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1. BBeaeHue

R - cuctema ans CTaTUCTUYECKHX BBIYMCICHUH U rpaduku. OHA BKIIOYAET, MEXKIY
MIPOYNM, SI3BIK MPOTPAMMHUPOBAHUS, BRICOKOYPOBHEBYIO rpaduKy, HHTEPHEHCH IS IPYTUX
SI3BIKOB M CPEJICTBA OTJAAKH. DTOT CIIPAaBOYHUK JCTAM3UPYET U ONpeseNseT A3bIK K.

S3pIk R - nuanekt S, KOoTopblil Obu1 pa3paboTan B 1980-bIX U ¢ TeX MOp HAXOAUTCS B
IIMPOKOM HCIIOJIB30BAaHUU B CTATHCTUYECKOM cooOmiecTBe. Ero OCHOBHOW pa3paboTYUK,
Jlxon M. YemOepc, Obu1 HarpaxkaeH 3a S Ilpemuell Mo CHCTEMHOMY NPOTPAMMHOMY
obecnieuennto ACM 1998 rona.

VY cuHTaKcHca SA3bIKa €CTh MOBEPXHOCTHOE CXOJICTBO ¢ C, HO CeMaHTHKA MPUHAITICKUT
K cemeiicTBy FPL (s3p1kaM (DyHKIIMOHAIBHOTO MPOTPaMMHUPOBAHUs) ¢ 00Jiee CUIIBHON CBSI3bIO
c Lisp u APL. B yacTHOCTH, BO3MOXHO “BBIYHCIISITH Ha SI3BIKE”, KOTOPBIA MOOYEPEIHO
MO3BOJIAET MUCATh (PYHKIHMH, KOTOpble OepyT BbIpaKEHHs] B KaueCTBE BXOJa, YTO-TO, YTO
4acTO MOJE3HO ISl CTATUCTUYECKOTO MOJICTUPOBAHUS U TPadUKH.

MOXHO TMOJYYUTh JOBOJBHO NPHUMUTHUBHOE HCIIONB30BaHHE AR B HMHTEPAKTUBHOM
PEKMMe, BBITIOJIHSS MTPOCTHIE BBIPAXKEHUS U3 KOMaHAHOW CTpoku. HekoTopsle moip30BaTeny
HUKOT/a, BO3MOXHO, HE YHIIYT C 3TOTO YPOBHS, APYT'HE 3aXOTAT HAIMCATh CBOU COOCTBEHHBIE
(YHKUINHU UM OTIEPaTUBHO CHCTEMAaTU3MPOBATh OAHOOOPa3HYIO paboTy MM Ha MEPCHEKTHBY
3amKcaTh JONOJIHUTEIbHBIE TAKETHI sl HOBOH (DyHKIIMOHAIBHOCTH.

Llenb 3TOrO CrpaBOYHMKA COCTOUT B JOKYMEHTHUPOBAHHH S3bIKA MO CYIIECTBY. DTO
03HAYaeT, OOBEKTHl MOKA3aHbl, TAK KaK OHU PabOTAIOT, U JETAIH MPOIECCa BBHIYUCICHUS
BBIPOKECHHUM, KOTOpHIC TIOJIE3HO 3HATh MpH TNporpammupoBannu (yHkmuit KA. [1aBHBIE
MoACUCTEMBI OJII ONPCACIICHHBIX 3a/1a4, TAKUX KakK rpa(bHKa, OINMMCAHBI B 3TOM CIIPABOYHUKC
JIUIIb KPAaTKO U OyIyT 3aI0KyMEHTHPOBAHBI OTIEIBHO.

XoTst 0oybIlas YacTh TEKCTa OJMHAKOBO NMPUMEHUMA K S, €CTh TaKkKe HEKOTOPBIC
CYIIECTBEHHBIC pa3NuyMsi, ¥ 4YTOOBl HE TepemyTarb NpoOIeMy, CKOHLEHTpUpYyEeMCs Ha
onucanuu F.

ITpoexT si3bIKa COAEPKHUT MHOTO TOHKOCTEH M paclpOCTPaHEHHBIX OMIMOOK, KOTOpHIE
MOTYT YIUBHUTH IIOJB30BATENsA. BONBIIMHCTBO W3 HUX NPOUCXOTUT H3-3a COOOpaKEHUH
HEMPOTHBOPEUUBOCTH Ha Oosiee TIyOOKOM YpOBHE, Kak Mbl OOBsICHUM. ECTh Takxke MHOTO
HOJIE3HBIX SPIBIKOB M HANWOM, KOTOpBIE ITO3BOJISIOT IIOJIb30BATENI0 BBIPAXKaTh BIIOJIHE
CIIOKHBIE ONepanuy Kparko. MHOrME€ M3 HHUX CTaHOBSTCS €CTECTBEHHBIMHU II0 Mepe
O3HAKOMJICHHS C 0a30BBIMHU TOHATUSAMH. B HEKOTOPBIX CIIydasx CyIIecTBYeT MHOTO CIIOCOOOB
BBITIOJIHUTH 33/1a4y, HO HEKOTOPBIE U3 METOJI0B OCHOBAHBI Ha peajM3alllu fA3bIKa, a JApYyrue
pabotaroTr Ha Ooyiee BBICOKOM YPOBHE aOCTpakiuu. B Takux ciydasx ykKaxeM Ha
NPEUMYIIECTBEHHOE HCIIOJIb30BaHUE.

[Ipennonaraercss HekoTOpoe 3HAKOMCTBO ¢ KA. DOTo He BBeneHue B K, a ckopee
CIpPAaBOYHHUK Mporpammucra. Jlpyrue CHpaBOYHUKH MPEAOCTABISAIOT JIOTOJHUTEIBHYIO
nHpopmaruo: B ocobennoctu pazaen "llpenucnosue" Bo Benenuu B A mpemocTaBisieT
BBereHue B R, u pasgen “CucremMa u uHTepdeiichl BHEIIHHX s3bIKOB” B Hamucanue
pacumpenuil A netanusupyer pacuuperue A, UCrob3ysl CKOMIMINPOBAaHHBIN KOI.
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2. 06'bEKThHI

Ha kaxxgoMm MamiMHHOM S3BIKE TIEPEMEHHBIE OOECIEeUMBAIOT CPEICTBO JOCTYyMa K
JAHHBIM, XpaHAIIMMCS B TaMATH. A He 00ecrieunBaeT MPSMOH JTOCTYIT K TaMATH KOMIIBIOTEpa,
a ckopee oOecredrBacT MHOTO CICHUATH3UPOBAHHBIX CTPYKTYp HaHHBIX, HMEHYEMBIX
obbekTamMu. Ha 3T 0OBEKTHI CCBHIIAIOTCS Yepe3 CHMBOJIBI WM TiepeMeHHble. B A, omgHako,
CHUMBOJIBI - CAMOCTOSITEIbHO OOBEKTHI U MOTYT YIPAaBJIATHCA TaKUM K€ 00pa3oM Kak JIroOon
Ipyroi 00BEKT. DTO OTIWYAECTCI OT MHOTHX JPYIMX S3BIKOB M HMMEET IIHPOKO
pPacCIpOCTPaHSIOIINECS CICICTBUSI.

B oT1oii rmaBe maHBl NpeABapUTENbHBIC OMUCAHHS PA3THYHBIX CTPYKTYP JAHHBIX,
npenocraBieHHbIX B KA. bonee neranbHble OOCYKICHUS MHOTHX U3 HUX OyIoyT HalJIeHBI B
nocjaeayomux riaaBax. OyHKnus omnpeaeneHuss B R lypeof Bo3spamiaer 7 i o0bekta R,
3ameruM, uto B Koae C, nmexameM B ocHOBe A, BCE OOBEKTHI SBISIOTCS yKa3aTelsMd Ha
CTpYKTYpYy ¢ onpeneneaneM tuna SEXPREC; pasiudHbIe THITBI TaHHBIX AR TipeacTaBieHbl B C
SEXPTYPE, xoropslii omnpeneisier, Kak HCIONb3yeTcss MHpOpMalMs B Pa3IMYHBIX YacTIX

CTPYKTYpBI.
Crenyromasi TabJauIla OMUCHIBAET BO3MOKHOE 3HAYCHUE, BO3BpallleHHOe fypeof u ux
3HA4YCHHE.

"NULL" NULL

"symbol™ UM IEPEMEHHON

"pairlist" napHbIii 00BEKT (B OCHOBHOM BHYTPEHHHI)

"closure™ byHKIus

"environment”  okpysatoiias cpena

"promise” 00BEKT, HCTIONBL3YEMBIH JJISI OTJIIOKEHHOM OIICHKU

"language” KOHCTpYKIUS si3bIka R

"special” BHYTPEHHSSI (DYHKIIUS, KOTOpasi He BRIYUCIISICT CBOM apTyMEHTHI

"builtin® BHYTPEHHSS QYHKIHSA, KOTOpPasi BBIYMCISET CBOU apTyMEHThI

"char" a ‘scalar’ cTpokoBbIif 00BEKT (TOJBKO BHYTPCHHHI) ***

"logical” BEKTOP, COJICPIKAIINI JIOTHICCKUEC 3HAUCHUS

"integer™ BEKTOp, COJICPIKAIINM 1IeJIbIe 3HAYCHUS

"double" BEKTOP, COJICPIKALIHIA PeabHbIC 3HAYCHUS

"complex” BEKTOp, COJIEP AN KOMIIJICKCHBIE 3HAUYEHUS

"character" BEKTOD, COJIEPKaLNIl CHUMBOJIbHBIE 3HAUCHUS

nL tapryMeHT ornpeesieHHON MepeMEHHOM ITHHBI ***

"any" CIIELUAJIbHBIN TUII, KOTOPBIA 3aMEHSET BCE TUIIBL: HE
CyIIeCcTBYeT 00BEKTOB TAKOTO THUIIA

"expression™ 00BEKT BBIPAKCHUE

"list" CIIHCOK

"bytecode” KOJ1 B 0aiitax (TOJBKO BHYTpEHHE) ***

"externalptr” 00BEKT BHEUIHETO yKa3aTess

"weakref" 00BeKT cr1aboi CChUTKU

"raw" BEKTOp, CO/IepKaIINi OalThI

"S4" 00BeKT S4, KOTOPBIN HE SABIACTCS MPOCTHIM 0OBEKTOM

Tonvzo6amenu ne mMo2ynit npocmo noJjiy4unio 06b€Kﬂ’lbl, nome4yeHHbvle

fkkk?

OyHKIMOHATBHBIA PEKUM JaeT HHPOPMAIIHIO 0 pekuMe 00bekTa B cMbiciae Becker,

Chambers & Wilks (1988), u siBisercs Oojiee COBMECTUMBIM C JPYTUMH pPeaU3alHSIMU
s3pika S. HakoHen, GyHKUMs SIOrage.mode mokaspiBaeT PeXUM XPaHCHUs ee apryMeHTa B
cmbiciie bekkepa u ap. (1988). Ona OOBIYHO HCHONB3YeTCS NPU BbI30BE (DYHKIUH,
3alMCaHHOW Ha JpyroM s3bike, Takux kak C wim ®OPTPAH nmns rapanTupoBaHus, 4To
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00BeKThl A UMEIOT THIT JaHHBIX, KOTOPBIHA OXHJaeT BhI3bIBaeMasi nmoanporpamma. (Ha si3pike
S BEKTOPEHI C IETOYNCICHHBIMU WU JCHCTBUTEILHBIMHA 3HAYCHUSIMA UMEIOT 00a "JUCIIOBOM"
PEXUM, TAKUM 00Pa30M, UX PEKHUMBI XpaHEHHUS HY)KHO OTIINYATh.)

>x<-1:3

> typeof(x)

[1] "integer"

> mode(X)

[1] "numeric"

> storage.mode(x) [1] "integer”

OOBekThl B R 9acTo TpeoOpa3oBhIBAIOTCS K PA3IMYHBIM THUIIAM BO BPEMs BHIYHCIICHUH.
Taxke MMeeTcsi MHOTO JTOCTYIHBIX (YHKIWH ISl BBITIOJTHEHUS SIBHOTO MPEOOpa3OBaHMS.
[Ipu mporpammupoBaHuM Ha si3bike A TUI 00BEKTa OOBIYHO HE BIMAET HA BBIYUCIICHUS,
OJTHAKO, WMes JIeJO C BHEIIHUMHU S3bIKAMH WJIM OIEPAIMOHHON CHCTEMOM, YacTo
HEO0OXOMMO rapaHTUPOBATh KOPPEKTHOCTh THUIIA 0OBEKTA.

2.1. OcHOBHBIE THIIBI

2.1.1. BekTopsIl

Bekropa paccmarpuBarOTCS KaK ~ HENpEpBbIBHAS — IOCIENOBAaTEIILHOCTh  STYEEK,
CoJiepKalX JaHHBIE. Hoctyn K siuedikaM OCYHIECTBISIETCS 4Yepe3  OINeparuu
WHAEKCHpOBaHMs, TakuMmu, kak X[5]. Bomee nerampHO paccmorpeno B pasaene 3.4
[unnexkcupoBanuel].

R umeer miecTh OCHOBHBIX (‘aTromapHbIX’) THIOB BekTopoB: logical, integer, real,
complex, string (or character) u raw. Pexxum W peXUM XpaHEHHs UIS Pa3HBIX THIIOB
BEKTOPOB MEPEUHCIICHBI B CIIEAYIOIIEH TabIHIIe.

Tun mode storage.mode
logical logical logical
integer numeric integer
double numeric double
complex complex complex
character character character
raw raw raw

OtnenbHble uyncia, Takue Kak 4.2, W cTpoka, Takas kak "four point two", Bce eme
BEKTOPBI, /UTHHBI 1; HET GOJbIIC OCHOBHBIX THUIOB. BO3MOXHBI (M TOJIE3HBI) BEKTOPHI C
HYJIEBOM JJTMHOM.

Y BEKTOPOB CTPOKH €CTh PEXKHM W pexuMm xpaneHus "character”. OtaenbHbIi
9JIEMEHT CUMBOJILHOTO BEKTOPA YaCTO YIIOMHHACTCS KaK CHMBOJIEHASA CT POKA.

2.1.2. Ciucku
Crucku (“yHUBEpCaIbHBIE BEKTOPHI) SIBISIOTCS APYTHM BUIOM XPAaHEHUS JaHHBIX. Y
CIHCKOB €CTh 3JIEMEHTHI, K&KABII U3 KOTOPBIX MOXKET COJepKaTh J1000i THI o0bekTa A, TO
€CTh 3JIEMEHTHI CIHCKa He 00s3aTeIbHO MMEIOT OAuMHaKoBbIM Tun. K snemeHtam crucka
MOJIy4YaloT JIOCTYI MOCPEICTBOM TPEX Pa3iMuYHbIX omnepanuil nHaekcauud. OHU OO0BSICHEHbBI
nopoOHo B paznene 3.4 [Munekcanus|.

Coucku - BCKTOPbI, U OCHOBHBLIC THUIIBI BCKTOPOB YIOMHWHAIOTCA KaK aTOMApHBIC
BCKTOPLI, TAC HCO6XO,I[I/IMO HCKJIKOYUTDH CIITUCKHU.

2.1.3. A3bIKOBBIE 00'bEKTHI
Ecte Tpu Tuma 0OBEKTOB, KOTOpBIE cOCTaBISIIOT s3blKk KA. D10 — call (Bbi3oB),

Crpanuua 10




Onpegenenue a3bika R

expressions (BeipaxkeHus) u n1ame (umsi). Tak kak y R ecTb 00bEKThI THIA "BhIpakeHUE", TO
MBI TTOIBITAEMCsI H30€XKaTh HCIIOJIb30BAaHMSI CIIOBA «BBIPAKECHHE» B JIPYIMX KOHTEKCTax. B
OTpECNEHHBIX ~ CHHTAKCHYECKH KOPPEKTHBIX BBICKA3BIBAHMSX  BBIpAXEHHS  OyayT
YIIOMHHATHCS KaK OMEPaT OPBL.

VY atux 00beKTOB ecTh pexkumbl "call”, "expression” u "name"”, coOTBETCTBEHHO.

OHHU MOTyT OBITH CO3JIaHBI HEIOCPEICTBEHHO M3 BBIPAKCHUI, HUCIIONB3YsI MEXaHU3M
KaBBIYCK M MPEOOPa30BAHBI «B» U «U3» CHUCKOB (QyHKuusMu aS.call u as./ist. Moryr ObITh
W3BJICUCHBl KOMIIOHEHTBI JIepeBa CHHTAaKCHYECKOIO aHajiH3a, HCIOJNb3ysS CTaHIapTHBIC
OTepaIy NHICKCALIUH.

2.1.3.1. Cumeonsusie o6vexmut
CumBoutbl oOpamaroTcs Kk o0bekTaM R, OObIYHO MM JTI000T0 00BbeKTa A - CHMBOJIL.
CHMBOJIIBI MOTYT OBITH CO3AaHbI Yepe3 GYHKIUU &S./13/1€ U KaBBIUKY.

CuMBOIJIBI UMEIOT pexuM "name’, pexum xpanenus "symbol” u tun "symbol”. Ouu
MOTYT OBITH NPEeoOpPa30BaHbI «B» M «H3» CHUMBOJBHBIX CTPOK, UCIOJNB3YS dS.character n
as.name. OHN eCTECTBEHHO MOSBIIIOTCS KaK aTOMBI MPOAaHAIM3MPOBAHHBIX BBIPAKCHHUH,
nornpoOyi, Hanpumep, as.list(quote(x + y)).

2.1.4. BoipakeHUs - 00 bEKThbI

B R M0xHO uMMeTh 00BEKTHI Thma " expression". BeipakeHHE COIEPKHUT OIHO WU
Oosee mpemoxkenuidt. Oneparop - CHHTAaKCUYECKH KOPPEKTHBIM Habop mMapkepoB. OOBEKTHI
BBIPQXCHHS - CHEIHATbHBIE O0OBEKTHI SA3bIKA, KOTOPHIE COACpkKAT MPOaHATH3UPOBAHHBIC, HO
HeolleHeHHbIe omepaTopbl KA. OCHOBHOE Pa3IMuue COCTOUT B TOM, YTO OOBEKT BBIPAKCHUS
MOJKET COJIeP>KaTh HECKOJIBKO TaKUX BbIpakeHH. [[pyrue Oosnee TOHKHUE pa3auyuus COCTOST B
TOMO, 4TO OOBEKTHI THIa " EXPression " OLEHWBAIOTCS JIMIIb MpPU SBHOW Iepenade Ha
BBIUMCJIEHHE, TOrJa Kak Jpyrue OOBEKThI S3bIKa MOTYT OBITh OLIEHEHBI B HEKOTOPBIX
HEOKUJAaHHBIX CITydasiX.

OOBeKT BBIPpAXXCHUSA BCACT cebs TakKe Kak CIIMCOK, U K €I'0 KOMIIOHCHTaM MOKHO
MOJIYYHUTH OOCTYII TAKHUM K€ 06p330M KaK KOMIIOHCHTaM CITHCKa.

2.1.5. 06'beKkThl QYHKIUU

B R Qynkiun - oOBEKTHl U MOTYT YIPaBISATHCS IMOUYTH TaKUM XK€ CHOCOOOM Kak
mo0oit apyroit o0bekT. Y ¢yHKiuid (miam Oosjee TOYHO, oOepTKa (YHKIMH) €CTh TpHU
OCHOBHBIX KOMIIOHEHTa: ()OpMaJIbHBIA CIHCOK apryMEHTOB, TEJIO M OKpYXKarolas cpeia.
Cnucok aprymMeHTOB - CIIHCOK pa3[elCHHBIX 3alsTOd 3HAYEHUN apryMEHTOB. APryMEHT
MOXET OBITh CHMBOJIOM, WM KOHCTpyKimed «symbol = default», mnmm crnenmanbHbIM
aprymeHTom ‘... Bropas ¢opma aprymeHTa HCHOJB3yeTCS sl yKa3aHWUsS 3HAYCHUS 10
YMOJIYAHHIO JJIsl apryMeHTa. JTo 3HaueHHe OyIeT HCIONb30BaThes, ecilu (yHKUus Oyner
BbI3BaHa 0€3 Kakoro-mu0o 3HAYCHWs, YKa3aHHOTO MJII ITOro aprymeHTta. Aprymesnr ‘...
SBJISICTCSI OCOOCHHBIM M MOXET COJEp)KaTh J000e Yuciao apryMeHToB. OH OOBIYHO
UCIIONIB3YETCSI, €CIIM YUCJIO apTyMEHTOB HEM3BECTHO WIIM B CIIydYasx, TJIe apryMEHTBI OyayT
nepeaanbl Apyron GyHKIUN.

Teno — CHUHTaKCHMYECKH MpOaHAIN3UPOBaHHBIN omeparop KA. DTo 00bIYHO HaOOp
OTIepaToOpoOB B PUTYPHBIX CKOOKAX, HO TAKXKE MOXKET OBITh OTJENBHBIN OmepaTop, CAMBOJI WU
Ja)ke KOHCTaHTAa.

Oxkpyxarommasi cpefa (QYHKIIUU SBISICTCS CpPEelIOW, KOTopas Obula aKTUBHOM TIpH
co3nanuu (QyHKiuH. Jt060H CHMBOJI OrpaHMYeH CBOEH OKpyXaromeil cpemoil, cBi3aH U
JOCTYIIeH QYHKIMH. DTy KOMOMHAIMIO KoAa QYHKIIMN U TIPUBS3KH B €€ OKPYXKAIOIIeH cpefie
Ha3bIBAlOT  ‘00epTKOM  (QyHKIUHM', TEPMHUHOM U3  TEOpHUH  (YHKIMOHAIBLHOTO
IporpaMMUpOBaHus. B 3TOM J0KyMeHTe OOBIYHO HCHONB3YETCS TEPMHUH '(GYHKIHS', HO
HCIIONIB3YeTCs '00epTKa', 4TOOBI MOTYEPKHYTH 3HAYUMOCTh TPUCOCTMHEHHON CPEJIbI.

