliCHUI0 SKpaHa HHBIM 00pazoMm.

2) [Ilocrtpoiite (QyHKIMIO TUIOTHOCTH pacmpeneineHus s KoioHku Enrol. PasGeiite
YHHUBEPCHTETHl Ha KJacChl 1O 3HaueHuio Enrol. Chemaiite KpyroByro amarpammy Jjsl 3THX

KJIaCCOB.

Ilpakmuueckas paboma 16

Ha npaktrueckom 3aHSATHH BbIAAOTCS 3amaHus. CTyIEHT BBIMIONHSCT 3aJaHHsl U 3arpyxkaer
OTYEeT Ha MOPTAJ WM MMOKa3bIBAET IpenoiaBarento B ayautopuu. [llkana ouenuBanusi:

Bce 3aanus BBITIOTHEHBI, HET 3aMEUaHU, TaHBI OTBETHI HA BCE BOMIPOCHI - 5 Oaia;

3amaHus BBINOJHEHBI, HO UMEIOTCA 3aMeuaHusa He Oouee, ueM 30% 3amaHuii, JaHbl OTBETHI HA
BCE BOITPOCHI - 4 Oaa;

3amaHus BBINOJHEHBI, HO UMEIOTCA 3aMeuaHus He Oouee, ueM 50% 3amaHuii, JaHbl OTBETHI HA
BCE BOITPOCHI - 3 Oaia;

3aaHus BEIIIOJHEHEI, HO HMEIOTCS 3aMedanus He 0oiee, ueM 50% 3amaHuii, 1aHbl OTBETHI HE HA
BCE BOMPOCHI - 2 0aiia;

3aaHus BEIIIOJHEHEI, HO HMEIOTCS 3aMedanus He 0oiee, yeM 5S0% 3amaHuii, He JaHLI OTBETHI HA
BCE BOMPOCHI - 1 Gai,

3amanne He BBIIOIHEHO - (0 OayUIoB.

3aganue 1. Busyanuzanuss MHOTOMEpHBIX JaHHBIX A Kinaccuukanuu. KiactepHelii aHamus
JUISL 3a/1aHHOM BBIOOPKHU.

Bocnonb3yiitech HabopoM maHHBIX USArrests. BeIMOMHUTE HepapXUUeCcKyIO KIacTepH3aIUio
LITAaTOB.

1) BoinosiHUTE HEpapXUUECKYIO KJIACTEPU3AIUIO LITATOB, UCIIOJIb3Ys IMOJIHOE MPUCOEINHEHUE U
€BKJIUJIOBO PACCTOSIHUE.

2) BeinoiHuTe paccedeHure JeHAPOrpaMMbl Ha BBICOTE, KOTOpasi MPHUBOJAUT K BBIJCJIECHUIO TPEX
kjacTepoB. Kakue mraTel BXOAAT B KaKIBIN U3 ITUX KIACTEPOB?

3) BoinoiHuTe HEpapXUYECKYHO KJIACTEPU3ALMIO ITATOB HA OCHOBE IMTOJHOTO NMPUCOEAUHEHUS U
€BKJIMJIOBA PACCTOSIHMA IOCIE MacUITaOMpOBaHUS IMEPEMEHHBIX, B pe3yjbTaTe KOTOPOTO MX
CTaH/IapTHBIE OTKJIOHEHHS CTAHOBSTCS paBHBIMH 1.

4) Kakoit »¢dekT Ha TOMYyYEHHYIO HEPApXUUECKYI0 KIIACTEpU3aIHI0 OKa3bIBAET
MaciitabupoBaHue nepeMeHHbix? Ha Bamn B3risia, cienyer JiM BBIIOJHATH MaclITabupoBaHUE

MEPEMEHHBIX Nepe]l BEIUMCICHUEM Pa3Inuuil MeX 1y HabmoieHussMu? O00CHYHTE CBOM OTBET.

3ananue 2. [IpuMeHeHne MeToza ONOPHBIX BEKTOPOB U IEPEBLEB PELLIEHUI.

[TpuMeHHnTE METO/BI, OCHOBAaHHBIE HAa ONOPHBIX BEKTOpaxX, Ul MPEJCKa3aHUs YPOBHS pacxoja
TOIJIMBA aBTOMOOUIIEM (BBICOKHMM MJIM HU3KUI) MO JAHHBIM U3 TaOIHUIBI AUtO.

1) Cozpaiite OumHapHyIO NEpEMEHHYIO, MPUHUMAIOLIYI0 3HaueHue | st aBTOMoOOWIeH, y
KOTOpBIX pPAacxXoJ TOIUIMBA IPEBBINIAET COOTBETCTBYIOLIEE MEIMAaHHOE 3HaueHue, u 0 s

aBTOMO6I/IJ'IeI\/’I, Y KOTOPBIX pacxXoJ] TOINIMBA MCHBIIC 3TOI0 MCIUAHHOT'O 3HAYCHU .