MoXHO Wu3BJ€Yb W YHPaBIATh TPEMs YACTIMU OOEPTKHM OO0BEKTa, HCHOJb3Ys
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koHcTpykuuu formals, body u environment (Bce Tpu MOTYT Tak:ke MCIOJIB30BATHCS HA JICBOU
CTOpoHe mpucBauBaHus). [locmemHUil M3 HHUX MOXET WHCIONB30BAThCA IS YAAJICHUS
HEXKEJIATEIbHOM MTPUBSI3KU CPEJIbI.

[Ipu BBI30Be (DYHKIMU cO37aeTcss HOBasl cpena (Ha3bIBaeMasi CPEoil OIEHKH), Ybe
npoctpancTBO (cM. pazaen 2.1.10 [00BeKThI cpefibl|) ABIAETCS CPEo OT O0EpPTKU (PYHKITUH.
Orta HOBas cpela IEpPBOHAYAIHHO 3alOJHEHA HEOIICHEHHBIMH apryMEeHTaMH (DYHKIIHH;
MIOCKOJIBKY OIIEHKA MPOJIOIDKASTCS, JIOKAIBHBIC TEPEMEHHBIE CO3AI0TCS B €€ Mpe/eliax.

Ectp Takke cpeactBo mis mpeoOpa3oBaHMs (YHKIHH «B» M «H3» CIIHCOYHON
CTPYKTYPBI, HCNIONB3Ys dS.//St v as.function. Ouu ObUTM BKJIFOUYCHBI IS COBMECTUMOCTH ¢ S U
VX HCIIOJIb30BAaHHE 00ECKypaKHBaeT.

2.1.6. NULL
CymectByeT crieniuanbHblii 00beKT, Ha3biBaeMblii NULL. OH ucnonbs3yeTcst BCSKUi
pas, Korja ecth MOTPeOHOCTh MASHTU(UIIMPOBATh WM YKa3aTh OTCYTCTBHE 00BekTa. Ero He
CJIeTyeT MyTaTh C BEKTOPOM HJIA CITUCKOM HYJIEBOW JJTUHBI.

O6bexkt NULL He mmeeT Tuma ¥ Kakux-1u00 MOANAIONINXCS U3MEHEHHUIO CBOUCTB. B
R ectp Tompko ommH 00bekT NULL, k koTOopomy oOpamiaroTcs Bce SK3eMIUIAphL. Jlis
nposepkr Ha NULL ucnosns3yror is.null. Henbss ycranoButs arpudytst Ha NULL.

2.1.7. BcTpoeHHbIe 00'bEKThI U CieajibHbIe (POPMBI

OTH nBa BHAa OOBEKTa colepkaT BCTpOeHHBIE (yHKIHMH A, TO €CTh, T€, KOTOPHIC
BBIBE/ICHBI HA DKPaH Kak .Primitive B TMCTHHTaX KoJa (TaK ke KaK Te, K KOTOPBIM MOJTY4aloT
noctyn depe3 Gyukuuio ./nternal w, ciemnoBarelibHO, HE BHIMMBIC IOJIL30BATENIEM Kak
00BeKTHI). Pazmuunsi Mex 1y HUMH 3aKII09aeTcs B 00paboTke aprymeHTta. Bce coOCTBeHHbBIE
apryMEHTHl BCTPOCHHBIX (DYHKIMI OIICHUBAIOTCS W IEPENAlOTCS BHYTPEHHEW (YHKIUU B
COOTBETCTBUM C BBI30BOM I10 3HAYCHHIO, TOTJIa KaK CICHUANbHbIC (YHKIUU TEPEAaloT He
OIICHCHHBIE apTyYMEHTHI BHYTPEHHEH (YHKIIHH.

JIns si3pika R 3T 00BEKTH - TONBKO Apyroi Bun ¢yHkimu. OyHkuwms IS.primitive
MOXET OTJIMYUTh UX OT HHTEPIPETHPYEMBIX (PYHKITHIA.

2.1.8. O6emaHHbIE 0O0'BEKTHI

OOBeKTHI 00CIIaHus - 9aCTh MEXaHH3Ma OTJIOKEHHBIX BhIYHCIeHUH A, OHH comepkaT
TPU CJOTa: 3HAYCHHE, BBIPAKEGHHWE U OKpyXatomas cpena. llpu BbeBoBe (yHKIHUU
CPaBHUBAIOTCSI apryMEHTBI, a 3aTeM KaXIbli M3 (OPMATBHBIX apTyYMEHTOB SIBIISCTCS
00s13aTeIbCTBOM K oOemanuoo. BwlpaxkeHnue, koTopoe ObUIO AaHO WIS (PopMaIbHOTO
apryMeHTa, M yKa3aTelb Ha OKPYXKAIoIIyIo cpeny (PyHKIMH BBI3BIBAIOTCS M3 COXPAHEHHBIX B
oberanum.

[loka k 3TOMy aprymMeHTy HE€ IMOJY4aloT JOCTYyIN, HE CYHIECTBYET KaKOro-iubo
3HAYeHUs, MPHUCOECTUHEHHOro c obemanueM. Korja K apryMeHTy IMOJy4yaroT JOCTYII,
COXpaHEHHOE BbIPaXCHHE OLIEHUBAETCS B COXpAaHEHHON OKpYXKarollei cpejie 1 BO3BpaIllaeTcs
pesynbrar. Pesynbrar Takke coxpaHeH obOemianvem. DyHKIUS 3aMEHBI W3BJICYET KOHTEHT
CJIOTa BBIPAKEHUS. DTO MO3BOJISET MPOTPAMMHUCTY MOJIY4aTh AOCTYI WM K 3HAYECHUIO WU K
BBIPA)KEHUIO, IPHCOCTUHEHHOMY C 0OCIIaHUEM.

B mpenenax s3pika AR 00BEKTHI OOCMIAaHUS BUAMMBI MOYTH HESBHO: (haKTHUECKUE
apryMeHThl (QYHKIHH HWMEOT 3TOT Tun. EcTh Takxke (yHkuums delayedAssign, xortopas
caemaer ooOemanne w3 BbIpakeHUs. OTCYTCTBYET KakKoW-1uOo crmocod B kome A s
MIPOBEPKH, SBISAETCS I O0BEKT OOCIIAHNEM WM HET, U IIPHU 3TOM HET crioco0a MCIOIb30BaTh
KOJ R 1151 oTIpeieNieHHs OKpYKaroleh cpeIbl 0OeIaHusl.

2.1.9. Toyka-TOYKa-TOYKa
Tun oObekra *..." xpaHUTCS Kak T Palr/ist. K koMmoHeHTaM ‘... MOYKHO MOJyYHTh
JOCTYI OOBIYHBIM Pailrlist cmocobom u3 koxa C, HO HE JIETKO MOTYYUTh JOCTYIT Kak K 00BEKTY
B uHTepnperupyeMoM kogae. OOBEKT MOXKET ObITh MOJYYeH KaK CIIHCOK, TaK, HAIPHMEpP, B
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Ta0IUIE HUKE:
args <- list(...)

#HH ...
for (a inargs) {
HH# ..
Ecmm dyakums wmeer ‘... B KadecTBe (OPMAIBHOTO apryMeHTa, KOTOPBIA HE

COOTBETCTBYET (hOpMaJIbHBIM apTyMEHTaM, TO UM COTIOCTaBIIsIeTCS ‘... .

2.1.10. Oxkpyxamwiuasa cpeaa

Bynem cuutarh, 4TO OKpyKarolue CpPelbl MOTYT COCTOSATh W3 JIBYX 4acteil. Dperim,
cocToAlmMii M3 Habopa map CHMBOJ-3HAYCHHWE, M 00EpPT Ka - yKa3aTeldb Ha OOEpTKY
okpyxkaromiei cpenbl. Korna A uimer 3HadeHUe ISl CUMBOJIA, UccleayeTcs: GpperM u, eciu
COOTBETCTBYIOLIMI CHMBOJI Oy/€T HaiilieH, ero 3HaueHue OyneT Bo3BpalleHo. B nmpoTuBHOM
Cllydae TMOJIy4aloT JOCTYNl K OOepTKe OKpY’Kalolledl cpeabl, W TPOLECC IOBTOPSETCS.
Oxpykatonue cpeabl GOpMUPYIOT IPEBOBUIHYIO CTPYKTYpPY, B KOTOpPOMl OOEpPTKH HUTparoT
poiib poauTenei. JlepeBo OKpyKaroLUMX CPel UMEET KOPEHb B IyCTON OKpYXarolle cpene,
JIOCTYITHOW uepe3 emplyenv(), y KOTOpoil HET pOJUTeNas. IJTO - MPSIMON POIUTENbH
OKpYKaromie cpeasl OCHOBHOro (base) makera (moctymHou depe3 GyHKImio baseenv()).
[pexne y baseenv() 6o cnenmanbHoe 3HadeHne NULL, Ho Haumbas ¢ Bepcum 2.4.0
ucnoaszoBaHue NULL B kauecTBe OkpysKarolei cpe/ibl He 10IyCKaeTcs.

OxpyKaromie cpebl CO3JAI0TCS HESIBHO BhI30BaMU (DYHKITMH, KaK OMUCAHO B pa3zelie
2.1.5 [O0ObekTl ¢(yHkmuu] u pasgene 3.5.2 [Jlekcuueckast cpemal. B atom ciydae
OKpYXKarolllass Ccpela COJACPKUT TepeMeHHbIe, JIOKanbHBIE M (QYHKOUH (BKIIOYAs
apTyMEHTHI), a €€ 00epTKa SBIIICTCS OKPYKAIOIICH Cpeoi BI3BAHHON B HACTOSIIIIMA MOMEHT
byukuu. OKpyKarolue cpenbl TakKe MOXHO CO3/aTh HemocpencTtBeHHo new.env. K
KOHTEHTY (peiimMa OKpyXKaromei cpeslbl MOKHO MOJIYYUTh AOCTYI U MaHMITYJIUPOBAHHE MPU
oMoty /S, getu assign, skmouast evalu evalq.

MosxeT MCHoab30BaThCs (QYHKUMS PArent.env nias moilydyeHus AOCTynma K oOepTke
OKPYKarOILEH Cpeabl.

B orimume ot OonpmmMHCTBA Apyrux oO0BEKTOB K, OKpykaromas cpega He
KOMHMPYETCsl TpH Tiepenavye B (QYHKIUIO WM HCIOJIh30BAHUM B MPHUCBOCHUAX. TakuM
o0pa3oM, eciii MPHUCBOUTH OJHY U Ty kK€ OKPYXKAIOIIYI0 CpPeAay HECKOJIbKUM CHMBOJAM U
WU3MEHHUTh OJIHY W3 HUX, TO JPYIHE U3MEHSTCS Takke. B 4acTHOCTH NMPHCBOEHHE aTpUOYTOB
OKPYKAIOIIEeH Cpelie MOKET MPUBECTH K HEOKHUIAHHOCTSIM.

2.1.11. O6'beKTHI NAaPHBIX CIMCKOB

O06nekTsl mapHbiXx cruckoB (Pairlist) momoOHbI cririckam TodyedHo mapel Lisp. Oxu
WHTEHCUBHO WCIOJNB3YIOTCS BHYTpU A, HO pEAKO BHAUMBI B HHTEPIPETUPYEMOM KOJIE, XOTS
OHHU BO3BpamiarTcs f0rmals, v Moryt ObITh CO3aHbl, Hanpumep, byukuuei pairlist. pairlist ¢
HyneBol anuHOM paBHoW NULL, kak oxwunanoch Obl B Lisp, HO B OTJIMYME OT CIHCKa
HYJICBOU JITMHBI. Y KaXKJIOr0 TaKoro o0beKTa ecTh Tpu ciota, 3HaueHue CAR, 3nauenne CDR
u 3Hayenue TAG. 3nauenue TAG - TtekcroBas crtpoka, u CAR um CDR o00braHO
MPEACTABIISIIOT, COOTBETCTBEHHO, DJIEMEHT CMHCKa (TojloBa) M OCTAaTOK (XBOCT) CITMCKa C
o6wekroM NULL kak pazgenurens (tepmunonorus CAR/CDR — tpanutmonna ans Lisp u
MepBOHAYAJILHO YIIOMUHAJIACh KaK aJIpec M JICKPEMEHTHBIC pErUCcTphl Ha KoMiibioTepax IBM B
Havaye 60-bIX).

[Tapubie cnucku oOpabaThiBalOTCS Ha s3bIke A TOYHO TakUM Jke 00pa3oM Kak
yHUBepcanbHble BekTopbl ("//SK"). B dacTHOCTM K JJeMEHTaM MONY4YaloT JOCTYII,
UCIIONB3Ysl TO XK€ camblid cuHTakcuc [[]]. Mcnonb3oBaHuWe NapHBIX CHUCKOB SIBIISETCS
COMHUTEIBHBIM, TaK KaK YyHHUBEPCAJIbHBIE BEKTOPHI OOBIYHO Oosiee S()PEeKTUBHBI B
ucnoib30BaHuu. [Ipy momyueHuu qocTymna K BHyTPEHHEMY IMapHOMY CIUCKY U3 AR 0ObIYHO
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(BKJTIOUAs TTIOAMHOXKECTBA) MPE0OPa3yIOT B YHUBEPCATbHBINA BEKTOP.
B odeHb HEeMHOTMX cly4yasX MapHbIe CHHCKU BUAMMBI TOJIH30BATEIIEM: OJHUM U3
Takux sBjsieTcs . Options.

2.1.12. Tun “Any”

B nefictBuTenbHOCTH 111 00BEKTa HEBO3MOXKHO MMETh THI ''Any", HO 3TO, OJHAKO,
JOTTyCTUMOE 3HAUYE€HHWE TUMa. OTO OBIBaeT TPH OMNPEACICHHBIX (IOBOJBHO PEIKHX)
oOCTosITeNbCTBAX, Hampumep, as.vector(x,"any") ykassiBaeT, 4T0 HE CIIeAyeT Jejarh
IpUBEICHUE TUIIA.

2.2 . ATpudbyTsl
Y Bcex o0bekToB, kpome NULL, moryr ObITh omuH wunm Oosiee aTpuOyTOB,
NPUCOSTMHEHHBIX K HUM. ATPUOYTBI COXpAHSTCS KaK pPalrlist, rie Bce 2IeMeHThl UMEHOBAHHBI,
HO HMX CJeIyeT paccMaTpuBaTh Kak psii map /ame=value. MoXHO TONyddTh CIHCOK
arpuOyToB, ucrnonb3ys attributes m ycranaBmuBas ¢ momomipro attributes<-, ornmenbHbIC
KOMITOHEHTHI JIOCTYITHBI C TIOMOIIBIO Al n altr <-.

VY HEKOTOpBIX aTpHOYTOB €CTh CIelHalbHble QYHKINU a0cTyna (Hampumep, /evels<-
uis (akTOpoB), M OHHU JIOJKHBI HCIIONIB30BaThbCA MpPH JOCTYMHOCTH. B nmomonneHue k
CKPBITBIM JI€TAJIIM PpEAJM3alUd OHU MOTYT BBINOJHUTH JOMNOJHUTENbHBIE omnepauuu. R
IBITACTCS TPUHATH BBI3OBBI Alr<- u Allributes<-, KOTOpble BKIIOYAIOT CIICIHATbHBIC
aTpuOYTHI, U OCYLIECTBISIET IPOBEPKY HENMPOTUBOPEUNBOCTH.

Marpuipl ¥ MacCUBBl - TPOCTO BEKTOPBI C arpuOyTOM pa3MepHOCTH aIMm u
JIOTTOJTHUTEIBHO C UMEHEM Pa3MepHOCTH ( df/mMnNames), IprucoeInHEHHBIC K BEKTOPY.

ATpulyThl MCIONB3YIOTCS Ul Pealn3allii CTPYKTYphl Kjacca, UCHOoIb3yeMoil B R.
Ecnu y o0bekTa ecTh aTpuOyT Kiacca, TO aTpuOyT OyAeT UcCleloBaH BO BpeMs OICHKH.
CrpykTypa kiacca B AR omucaHa mnoapoOHO B TiaBe S5 [OOBEKTHO-OPUEHTHPOBAHHOE
IPOrpaMMHUPOBAHUE].

2.2.1. UmeHa
Atpubytr umenu (/1a/mes) npu ero NPUCYTCTBUU MapKHPYET OTACNBHBIC 3JIEMEHTHI
BEKTOpa WM crnucka. [Ipu medatn oOBeKTa aTpuOyT MMEHHM TPU €ro MPUCYTCTBUU
VICTIOJIB3YETCS JUIS MapKUPOBKH DJIEMEHTOB. ATPHOYT MMEH MOXET TaK)Ke HCIIO0JIb30BaThCs
JUIsl HHICKCUPOBaHUS pe3yibraTa, Hanpumep, quantile(x) ['25 %"].

MO’KHO MOJIy4NUTh U ONPEAEINTh UMEHA, UCIOIb3ysd KOHCTPYKLIUK NAMes u Names<-.
[TocnenHsst BBIMOJHUT HEOOXOJUMBIE MPOBEPKU HEMPOTUBOPEUMBOCTH ISl TapaHTHH, YTO y
aTpuOyTa UMEH €CTh HaJUICKALIUHI TUI U JJTHHA.

OtnenbHO 00pabaThIBaIOTCS MAapHBIE CIMCKH U OJTHOMEpHbIE MacCUBBL. /11 00bEeKTOB
HapHBIX CIUCKOB (pa/rlisl) ucmonb3yeTcss BAPTyalbHBIA aTpuOyT UMEH; B JICHCTBUTEIBHOCTH
aTpuOyT MMEH CO3[aeTCsi M3 TErOB KOMIIOHEHTOB CruCKa. sl OJHOMEpPHBIX MAacCHBOB
aTpuOyT nMeHH (Name) peajbHO TOCTYIIEH U3 UMeH pasmepHoctH (dimnames [[1]]).

2.2.2. Pa3MepHOCTH
ATpubyr pasmepHoctd 0diM wucnonb3yercss HpPU peanu3alud MacCHBOB. KOHTEHT
MaccHBa COXpaHSIETCsl B BEKTOPE B MOPSAIKE MO CTONOAM, U aTpUOYT pa3sMEpPHOCTH SBISETCS
BEKTOPOM IIENIBIX YHCEJ, YKa3bIBAIOIIUE COOTBETCTBYIOIIME TMpeneisl MaccuBa. R
rapaHTUpYET, YTO JJIMHA BEKTOpa paBHA MPOU3BEICHUIO JUIMH pa3MepHocTel. J[inHa omHOM
i 6oiee pa3MEepHOCTEH MOXKET OBITh HYJIEM.

Bekrtop He sBisieTcs OJHOMEPHBIM MacCHBOM, TaK Kak y TOCIEIHEro arpulyT
pa3MepHOCTH AJIMHOIO OJIH, TOT/Ia KaK Y BEKTOpa aTpuOyT pa3MEepHOCTH OTCYTCTBYET.

2.2.3. UmeHa pa3MepHOCTH

MaccuBsl MOTYT Ha3BaTh KaXIYIO pPa3MEpHOCTh, OTAEIHGHO HCIOJB3Ys arpuoyT
uMeH pasMepHocTH (dimnames), KOTOpbIi SBISIETCS CIUCKOM CHMBOJBHBIX BEKTOPOB. Y
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CIUCKa HMMEH pa3MEpPHOCTEHl CaMOCTOSATENbHO MOTYT OBITh HMMEHA, KOTOpbIE 3aTeM
HCIIOJIb3YIOTCS AJISl 3ar0JIOBKOB IIPEIENIOB IIPH MeYaTH MacCUBa.

2.2.4. Kiaccel

Y R ecTb TIIaTeNbHO NMPOJYMaHHas CHUCTEMa KJAcCOB, KOTOpas MPEUMYILECTBEHHO
yrpasiseTcss depe3 aTpubyr kimacca (class). Drtor arpuOyr - CHMBOJBHBIA BEKTOP,
COJICPKAIIMI CIUCOK KJIACCOB, OT KOTOPBIX HaciemoBaicsi o0bekT. OH (dopmupyer
OCHOBaHUE “‘yHHBEPCAJIBbHBIX METOJIOB” (DYHKIIMOHATLHOCTH K.

K »sromy arpulyry MOXHO MOJIYyYUTh JOCTYN W yOpaBieHHEe (akThuuecku 0e3
OTpaHUYEHUs MOJb30BaTeIIMU. OTCYTCTBYET MPOBEPKA, YTO OOBEKT (PAKTUUECKU COJEPHKHUT
KOMITOHEHTBI, KOTOPhIE OXXHIAIOT METOABI Kiacca. TakuMm o0pa3oM, M3MEHEHHE aTpuoyra
Kjacca JOJDKHO OBITh CAETaHO C OCTOPOKHOCTBIO, M TPU HMX JIOCTYIHOCTH CIEIyeT
IpeANoYecTh ONpeeIeHHbIe (DYHKIUH CO3/JaHUs U TPeoOpa3oBaHUs.

2.2.5. ATpuOyTbI BpeMEeHHBIX PSAA0B
ATpuOyT ISp McTionb3yeTcst 11 MOAePKaHus apryMEHTOB BPEMEHHOTO psAfia: Havyaso,
KOHEIl ¥ 4acToTa. DTa KOHCTPYKIIHSI, TJIABHBIM 00pa30M, UCIIONIb3yeTcs Uit 00paboTKH psoB
C MEPUOMYECKOM MOICTPYKTYPOI, HAIPHMEp, MECSYHBIC MM KBApPTAIbHBIC TaHHBIE.