2) [ocTpoiiTe MO ATUM JaHHBIM KJIACCU(PHUKATOP HAa OMOPHBIX BEKTOPAX C pa3HbIMU 3HAYCHUSIMHU
cost Ui IpelcKa3aHWs ypOBHsS pacxoja ToIulMBa (HM3KMH MM Bbicokuil). Ilpuenurte
YaCcTOTHI OIIMOOK, MOIyUYEHHBIEC B XOJI€ MEPEKPECTHOM MPOBEPKHU MPHU Pa3HBIX 3HAYCHUSX ITOTO
napamerpa. [IpokoMMEHTHpYHTE CBOU PE3YIIbTATHI.

3) Tenepp nosTopute (2), Ucnonb3dyd SVM C paJuabHbIM U IOJMHOMUAIBHBIM sJIpaMH UL
HECKOJIbKMX 3HA4eHMM mapaMeTrpoB gamma, degree W cost. IIpokomMMmeHTHpyHTE CBOM
pE3yJIbTaThI.

4) IMoctpoiite rpaduku, moarsepxkaatone Bamm oTBeTs! 1y myHKTOB (2) u (3).

ITonckaska: MOKHO IPUMEHUTH POt () CO CIEAYIOIIUMHU TapaMETPAMHU:

> plot(svmfit, dat, xl1 ~ x4)

B KOTOpPOH svmfit cOIepKUT MOCTPOCHHYIO BaMHM MOJENb, a dat— 3TO Tabiaula ¢ BallMMHU
JAaHHBIMH, BBl MO’keTe BBIIOIHUTE AJIs U300paXKeHUs TOIbKO NIEPBOI U YETBEPTOM IEpEeMEHHBIX.

O,HHaKO Brr JOJIKHBI 3AMEHUTh X1 U x4 Ha IMPpaBUJIBHBEIC UMCHA IICPECMCHHBIX.

Hmozoewvtit mecm

Ne| Bonpoc BapuanTte! oTBeTa
CKONBKO TUTIOB OOBEKTOB JAaHHBIX B SI3bIKE e 4
R? e 5
e 6
o 7
B spike R kakme TUmBl  IaHHBIX e matrix
HE otrocsTcs k atomicdatatypes e numeric
e factor
o list
Kakoit kmacc 0O0BEKTOB BO3BpamiaeTcs e character
MIPU BBITIOJIHEHUHU KOMAaH/IbI: e numeric
X <- ¢(4, TRUE) e logical
e integer
[MpeamonoxuM, MbI [OJydaeM JaHHBIC e X[[2]]
C MOMOIIIBIO KOMaH/IbI e X[2]
x <-list(2, "a", "b", TRUE) e X[[3]]
Kak nonyuuts BekTOp b 13 3T0TO0 Crivicka? e X[3]
Kaxoit 6ynet pesynprara onepanuu x+y e 3534
X<-1:4;y<-2:3;x+ty=7? e 3557
e Warning with some output
e Error
YroObl H3BIIEYHh MEPBBIC J1Ba CTPOKH W3 e data(c[1,2],)
¢peliMa naHHbBIX data, HYKHO BBIIIOJHHUTH e data[c(1,2)]
OTIEPAILIHIO. e data(c[1,2])
e data[c(1,2),]




o| Bompoc

Bapuantsl orBeTa

Uro BepHer ¢yHkmms cube, ecim eé
3ammycTuTh cube(4)?

cube <- function(x, n) {

X3

¥

12

64

Warning: n is not used
Error

PaccmoTtpum crienyromyto GyHKIHO
f <- function(x) {

g <- function(y) {

ytz

}
z2<-4

X +9(x)
}

Eciu B R Oyayr BBedeHbl CcleAyIOLIUE
KOMaH/IbI,

z<-10

f(3)

TO Kakoil OyneTt pe3ynbTat?

10
16
17
Warning: y not defined

Kakue n3 omepaTopoB LUKIOB 3aIlyCKalOT
OECKOHEUHBI IUKJI C caMoro Hadaia 0e3

MIPOBEPKHU yCIOBUNA?

never
break
set

repeat

Uro Oymer pe3yabTaToM CISAYIONIETro Koia
(x <- vector("numeric"”, length = 10))

10
0000000000
"numeric”

None of the above

UYro Oyner pe3yapTaToM YKa3aHHOTO HUXKe 0123
Koza "ot 2t 3
x<-0:3 FALSE TRUE TRUE TRUE
as.logical(x) 012
PesynpraTom koManabl sqrt(-16) 6yner 4

-4

NaN

NA
PesynpTaTom HHXe yKazaHHOTO Koja OyneT 123
X <-c("a", "b", "c") 97 98 99
as.numeric(x) Warning

Error




Bomnpoc

Bapuantsl orBeTa

[lo kakol mnpuUYMHE HE MOXET OBITh
BbruncieHa Qopma ((cons x ‘mBa) ‘Tpu )?
UYro HYKHO B HEWH TIONpPaBUTh, YTOOBI

TOOUTHCSA BBEIYUCITUMOCTH?