2.2.6. KonupoBaHue aTpUOYTOB
JIOJDKHBI JTH aTpUOYTHI OBITh CKOITMPOBAHKI ITPH U3MEHEHUH 00BEKTa, HAXOISIIETOCs B
KOMIUIEKCHOW 00JacTH, HO ecTh HekoTopkie obmue mpaBmia (Becker, Chambers & Wilks,
1988, ctp. 144-6).
Ckanspabie GyHKIIUHU (T€, KOTOPBIE pabOTAIOT MOAJIEMEHTHO Ha BEKTOPE U Y€ BBIXO]I
10J00CH BXO/1y) IOJIKHBI COXPAaHUTh aTpHOYTHI (KpOMeE, BOZMOXKHO, KJlacca).

bunapubie onepanuyu 0OBIYHO KOMHMPYIOT OOJBIIMHCTBO aTpuOyTOB OoJsiee UIMHHOTO
aprymeHTa (M ecilii OHM MMEIOT OJMHAKOBYIO JUIMHY JUIsI OOOMX, TO HPEANOYUTAETCS
3Ha4YeHUE Ui MEPBOro). 37ech '0OJIBIIMHCTBO' 03HAYACT BCE KPOME MMEH, Pa3MEpHOCTEH U
UMEH Pa3MEpPHOCTEH, KOTOPbIE YCTaHOBIIEHBI COOTBETCTBEHHO KOJIOM JJIsl OIIEpaTopa.

[TogmHOXECTBO (KpOME MHIAEKCUPOBAHHBIX MYCTHIM MHIEKCOM) OOBIYHO OTOPAChIBAET
BCe aTpUOyTHl KPOME MMEH, Pa3MEPHOCTEH U UMEH Pa3MEPHOCTEH, KOTOpbIe COPOIICHBI KaK
cootBercTBytomMe. C Apyroil CTOPOHBI MOIMPUCBOCHNAE OOBIYHO COXpaHSET aTpHOYTHI, Jaxe
eclu ITMHa u3MeHeHa. [IpuBeienue oTOpachiBaeT Bce aTpuOyTHI.

MeTtoa 1Mo yMOJYaHUIO JiIi COPTHPOBKH OTOpachiBaeT Bce aTpUOYTHl KpOME HMEH,
KOTOPBIE COPTUPYIOTCS HapsALy C OOBEKTOM.

2.3. CrnenuajbHbIe COCTABHLIE 00bEeKThI

2.3.1. dakTOpHI
@daxkTophl HUCHOJB3YIOTCS [UJIsl OMHCAHMSI JJIEMEHTOB, y KOTOPBIX MOXKET ObITh
KOHEYHOE KOJIMUYECTBO 3HAYCHUH (I10JI, COLMANBHBINA KJIacc, ¥ T.A.). Y (akTopa ectb arpulyT
ypoBHeii u kiacc "daxrop" (factor). J[omonmHUTENEHO, OH TaKKe MOXET COACPXKAaTh aTpUOyT
contrasts, KOTOpBI YHpaBisieT NapamMeTpu3alieil Npu HCIOJB30BaHUH (HaKTOPOB B
GYHKIUSAX MOAECTUPOBAHUS.

®akTop MOXKET ObITh IPOCTO HOMHUHAIBHBIM WM, BO3MOKHO, UIMETh YIOPSII0UYEHHbIE
KaTeropuu. B mocnenHem ciyyae oH JOJDKEH OBITH OMpeAesieH Kak TaKOBOM W MMETh BEKTOP

kiacca (class) c("ordered™,” factor").

B HacTosmuit MOMEHT (akTOpbl peaii30BaHbI C MCIOJb30BAHUEM IIEJIOUYHUCICHHOIO
MaccWBa JUIS yKa3aHUs (PAKTUYECKMX YpOBHEH, W BTOPOH MAacCHB HMEH, KOTOpPbBIE
oToOpaxeHbl Ha 1enble unciaa. Ckopee, K COXAJIECHUIO, MOJIb30BATENIM YACTO HCIOIb3YIOT
peanm3anuio Ui O0JeTYeHNUsT HEKOTOPBIX BBIYUCICHUN. DTO, OJTHAKO, SBISIETCS MPOOIEMOid
peanu3aiyy U, Kak rapaHTUPYIOT, He Oy/IeT UMETh MECTO BO BceX peanu3anusax A.
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2.3.2. 06beKT PppelM JaHHBIX
@peiiMbl JaHHBIX — 3TO CTPYKTYpHI R, KoTOopbhle Hambonee Oin3ko moxapaxkaroT SAS

nuiu Habopy naHHbIX SPSS, To ecTh “nepekimoueHre NePeMEHHBIME =~ MAaTPHUIL JaHHBIX.

@peilM TaHHBIX SBISETCS CHUCKOM BEKTOPOB, ()aKTOPOB, M/WIM MAaTPUL, MUMEIOLINX
OJIMHAKOBYIO JIUHY (YUCIO CTpOK B ciiydae marpuil). Kpome Toro, y ¢peiima naHHbBIX
OOBIYHO €CTh aTpuOyT WMEH, MapKUPYIOIIHWA TepeMeHHbIe W aTpuOyT row.names st
MapKUPOBKH IepeKitoyaresneii (Cases).

@peliM TaHHBIX MOXET COJEpXKaTbh CIUCOK, KOTOPBIM MMEET OJMHAKOBYIO UIMHY C
JpyruMu  KoMrnoHeHTaMu. CIHCOK MOXET COJepKaThb 3JIEMEHThl Ppa3HbIX [UIMH, TaKUM
o0Opa3oMm, obecrieuuBasi CTPYKTYpYy AAHHBIX JUIsI MAacCHBOB C INEPEMEHHON UIMHOW CTPOK.
OmHako /ISl TaKuX 3amrceil 00BIYHO MacCHBBI 00pa0aTHIBAIOTCS HE MPABHIIBHO.
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3. OuneHKa BbIpaKeHU M

HpI/I BBOJIC KOMaH/JbI ITOJIB30BATCIJICM B 3aIIpOCe (I/IJ'II/I IIpU CYUTBIBAHUU BBIPAKCHUS U3
¢aiina), cHadaga KOMaHIbl TPEoOpPa3yoTCs CHHTAKCHUYECKUM aHaJIN3aTOPOM BO BHYTPEHHEE
MpeaACTaBJICHHUC. CpGI[CTBO OLCHKU BBIIIOJIHACT CHUHTAKCUYCCKUN aHalIu3 BBIPpAXXCHUA Ru
BO3Bpalla€T 3HAYEHNE BRIPAKECHUS. Y BCEX BBIPAXKEHUN €CTh 3HAYECHHE. JTO - OCHOBA S3BIKA.

OTa rjaBa ONHUCHIBAET OCHOBHBIC MEXAHU3MBI CPEACTB OIICHKH, HO H30eraer
00CYXXJIeHUSI OMpeNeICHHbIX (YHKIUN WU Tpynn (QyHKIHHA, KOTOPbIE OMUCAHBI MO3KE B
OTJICNbHBIX TJ1aBaxX WM TJI€ CTPAHUIIBI CIIPABKU JOJKHBI OBITh JOCTATOYHOW JJOKYMEHTAIHEH.

ITons30Barenu MOT'YT CO3aaTh BBIPAXKCHUS U BbI3BATH UX OLICHKY.

3.1. lpocras oueHka

3.1.1. KoHcTaHTBI
JItoboe umcio, BBEIEHHOE HEMOCPEACTBEHHO B 3ampoce, SBIBICTCS KOHCTAHTOW M
OLICHUBAETCH.

>1
[1] 1

Bo3MokHO, HEOXKHIaHHO, HO YHCIIO, BO3BpAIICHHOE M3 BBIpaXKeHUs 1, sBisercs
neicTBUTENbHBIM. B OONBIIMHCTBE cCllydaeB pa3HHUIA MEXIY LeIblM YUCIOM U
JeHCTBUTENIFHBIM 3HaueHHEeM OyleT He3HAuuTeNIbHA, MOCKONbKY R jJenaeT OKpyriieHue
CIpaBa IMpH UCHONB30BaHUU uucen. OIHAKO MOXET BO3ZHMKHYTh HEOOXOAMMOCThH CO3JaHUS
[IEJIOUUCIIEHHOTO 3HAYeHMs JJs KOHCTAHTBl. JTO MOXKHO CJeJaTh, BbI3bIBasg (PYHKLHUIO
as./nfeger wiav WCHOJB3YysA Ppa3IUYHbIe APYrHe METoAbl. HOo BO3MOMKHO CaMblif MPOCTOM
MOJIX0/I COCTOUT B COIPOBOXKACHUM KOHCTAaHTHI CUMBOJIBHBIM cy(hdukcom ‘L’. Hampumep,
JUTSL CO3JJaHUS 11eJIOUMCIICHHOT0 3HaYeHHsI 1 MOYKHO HCIIOJIb30BAaTh:

> 1L
(4

MoskHo wucnonb3oBaTh cyhdurc ‘L’, uToOBI KBadM(UIMPOBATH JIIOOOE YHUCIO C
HaMEpPEHHEM CO3JIaHUsl M3 Hero sBHO Ienoe yucio. Takum obOpaszom, '0x10L' cozmaer
[EJIOYMCIICHHOEe 3HaueHne 16 w3 mecTHaamatepuyHoro mnpezactaBieHus. Koncranta 1e3L
nmaet 1000 kak 1emoe 4uciio, a He YKCiIoBoe 3HadeHue u skBuBajcHTHa 1000L. 3ameTum, uto
‘L’ oOpaboran kak kBanu¢pukamus aprymeHnta le3 a ne 3. Eciam mbl kBanmuduuupyem
3HaueHHe ¢ ‘L’, KOTopoe He SIBISETCS IEIOYUCICHHBIM 3HAaYeHUEM, Hampumep, 1e-3L, Mbl
nmojlydaeM — MPEeAyNnpekIeHHue, U CO3JaeTcs  JICUCTBUTENbHOE  3HAYeHHe.  Takke
NPeAYNpPExAAI0T PU HAJTMYUU HEHY)KHOU JIeCATUYHOM TOYKH B YuCIie, Hanpumep, 1.L.

[TonyuynM CHHTaKCHYECKYI0 OIMMOKY TPH HCIOJB30BaHUU ‘L’ ¢ KOMIUIEKCHBIMH
quciamu, Harpumep, 12iL gaet ommoOKy.

KoHcTaHTHI SBISIOTCS AOBOJIBHO CKYYHBIMH, U MbI 0OJIbIIIE HE XOTUM TPaTUTh CJIOBA.

3.1.2. [IpocMOTp CUMBOJIOB
[Tpu co3maHuM HOBOM MEpPEeMEHHOHN Y Hee TOJHKHO OBITh MM, YTO Aa€T BO3MOXKHOCTB
Ha Hee coclaTbCs, U y Hee OObIYHO ecTh 3HaueHue. Camo umsa - cumBoi. Ilpu ouenke
CHMBOJIa BO3BpalnaeTcs ero 3HaueHue. [1o3xke Mbl OOBSICHUM MOIPOOHO, KaK ONPEACIHThH
3Ha4YE€HHUE, KOTOPOE HUMEET CUMBOJL.

B sToM HeGomnpioM npuMepe Y - CUMBOI U ero 3HaueHue 4. CUMBOJ TakKe SIBJISIETCS
o0bekToM KR, HO peaKo BO3HHUKAET HEOOXOAUMOCTh HMETh JEI0 C CHMBOJAMHU
HETOCPEACTBEHHO, KpoMe ciaydaeB “TIporpammupoBanue Ha si3bike” (ry1aBa 6 [Beramcienus
Ha sI3BIKE]).

>y<-4

>y
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[1] 4
3.1.3. Bbi30B QyHKIMHU

BonpmmHCTBO BHIYMCIICHUH, BBHITIOJIHEHHBIX B A, BKIIIOYAET OIEHKY (PyHKIMNA. MbI
OyIeM TakXe Ha3blBaTh 3TO KaK Bb30B (GyHKIUU. DYHKIIMU BBI3BIBAIOTCS MO MMEHU CO
CITUCKOM apryMEHTOB, pa3/IeJICHHbIX 3alsAThHIMH.

> mean(1:10)
[1] 5.5

B stom mpumepe ¢yukius mean (cpenHsis) Obula BbI3BaHA C OJHHM apTyMCHTOM,
BEKTOPOM IebIX ynces oT 1 mo 10.

R copepxuUT orpoMHOE YMCII0 (QYHKIUN C pa3IMYHBIMU pe3ysibTaraMu. boiabmmHCcTBO
UCTIONB3YeTCS IS MOJyYeHHs Pe3ysibTaTa, KOTOPBIN SBIsETCS 00BEKTOM R, HO HEKOTOphIE
UCIIOJIb3YIOTCS AJIs1 BCIIOMOTaTeNbHBIX LeNel, HanpuMep, PyHKUINUY Ne4aTd ¥ pUCcOBaHUS.

BbI130BbI yHKIIMKM MOTYT TErHpOBaTh (MM Ha3bIBaTh) apryMeHThl, Kak B plot(X, y, pch
= 3), aprymMeHThl 0€3 TEroB H3BECTHBI KaK MO3UIMOHHBIC, TaK Kak (YHKIHS JOJDKHA
OTJIMYMTh WX 3HAYCHHWE OT WX IOCJICIOBATCIBHBIX TMO3MIMKA CpPEAW apryMEHTOB BBI30BA,
HampuMep, 4To X o0O3HA4aeT MEpPEeMEHHYI abcuucchl, a Y opauHary. Mcmomb3oBaHue
TETOB/UMEH - OUEBHUJIHOE yI0OCTBO JJIsl (DYHKIIMI C OONBIIMM KOJIMYECTBOM JOTIOTHUTEIBHBIX
apryMeHTOB.

CrnenuanbHbIi THUN BBI3OBOB (DYHKIIMM MOXKET TOSBUTHCS HA JIEBOM CTOpOHE
orneparopa NpUCBauBaHUs KakK B!

> class(x) <- "foo"

Yro AEHCTBHUTENBHO Je7aeT 3Ta KOHCTPYKIHMS — 3TO BBI30B (QYHKIUH C/ASS<- C
UCXOJHBIM OOBEKTOM U MPaBOil CTOPOHOH. DTa (PyHKIIHS BHIOTHACT MOANDUKALINIO 00BEKTa
¥ BO3BpalaeT pe3yibTaT, KOTOPBIA 3aTeM COXpaHsETCs OOpaTHO B MCXOJTHOM MEPEMEHHOMU.
ITo xpaiineil Mepe, KOHLENTYaIbHO 3TO TO, YTO NPOUCXOAUT. [IpritararoTes 1OMOIHUTEIbHBIE
YCUIIUS AJI UCKITIOUEHHS] HEHY)KHOT'O AYOJIMPOBAHUSI TAHHBIX.

3.1.4. OnepaTopsnl
R mo3Bossier ucnonp30BaHne apu(PMETHICCKUX BBIPAKEHHIA C TIOMOIIBIO OTIEPaTOPOB,
NOJOOHBIX TAKOBBIM M3 sI3bIKa IporpaMMmupoBanus C, Hanpumep:
>1+2
[1] 3
Hcnonb3ys Kpyrible CKOOKH, BBIPQXEHHUS MOXKHO CTPYIIIHPOBATH C BKIIOUECHHEM
BBI30BOB (DYHKILIUH, U IPSIMBIM IPUCBOCHHUEM TTIEPEMEHHBIM:
>y<-2*(a +log(x))
R comepxut MHOTO oniepatopoB. OHU TIEPEUNCIICHBI B TAOJIHIIE HIKE.
- Mutye, Mox €T OBIT b YHAPHBIM HIIH OHHAPHBIM
+ Ilmoc, Mox eT OBIT b YHAPHBIM HIIH OHHAPHBIM
/ Yuaproe Her
~ Twimaa, w#croap3yeMas Jid (QOpMYI MOJETH, MOX €T
OBIT b HIIH YHAPHBIM HJIH OHHADHBIM
? CnpaBka
: TocrenoBar ebHOCT b, JBOHYHAA (B ()OPpMYIAX MOJCIIH:
B3aHMOJICHCT BHE)
YarH0K erne buHApHOE
/ /lenrerre 6rHApHOE
Bo3ssenenrie B cT erteHp OHHAPHOE
%x% CrenmasibapIe OHHAPHBIE ONEpaT Opbl, X MOIYT OBIT b
3aMEHEHBI JIFOOBIM JJOIYCT HMBIM HMEHEM
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%% Moyme 6nHapHBIH

%/ % L]enouncrentoe geseHre, 6HHAPHOE

% * % Mar praroe nporzBesgerne, OHHAPHOE

%0% Brernree nponszsenerre, OHHAPpHOE

%x% KporexepoBo ymHOX eHre, OnHApHOE

%in% CooT Ber cT BHe omepar opa, OHHAPHOIO (B (hopMmyrnax

MOJE/IH. THE3J0BAHHOE)

< Menpbire gem, OnHAapHBIH

> boss e yem, OnHapHbIH

== PagHo, brrapHOe

> = bosms e yem nm pasHo, 6nHapHOE
<= Menpbire gem wmm paBHO, OHHAPHOE
& And, brurapHoOe, BEKT OpH30BAHO
&& And, brHapHoe, He BeKT OpH30BaHO
/ Hm, 6rHApHOE, BEKT OpH30BAHO

// Him, burapHOe, He BEKT OpH30BAHO
<- JleBoe nprcBoeHwMe, OHHAapHOE

-> IlpaBoe nprcpoerwe, OHHAPHOE

5 TogmHOXK ect Bo crHcka, OHHAPHOE

3a WCKJIIOYEHHWEM CHHTAaKCHCa, HET HHUKAKOM pasHUIBl MEXIy MNpUMEHEHUEM
omieparopa ¥ BbI30BOM (pyHKIHU. DakTUUECKH, X + Y MOXKET SKBUBAJECHTHO OBITH 3aIMCaHO
‘+ (X, y). 3amMeTuM, UTO TaK Kak ‘+’ HE SBISCTCS UMECHEM CTaHIAPTHOW (YHKIIUHU, TO OH
JIOJIPKEH OBITH 3aKJIFOYEH B KABBIUKH.

R wumeer naemo co BCeM BEKTOPOM JaHHBIX 3a OJAMH pa3, U OOJBIIMHCTBO
DJIEMEHTAPHBIX ONEPaTOpOB M OCHOBHBIX MaTeMaTH4Yeckux (yHKuuii, Hampumep, |0g
SIBJISIFOTCS. BEKTOPWU30BAaHHBIMHM (KaKk OO0O3HAYE€HO B TaOJHUIlE BHINIC). DTO O3HAYAET, YTO
Harpumep, 100aBJIEHUE JBYX BEKTOPOB OJMHAKOBOW JJIMHBI CO3AACT BEKTOP, COAEPKAIIUN
MO3JIEMEHTHBIE CYMMBbI, HEIBHO HMHJIEKCUPYS IMKINYECKOE BBIMOJHEHUE MO BEKTOPY. DTO
NpUMEHSIeTCs TaKkKe K JIPYTMM OIlleparopaMm Kak - *, M / Tak ke Kak K CTpyKTypam Ooiee
BBICOKOM pa3MEpHOCTH. 3aMeTUM B OCOOEHHOCTH, 4YTO YMHOXXEHHME JIBYX MAaTpHI] He
MPOU3BOIUT OOBIYHOE MaTpu4yHOe MpousBeAcHue (omeparop %*% cymiecTByer ¢ 3TOM
nenbto). HekoTopele TOHKOCTH, KacarolMecss BEKTOPHU30BAaHHBIX —oOmepauuii, OyayT
o0cyxeHsl B paznene 3.3 [DneMeHTapHbIe apu(METHUECKUE OTICPALIHH .

JInst ToJydeHHs JO0CTyma K  OTACIbHBIM —aTOMAapHBIM — 3JIEMEHTAM  BEKTOpa
UCTIONB3yeTCst KOHCTpYyKITust X[i]:
> x <- rnorm(5)
> X
[1] -0.12526937 -0.27961154 -1.03718717 -0.08156527 1.37167090
> x[2]
[1] -0.2796115
JIst ToCTyIa K KOMITOHEHTE CIMCKa 00braHO uenonb3yercs x$a wiu X[[i]].

> x <- options()
> x$prompt
[1"> "
Takxe MOXHO HCHOJIb30BATh HWHJIEKCALMI0 KOHCTPYKLIMI Ha MpaBOd CTOpPOHE
IPUCBOCHUS.
[TomobHO ApyruM omeparopaM, WHACKCAIWs, B JCHCTBUTEIHHOCTH, BBIOJIHSICTCS
GYHKIHUAMEI, B MOXHO UCIONIb30BaTh ‘[ (X, 2) BMecTo X[2].
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Onepaunu wuHAaekcanmu A cojepkKaT MHOTO pacUIMPEHHBIX (YHKLIHN, KOTOpHIE
omnucaHsl najnee B pazzaene 3.4 (Munekcarms).

3.2. Ynpasasiiolue CTPYKTypbl
Brruucinenne B A COCTOUT B TOCIIENOBATEIBHON OIICHKE orrepat opoB. OnepaTopsl,
Takue Kak X <-1.10wmu /mean(y), Moryt ObITh pa3/ielieHbl WM TOYKOW C 3alsTON WM HOBOW
cTpokoi. Bcesikuii pa3, Korja CpeiacTBy aHaliM3a MPEIOCTABIAIOT CUHTAKCHYECKU TOJHBIN
orepaTop, 3TOT ONEpPaTOp OLIEHMBAETCSA M BO3BPALLAETCS 3HA4YEHHE. Pe3ynpTaT OLIEHKH
orneparopa MOXET YIIOMHUHAThCS KaK 3HAYEHHUE OIlepaTopa. 3HAYCHHUE BCETJ1a IPUCBAUBATHCS
CHUMBOJLY.

Jlist paszaesieHust OIepaTopoB MOI'YT HCIIOIB30BATHCS U TOYKM C 3aIlATOM, U HOBBIC
cTpoku. Toyka ¢ 3amsATON BCerJa yKa3blBaeT Ha KOHEIl OllepaTopa, B TO BpeMsi KaKk HOBas
CTPOKa MOXET yKa3bIBaTh Ha KOHEIl oreparopa. Eciau Tekymuid oneparop CHHTAKCUYEeCKH HE
TIOJTHBIHN, TO HOBBIE CTPOKH MPOCTO UTHOPUPYIOTCS CPEICTBOM aHann3a. Eciu ceaHc siBisieTcs
WHTEPaKTUBHBIM, 3aIIPOC U3MEHsETCs ¢ > Ha “+”,

>x<-0; x+5[1] 5

>y<- 1:10
>1; 2
[1] 1
[1] 2

OmnepaTtopbl MOTYT TPYIIIMPOBATHCSA HCIOJIB30BaHHEM (DUTYPHBIX CKOOOK " u “F.
['pynmy omepaTopoB MHOT/AA BBI3BIBAIOT O0JI0KOM. OTIENbHBIC ONEpaTOPhl OIICHUBAIOTCS MPU
BBOJIC HOBOW CTPOKH B KOHIIC CHHTaKCHYECKH MOJTHOTO OnepaTopa. bioku He OleHUBaroTCs,
[IOKa HOBasl CTPOKa HE BBOJUTCA IOCIE 3aKpbIBaromiell ¢urypHoil ckobku. B ocraBmieiics
YacTH 3TOTO pa3zesia orepaTop CChUIAETCS Ha OTJCIBHBINA ONepaTop WK OJIOK.

>{x<-0
+X+5
+}
[1] 5
3.2.1. Oneparop if

Oneparop /else ycnoBHO orieHuBaeT aBa orneparopa. CymecTByeT yciaoBUe, KOTOPOE
MOJJICKUT OLICHKE, W eciu 3HadeHue paBHO TRUE, TO mepBwIid omepartop OIleHWBAETCH;
WHaue OICHWBAETCS BTOPOM omepartop. Omepartop /#e/se Bo3BpaimaecT B KadyecTBE CBOETO
3HAUEHUs 3HAYCHHE BEIOpAHHOTO orneparopa. @opMalibHbIN CHHTAKCHUC TaKOB:

if ( statementl )
statement2
else
statement3
Bo-miepBbix, ouenuBactcs Statementl nns monyuenus valuel. Ecim valuel -
JIOTUYECKHI BEKTOp ¢ MepBBIM 3yieMeHTOM, paBHbIM [RUE, To omnenuBaercs statement?.
Ecnu nepsoiit anement valuel pasen FALSE, to ouenuBaercst statement3. Ecnm valuel -
YKCIOBOI BEKTOP, TO OLICHUBAETCS Sfalement3, koraa nepBbliil aeMeHT Valuel paBeH HyIIio, a
WHaue oLeHUBaeTcs StatementZ. Vicnonb3yercst TOJIBKO TepBbIi deMeHT Valuel. Bee npyrue
3JIEMEHTBHl UrHOpHpYyIoTcs. Ecnu y valuel ecth kakoi-mu0O0 THI KPOME JIOTHYECKOTO HWITH
YHCIIOBOTO BEKTOPA, TO CUTHATM3UPYETCS OMIHOKA.

MOKHO UCIIOJIB30BaTh Oneparop /#/8/Se nns UCKITIOYSHUsT YUCIOBBIX MPOOIeM, TaKuX
KaK B3sTHe JiorapudmMa oTpuiiaTeasHoro uncia. [1ockosbKy, omeparop /#else takoii ke, Kak
JPYTUE OMEPaToOPhl, TO MOKHO MPUCBOUTH €r0 3HaUeHHE. J[Ba mpuMepa HIXKE SKBUBAJICHTHBI.
> if(any(x <=0) )y <- log(1+x)else y <- log(x)
>y <- if(any(x <=0) )log(1+x) else log(x)
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Beipaxxenue €/ sBnsiercsi JONOJIHUTENBHBIM. JlomycTiM, umeercst onepatop /fany(x
<= 0)) x<-x [x <= 0]. Eciu oneparop /fue Haxoautcs B 0J0Ke, TO €/S¢, ecii MPUCYTCTBYET,
JIOJKEH TIOSIBUTHCSI HAa TOM )K€ caMoil cTpoke Kak KoHel SlafementZ. inaue HOBasi CTpOKa B
KOHIIe Sfatement? 3aBepinactes v /fpaccMaTpuBacTCsS KaKk CHHTAKCHUYECKHU MOJHBIN OIepaTop
nojuiexanuii ouenke. [Ipoctoe pemeHre COCTOUT B UCTIOIB30BAaHUU COCTABHOI'O OIEpaTopa,
0b6epHyTOr0 B (UrypHBIE CKOOKHM, TIOMEInas €/S€ B Ty ke caMylo CTPOKY Kak 3aKphIBaroIias
¢urypHast ckoOka, KOTopast OTME4aeT KOHEIl oreparopa.

Omneparop if/else moxer ObITH THE30BaH.

if ( statementl ) {
statement
2
} else if ( statement3 ) {
statement
4
} else if ( statement5 ) {
statement
6
} else
statement
8
OnvH M3 YeTHBIX OMepaTopoB OydeT oueHeH W OyaeT BO3BPALICHO IOJyYeHHOE
3HayeHWe. EcCIM JONONHUTENbHOE BBIpaKEHHE E/S€ ONYIIEHO, M BCE YETHBIC OINepaTophl
ouenuBatotcst kK FALSE, To Hu ogun oneparop He Oyzer oueHeH, u Bo3Bparaercss NULL.

[TepeuriciieHHBIC HEYETHBIC OTEPATOPHI OIIEHUBAIOTCS MO MOPAIKY a0 orneHku T RUE,
a 3aTeM OLICHUBACTCA IPUCOCAVHEHHBIM YETHBIM IMPOHYMEPOBAaHHBIN oreparop. B sTtom
npuMmepe OyIeT TOJNIBKO OLeHEeH Statement6, ecim statementl 6yner FALSE, u statement3
FALSE, u statement5 TRUE. Het orpannuenuii uncia pa3pelieHHbIX BoIpaxeHuid e/se /f

3.2.2. llukasl

Y R ecth TpH omepatopa s sSBHBIX MOBTOPHBIX BbhINONHeHHH. Dto: for, while u
repeat. J[Be BCTPOCHHBIX KOHCTPYKIUH /1€XI M bOréak o0ecreyrBalOT OMOJHUTEIBHOS
yIIpaBJIeHUE OLEHKOM. KaIplii U3 3THX TpeX OnepaTopoB BO3BPAIIAET 3HAYCHUE MTOCIICTHETO
OILICHEHHOTO orepaTopa. Bo3MOXHO, XOTS pelnKo, MPHCBOUTH PE3yiIbTaT OJHOTO M3 3THX
omeparopoB cumBoly. A oOecrieunBaer Jpyrue (QyHKIUHA IJIs1 HESBHOTO ITUKIMYHOTO
BBITIOJIHEHUS, Takue Kak lapply, apply w lapply. Kpome toro, MHOTO omepainuii, 0COOCHHO
apu(METHUECKUX, KOTOPBIC SIBIISTIOTCS BEKTOPU30BAHHBIMH, TaKUM OOpa3oM, OTCYTCTBYET
HEO0OXOIUMOCTh UCIIONIE30BATh UK.

CyH_[eCTByeT ABa OIicparopa, UCIOJIb3YCMbIX JIsI ABHOI'O YIIPABJICHHUA BBIIIOJIHCHUCM
uKiIa. It1o - nextu break Onepatop bréak BbI3bIBaeT BBIXOJ] M3 CAMOTO BHYTPEHHETO [HKJIA,
BBITNOJIHAEMOr0 B HAacTOsAUIMI MoMeHT. Oneparop /76Xt cpa3y BBI3BIBAET IEPEXOJ] K Hayaily
IIMKJIa. 3aTeM BBIMOIHSETCS CIIEAYIONIas HTepaus ukia (mpu Haauduu). OmepaTopsl HUKE
nexts TCKYIICM IMUKJIC HC OLICHUBACTCA.

3HaueHue, BO3BPALEHHOE onepaTopoM Lukia, Bcerga paBHo NULL u Bo3Bpamaercs
HE SIBHO.

3.2.3. Oneparop repeat
Omneparop réepeat BbI3bIBaeT MOBTOPHYIO OLIEHKY, IOKa He OyJeT BBI3BaH OIEpaTop
break Dto o3Havaer, 4TO ClieayeT OBITh OCTOPOXKHBIMH IIPH HWCIIOJIB30BAHUH /EPEAl N3-3a
OTacHOCTH O0ECKOHEYHOTo IMKJIA. CHHTAKCUC LIUKJIA /EPEAL BBITIIAIUT KaK:

repeat statement
[Ipu wucnonb3oBaHuM /EPEAl CAEAYIOUIMM OINEpaTopoM JODKEH ObITh OJIOK
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OncpaTopoB. CJIG,Z[yGT, KaK BBIIIOJIHUTb HCKOTOPOC BBIYUCIICHUC, TAK U MMPOBCPUTH BBIXOI U3
IIUKJIA, YTO OOBIYHO TPeOyeT JBYX ONEpPaTOPOB.
3.2.4. Onepatop while
Omneparop While odenp moxok Ha omepatop repeat. CHHTaKCHC omepaTopa MHKIIa
while cnenyromuii:
while ( statementl ) statement2
rae oueHusaercs statementl, u ecnu ero 3Hauenue |RUE, To onenuBaercs Sstatement?.
DTOT mpoliecc MpoIoJKaeTces, oka statement1 ne onenuBaercs kak FALSE.
3.2.5. Oneparop for
CunTakcuc orneparopa mnukia for ciemyronimii:
for ( name in vector )
statementl
rze vector MoskeT OBITh WJIM BEKTOPOM WIJIM CIHCKOM. [IJIsT KaXIIOTO AJIeMEHTa B BEKT Ope
nMs HepeMeHHOﬁ YCTAHABJIMBACTCA K 3HAUYCHUIO 3JICMCHTOB 3TOI'O BCKTOpPA U OLICHUBACTCA
statementl. TloGounbrii 3deKkT cOCTOMUT B TOM, YTO HMs TEPEMEHHOH MPOIOJIKAET
CYHICCTBOBATH IMOCJIC OKOHYAHUA HHUKIIA 3aKOHYUWIICA, U Yy HCC C€CTb 3HAYCHHUC MOCIICAHCTO
DJIEMEHTA BEKTOpPa, AJIsi KOTOPOTO OBLI OLIEHEH ITHKII.

3.2.6. Onepartop switch
C TeXHMUYECKOW TOYKH 3peHHS SWIICH (epekIrouaTelib) IBIsSCTCS JIUIIb €Ile OIHON

dbyHKIMEH, HO ee ceMaHTHKa OJIM3Ka K TaKOBBIM M3 YIPABIEHUS CTPYKTypaMu JIPYTUX
S3BIKOB ITPOTPAMMUPOBAHMUS.

CunTakcuc:
switch (statement, list)

rae ayeMeHThl //St (crimcka) MOXHO Ha3BaTh. BO-TIEPBBIX, ONEpaTOpP OICHUBAETCS, H
MOJIy4yaeM pe3yJsibTaT, 3HaueHue. Ecnu 3HadueHue - yuciao Mexay | v JJIMHOW CIHCKa, TO
OLICHMBAETCS COOTBETCTBYIOIIMN JJIEMEHT CIHCKAa, W BO3BpallaeTcss pe3ynbrar. Eciou

3HAUEHUE SBJSIETCS CIUIIKOM OOJBIINM, WM CIUIIKOM MasbiM, TO Bo3BpamaeTrcst NULL.
>x<-3

> switch(x, 2+2, mean(1:10), rnorm(5))

[1] 22903605  2.3271663  -0.7060073 1.3622045  -0.2892720
> switch(2, 2+2, mean(1:10), rnorm(5))

[1] 55

> switch(6, 2+2, mean(1:10), rnorm(5))
NULL

Ecnu value (3HaueHue) sBJISIETCS CAMBOJIBHBIM BEKTOPOM, TO OIICHUBACTCS 3JIEMEHT °..."
C UMEHEM, KOTOPOEe TOYHO COOTBETCTBYET 3HAueHHIO. Eciy He cylecTByeT COOTBETCTBHS,
TO Oy/eT UCIOIB30BaH OT/CIbHBIN He HAa3BAaHHBIM apryMEHT B KadecTBE yMoOIdaHus. Eciu
YMOJI4aHUE OTCYTCTBYET, TO Bo3Bpamaercss NULL.

>y <- "fruit"

> switch(y, fruit = "banana", vegetable = "broccoli”, "Neither™)
[1] "banana”

>y <- "meat"

> switch(y, fruit = "banana", vegetable = "broccoli”, "Neither™)
[1]  "Neither"
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OOBLIYHOE UCHOIL30BAHUE MEPCKI0YATEIA COCTOUT B IEPEXOAEC COIIaCHO CMMBOJIBHOI'O
3HAYEeHUS OJTHOTO U3 apIYMEHTOB (DYHKILIUH.
> centre <- function(x, type) {

+ switch(type,

+ mean = mean(x),

+ median = median(x),

+ trimmed = mean(x, trim = .1))
+}

> x <- rcauchy(10)
>centre(x,"mean")

[1] 0.8760325

> centre(x, "median™)
[1] 0.5360891

> centre(x, "trimmed")
[1] 0.6086504

Switch Bo3BpalaeT WM 3HAUYeHHE OleHeHHoro omeparopa, win NULL, ecnu
OTCYTCTBYET OIICHKA OIIEpaTop.

JIist BBIOOpA M3 CIHCKA CYIIECTBYIOIINX AIbTEPHATHB, MIEPEKITIOUATENb, BO3ZMOKHO, HE
Jaydmmid croco0 BbiOOpa st omeHku. YacTto mdydiie ucmonb3oBath €val  u omeparop
noaMHOXkecTBa [/ HermocpeacTBEeHHO uepes eval(x [[ycrosue]]).

3.3. DJieMeHTapHble apu(pMeTHYECKHE ONlepalliy
B orom pasnmene oOCyXHalOTCsS TOHKOCTH MpaBWJ, KOTOpbIE NPUMEHSAIOTCA K
OCHOBHBIM OIEPAIUAM IT0JOOHBIM CIIOKEHHUIO I YMHOKEHUIO ABYX BEKTOPOB MU MATPHIL.

3.3.1. IIpaBuI0 pEeUKINYHOCTH
Ecnmu mombITatbesi CIOXKHUTH JABE CTPYKTYPHI C pa3IMYHBIM YHUCIOM 3JIEMEHTOB, TO
Oosiee KOpoTKas OyAeT HUKIMYHO Mpeodpa3oBaHa K JIHHE Oojiee JUIMHHOW. Takum oOpazom,
€CITM, HampuMep, CIIOKUTh BeKTOp C(1,2,3) ¢ BEKTOPOM C MICCTHIO DJIEMEHTAMH, TO B
nevicrButensHoctd npubasute ¢(1,2,3,1,2,3). Ecnu mnHa Oojiee JJIMHHOTO BEKTOpa HE
KpaTHa KOPOTKOMY BEKTOPY, TO BBIIACTCS TIPEAYIIPEKICHUE.

Haunnas ¢ R 1.4.0, mo6oil apudMeTUUECKHI OmepaTop, BKIIOYAIOIIUN BEKTOP
HYJIEBOU JUIMHOM, aCT PE3yJIbTaT HYJIEBOU JIJIUHBI.

OnHO WCKIIIOYEHHE COCTOMT B TOM, YTO TPHOABISAs BEKTOPHl K MaTpHIaM,
IPEAYNPEKICHUE HE AETCA, €CIU JJIUHBI HECOBMECTUMBIE.

3.3.2. PacnpocTpaHeHHe UMEH

Pacnipoctpanenue uMeH (TepBbId OOEKIACT, 1 AyMaro - TakkKe, €CIM y HEro HeT
UMEHH?? — mepBeId *with names* moOexaaeT, pereKInYHOCTh BBI3BIBAET YKOPOUYCHHUE JI0
MOTEPU UMCHH).

3.3.3. ATpuGyTbhI pa3MepHOCTH
Mampuya+mampuya — pa3MEpHOCTU JTOJIKHBI COOTBETCTBOBATh. GeKMOp+mampuya.
CHayaJla pPEUUKIMYHOCTh, 3aT€M IPOBEPKAa HAa COOTBETCTBUE, €CIM HE COOTBETCTBYET, TO
ommoOKa.

3.3.4. O6pao6otka NA
OTCyTCTBYIOIME 3HAYCHUSI B CTATHCTUYECKOM CMBICIIE - 3TO MEPEMEHHBIC, 3HAUCHUE
KOTOpPBIX HE M3BECTHO, mMmeronrre 3HadeHne NA. VX He ciienyer myTath CO CBOMCTBOM
mISSing ansi He MPeOCTaBICHHOTO apryMenTa GyHKuuu (cM. paszaen 4.1.2 [AprymenTsi]).

Xots ATOMAPHLBIC JBJCMCHTBI BCKTOpPa JOJLKHBI HWMCTb OI[HHaKOBBIﬁ TUII, HO
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cymectByer MHoro TunoB 3HaueHud NA. lmeercs 0COOCHHO BaKHBIM clydail ISt
noap3oBareias. Tunm mo ymomuanwio NA pasen /ogical, ecnim He mpeoOpa3oBaHO K
HEKOTOPOMY JIPYTOMY THITY, TAKHM 0Opa3oM, MOSBICHUE OTCYTCTBYIOIIETO 3HAUCHUS MOXKET
WHUILIMUPOBATH JIOTUYECKYIO, a HE YUCIIOBYIO MHJEKcamuio (cM. pasaen 3.4 [Muaekcanus| mis
o JpOOHOCTEH).

Yucnoseie u noruueckue BorancieHuss ¢ NA o6sruno Bo3Bpamaior NA. B ciydasix,
I7ie pe3ynbTaToOM oIlepanuu OblI0 Obl OJMHAKOBOE MAJS BCEX BO3MOYKHBIX 3HAYEHUi, TO
MoxHO B3aTh NA, omeparust MOKeT BepHYTh 3TO 3HaueHue. B uwactHoctu 'FALSE & NA'
FALSE, ‘TRUE | NA’ TRUE. NA He paBeH mo00oMy ApyromMy 3HAuCHHIO WIH ceOe;
tectupoBanue Ha NA BBINONHSETCS UCTONB30BaHUueM /S./14. OnHako 3HaueHne NA Oyner
COOTBETCTBOBATh Apyromy 3HaueHut0 NA COOTBETCTBEHHO.

YucaoBble BBIYMCICHHS, PE3YJIbTaT KOTOPBIX He ompeaeneH, k mpumepy ‘0/0°,
npou3BogaT 3HaueHHe NaN. OHO cCyllecTByeT TOJIbKO B THUIE ABOWMHOW JJIMHBI U IS
peaNbHBIX WIIM MHUMBIX YacTell KOMIUICKCHBIX TUIOB. [IpenocTraBisercs ¢yHKIms iS.nan s
npoepkr Ha NaN, is.na rtaxxe Bo3pamaer TRUE mms NaN. IIpeoOpasoBanme NaN x
JOTMYECKOMY MWJIM LEJIOYMCICHHOMY THUIy JaeT NA COOTBETCTBYIOLIETO THIA, HO
npeoOpa3oBanue k cumBoiy npucsanBaeT crpoke "NaN". 3nauenue NaN He cpaBHUBAIOTCH,
IIO9TOMY TECThl Ha PaBEHCTBO, WM comnocTasieHue, Bkiaodaromee NaN, npuseayr k NA.
OHM pacIieHHBAIOTCS KaK COOTBETCTBYIOUIHE t00oMy 3HaueHuto NaN (1 HuKakoMy Ipyromy
3HaYeHuIo, naxe He NA) ¢ momoinbsro match.

NA cumBonpHOro THmna, HaunHas ¢ R1.5.0, ortnmmuaercs ot crpoku "NA". Ilpu
HEOOXOAMMOCTH SIBHO yKazaTh NA mporpaMMHCTBI JOJDKHBI HCIOJB30BaTh ‘ds.character
(NA), a ve "NA", unu ycTaHOBHUTH dyieMeHThI K NA, ucronb3ys /5./14 <-.

Hauunas ¢ R2.5.0 cymectBytor koHcTauThl NA integer , NA real , NA complex u
NA character_, xotopsie OyayT TeHEpHPOBaTh (B CHHTAKCHYCCKOM aHAIM3aTOpPE) 3HAUCHHUEC
NA coOTBeTCTBYIOIEr0 THIA, W OydeT HCIOJIb30BaThCsI B OOpPaTHOM CHHTaKCHYECKOM
aHaJM3aTope MpPU OTCYTCTBUM HMHOW BO3MOXXHO uAeHTH(ummpoBaTh TU NA (u ommuu
yIpaBJIEHUS MOMPOCAT ITO).

OtcyrcrBytoT 3HaueHuss NA jist 7aW (CTpOK CHMBOJIOB) BEKTOPOB.

3.4. UnuaekcupoBaHue

R CcOnepX UT HECKOJIbKO KOHCTPYKLHN, KOTOPHIE MPEAOCTABISIOT TOCTYI K
OTJICIIbHBIM 3JIEMEHTaM WM MOAMHOXKECTBAM MOCPEACTBOM MHJIEKCHBIX omepaiuil. B ciyuae
OCHOBHBIX THIIOB BEKTOPOB MOYKHO IMOJYYHTH JOCTYIT K /-My DIIEMEHTY, MCIOab3ys X[/, HO
TaKk)Ke CYIIECTBYET WHJEKCAllUs CIHCKOB, MAaTpPHWIl W MHOTOMEPHBIX MacCHUBOB. EcThb
HECKOJIbKO (POpPM MHJAEKCALIUU B JIOMOJHEHUE K MHICKCAIUU C OTAEIbHBIM LIEJIBIM YUCIIOM.
WNunekcarus MOXKET MCIOJIB30BAThCS U YTOOBI M3BJEYh YacTh OOBEKTAa M 3aMEHUTH YacTH
00bekTa (Ui TpruOaBUTh YACTH).

Y R ectb Tpu OCHOBHBIX oOIllepaTopa HHJEKCAUU C CHUHTAaKCHUCOM, IOKa3aHHOM
CJEeYIOIUMH MPUMEPAMHU

x[i]

x[i, 1]

x[[i]]

x[hi, 1]

x$a

x$"a"

Jli1st BeKTOpOB 1 MaTpuil hopma [f peaKo UCTIONIB3YIOTCS, XOTSI Y HEE €CTh HEKOTOPhIE

HEOOJbIIIME CeMaHTHUYECKHEe OoTnyus oT (opmel [ (Hampumep, oHa OTOpachiBaeT JtoObIe
HUMCHa HUJInN anI/I6YT HUMCH paBMepHOCTeﬁ, U YTO 4aCTHOC COOTBCTCTBUC HCIIOJBL3YCTCA JIA
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CHUMBOJIBHBIX MHJIEKCOB). Korja nHAEKCUPYIOTCS MHOTOMEDPHBIE CTPYKTYPbI C €AMHCTBEHHBIM
uHgekcoM, To X/[I]] wiu X[i] BepHeT Fit mociea0BaTEIbHBINA 3JICMEHT X.