MEPBBI  DJIEMEHT CIHCKAa HMEeT
3Ha4YCHHUE, HO OHO HE MpPEICTaBIIsCT
coboit pynkmuio. Hampumep, MOXHO
nepea HUM BcTaBuTh lambda (x ).
Oro nact ¢popmy ( (lambda (x ) (cons
X ‘ABa)) ‘Tpu) U ee 3HayeHuUe (TpH .
JIBa)

NEePBBIA  3JEMEHT (OPMBI JTOJIKEH
OBITh AaTOMOM, TaK 4YTO MOYHO
yOparh CKOOKH M3 apryMEHTOB, YTO
naet (cons X ‘1Ba ‘TpH )

HAJI0 M300paKCHUE TEPEMEHHOW X
3aMEHUTh Ha KOHKPETHOE 3HAYCHUE,
HarpuMep, ‘MIeCTh, YTO JACT HEUYTO

Bpoje ((cons ‘miecTs ‘IBa) ‘TpM)

Kakmne ABa W3 MNPUBCACHHBIX JaHHBIX

MPEJCTABISAIOT CO00 CrTMcoK?

(car (quote (a b c d)))

((cons (ab) NIL))

((cons (ab) NIL)

((a.atom) (b . binary) (c . char) . d)

Kak mnpeobOpaszoBats (opmy (cons ‘al ‘b2
‘c3 ‘d4), uyTOOBI TOJYYHUTH BBIPAKEHHE,
uMeroliee 3HaueHue?

yOpaTh anocTpodbl nepen
apryMeHTaMu

3aMEHHUTh aTOMBI Ha CITUCKU
3aMeHUTh cons Ha list — QyHKIHIO,
CTPOSIIYIO

IIPOU3BOJIBHOI'O YMUCJIa 3JICMCHTOB

CITMCOK n3

OCTaBUTh B CIIUCKEC apryMCHTOB

TOJBKO JABa 3JICMCHTA

Kakoe nus3 MPUBCACHHBIX JaHHBIX

npencTaBisier  co0Oil  camoe  HpocToe

COCTaBHOE S-BhIpakeHue?

(cons (ab) NIL)
((one . omuH) (two .
TpH))

(A.B)

nsa) (three .

Kakoe wu3 IMPUBCACHHBIX  JaHHBIX HC

IpeacTaBisieT co0oi S-BelpakeHue?

((cons (ab) NIL)

((a.atom) (b . binary) (c . char))
(car (quote (list ‘one ‘two ‘ten)))
atom

Kakoii wu3 NPpUBCACHHBIX TCEKCTOB  HC

MpEACTABJIACT coboif HU CIIMCOK, HH

CII0)KHOE S-BbIpakeHHE?

(eqa(b.c))

(omuH, nBa, TpH, YETHIpPE, J1BA)

, (@abc)




Bomnpoc

Bapuantsl orBeTa

Kak MoxxHO u3menuts popmy (cons (a ‘Tpu)
(b ‘nBa)), 4TOOBI YBUACTH €€ 3HAUCHUE MPHU
3aJJaHHBIX a U b, a HE JUArHOCTHYECKOE

cooOenne?

yOpaTh BHYTPEHHHE CKOOKH, 4YTO
naet (cons a ‘Tpu b ‘nBa)

apryMeHThl (YHKIMH mepenaTbh Kak
(hakTHUECKHE MapamMeTphl, YTO HAeT
¢dopmy ((lambda (x y) (cons x y) ‘(a
“rpn) “(b “n1Ba))

CHUMBOIJIBI a4 U b Haao CTCpPETb, 4YTO
naet (cons (‘tpu) (‘nBa))

Yro HYXHO HCIpaBUTH, uTO (hopma (cons

‘OIMH ‘J1Ba ‘TpH) MMeJa 3HaueHue?

MOCTaBUTh anoctpodsl nepen
aToMaMu
OCTaBUTh B CIHCKE TOJBKO JIBa
aprymeHra

3aMCHUTH aTOMBI CIIMCKaMU

Kakne w3 mNpuBEAEHHBIX JAHHBIX HE (listal b2 c31 d42)
MIPEJICTAaBISIIOT COOOM HM CHHUCOK, HH S- (abc)
BbIpaKEHUE? ((cons (ab) NIL)
(@.(b.c)
Kaxoe u3 IIPUBEIECHHBIX JTAaHHBIX ((one . omun) (two . nBa) (three .
IIpE/ICTaBIISIET coboit CIIOKHOE S- TpH))
BBIpakeHue? list
((cons (ab) NIL)
Kakoe u3 IIPUBEICHHBIX JTAHHBIX list
NpEJCTaBIsAeT  COOOM  CIIOKHOE S- ((one . omuu) (two . nBa) (three .
BBIpaKEeHHE? TpH))
((cons (ab) NIL)
Kakoe w3 TmpuBeAECHHBIX JaHHBIX HE ((cons (ab) NIL)
NpeJCTaBIsieT CcOOOM HU  CIUCOK, HHU (oamH, 1Ba, YETHIPE)

CII0)KHOE S-BbIpa)keHHE?

(eqa(b.c))