JInst CMCKOB OOBIYHO HCIONIB3YIOT [ /Ui BBIOOpa JH000Tr0 OTIACIBHOTO 3JIEMEHTA,
TOra KaKk /BO3BpAIllaeT CIIUCOK BEIOPAHHBIX 3JIEMCHTOB.

®opma [ mo3BONSET BHIOpATh TONBKO CAMHCTBEHHBI 3JIEMEHT, HCIOJIB3YsI
IICJIOYMCIICHHBIC WJIM CHUMBOJIBHBIC HWHJIEKCHL, TOrAa Kak J TO3BOJSIET HHAEKCHPOBATh
BEKTOpaMH. 3aMETHM, XOTS 3TO s CIUCKAa MW JAPYroro peKypCHBHOTO OOBEKTa,
UH/IEKCUPOBAaHHE MOXET OBITh BEKTOPOM, M KaXJIbli 3JIEMEHT BEKTOpa IPUMEHEH
[IOOYEPETHO K CIHCKY, BBIODAaHHOMY KOMIIOHEHTY, BBIODAaHHOMY KOMIIOHEHTY TOTO
KOMIIOHEHTA, U TaK Janee. Pe3ynbrar - Bce enie eIMHCTBEHHBIA JIEMEHT.

®dopma ¢ HCIONB30BaHHEM § MPUMEHSACTCS K PEKYPCHBHBIM OOBEKTAM, TaKMM Kak
CIHMCKU ¥ TapHble cruckd. OHa J0MYCKaeT TOJBKO JUTEPATbHYI0O CUMBOJIBHYIO CTPOKY HITH
CHMBOJI KaK MHJEKC. Takum 00pa3oM, MHJIEKC HE BBIYUCISAETCS: Ul CIy4aeB, TIE CIeIyeT
OLIEHHUTH BHIp@KEHHE, YTOOBI HAlTH MHIEKC, uctons3yiite Xx/[expr]]. Eciu $ npumenen x He
PEKYypCHUBHOMY 00BEKTY, TO pe3yabTar 00bryHO Beerna 0yner NULL: naunnas ¢ R 2.6.0 sTo
SBJISIETCS] OLITUOKOM.

3.4.1. UHaekcupoBaHHe BEKTOpPaMH
R npenocTaBiseT MOIIHbIE KOHCTPYKIMHM C HCHOJIb30BAHUEM BEKTOPOB B KauecTBE
nunekcos. (CHaudana O6CYI[I/IM MHJECKCALMI0 MPOCTBIX BEKTOpPOB. JUIsI  mpPOCTOTHI
OPE/NONIOKHUM, 4YTO BBIpAKCHHEM sBisieTcs X[//. 3areM crieayromme BO3MOXXHOCTH
CYIIECTBYIOT JUIs THIIA /.

o Integer (Llemoe umcio). Bee ameMeHTHI / TOMKHBI UMETh OMHAKOBBINM 3HAK.
Ecnu oHM TIONOXUTENBHBI, TO BBIOPAHBI AIIEMEHTHI X C 3TUMHU HHJEKCAMHU.
Ecnu 7 comepxuT OTpHIIATEIbHBIC 3JIEMEHTBI, TO BBIOPAHBI BCE AJIEMEHTBI
KpoMme 0003HaUCHHBIX.

Ecmu 7 nonoxwurensHo u npesbimaer length(x), To cooTBeTCTBYIOMIHI BEIOOD
paser NA. OtpurarenpHoe 3HaUeHHE / BHE TPAHHUI] BBI3BIBACT OLINOKY.
OcoOpblii citydyait — WHIIEKC, PaBHBIN HYJII0, KOTOPBIH UMEET MycThie 3P HEKTHI:
X[0] siBnsieTcs mycThIM BEKTOPOM, W, TEM HE MEHEe, BKIIOYACT HYJIH CPEAH
MOJIOKUTEIBHBIX WM OTPHIIATEIBHBIX WHACKCOB, UMEIOIIUX TOT K€ CaMBIA
a¢dekT, kak OyATO OHU OBUTH OMYIICHBI.

o Jlpyroe umcmoBoe. Ilepen wucmnonapb3oBaHHMEM 3HAUYE€HHWE HEILEIOr0 4YHCIa
npeoOpasyeTcst B 11es1oe YUCIIO (YCEUeHUEM K HYIIIO).

e Logical. Mugekc i HO/DKEH MMETh OAMHAKOBYIO JUIMHY ¢ X. Ecnm oH Oyder
KOpoYe, TO €r0 AJIEMEHTHI OyAYyT MUKINYECKU MPeoOpa3oBaHbl KaK 00CYXKICHO
B pasnene 3.3 [DnemeHTapHble apudmernyeckue omnepauuu]. Ecau on
JUTMHHEE, TO X KOHIENTyalbHO pacimuper ¢ momompbio NA. BriopanHoe
3HaYeHHe X — 3TO Te, JJIsi KOTophIX | paBHo TRUE.

e CumBoa. CTpokd B | CONOCTaBISAIOTCS TIPOTHUB aTpuOyra HMEH X, U
UCIIONB3YIOTCS  ToNydaromiecst neible uucna. s [ u $ ucnomssyercs
YaCTHOE COOTBETCTBHE, €CIM TOYHOE COOTBETCTBHE IIEPECTai0 PabOTaTh,
TakuM obpasom, X$aa Oymer coorBercrBOBaTh X$aabb, ecnmu X me Oymer
colepKaTh KOMIIOHEHT, Ha3BaHHBIN "44", u "aabb' - enuHCTBEHHOE MMS, y
KoToporo ectb mnpebuxc "4a". Jlns [[ 4acTHBIM COOTBETCTBHEM MOKHO
VIIPaBIATh 4epe3 apryMeHT EXacCl, ycTaHOBIEHHBIH 1O ymomdaHuio B NA,
YKa3bIBAIOIIUI, YTO YaCTHOE COOTBETCTBHUE MO3BOJICHO, HO MPEIyNpeKaaeTcs,
Korja 3To mpoucxoaut. YcranoBka éxact 8 TRUE npensitcTByeT ToMy, 4TOOBI
YaCTHOE COOTBETCTBUE Mpou3onuio, 3HaueHue FALSE mo3Bonser 310 U He
npenynpexaaer. 3ameruMm, uto [ Bcerna TpeOyeT TOYHOrO COBIAICHUSL.
Crtpoxka "" oOpabaTpiBaeTCsi 0COOEHHO: OHA HE YKa3bIBAaCT ‘HU HA KaKOE UMs U
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HE COOTBETCTBYET AJIEMEHTY (IaXKe Ha Te, KOTOpbIe 0¢3 UMEHH). 3aMETHUM, UTO
YAaCTHOE COOTBETCTBHE HCIIOJIB3YETCSl TOJBKO TMPH HW3BJICYCHUH, HO HE MPH
3aMeHe.

« Factor. Pesynbrar unentuuen x/as./nteger (1)]. ®akropHbie ypOBHH HUKOTIA
HE HCIOJB3YIOTCs. Pa3 Tak xouercs, To ucnonw3yite x/as.character(i)] vnu
MOA00HYI0 KOHCTPYKITHIO.

o Empty. Beipaxxenne  x//  Bo3Bpamaer X, HO  OTOpachIBaeT
"HecooTBeTCTBYIOIME" aTpuOyThl W3 pe3ynbrara. COXpaHAIOTCS TOJIBKO
MMCHA, KaK B MHOTOMEPHBIX Pa3MEPHOCTSIX MAcCCHBOB, TaK U aTPUOYTHI UMCH
pasmepnocreit (dimnames).

o NULL. Dt0 obpabatbiBactcs, Kak Oyaro 31o Obut0 /nterger(0).

Wunexc ¢ mponymeHHbpM 3HaueHueM (To ectb NA) maer pesymbrar NA. Dto
IPaBUJIO NMPUMEHSAETCS TaKXkKe K CIy4aro JOIMYECKOW MHIEKCAllUU, TO €CTh IEMEHTaM X, y
KOTOpBIX ecTh cenekTop NA B I, BKIIIOYCHHBIH B Pe3yJbTaT, HO UX 3HadeHueM Oyner NA.

3aMeTHUM, OJIHAKO, YTO €CTh pa3inyHble peskuMbl NA - muTepanbHas KOHCTAaHTa UMEET
pexxum “/logical’, Ho oHa yacTo aBTOMaTHUYECKH TPe0Opa3oBhIBaeTCs K ApyruM Tunam. OmaHo
BO3/ICHCTBUE 3TOTO COCTOMT B TOM, 4T0 y X/NAJ ecth niuna X, o y x/c(1,NA)] ectb nnuna 2.
DTO MOTOMY, 4TO MpaBHJIA JUIs JIOTHYSCKUX WHICKCOB MPUMEHSIOTCS B MPEKHEM CiIydae, HO
IS IIETIOYMCIICHHBIX HHAEKCOB B TIOCIIETHEM.

WNunekcanmss ¢ [ Taxke BBIIOJHAT COOTBETCTBYIOLIEE MOJIMHOMXECTBO JIFOOBIX
aTpuOyTOB UMEH.

3.4.2. UHaeKcupoOBaHUe MAaTPHUL, U MAaCCUBOB
[TonMHOXECTBa MHOTOMEPHBIX CTPYKTYp OOBIYHO CIEAYIOT aHAJIOTMYHBIM MpaBUIIaM,
KaK OJHOMEpHAsl WHJIEKCALMs JUIsl KaXJIOW MEepEeMEHHOM MHIEKCAa C COOTBETCTBYIOIIMM
KOMITOHEHTOM d//mnames B3stue Mmecta names. IlpuMeHsIeTCsl HECKOJBKO CIeIHaTbHbBIX
IMpaBUJI, XOTA:

OOBbIUHO, K CTPYKType TMOJYYarOT JOCTYN, HCIOJNb3Yys YHUCIO HHICKCOB,
COOTBETCTBYIOIIMX €¢ pa3MepHOCTH. OHAKO TakKe BO3MOXKHO HCIOJIb30BaTh OTACIbHBIN
UHJICKC B Cly4yac UTHOPUPOBAHUS aTpHOyTa pa3MEPHOCTH U UMEHU Pa3MEPHOCTH, a pe3yJIbTaT
saBisieTcss dPPeKTUBHBIM it C(M)[I]. 3ametum, uro /f1] 0ObIYHO OYCHb OTIMYACTCS OT
mf1,], wau mf,1].

MOHO HCIIOJIb30BaTh MATPHILY IEJBIX YHCET B Ka4eCTBE MHAEKCOB. B 3TOM cityuae
YKHCJIO CTOJIOIIOB MATPHIIBI JOJDKHO COOTBETCTBOBATH YHCIO PAa3MEPHOCTEH CTPYKTYPHI, W
pe3yapTaToM OyIEeT BEKTOp C JUIMHOM KaK YHCIO CTPOK MaTpuilbl. Cleayronui mpumep
MOKa3bIBACT, KaK U3BJICYb IeMeHThI /M1, 1] u mf2, 2] B omHol onepanuu.

>m <- matrix(1:4, 2)

>m
L1 [2]
[1] 1 3
[2] 2 4
> i <- matrix(c(1, 1, 2, 2), 2, byrow = TRUE)
>
L1 [2]
[1] 1 1
[2] 2 2
>m[i][1] 14

OtpunarenbHble MHAEKCH 3allpellleHbl B MHAeKkcauuu Mmarpuill. Paspemenst NA u
HYJI€BOE€ 3HAYEHME: CTPOKM B MHJEKCE MaTpHUle, COAEpKalled Hylb, HITHOPUPYIOTCS, TOT/A
L
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Kak cTpoku, coaepxamue NA, npoussoasatr NA B pesyibTate.

Kak B cnyudae vcmonb30BaHHsl OTACIBHOIO MHAEKCA, TaK M B MHACKCAIMU MaTpHIL
WHJEKCAINH, UCTIOIb3yeTCsl aTpuOyT /14/1€, eclyu TPEeICTaBlIeH, KaKk UMell Obl OJTHOMEPHYIO

CTPYKTYpY.

Ecin onepauus MHAEKCAlMM BBI3BIBAET PE3YJbTAaT OJHOIO U3 €ro pPacUIMpeHui
JUTMHOW eMHUIIA B KayecTBE BBHIOOpA OTIEIBHOIO Cpe3a TPEXMEPHOH MaTpHIBI (CKaXeMm)
m[2,,], To cooTBeTcTBYyIOIIas pa3MEPHOCTh OOBIYHO OTOpackiBaeTcst U3 pe3ynbrara. Eciu
pe3yabTaTOM SBIISETCS OJHOMEpHAas CTPYKTypa, TO IOJy4aeTcs BEKTOp. OTO HMHOrna
HEXKeNaTeIbHO ¥ MOXKET OBITh OTKJIIOYEHO myTeM Jo0asieHus ‘drope = FALSE’ k onepauuun
WHJCKCAIIMU. 3aMETUM, YTO ITO JOMOJHUTEIBHBINA apryMeHT QYHKINH [, M He J0OaBISETCS K
cueTunky wuHAekca. CrenoBarenbHO, KOPPEKTHBIM CHOCOOOM BBIOpATh IEPBYIO CTPOKY
marpuilbl kKak 1 na n marpunsl seiasercs M[1, drop = FALSE]. Ynymienue OTKIOYHTH
0TOPACHIBAIOUIYIO OIIIUIO SBJSETCA YAaCTON MPUYMHON OTKa3a B OOIIMX MOANpPOrpaMMmax, rjie
UH/IEKCUPOBAaHHE HWHOI/A, HO HE OOBIYHO, HMMEET JIMHY OJMH. OJTO HpPaBUJIO BCE elle
OpUMEHSeTC K OJHOMEPHOMY MacCUBYy, TIle JI000€ MOAMHOXECTBO [acT BEKTOPHBIN
pesyabTar, ecau ‘drop = FALSE’ He OymeT MCIoIb30BaThCs.

3aMeTUM, YTO BEKTOPHI OTJIMYHBI OT OJHOMEPHBIX MAaCCHBOB B 3TOM, IOCIEIHUEC
UMEIOT aTpUOyThl pa3MEPHOCTH U UMEHHU pa3MmepHoctd (dimnames) (o0e W3 JUIMHBI OJWH).
OnHOMEpHBIE MACCHBBI HE JIETKO MOJYYUTh U3 ONepaInii MOJAMHOXECTBA, HO OHU MOTYT OBITh
CO3/aHbl SIBHO W BO3BpAIlCHBI TaONUIeld. DTO WHOTAA TOJIE3HO, MOTOMY YTO 3JICMCHTHI
CIKMCKa MMEH pa3MepHocTei (dimnames) MOXKHO CcaMOCTOSTEIbHO Ha3BaTh, YTO HE HMEET
MecTa JJIst aTpulyTa HMEH.

Hexortopeie omeparuu, Takue kak M[FALSE], mpuBoasT K CTPyKTypam, y KOTOPBIX
pa3MepHOCTh UMeeT HyJeBoe pacmupenue. O0bryHO A mpolyeT 006padoTaTh 3TH CTPYKTYPHI
mo00aroImuM 00pa3oMm.

3.4.3. UHaekcupoBaHHe JPYTrux CTPYKTYp

Omneparop [ sBisieTcss yHUBEpCAIbHON (QYHKIHEH, KOTOpas MO3BOJISET JOOABIISATH
MeTobl Kiacca, W omeparopel $§ u [ anamormunbl. TakuM 06pa3oM, MOKHO HMETh
orpenenseMble MOJb30BATEIEM OINEpaluyd HWHASKCAMH Ui J1000i cTpykTyphl. Takas
byHKIMs, ckaxeM [.f00, BpI3bIBacTCS ¢ HAOOPOM apPryMEHTOB, MEPBBIM M3 KOTOPHIX SBISCTCS
WHJIEKCHpYeMasi CTPYKTypa, a OCTAlbHbIC - MHJIEKCHL. B ciydae $ WHICKCHBIM apryMeHT
uMeeT pexuM "cuMBOI", ucnonk3ys Gopmy XF“abc”. BaxHO 3HATH, YTO METOJBI Kiacca He
00s3aTeIbHO  BEAyT ce0si TakuM k€ O00pa3oM KakK OCHOBHBIE METOJbI, HaIpUMED,
OTHOCHTEJIEHO YaCTHOTO COOTBETCTBUSI.

Camblii BaKHBIIM PUMEP MeTO1a Kiaacca st [SIBIIIeTCS CIOIb30BaHue Uit GpeiiMoB
JAHHBIX. 37€Ch 3TO MOAPOOHO HE OMUCHIBACTCS (CM. CTpaHUIly cripaBku mus [.data.frame ), o
B O0IIMX uYepTax, €CJIM JIBa MHCKCA MPEJOCTABIICHBI (JaKe, €CIIU OJUH U3 HHUX IMYCT), TO 3TO
CO3/1aeT MHJEKCAIUIO, MOJTOOHYI0 MaTpHIIe, Ui CTPYKTYPBI, KOTOpasi B OCHOBHOM SIBJISI€TCS
CIIHCKOM BEKTOPOB OJMHAKOBOW IJIMHBI. ECIIM NpenocTaBiieH OTIEIbHBIM HHAEKC, TO 3TO
UHTEPIPETUPYETCAd KaK MHJEKcalusl CIHCKa CTOJIOIOB, WU B 3TOM CJIy4yae apryMeHT
0TOpachIBaHUSI UTHOPUPYETCS C TPETYNPEKICHUEM.

OcHoBHble omepartopbl $ u [[ Moryr ObITh NPHUMEHEHBI K CpEIC OKPYKCHHUS.
[To3BOsIEHBI TOJIBKO CUMBOJIBHBIE UH/IEKCHI, 1 HUKAKOE€ YaCTHOE COOTBETCTBHUE HE JIENIACTCH.
3.4.4. IIpucBoeHu e IOJMHOXKECTBA

[IpucBoeHHE TOAMHOXKECTBY CTPYKTYPBI SIBJSIETCS YaCTHBIM CIIydaeM OOIIero
MEXaHu3Ma IJ1d CII0KHOT'O HpI/ICBOGHI/IH:
X[3:5] <- 13:15
Pe3ynbTaT 3TOM KOMaHAbl COOTBETCTBYET CIEAYIOIIEMY BBIMOJIHEHUIO!
Ftmp** <- X
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X <- "[<-"(“*tmp*‘, 3:5, value=13:15)
rm(“*tmp**)
3aMeTHM, YTO MHJECKC CHayasa mpeoOpa3oBaH B YMCIOBOW MHICKC, a 3aTEM 3JIEMEHTHI
3aMEHEHbI I0CJIE0BAaTEIbHO BJAOJb YHUCIOBOIO MHAEKCA, Kak OyATO MCIOJIB30BAJICA IS
nukia for. Jlrobas cymecTByromas nepeMeHHas ¢ UIMeHeM “*Imp*‘ Oyner mepesamnucaHa u
yJlaJIeHa, ¥ 3TO UMsI IEPEMEHHOM He JJOJKHO UCIOIb30BATHCS B KOJIE.

OnrMHAKOBBI MEXaHU3M MOYKET OBITh MPUMEHEH K QYHKIMIM KpoMme [ 3aMeHsromas
(GyHKLMS UMEeT OAMHAKOBOE MMS Ha BCTaBICHHYIO <-. Ee mocieqHuM apryMeHTOM, KOTOPBIN
HY>XHO BBI3BaTb 3HAUCHUCM, SABJLICTCA HOBOC 3HAYCHHC, IMOJICKAIICC IIPHUCBOCHHIO.
Hanpuwmep:

names(x) <- c("a","b")
O3KBHUBAJICHTHO
Ftmp** <- X
X <- "names<-"(“*tmp*‘, value=c("a","b"))
rm(“*tmp**)

['He3n0BaHMeE CIIOKHBIX IPUCBOECHUM OLIEHUBAETCS PEKYPCUBHO:

names(x)[3] <- "Three"
3KBHUBAJICHTHO

Ftmp** <- X

X <- "names<-"(“*tmp**, value="[<-"(hames(‘*tmp*‘), 3, value="Three"))

rm(“*tmp**)

Takke paspemnieHsl CI0KHBIE TPUCBOCHUS B OOEPTKE OKPYKAIOIICH Cpemsl
(ucnonp3ys <<-):

names(x)[3] <<- "Three"
DKBHUBAJICHTHO.
“*tmp*‘ <<- get(x, envir=parent.env(), inherits=TRUE)
names(‘*tmp*‘)[3] <- "Three" x <<- “*tmp**
rm(“*tmp**)
a TaKxe s
“*tmp*‘ <- get(x,envir=parent.env(), inherits=TRUE)
X <<- "names<-"(‘*tmp*‘, value="[<-"(names(**tmp**), 3, value="Three"))

rm(“*tmp**)
Tonbko 1eneBas mepeMeHHasi OLEHUBAETCS B 00EPTKE OKPYKAIOIIEH cpelibl, UTaK:
e<-c(a=1,b=2)
i<-1 local({
e <- c(A=10,B=11)
i <-2

e[i] <<- e[i]+1
) ,
UCTIONB3YET JIOKanbHOE 3HadeHue / u Ha LHS u va RHS, u nokanbHoM 3HaueHun € Ha RHS
CyIrep oreparopa MpUCBauBaHUs. JTO yCTAHABIMBACT € BO BHEIIHEH cpeie K:
a b
1 12
Takum 00pa3oM, cBEpX MPUCBOCHHE YKBUBAJICHTHO 3TUM YETHIPEM CTPOKAM:
“*tmp*‘ <- get(x,envir=parent.env(), inherits=TRUE)
Ftmp*[i] <- e[i]+1 x <<- “*tmp** rm(“*tmp**)
ITomoOHO:
x[is.na(x)] <<- 0
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SKBUBAJICHTHO.
“*tmp*‘ <- get(x,envir=parent.env(), inherits=TRUE)
“*tmp*‘[is.na(x)] <- 0x <<- “*tmp*‘ rm(**tmp**)

M HC DKBHUBAJICHTHO OJIA.
“*tmp*‘ <- get(x,envir=parent.env(), inherits=TRUE)
“*tmp*‘[is.na(**tmp**)] <- 0 x <<- “*tmp**
rm(**tmp**)

OtHn ABC MHTCPIIPETALINN BapHaHTa OTINYAIOTCA, TOJBKO €CJIIM €CTh TAKXKC JIOKaJlbHas
NepeMCcHHas X. D10 - Xopomasa uacd UCKIITOYUTD JIOKAJIbHYIO ICPEMCHHYIO C TCM KC CaMbIM
MMEHEM Kak IIeJieBas TIEpeMEHHas CBepX MNpuUcBOCHUs. I[IOCKOJIBKY ATOT ciiy4ail ObLT
oOpaboran HempaBwiIbHO B Bepcusix 1.9.1 u paHee, TO He JOIDKHO OBITH CephE3HOU
MOTPEOHOCTH B TAKOM KOJIE.

3.5. ObuacTsp AelicTBUS MepeMeHHBIX
[Toutn y Kaxaoro si3pIka MPOrPaMMHPOBAHMS €CTh PsJ MpaBUi 00JACTH JEHCTBUS
MEPEMEHHBIX, YTO TO3BOJSET HCIONB30BaTh OAHO UMS IS PA3IUYHBIX OOBEKTOB. IJTO
MO3BOJISICT, HANpUMEpP, JIOKAJBHONH MepeMeHHON B (DYHKIIMM WMETh OJWHAKOBOE HMsI C
r100a1bHBIM 00BEKTOM.

R ucnone3yeTr JeKcHYeCKyr0 MOJe/b ONpeNeleHUs KOHTEKCTa, MOAOOHYI0 TaKhM
si3pIkaM Kak [lackanb. OnmHako, R - A3bIK () YHKIIHOHAILHOTO MPOIPaMMHAPOBAHAL A TIO3BOJISIET
AUHAMHUYCCKOC CO3JaHHWC U MAaHUITYJIMPOBAHUC (byHKI_[I/IHMI/I n O6’beKTaMI/I SA3bIKa, 1 UMCCT
JOTIOJTHUTEIbHBIC (PYHKITUH, OTPAXKAIOIINE STOT (PaKT.

3.5.1. I'/106as1bHAs OKpYKawIas cpeja
I'moGanpHas oKpyaromiasi cpefa - KOPEHb I10JIb30BaTeNIbCKOM paboueil oOiacTH.
OnepaTopbl TNPUCBOCHHMS B KOMAaHIHOM CTPOKE 3aCTaBSIT COOTBETCTBYIOIIUNA OOBEKT
NPUHAAIEKATh TI00ambHON oOKpykatomel cpene. Ee obepHyras okpyxaromas cpena -
CIIEYIOIAsl OKPY’KaIoIas cpella Ha IIyTH ITOMCKA, U TaK Jajiee Ha3a K IIyCTOM OKpYKaromen
cpeze, KOTopasi SIBJISIETCsl 00epTKOM OCHOBHOW OKpYXKaroIiel Cpeibl.

3.5.2. JlekcuyecKas OKpy»Kamwlas cpeja
Kaxnprit  BbI30B  (PYHKIIMK CO37ACT (@periM, KOTOPBIA COIAEPKHUT JIOKAJIbHBIC
NEepEeMEHHbIEe, CO3/laBaeMble B (DYHKIIMH, M OIICHCHHBIE B OKpYKalollel cpene, KOoTopas B
KOMOHMHAIIUU CO3/a€T HOBYIO OKPY’KAIOIIYIO CpEeay.

3aMeTUM TEpMHUHOJOTHIO: (pelM sIBIIAETCS HAOOPOM MNEPEMEHHBIX, OKPYXKAIOIas
cpena sIBIIsIeTCs BIOXKeHUEM (peiiMOB (MJIM SKBHBAJICHTHO: CaMblil BHYTPEHHUH (peiim 1uioc
o0epTKa OKpysKaroIiel cpepl).

Oxpy»katouiye cpeabl MOTYT OBbITh HPUCBOEHBI MEPEMEHHBIM WM COJEPKAThCA B
npyrux oobvekTax. OqHako 3aMeTHM, YTO OHM HE CTAHAAPTHBIE OOBEKTHI - B YACTHOCTH OHH
HE KOIUPYIOTCS IPU PUCBOCHUH.

Ob6eptka (pexuMm "dyHknusa") oObekTa OYAET comepkKaTh OKPYXKAIONIYI0 Cpedy, B
KOTOpOM OHa CO3/aeTcsl Kak yacTh ee onpeneneHus. [lo ymonuanuto. Okpyskaromieit cpenoit
MOXHO YIpaBJsATh, HCMONB3ys environment <-. Ilpu mocnemyronieM BbI30BEe (GYHKIIMU
co3/aeTcs Kak 00epTKa ee OllEHEHHAs! OKpYXKarolasi cpefa ¢ 00epTKOi. 3aMeTUM, 4TO 3TO HE
00s13aTeIbHO OKPYKAIOIIasi CPe/ia BHI3BIBAIOIIEH CTOPOHBI!

Takum oOpazoM, Korjga TIepeMEHHYI0 TpeOyloT B (QYHKIMH, OHA CHadaia
Pa3bICKUBAETCS B OKPY)KAIOLICH Cpeie OIEHKH, 3aTeM B o0epTke, o0epTke 00epTKH, U T.1.;
MPU JOCTKEHUHU TJI00ATBHOM OKpYKAIOUIEH Cpela WM OKPYKAIOIICH Cpellbl TakeTa MOUCK
MPOJIOJKACTCS BBEPX 10 MYTH MOKMCKA B OKpYXkarolie cpeze ocHoBHoro (base) makera. Eciu
nepeMeHHas He Oy/ieT HaliJieHa TaM, TO MOUCK MPOJOJDKUTCS Jaiee B IMyCTOH OKPYKarOIIeH
CpenoH, a 3aTeM IPEKPaIaeTCs.
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3.5.3. Crek BbI30Ba

[Tpu kaxxaoM BBI30BE (YHKIIMU CO3/1aeTCsl HOBBINA (peliM oneHku. B m11000if MOMEHT
BPEMEHH BO BpEMS BBIYMCICHHS B HACTOSAIIMH MOMEHT aKTHBHAs OKpY)Kalollas cpena
JIOCTYIIHA dYepe3 cmeK 6bu1306a. llpm KaxaoM BbI30Be (YHKIIMM BHYTPEHHE CO3/aeTcs
crienuainbHas KOHCTPYKIMSA, Ha3blBaeMasi KOHTEKCT, M IOMEIIAeTCsl B CIIMCOK KOHTEKCTOB.
[Ipu 3aBepiieHnu (yHKIMEH OLIGHKM CBOETO KOHTEKCTa €€ KOHTEKCT yAasieTcs M3 CTeKa
BBI30BA.

Co3naHue TMepeMeHHBIX, OINPEIESIMBIINX BBINIC JOCTYITHBIH CTEK BBI30BA, Ha3BaH
JUHAMHUYECKUM KOHTEKCTOM. CBa3bIBaHUE JJIA HepeMeHHOﬁ 3aTCM pCHIACTCA CaMbIM
nocyieiHuM (Ha BpeMsi) OIpeeiiCHHEM MePEeMEHHON. JTO MPOTUBOPEYMT MpaBUiIaM 00JacTH
JNEUCTBUS TAHHBIX MO YMOJIYaHUIO B R, KOTOpbIE MCHOJB3YIOT MPUBS3KY B OKpYyKarouen
cpene, B KoTopoi ¢yHKIUS Obla ompeneneHa (JIEKCHYECKMH KOHTEKCT). HexoTopswie
¢yHKIMH, 0COOEHHO Te, KOTOPBIE UCIOIB3YIOT U YIPABISAIOT (GOPMYIaMU MOJEIH, JOJKHBI
UMHUTHPOBATh THHAMHYECKHI KOHTEKCT, HETIOCPEACTBEHHO TOTyYast JOCTYII K CTEKY BBI30BA.

JlocTyn k cTeKy BBI30Ba OOECIICUYECH uepe3 CEeMEWCTBO (DYHKIHMH, Y KOTOPBIX €CTh
MMEHA, KOTOPbIE HAYMHAIOTCS C 'SYS'.., U OHU NIEPEUUCIIEHBI KPATKO HUXKE:

sys.call [Tomyyaet BBI30B ISl ONIPENIEIIEHHOTO KOHTEKCTA.

sys.frame [Tomyuaer oueHky (peiima /Ui aKkTHBHOT'O KOHTEKCTA.
sys.nframe  Ilomywaer oneHky dperima Ui ONPEAEICHHOTO KOHTEKCTA.
Gsys.function [Toxy4aer BbI3BaHHYIO (YHKIHUIO B ONIPEICICHHOM KOHTEKCTE.
sys.parent [Tomyyaet poauTenst BbI30Ba TEKyIIEH QyHKIIUN

sys.calls [Tomyyaet BBI3OBHI JUIs BCEX aKTUBHBIX KOHTEKCTOB
sys.frames  Ilomywaer oneHkKy HpeliMOB /sl BCeX aKTHBHBIX KOHTEKCTOB
sys.parents  IloayuyaeT 4MCIOBYIO METKY JUIsl BCEX aKTUBHBIX KOHTEKCTOB.

sys.on.exit  YcraHaBmuBaeT (YHKIHIO, TOIJICKAIIYIO BBIOJHEHUIO, MIPU 3aITyCKe
YKa3aHHOI'O KOHTEKCTA.

sys.status Ber3oBsl sys.frames, sys.parents and sys.calls.
parent.frame ITomy4aer ¢peiiMm OLEHKH IS YKA3aHHOTO POJAUTEIHCKOTO KOHTEKCTA.

3.5.4. llyTh noucka
B pomonHeHue K CTPYKType OKpyKawIed cpeipl OleHKH y A ecTh MyTh MOUCKa
OKpYKalollle cpenbl, B KOTOPOW HIMYTCS MEPEMEHHbIEC, HE HAWJCHHBIE B JIPYIOM MECTE.
Hcnonp3yercss ais AByX CiIydaeB: MakeThl (GYHKIMH U MPUCOCTUHEHHBIE MOJB30BATEIbCKUE
JTaHHBIE.

[TepBbIit 2IeMEHT MyTH MMOKCKA — 3TO TJI00AIbHASI OKPYXKAIOIIas cpea, a MoCIeIHUN —
aT0 ocHoBHOM (base) maker. Oxpyxaromas cpena Aufoloads (ABTo3arpy3ok) HCIOIb3YeTCs
JUISL coliep)KaHus OOBEKTOB MPOKCH, KOTOPBIE MOTYT OBITH 3arpyXeHbl MO TPEOOBAHMIO.
Jlpyras okpy»Xarolias cpejia BCTaBJIeHa B UCIIONIb30BaHue myTH attach wmm library.

[TakeTsl ¢ npocmpancmeom umern HUMEIOT pa3Hble MyTH noucka. Koraa nouck oobexTa
R HaudaT ¢ 00BEKTa B TAKOM IaKeTe, UIETCSA CHaJaja caM ITaKeT, 3aTeM OH MMIIOPTHUPYETCS,
3aTeéM OCHOBHOE MPOCTPAHCTBO MMEH M, HAaKOHEI], Io0ajdbHas OKpy)Karollas cpena, H
OCTaJIbHAS YaCTh PETYJSPHOTO MyTH TOUCKa. D(PPEKT COCTOMT B TOM, YTO CCHUIKU Ha JpYyTue
O0BEKTHl B 3TOM JK€ Makere OyIyT pas3pelleHbl B MakeTe, U OOBEKTHl HE MOTYT OBITh
3aMacKHpOBaHbl O0BEKTAMH C ATHUM JX€ UMEHEM B TIIOOAIBHON OKpYKAaloIIeH cpeie Wi B
JPYTUX MakeTax.
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4, OyHKIUU

4.1. Hanucanue pyHKumi
Xors R MoxerT ObITh OYEHb IIOJIE3HBIM KaKk HWHCTPYMEHT aHalnu3a [aHHBIX,
OOJIBIIMHCTBO I0JIb30BATENC OueHb OBICTPO MPHUCTYMAET K HAMUCAHUIO COOCTBEHHBIX
byHknmic. OT0 - omHO W3 peanbHbIX mnpeumymiectB KA. [loas3oBarenu  Moryt
IpOTrpaMMHUPOBATh PYHKLUHU, U OHU, TP HEOOXOJMMOCTH, MOTYT H3MEHUTh (DYHKIIMU YPOBHS
cucTeMBbl Ha pyHKIMH OoJiee MPeOYTUTENbHbIE I I0JIb30BATES.

R Takke MNpenocTaBisieT WHCTPYMEHTHI, KOTOpbIE O00JEerdaroT JOKYMEHTHPOBATh
aro0bie co3nanHble QyHKuuu. CM. pasgen “Hanmcanue nokymentraumu R” B Hanmcanuu
pacmupenuit R.

4.1.1. CMHTaKCHUC ¥ IpUMepPbI
CHHTaKCHUC HAIUCAHUS (byHKuHH BBITJISIIUT KaK:

function (arglist ) body
IepBbIii KOMIMOHEHT OOBsIBICHUS (GYHKIHMH - KiIoueBoe ciaoBo function, koropoe
yka3biBaeT R, uTo co3naercst GyHKIUA.

Crucok apryMeHTOB - CIHCOK pAa3/elCHHBIX 3amaToi 3HaueHuil (HOpMabHBIX
aprymeHToB. DOpMabHbIA apryMeHT MOXeT OBITh CHMBOJIOM, oreparopoMm ¢Gopmsl ‘Symbol

7

= expression’, wix crienuaIbHbIA (OPMAaTbHBIA apryMeHT ... .

Tesr0 MOXKET OBITH JIIOOBIM JIOMTYCTUMBIM BeIpakeHueM A. OOBIYHO, TETIO — 3TO rpymna
BeIpakeHui B purypHbix ckookax (‘f u “F).

OObyHO (GYHKIMHM TPUCBOEHBI CHUMBOJIAM, HO O3TO HE 00s3aTebHO. 3HAYCHHE,
BO3BpalllcHHOEe BBI30BOM function, seasiercs dyHkiueit. Ecin ums eit He naHO, TO OHA
YIIOMUHAETCS KaK aHOHUMHAas (yHKIUsA. AHOHUMHbIE (YHKIIMN HanOoJiee 4acTo UCTIOIB3YIOT
B Ka4eCTBE apryMEHTOB JIpyrue GyHKIIUU, TAKUE KaKk ceMeucTBo applywnu outer.

Bot npocras dynkius: echo <- function(x) print(x). Taxum o6pa3zom, echo siBisercs
byHKIHEeH, y KOTOPOW €IMHCTBEHHBIH apryMeHT W NP BbI30Be €ChO oHa mewaraer cBoi
apryMEHT.

4.1.2. AprymMeHTBI
dopmanbHbIe apryMeHTHl (DYHKIMH ONPENeNIOT MEepeMEHHbIC, 3HAUYCHHS KOTOPBIX
OyayT TpeAoCTaBlieHbl TpH BbI3oBe (YyHKUMU. LVMeHa 3TUX apryMeHTOB MOTYT
HCTIONIB30BAThCS B Tpejiesiax Tesa GyHKIUH, T/Ie OHH TOJIyJaroT 3HaYeHUE, MTPEJOCTaBICHHOEe
BO BpeMs BbI30Ba (DYHKITHH.

MoOXHO yKa3aTh 3HAUYEHHsI 10 YMOJIYAHUIO Il apTyMEHTOB, UCTIONb3Ys CHEIHATIbHYIO
dopmy ‘hame = expression’. B srtom ciydae, eciu MOJb30BaTeib He OYyIET yKa3bIBaTh
3HaYeHHue i apryMmeHTa U (yHKIuUs OyneT BbI3BaHA, TO BbIpaKEHUE OYAET CBSA3aHO C
COOTBETCTBYIOUIMM CUMBOJIOM. Eciiit 3HaueHne HE0OX0MMO, TO BBIPAKEHHE OLIEHHBACTCS BO
dpeiime o1leHKH QYHKITUH.

[ToBeneHUE TTO YMOJYAHHIO TAK)KE MOXKHO yKa3aTh IyTEM HCIIOIB30BaHUS (HYHKIIMU
missing. Korma missing BeI3biBaeTcsi ¢ UMEHEM (OPMAIbHOIO apryMeHTa, TO BO3BpaIiaer
TRUE, ecnu ¢opmanpHBIi apryMEeHT HE COOTBETCTBOBAJI KaKOMY-THOO (haKTHUECKOMY
apryMEHTY M He ObLT BIIOCJICJCTBUH U3MEHEH B TeJe PYHKIMH. APTYMEHT, KOTOPBIH SIBISCTCS
missing, TakuM 00pa3oM, MOJYYHT CBOE 3HAUCHHE 10 YMOIYaHHIO, Wi Jro0oe. DyHKuus
MISSiNg He BBI3BIBACT OIICHKH apryMeHTa.

CnenuanpHBIA  THN  aprymMeHTa ‘...° MOXET CcojAepXaTh Jo0oe  YHUCIIo
IIPEIOCTABIEHHBIX apryMeHToB. OH HCHOib3yeTcd i1 MHOXKecTBa Leneil. OH 1o3BOJIseT
nucath (QYHKIUIO, KOTopas OepeT MpPOU3BOJIBHOE YHUCIO apryMeHTOB. OJTO MOXKET
UCIIOJIb30BAThCS ISl TIEPEMEIICHUs HEKOTOPBIX apryMEHTOB B IMPOMEXYTOUHYIO (DYHKIIHIO,
KOTOPBIE 3aT€M MOTYT OBITh U3BJICYEHBI (DYHKIIUSMU, BBI3BAHHBIMU BIIOCIICACTBHH.
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4.2. ®YHKINH KAK 00beKThI
OyHKIMHU SBISIIOTCS. 00bEKTaMH MepBoro kiacca B KA. OHU MOTYT HCIOIb30BaThCS T
YrOJHO TIPH HEOOXOAMMOCTH B 00bekTe A. B 4aCTHOCTH UX MOXHO MepeaaTh Kak apryMeHThI
GYHKIHAM U BO3BPAaTUTh Kak 3HaueHue ¢pyukuuit. Cm. pasaen 2.1.5 [OyHkuun-o0beKThI| 1ist
MOIPOOHOCTEH.

4.3 . Ouenka

4.3.1. OKpyxKawias cpejia OLLeHKH!

IIpu BbIZOBe (yHKIMM co37aeTcss HOBBIM (peiiMm oneHku. B stom  ¢peiime
(opManbHBIE apPryMEHTBl CONOCTABISAIOTCS MPEJOCTaBICHHBIM apryMEHTaM COIJIaCHO
npaBujaM, U3J10KeHHbIM B pazzeine 4.3.2 [CooTBercTBUE apryMeHTOB|. Omnepartopsl B Teie
(yHKLINU TOCJIE0BATENILHO OLIEHUBAIOTCS B 3TOM (hpeliMe OKpYXKarolliel cpebl.

Oo6BopauunBaronuii Gppeiim pperiMa orieHKH ABIsAETCA HPEHMOM OKpYKAIOIIEH CPeIbl,
CBSI3aHHOM C BBI3bIBAEMOI (PYHKITHEH. DTO MOXKET OTINYATHCS OT S. X0Ts y MHOTHX ()YyHKIIMHA
umeercs G/lobalEnve kadecTBe MX OKpYIKArOIIEH Cpebl, 4TO HE BCETa BEPHO, Uy (DYHKIHA,
OIIpEJICTSIEMBbIX B IMAKETaX C MPOCTPAHCTBaMH HMMEH (0OBIYHO) €CTh MPOCTPAHCTBO MMEH
naKeTa Kak X OKpY)Karomas cpena.

4.3.2. CooTBeTCTBUE apryMeHTa
OTOT monpa3ien NpUMEHsAETCs K oOepTkaM, a HE K NPUMUTUBHBIM (DYHKIIHSIM.
[Tocnennue OOBIYHO WTHOPHUPYIOT TETHM M BBINOJHSIOT ITO3HIMOHHOE COOTBETCTBHE, HO
CIIe/yeT MPOKOHCYIBTUPOBATHCS C HX CIIPaBKOW 00 MCKIFOUEHHMSIX, KOTOpbIe BKItoYatoT 10g,
round, signif, rep u seq.int.

Brauane onenka (QyHKITUH COCTOMT B COMOCTaBICHUH (OPMAIBHBIX U (PaKTHUECKUX
HJIU MTPEAOCTABJICHHBIX apTr'yYMCHTOB. 910 CACJIaHO B TPCX HIAroBOM Hpouecce:

1. Tounoe cooTBeTcTBHE Ha Terax. J{s KaXkJ10ro MMEHOBAHHOTO MPEIOCTaBICHHOTO
apryMeHTa HIIeTCsl CINHUCOK (OpPMalbHBIX apryMEeHTOB C JJIEMEHTOM, HMs KOTOpPOTO
COOTBETCTBYET TOYHO. SBisieTcss OMMOKON HWMETh COOTBETCTBUE OIHOTO M TOTO KE
(dbopManbHOIO apryMeHTa HECKOJIBKUM peaibHO CYIIECTBYIOIINUM MIH HA000POT.

2. YacrHOe COOTBETCTBHE Ha Terax. Kakablii OCTaloMicd WMEHOBAHHBIN
NPEOCTABICHHBIA apryMEHT MO0 CPABHEHHUIO C OCTAIOIIUMHUCS (OpMaTbHBIMH apryMEHTaMH,
UCTIONIB3YEeT YaCTHOE COOTBETCTBHE. ECiM MMS MpeIOCTaBICHHOTO apryMeHTa COOTBETCTBYET
TOYHO C TEPBOM YACThIO (HOPMANBHOTO apryMeHTa, TO 3TH JIBa apryMEHTa CUHUTAIOTCS
COOTBETCTBYIOIIMMU. SIBIseTcs OmMMOKOW MMETh MHOTO YaCTHBIX COOTBETCTBHM. 3aMeTHUM
ato, ecnu f<- function(fumble, fooey) fbody, 7(f= 1, fo = 2) nenonyctuma, naxe npu
TOM, 4TO 2-0i (haKTHYEeCKHii apryMeHT ToNbko cootBeTcTByer fooey. f (f= 1, fooey = 2)
SABIAET € 3aKOHHBIM, XOTSI BTOPOW apryMEHT COOTBETCTBYET TOYHO M yHOAJIeH W3
paccMOTpeHHMsI Uil 4acTHOTO COOTBeTCTBUsS. Eciin ¢dopmanibHbIe apryMeHTHI coaepkar
TOT/Ia YaCTHOE COOTBETCTBHE TOJHKO MPUMEHHMO K apryMEHTaM, KOTOPBIE MPEIIICCTBYIOT
emy.

3. ITosunnonHoe coorBercTBUE. JIT0ObIe HecoriacoBaHHbIE (POpMATIbHBIE APTYMEHTHI
OTpaHUYCHBbl HEeHA3BAHHBIMU TIPEJIOCTABICHHBIM apryMeHTaM B clieAyronieM mopsiake. Ecim
Oyner ‘...° apryMeHT, TO OH TpHUBEIET B pabouee COCTOSHHE OCTAIOIIUECS apryMEHTHI,
TETUPOBAaHHBIC WITH HET.

Ecimm  kakume-muOO apryMeHTBl OCTAIOTCS HECOTIACOBAHHBIMH, TO OOBSBIIICTCS
omuoka.

CooTBeTCTBHE apryMeHTOB oOecnieunBaeTcs (GyHkumsMmu /match.arg, match.call n
match. fun. JIoctym K 4aCTHOMY aJlrTOPUTMY COOTBETCTBHSI, UCTIOIB3yeMoMy R, uepe3 pmalch.

4.3.3. OueHKa apryMeHTOB
OnHUM M3 CaMBIX BaKHBIX TOJIOKEHUH B OIICHKE apryMEHTOB ()YHKIIMH COCTOUT B
TOM, YTO NPEJOCTABICHHbIE apIyMEHThl M apryMEHThI 110 YMOJIYaHHUIO 00pabaThIBAtOTCS I10-
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pasnomy. IIpenocraBieHHble apryMeHTbl (DYHKIIMH OIICHEHBI BO (peiimMe oLeHKH (yHKIUU
BbI30Ba. APryMEHTHI IO YMOTYaHUIO (QYHKIIMH OLIEHEHBI BO (ppeiime OLleHKH PYHKIIUH.

CemaHTHKa BbI30Ba (DYHKIIMH C apryMEeHTaMu B A SBIISETCS BBI30BOM IO 3HAYEHHIO.
Boo0iie, mpenocraBieHHBIE AapTyMEHTHI BeAyT ceOsi Tak, Kak OyATO OHHU  SBISIOTCS
JOKAJIBHBIMH NEPEMEHHBIMH, MHUIMAIN3UPOBAHHBIMHU C MPEJOCTABICHHBIM 3HAYCHUEM U C
UMEHEM  COOTBETCTBYIOIIETO  (opMasbHOrO  aprymenra. l3meHeHue  3Ha4yeHuUs
IPEIOCTAaBIICHHOTO apryMeHTa B Ipefenax (QYHKIUM He OyldeT BIMATH Ha 3HAYCHHE
NEepeMEeHHOI BO (hpeiiMe BhI30Ba.

Y R ectb dopma OTIOKEHHBIX BBIYMCICHUN apryMEHTOB (DYHKIMH. APryMEHTHI HE
OILICHUBAIOTCSI, ITOKA OTCYTCTBYET HEOOXOIMMOCTh. Ba)KHO MOHSATH, YTO B HEKOTOPBIX CITydasix
apryMeHT HHUKOrja He OyneT omeHuBaThCs. TakuM 00pa3oM, IUIOXUM CTHIIEM SIBIISETCS
WCITOJIb30BaHNE apryMEHTOB (DYHKITUH ISl BBI30Ba MOOOYHBIX 3 dekToB. B TO Bpems kak B C
pacrpocTpaHeHO UCIoNb30BaHue GopmMbl 00 (X = )), 4ToOBI BbI3BaTh 100 CO 3HAYCHUEM VU
OJTHOBPEMEHHO TIPUCBOUTH 3HAYCHHE YK X, TO TAKOW CTHJIb HE JOJDKEH MCIIONIb30BaThCs B K.
Her Hukakod rapaHTuUHM, YTO apryMEeHT KOrjaa-mubo OyneT OIEHEH, M, CJIEeJ0BaTEeNbHO,
NIPUCBOCHUE, BO3MOXKHO, HE OYy/IeT BHIOJIHEHO.

Tax)ke CTOMT 3aMeTUTh, YTO BozzekcTBre f00 (X <-y) mpu OICHKE apryMeHTa COCTOMT
B M3MEHEHUM 3HAYCHUS X B OKPY)KAIOIIEH Cpejie BHI30Ba, a HE B OKPY)KAIOIIEH Cpejie OIEHKH
foo.

MOXHO TONYYUTh JOCTYN K (aKkTHuecKoMy (HE IO YMOJIYAaHHIO) BBIPAXKEHHIO,
UCIIOJIb3YEMOMY B KadyeCcTBE apryMEHTOB BHYTpU (YHKIHMH. MexaHU3M pealn30BaH uepe3
obemanus. Ilpu ouenke (yHKIMM (PaKTHUYECKOE BBIpAKEHHUE, HCIIOJb3yeMOEe B KayecTBE
apryMeHTa, coxXpaHseTcss B OOCIIaHMM BMECTe C YyKaszaTeJIeM Ha OKPYXKaIoLIyl0 Ccpeny
¢yHkunu OTKyga oHa Obuta BbI3BaHa. Kornma (ecim) apryMeHT OIICHEH, COXPaHEHHOE
BBIPOKECHHE OIICHUBACTCS B OKPYKAIOIIECH cpelie, U3 KOTOpol Obuta BeI3BaHAa GyHKIHs. Tak
KaK MHCIONB3YeTCs TOJBKO YKa3zaTellb Ha OKPYKAIOIIYI0 Cpeny, Jro0ble H3MEHEHHUs,
MIPOU3BENICHHBIC B TOH OKPYKAIOIIEH cpee, OyayT ACHCTBUTEILHBI BO BPEMs 3TOW OIICHKH.
3areM TaK)Ke COXPAHMUTCS IMOJyYEeHHOE 3HAUYEHHWE B OTAEIBHOM MecTe€ B OOCHIaHHH.
[Mocneayromye OLEHKH TOMYyYaroT 3Ty XPAaHUMYIO0 CyMMY (BTOpasi OIIEHKA HE BBITOIHSIETCS).
Takske BO3MOXKEH JIOCTYII K HEOLIGHEHHOMY BBIPa)KCHHUIO, HCIIOIb30BaHKueM Substitute.

[Tpu BbI30BE (PYHKUMHU KaXIbld (HOpMaNbHBIM apryMEeHT HpPUIIMCAaH K OOCIIAHHIO B
JIOKaJIBLHOM OKPYKAOIIECH Cpejie BHI30Ba CO CIIOTOM BBIPKEHUS, COAEPKAMNM (HaKTUICCKUN
apryMeHT (€cli OH CYIIECTBYET), M CIOT OKPYXKAaroIlei cpelibl, COAePKALINI OKPYKAIOLTYIO
cpeny BbI3bIBaOIIEN cTOpoHBL. Eciu oTcyTeTBYyeT (hakTHUeCKUi apryMeHT AJisi popMallbHOTO
apryMeHTa B JaHHOM BBI30BE, M CYILIECTBYET BBIPR)KEHHE IO YMOJYAHHUIO, TO OH TaK K€
MPUCBAUBAETCS CJIOTY BBIpaXXEHHUS (OPMAIBHOIO apryMeHTa, HO C OKpY)KalolleWl Ccperow,
YCTaHOBJICHHOM K JIOKAJIbBHOW OKPYXKaroLIEN Cpee.

[Iporecc 3amonHeHUs OO€UIaHMA 3HAYEHUSMH CJIOTa MYTEM OIEHKH COJepiKaHUs
BBIPOKEHHSI CJI0TAa B OKPYXKAIOIIEH cpene oOemaHuii Ha3bIBAIOT NPUHYIHCOeHUeM OOCIIaHus.
OOGemanue TONBKO OJHAKABI OyIeT MNPUHYXKIEHO, KOHTEHT 3HAa4YeHUs cJoTa Oyzaer
HETIOCPEJCTBEHHO MUCTIOIh30BATHCS TTO3IKE.

OOemanne sBIAETCS TNPHUHYIUTEIBHBIM, KOT/Ia €ro 3HadeHHe Heo0Xoammo. ITo
OOBIYHO MPOUCXOMUT BO BHYTPEHHHX (YHKIMAX, HO oOOCIIaHWe MOXKET Takxke OBbITh
NPUHYANTEIBHBIM TIPSIMOM OLIEHKOW OOemIaHusi HEMOCPEICTBEHHO. DTO WHOT/A IOJIE3HO,
KOTJ]a BBIPOKEHHE 10 YMOJIYAHUIO 3aBUCHT OT 3HAUEHUS JAPYroro (GopManabHOTO apryMeHTa
WU JAPYroll TMEpEeMEHHOW B OKPYKEHHHU. ODTO 3aMEYEHO B CIEAYIOIIEM MpuMepe, e
omuHokas label rapanTupyer, uro mMeTka OyJer ocHOBaHa Ha 3HAYEHHH X MPEXKIE, YeM OHa
OyzeT n3MeHeHa B CIIEAYIOIIEH CTpOKe.

function(x, label = deparse(x)) {
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label
X <- x + 1 print(label)

}

Crnot BbIpakeHUs O0€IIaHNs MOXKET CaMOCTOSITENIbHO BKIIIOUATh Jpyrue odemanus. 1o
MIPOUCXOUT BCSIKHUM pa3, KOT/Ia HEOIIEHEHHBIM apryMEHT MEpPENaloT KaK apryMeHT IPyrou
dbyakuun. [Ipu npuHyXaeHnN 00emanust Ipyrue 00emaHus B €r0 BRIPaKEHUH TaK)Ke OyayT
HNPUHYXICHBI PEKYPCUBHO U3-3a UX OLCHKH.

4.3.4. O6JacTb AelcTBUA
Kontekct wnm mpaBuia o0nacTH JEHCTBHA NPOCTO SIBISIOTCS HAOOpOM TMIpaBuMI,
UCIIOJIb3YEMBIX CPEJICTBOM aHAJM3a JIUIS MOMCKA 3HAYCHHSI CUMBOJIA. Y KXKIOTO MAIIMHHOTO
SA3bIKa €CTh PAJ TakuxX InpaBwi. B A mpaBmiia JOBOJBHO NMPOCTHL, HO B HHUX CYHIECTBYIOT
MEXaHHU3MBI JUISI U3MEHEHUS OOBIYHOCTH, WJIH MPABHUIT IT0 YMOJTYaHHIO.

R MNPUACPKHUBACTCA psaaa MpaBUJl, KOTOPBIC HA3BIBAIOT JIEKCUUECKUM KOHMEKCNOM.
DTO O3HAYacT PCATBHOC CBA3BIBAHUC INCPECMCHHBIX HPH CO3JaHHUU BBIPAKCHUSA, U 0OBIYHO
o0ecneynBaroT 3HAYCHUS JJIA JIFOOBIX HECBA3aHHEBIX CHMBOJIOB B BBIPpaKCHHUMU.

BoabImMHCTBO MHTEPECHBIX CBOMCTB 00JIACTH ACHCTBUS CBSI3aHO C OIICHKON (DYHKITHH,
U MBI COCPEAOTOYMMCS Ha 3ToW mpoOneme. CHMBOJ MOXET OBbITh WU CBS3aHHBIM, WU
HecBsi3aHHBIM. Bee popmanbHbie apryMeHThl PYHKITMKA 00€CTICUnBAIOT CBSI3aHHBIE CHMBOJIBI B
tesne GyHkuuu. JIroOble Apyrue CUMBOJIBI B Tele (PYHKIUHU - WM JIOKAIbHBIE TEPEMEHHBIC
WM HECBsI3aHHBIE TepeMeHHble. JlokanbHas TMepeMeHHas - Ta, KOTOpas OmpeneicHa B
npeaenax ¢pyakuun. [lockonbky y R HET HUKaKOTro (hOpMabHOTO ONPECIICHHS TIEPEMEHHBIX,
OHHU HpOCTO I/ICHO.HBBYIOTCH HpI/I HGOGXO,Z[I/IMOCTI/I, U MOXCT 6I>ITB CJIOXKHO onpez[eJme,
JIOKaJdbHA JIM TIEpEMEHHass WM HeT. JlokalmbHbIE TEepeMEHHBIE IOJDKHBI CHadayia OBITh
OHp@I[eJIeHBI, 9TO O6I:I‘-IHO JCJIacTCA HpI/I HaJIM4Ynn HpI/ICBOGHI/IH OT HHUX CJICBA.

Bo Bpems mporiecca oueHKH npu 0OHApY>KEHHH HECBA3aHHOTO CMMBOJNa A IbITaeTcs
HaWTH 3HadeHWe Juid Hero. [IpaBuia oOmacTu NEHCTBUS ONMPEICISIOT BBIIOJIHEHHE 3TOTO
nporecca. B R cHauana umeTcs okpyxkamoomas cpefa (pyHKUWH, 3aTeM ee o0epTKa M Tak
nanee, moka He Oy/IeT TOCTUTHYTA TJI00aIbHAs OKpYKaIoIas cpea.

A simple example:

f <- function() {

y<-10

g <- function(x) x +y return(g)

h<- ()
h(3)
B S wu3-3a pa3nuuHbBIX TpaBWJI OOJACTH JCWCTBHS JaHHBIX BO3HHUKHET OIIMOKA,

yKa3bpIBaIOI[asi, YTO )/ HE HaWACH, €ClM NEpEeMEHHOH J Her B pabodeld obnmactu mpH
HCIIOJIb30BaHUU €€ 3HAYCHUS.

JIOBOJIbHO MHTEPECHBIN BOIPOC COCTOUT B TOM, YTO MPOUCXOAUT TpH OueHke A. st
ONHUCaHMs ATOro MoTpedyeTcst elle HECKONbKOo ompeneneHui. B mpenenax tena ¢yHKumuu
NEpEMEHHbIE MOTYT OBITh CBS3aHHBIMHU, JIOKAJbHBIMH WIM HECBsI3aHHBIMH. CBS3aHHBIC
IIEPEMEHHBIE - T€, KOTOPbIE COOTBETCTBYIOT (JOPMAIIbHBIM apryMeHTaM QyHKIMHU. JIoKabHbIE
IIEpEMEHHbIE - T€, KOTOphIe OBUIM CO3MaHbl MM OIpEIeNieHbl B Ipenenax Teia (QyHKIUH.
HecBsi3aHHBIE NIEPEMEHHBIE - T€, KOTOPBIE SBISAIOTCA HM JIOKAJIbHBIMH, HU CBSI3aHHBIMU.
Ilocne oueHkun Tena (QYHKUUMH OTCYTCTBYIOT NpOOJEMbI OIpeNeNeHuss 3HAYCHUH JUIs
JOKaJbHBIX IEPEMEHHBIX WM [yl CBSI3aHHBIX IepeMeHHbIX. [IpaBmiia 0030pa IaHHBIX
OIPEIEIAOT IIOUCK 3HAYECHUS 1)1 HECBS3aHHBIX [IEPEMEHHBIX B SI3BIKE.
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[Tpu ouenke /(3) BuauMm, 4TO €ro Teio sBisseTcs TejaoM g. B mpenenax storo tema X
cBsi3aH ¢ (pOpPMabHBIM apryMEHTOM, a Y SBISETCS HECBA3aHHBIM. Ha sI3bIKe C JIEKCHYECKUM

KOHTEKCTOM, X OyIeT MPHCOEIMHEH CO 3HaueHWeM 3, a ) co 3HaueHueMm 10 mokampHO#M F
utak /1(3) nomkeH BepHyTh 3HaueHue 13. B R3To 1eiCTBUTENBHO MPOUCXOIHUT.

B Su3-3a pa3nuyHbIX npaBui 0030pa TaHHBIX MTOyYaeM OIMHOKY C YKa3aHUEM, UToO Y
HE HaliJIeH, €CITM HEeT MePEeMEHHOH Y B pabodeil 00J1acTH MpU UCTIOIH30BAHUU €€ 3HAUCHUSI.
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5. 00'beKTHO-OpMEHTUPOBAHHOE IPOrpaMMHUpPOBaHUE

OOBEKTHO-OPHEHTUPOBAHHOE MPOTPAMMHUPOBAHUE — ITO CTHIIb MPOTrPAMMHUPOBAHMUA,
KOTOPBII CTaJll MONYJSIPHBIM B IOCJIEAHHME ToAbl. bojblias wacTe NOMYJISPHOCTH
orpenensercs: o0JieryeHueM HAMCaHUs U TOAJIEPKKU CIOXKHBIX cucTeM. [lenaeTcs 3To yepes
HECKOJIBKO Pa3IMYHbIX MEXaHU3MOB.

LleHTpanbHBIM K JHOOOMY OOBEKTHO-OPUEHTUPOBAHHOMY SI3BIKY SIBIISICTCS TMOHSTHE
KiIacca U MeronoB. Kmacc (class) ssnsercs omnpeneneHueM oObekta. OOBIMHO Kiacce
COJICPKHUT HECKOIBKO c/0T 0B (SI0t), KOTOpBIe MCITONB3YIOTCS I COAEPKaHus HH(POpMAIIHK
o kmacce. OOBEKT Ha sA3bIKE JODKCH OBITh OK3EMIUIIPOM HEKOTOPOro  Kiacca.
ITporpamMmmupoBaHKe OCHOBAHO Ha 00BEKTAX HIIM SK3EMILIAPAX KIacCOB.

BerunciieHus: BIMOJIHEHBI Yepe3 MmeT 04561 (Method). MeToasl B OCHOBHOM SIBJISIFOTCS
(GYHKIMSAMHU, KOTOPBIC CIICIUATN3UPOBAHBI BBIOJHEHHS OIPEICICHHBIX BBHIYUCICHUN Ha
00BeKTax, OOBIYHO OMpPENeICHHOro Kiacca. VIMEHHO J3TO JenaeT s3bIK  OOBEKTHO-
OPUCHTHUPOBAaHHBIM. B AR WCHONB3YIOTCS YHHBEpCaIbHBIE (OYHKOHA JUIS  OTPEACTICHHUS
COOTBETCTBYIOIIETO METONA. YHHBEpCalbHass (DYHKIMS OTBETCTBEHHA 3a OIPEACISIONINE
KJIacC €€ apryMeHThl M HCIOJb3yeT 3Ty HMHGOpPMAIHMIO I BBHIOOpPAa COOTBETCTBYIOIIETO
METO/1a.

Jlpyrast 0cOO€HHOCTh OOJNBIIMHCTBA OOBEKTHO-OPUEHTUPOBAHHBIX SI3BIKOB - IOHSATHE
HacjeqoBaHuA. B OONBIIMHCTBE 3apOrpaMMHMPOBAHHBIX 3a7ad OOBIYHO CYIIECTBYET MHOTO
00BEKTOB, KOTOpPHIE CBSI3aHBI MEXIy co00#. [IporpaMmupoBanue 3HAYUTENHFHO YIPOIIACTCS
Y BO3MOXXHOCTH MTOBTOPHOT'O MCIOIH30BAHUSI HEKOTOPBIX KOMIIOHEHT.

Ecnu xiacc HacienoBajicst OT Jpyroro Kjacca TOTr/a OObIYHO, YTO OH IOJIyYaeT Bce
CIIOTHl B POJUTENHCKOM KJIacce M MOXET pacIIUpUTh UX, MpubaBisis HOBble ciOTHL [Ipu
MIOCBIIKE METo/1a (Yepe3 yHUBepcallbHbIe (YHKIINN), €CIIM METOJ Ul Kjacca He CYIIeCTBYeET,
OH Pa3bICKMBAETCS METOJ Y POAUTEINS.

B »T0i1 TiaBe oOCcykaaeTcs peanuzanus dTol o0miei crpaTeruu B A U 00Cy)AaroTCs
HEKOTOpbIE M3 OrpaHUuYEHUN B Ipeaenax TeKyulero npoekra. OgHO W3 NPEUMYILECTB,
KOTOpBIE  Tiepenaercs  OOJBIIMHCTBY  OOBEKTHBIX  CHCTEM,  SBJSIETCS  OobImas
HENPOTUBOPEUUBOCTh. DTO JOCTUTHYTO Y€pe3 MpaBUia, KOTOPbIE IPOBEPEHBI KOMIMIATOPOM
win uHTepnperatopoM. K coxanenuto, nz-3a cnocoda, KOTOPbIM 0OBEKT CHCTEMbI BKITIOUYCH B
R, naHHOE TpEeNMYIIECTBO HE BO3HMKaeT. [lonmp3oBarenell mMpemnocTeperaroT UCIONIb30BaTh
O6’beKTa CUCTCMY MPSIMBIM CHOCOGOM. B 10 BpPEMA KaK BO3MOKHO BBIIIOJIHUTH HCKOTOPBIC
JIOBOJIEHO MHTEPECHBIC MOJABUTH, OHU UMEIOT TEHICHIIMIO IPUBOINUTH K 3allyTAHHOMY KOJy H
MOTYT 3aBUCETh OT JETalell peann3alnnuu, KOTopsle He OyIyT MPOIBUHYTHI.

Camoe MIMPOKOE UCIOIb30BaHHe 00bEKTHO-OPUEHTHPOBAHHOTO TIPOTPAMMHUPOBAHHUS B
R ocyiiecTBiseTcst yepe3 Metoabl nieuatu (prinl), Meromsl CBOAOK (SUMIMArY) W METOMIbBI
pucoBanus (p/lof). Dth MeTOABI TPEAOCTABISIOT OJMHAKOBBIM BBI30B YHHUBEPCATIbHOMN
(YHKIMH, CKaKEM PHCOBAaHWS, KOTOPBIM 3aBUCHT OT THIIA €r0 apryMEeHTa W BbI3bIBACT
(GYHKLNIO PUCOBaHUS, KOTOPAs SIBJISAETCS ONpPEeICHHOMN /Il MOJy4YSHHBIX JaHHBIX.

Jliss  TPOSICHEHUST KOHIEMIIUU PACCMOTPUM pealu3alhi0 HEOOJNBIIONW CHUCTEMBI,
paspaboTaHHON UIsT 00YYEeHHS CTYIEHTOB TEOPHH BEPOSTHOCTU. B 3TO# cucteme 0OBEKTHI -
(GYHKIMK BEPOSITHOCTH, a pacCMaTpUBACMble METOIBI MpPEIHA3HAYAIOTCS JUIS TOWCKa
MOMEHTOB W pHUCOBaHHSI. BepOsSTHOCTH MOTYT BCeria NpPEACTABIATHCS C TOYKH 3PEHUS
KYMYJISSTUBHOW (YHKIIMM paclpelieieHus, HO MOTYT 4YacTO NPEACTaBISTHCS JIPYTHMHU
cnocobamu. Hampumep, Kak IIOTHOCTh, KOTJIa OHA CYIIECTBYET WM Kak MPOU3BOTHAS
(GYHKIIMM MOMEHTA MU €€ CYIIeCTBOBAHUU.

5.1. Onpenenenne
BwmecTo 3akoHueHHON OOBEKTHO-OPHMEHTHPOBAHHOW CHUCTeMBI, y R ecTh cucrema
KJlacCa U ME€XaHU3M JId ITOCBIJIKHN O6’beKTa, OCHOBAHHOTI'0O Ha Kjacce. MexaHu3M IIOCBUIKU JJIA
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HHTepHpeTpreMOFO KOoJa I1moJjiaracrcsa Ha quHpe CIICIIHAJIBHBIX O6’BeKTa, KOTOpBIe XpaHfITC}I
BO (hpeiiMe oneHKH. DTUMH CIielHaIbHBIMU 0ObekTaMu sBisitorcst .Generic, .Class, .Method
u .Group. CymecTByeT OTIAENbHBIA MEXaHU3M IOCBUIKM, WCHOJIB3YyEeMBIH Ui BHYTPEHHUX
(GYHKIMA U TUTIOB, KOTOPBIE OYAyT 0OCYKIEHBI B IPYTOM MECTE.

Kitace cucremsr onpenensercs uepe3 arpu0yt class. DTot aTpulyT SIBISETCS CIIUCKOM
UMEH KiaccoB. Mrak, s co3nanust ooObekTa kiacca "fo0" npocto nprcoenunseTcs arpuoyT
Kiaacca co crpokoit ‘"foo"’ B mem. Takum oOpa3oM, (aKTHUECKH YTO-THOO MOKET OBITH
BO3BpAILIEHO 00BEKTY Kilacca "f00".

CucteMHbIii OOBEKT HWCHONB3YET YHHBEPCAJIbHBIE (DYHKUHH depe3 IBe (QYHKUUHU
noceutku: UseMethod w NextMethod. Tunu4yHOEe WCIONB30BaHHE CHCTEMHOTO OOBEKTa
JIOJDKHO HAYMHATBCS BBI30BOM YHUBEPCAJIbHOM (DyHKIIUU.

OHa TUIIUYHO OYEHB MPOCTast (PYHKIUSA U COCTOUT U3 OJHON CTPOKH Koja. CucTeMHas
GyHKIMS /76411 KaK pa3 SBISETCS TaKou (PyHKITHEH:

> mean
function (x, ...)
UseMethod(*mean™)

IIpu BbI3OBE /776471, y HEEe MOXKET OBITH JII0OOOE YHMCIO APTyMEHTOB, HO €€ INEpBBIN
apryMEeHT SIBJISIETCS OCOOCHHBIM, M KJAacC 3TOrO IEPBOrO apryMEeHTa HCIOJb3YeTCs JUis
ONpEe/ICNICHNs] HEOOXOMUMOr0 MeToja, IoJuIexamero BboBy. Ilepemennas .C/ass
yCTaHOBJICHA B aTpUOYT Kiacca X, .GENeric ycTaHoBJIEH B CTPOKY «/71€4/1», N TIONCK CHEaH
JUIS BBI30Ba KOPPEKTHOro MeToja. MrHopupyroTcss aTpuOyThl Kiacca JIOOBIX JIpYrux
apryMeHTOB /1earn.

[Ipenmonoxum, uTto y X ObUT aTpuOyT Kiacca, KOTOpsIA codep:kan "foo" u "bar' B
aTOM mopsike. B aTom cityuae R cHavyana uckan Obl QyHKINIO, Ha3BaHHYIO /M€an.foo u eciu 6
HE HaIlllell, TO 3aTeM HCKasl Obl QyHKIUIO /1ean.bar, a B ciyvae HEylauHOCTH STOTrO MOKMCKa
BBIMOJIHWJI ObI 3aKJTFOUUTEIbHBIN TOUCK /mean.default. Ecnv w nocneqHuii MoucK HeymaadcH,
To R BbytacT ommoOKy. Xopolield uaeed SBISETCS yKa3aHHE METOJa I0 YMOJTYAHHIO.
3ameTMm, 4T0 GYHKIUH /7€4N. 100 v T.1. yIOMSIHYTBI, B 3TOM KOHTEKCTE, KaK METO/IbI.

NextMethod oGecrieunBaeT APYrod MEXaHWU3M Ui TOCTaBKU. Y (YHKIHUU BBI3OB
NextMethod moxer ObiTh B Jar000M MecTe. OmpeseicHHe IMOIEkKAIIET0 BBI30BY METOa
Oasupyercs, TpeXxae BCEro, Ha TeKyiieM 3HaueHuu .C/ass u .Generic. Tto HECKOIbKO
npoOJeMaTHYHO, TaK KaK METOH SBIAETCS OOBIMHOM (yHKIMEH, M TOJIb30BATENU MOTYT
BBI3BaTh €ro HermocpeacTBeHHO. Eciu Tak chaenath, TO OyAyT OTCYTCTBOBATh 3HAYCHUS LIS
.Generic wmu .Class.

Ecnu MeTon BbI3BaH HENOCPEACTBEHHO, M OH COACPXKHUT BbI3OB NextMethod, to
uCronb3yeTcst nepBbiii apryment NextMethod mms onpenencHust yHUBEpCAIbHON (DYHKITHH.
[levataercs ommbOKa MpU OTCYTCTBUU 3TOTO aPTyMEHTA; IMO3TOMY XOpOILEH Heei sIBiseTcs
BCErZla IPEJOCTABIIATh TAKON apryMEHT.

B ciiyuae HemocpencTBEHHOTO BBI30BAa METOJa aTpHOYT Kiacca MEpBOTO apryMeHTa
MCETO/J1a UCITOJIB3YCTCA B KAYCCTBC 3HAYCHU A .ClaSS.

Camu meronsl ucnonb3yror NextMethod mnst oOGecriedenust popMbl HaciaeOBaHHUSL.
OOBIYHO OIpeeNIEHHBIN METO/ BBIIIOJIHIET HECKOJIBKO ONepaluii Uil yCTaHOBKHU JJaHHBIXE, a
3aTeM BBI3BIBACT CJICIYIOUIMI COOTBETCTBYIOIINI METOJI OCpeCcTBOM BhizoBa NextMethod.

Paccmorpure cinenyromuii mpocroil npumep. Todka B IByMepHOM EBKIMI0BOM
IPOCTPAHCTBE MOXKET yKa3bIBaThcs ee JlekapToBbIMHU (X-J) KOOpAMHATAMH WU MOJSIPHBIMA
(r-tera) koopamHatamu. CrenoBaTesbHO, IS XpaHEHUs HHGOPMAIMU O PaCIOJIOKCHUH
TOYKM MOXKHO OIPENeNUTh JBa Kiacca, "xypoint' w "rthetapoint'. Bee ‘Xypoinf cTpykTypbl
JAHHBIX - CIIHUCKU ¢ X-KOMITOHEHTOM M JFKOMITOHEHTOM. Bee rthetapoinf oObeKThl - CIIHCKH
C /-KOMIIOHEHTOM U KOMIIOHEHTOM TETHI.
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Tenepb, NPeANoONONKUM, UYTO IKEJIATEIBHO TMONYYUTHh X-TMO3UIMIO JIIOOOTO THIIA
00beKTa. OTO JIETKO MOXKHO CJA€JaTh uepe3 yHHUBepcaiubHble (yHKuuu. OmnpexpenseM
YHUBEPCATIBHYIO (DYHKIIMIO XPOS CIEAYIOMIUM 00pa3oM.

xpos <- function(x, ...) UseMethod(""xpos")
Tenepb MOKHO OIIPCACIUTDH MCTO/I.

xpos.xypoint <- function(x) x$x

xpos.rthetapoint <- function(x) x$r * cos(x$theta)

[Tonp30BaTenb MPOCTO BBI3BIBACT (YHKIHMIO XPOS C JIOOBIM MpPEICTABICHHEM B
KayecTBe apryMeHTa. BHyTpeHHUN MeTOJ MOCTaBKU HAaXOAUT KJAcC OOBEKTa M BBI3BIBAET
COOTBETCTBYIOILIUE METOIBI.

JIOBOTBHO JIETKO MPUOABHUTH Apyrue mnpenactaBieHus. OTCYyTCTBYET HEOOXOIUMOCTh
HAIMCaHUs HOBBIX YHHUBEPCAIbHBIX (YHKIUH, a TOJIBKO METO/Ibl. DTO obsieryaer 1o0aBieHue
K CYILIECTBYIOIIEH cUCTEME, TaK Kak IO0JIb30BaTelIb OTBETCTBEHEH JIMIIb 32 KOHTAKT C HOBBIM
MPEJICTAaBICHUEM, a HE C JIFOOBIM U3 CYIIECTBYIOIIUX MPEACTABICHUH.

O0BEeM UCTIOJIB30BAHUS ATOM METOIOJIOTHH K MPEOCTABICHHON CIICIIMAITM3UPOBAHHOM
nieyarty Juisi 00bEKTOB Pa3IMUHBIX THIIOB paBeH npuOim3nuTenbHo 40 Metoaam ajist print.

5.2. HacaenoBanue
VY arpubyra kiacca 00beKTa MOXKET ObITh HECKOJIbKO 3yieMeHTOB. Korma poaoByro
(GYHKIMIO BBI3BIBAIOT, IIEPBOE HACJEAOBaHWE, TJIaBHBIM oO0Opa3oM, o00paboTaHO depes
NextMethod. NextMethod pemaer, uTo Merona, B HACTOSIIUIT MOMEHT, OyIydd OIICHEHHBIM,
HaXOJUT CIEAYIOIIUNA KIacc OT

FIXME: 3aech 4T0-TO pOMmyIieHo

5.3. IMocraBka MeToaa
VHuBepcanbHble (QYHKIMA TODKHBI UMETh CIHHCTBEHHBINA orepatop. OHM JTOJKHBI
o0byHO MMeTh Bua: o0 <-function(x..) UseMethod (“foo”, x). Ilpu Be3OBe USeMethod
OTIpEIeTSIETCS. COOTBETCTBYIOIIMI METOM, a 3aTe€M BBI3BIBAETCS 3TOT METOJ C TEMH JKE
CaMBIMH apryMEHTaMH B TOM K€ CAMOM IOPSIIKE KaK YHUBEPCAIbHBIN BBI30B, KaK OYATO OBLI
BBI3BaH HEMTOCPEACTBEHHO METO/I.

JInst ompeneneHuss KOPPEKTHOTO METOJ| IMOJYYalOT M HMCIOJB3YIOT aTpUOyT Kiacca
MEpBOr0 apryMeHTa Ui MOWCKa KOPPEKTHOro Meronaa. MMs yHUBepcaabHOH (yHKIMH
OOBEMHEHO C TEpPBBIM JJIEMEHTOM arpudyTa Kiacca B Qopmy geéneric.class, w
pasbickuBaercsi GYHKIUS ¢ 3TUM uMeHeM. Eciu QyHKIus HaiiieHa, TO OHA HCIOJB3YETCs.
Ecnu QyHKIHMS OTCYTCTBYET, TO HCIOJB3YEeTCSl BTOPOM JIIEMEHT aTpuOyra Kiacca 0
HCYEPITaHMs BCEX AJIEMEHTOB aTpuoOyTa Kiacca. Eciu MeTo He ObUT Hal/IeH, TO B 3TOH TOYKE
UCTIONIB3YeTCS METOA géeneric.default. Ecnv y mepBoro apryMeHTa yHUBEpCaabHOH (QyHKINU
OTCYTCTBYET aTpuOyTa Kjacca, TO HCHOJb3yeTcs generic.default. Hauwnas ¢ BBeicHUs
IPOCTPAHCTB UMEH METOJIbI, BO3MOXHO, HE JIOCTYITHBI CBOUMU UMEHAMH (TO €CTh IMOJIyYCHHE
("generic.class") wmoxer mepectaThb paboTaTh), HO OHHM OYAyT JOCTYIHBI Yepes3

getS3method("generic”,"class").

VY mo6oro o0beKTa MOXKET OBITH aTpuUOYT Kiacca. Y 3TOro arpuOyra MOXKET OBITh
mr000e grcio 3neMeHToB. Kakaplil U3 HUX - CTpOKa, KOTopas onpeenser kiacc. [Ipu Be13oBe
YHHUBEPCATHHON (YHKIIUU HCCIETYETCs KIIACC €€ EPBOTO apryMEeHTa.

5.4. UseMethod
UseMethod - cneunanpaas QyHKIUS U BEACT ce0s MO-APYroMy OT APYTHX BBI30BOB
¢ynkuuu. CuHTakcucoM BbI30oBa 3Toro siBisietcs UseMethod(generic, object), rae generic
SBJISICTCSI MMCHEM YHUBepcaibHOW (yHkiuu, Object sBisiercss 00BEKTOM, KOTOPBIiA
UCTIONIB3YETCsl TSl OMpeielicHusl BbiOOpa metoza.. UseMethod moxxHo BBI3BaTh TONBKO U3
Tena QyHKIIUH.
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UseMethod w3amensier Monenb OICHKU JBYMsi ciocoO0amu. Bo-mepBbIX, Tpu BBI30BE
oTpeneNnsercss CIeAYIONiA MeTon ((PYyHKIHUs), MOAJSKAIINNA BBI30BY. 3aTeM BBI3BIBACTCS
(GyHKLMS C HCHOJB30BAHUE TEKYIIEH OIEHKH OKPY)KAIOLIeH Cpelbl; 3TOT Ipolecc Oyaer
OIMCaH KOpPOTKO. BTopoii myTh, pu kotopoMm UseMethod n3mMeHsieT OKpYKaloIIyio Cpey
OLIEHKH, COCTOUT B TOM, YTO HE BO3BpAIIIAETCS yIpaBiieHHue (PYHKIHUU BBI30Ba. DTO O3HAUYACT,
rapaHTHPOBAHHOE UCKITIOUCHHE BBIMTOJIHEHUS JIIOOBIX OIepaTopoB mocie BeizoBa UseMethod.

ITpu Be130Be USeMethod yrusepcanbHas yHKIIUS ABISETCA YKa3aHHBIM 3HAUEHUEM B
Bb130Be USseMethod. OObekT ansi TMOCTaBKH SIBISETCS MO0 TMPEIOCTABICHHBIM BTOPBIM
apryMeHTOM, JIN0O TMEePBBIM apryMeHTOM Tekymiel GyHkiuu. Kiacc aprymenTa onpezeneH, u
NEPBBI 3JIEMEHT 3TOr0 OOBEAMHEH C WMMEHEM YHUBEPCAIBHOCTH Ui ONPEACICHUS
COOTBETCTBYIOMIETO MeTo1a. Tak, eclii y YHUBEPCAIBHOCTH OBLIO UM 100, 1 Kacc 00BbEKTa -
"bar", To R Oyner uckaTh MeTOI ¢ UMeHeM f00.bar. Eciau Takoit MeToI He CYIIECTBYET, TO
UCTIONIB3YETCSl  BBIIIC  OMHMCAHHBIA ~ MEXaHW3M  HACJACNOBaHWUS JUIS  ONPEACICHUS
MECTOITOJIOKECHHS COOTBETCTBYIOIIETO METO/1A.

ITocne ompenenenuss Metofa AR BBI3BIBAET €ro CIEUUAIBHBIM criocoboM. Bmecto
CO3/1aHUs HOBOM OKpY»XKaroIei cpebl OlleHKH A HCIIONb3yeT OKPYKAIOIIYIO CPEY TEKYIIETO
BbI30Ba (DYHKIMHM (BBI30B YHUBEPCATHHOCTH). JIFOOBIC TPHCBOCHHUS WIIM OIICHKHU, KOTOPHIE
ObuTH chenaHbl nepen BeizoBoM UseMethod, 6ynyT B neiicTBOBaTh. APryMEHTHI, KOTOPBIC
UCIIONB30BAMCh B BBI30BE YHUBEPCAIBHOCTH, SBIAIOTCA CBEPX COOTBETCTBYIOIIMMHU K
(opMaIbHBIM apryMeHTaM BBIOPAaHHOT'O METOJA.

IIpu BBI30BE METOIAa OH BBI3BIBAETCSI C ApPTyMEHTAMM, KOTOPbIE OAMHAKOBBI 110 YHCITY U
MMEHaM KaK B BBI30BE YHHUBEpCaIbHOH (yHKUIHMU. OHU COOTBETCTBYIOT apryMEeHTaM METO/a
COIVIACHO CTaHJAApTHBIM MpaBuwiaM R 1 cOOTBETCTBUS apryMmeHTa. OJHaKo 0OBEKT, TO €CTh
NEPBBIN apryMEHT OLICHUBAETCA.

BezoB UseMethod nmeet 3¢ ekt pa3merieHrss HEKOTOPBIX CIICIHAIbHBIX 00BEKTOB
BO (ppeiime onenku. Do - .Class., Generic v .Method. Dtu cnietaabHbie 00BEKTHI 0OBIYHO
UCTIONB3YIOTCS R 11t 00pabOTKKM MOCTAaBKU METOJa U HaciieoBanus. .C/ass - kiacc o0beKTa
.Generic - umsa yHuBepcanbHOW (GyHKUMH W .Method - uMms BBI3BIBAEMOTO METOAA B
HACTOSANMH MOMEHT. [Ipu BBI30Be MeTOa Yepe3 OJHWH U3 BHYTPEHHHUX UHTEP(HEHCOB MOKET
OKa3aThCsl €IIe OJUH O0BEKT HMEHeM .Group. Ito OyneT omMcaHo B pasjaelie pasuena 5.6
[[pynmoBbie metonwl]. [locne HavanmbHOro BhIBOBAa USeMethod »ta  crneuwaibHbIC
MEPEMEHHBIE, aHE OOBEKT HETIOCPEICTBEHHO, YIIPABISIOT BEHIOOPOM MOCIEAYIOMIUX METOJIOB.

3areM Teno MEeTOoJla OIEHUBAETCS CTAaHAAPTHBIM criocoOoM. CrenranbHbIA MPOCMOT]P
NEPEMEHHBIX B TeJe CIEAYeT TpaBWwiIaM Juis MeTona. Tak, ecim y MeToja ecTh
NPUCOSANHECHHAs OKpPY)KAloIlas Cpela, TO OHA HCIONb3yeTcs. B elCTBUTENHHOCTH MBI
3aMEHWJIM BBI30B YHUBEPCAIbHON (YHKIMH BBI30BOM MeTona. JIroOble JIOKaJIbHBIC
NPUCBOCHUSI BO (ppeiime yHuBepcaabHON (YHKIMH OYyAyT NEpEeHECeHBI B BBI30B METOJA.
Hcrnonp3oBaHne 3TOM OCOOCHHOCTH OOECKypaKMBaeT. BaXKHO TMOHATH, YTO YIpPAaBJICHHUE
HUKOTZIa He OyIeT BO3BpPAIEHO YHUBEPCAIbHON (YHKIMU |, CIeOBaTelIbHO, HE OymyT
BBIMOJTHATKLCS JIIOOBIC BRIpaXKEHHUS TI0cie BbizoBa UseMethod.

JIroOble apryMeHThl YHUBEPCAIbHON (DYHKIHUH, KOTOpBIE OBUIM OLEHEHBI 0 BBI30BA
UseMethod, octaroTcst OlleHEHHBIMH.

ApPryMeHTBl B BBI30BE YHUBEPCAJIbHOH (YHKIIUU TOBTOPHO COIOCTABIISIOTCS C
apI‘YMeHTaMI/I JJ1 METOM, I/ICHOJ'IBSYH CTaHI[apTHBII\/'I MEXAaHHU3M COOTBCTCTBUA apryMeHTa.
[TepBbIit apryMeHT, TO €CTh 00BEKT, OYCT OICHEH.

Ecmu nepseiii apryment UseMethod ve nipemoctaBiieH, TO MPEANOIaracTcs, 4ro 3TO
uMs Tekymie ¢ynkuumu. Ecnu gBa aprymenrta mpenoctasienbl UseMethod, to mepBeiM
SIBJIICTCS MMl METOJ[a, W BTOPBIM MPEANOJaraeTcsi OOBEKT, MOJUICKAIIUNA MOCTaBKe. DTO
OIICHUBACTCA TaKUM 00pa3oM, YTOOBI MOXKHO OBLJIO ONpEAETUTh HEOOXOAWMBIM MeTon. B
9TOM cliydae IEPBBIA apryMEHT B BBI30BE YHUBEPCATHHOW (YHKIIMM HE OILEHWBACTCA WU
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orOpacsiBaeTcs. OTCYTCTBYIOT CIIOCOOBI U3MEHEHHS IPYTUX apryMEHTOB B BBI30BE METOAA, U
OHHU OCTAIOTCs B BUJIE, KaK OHU OBLIU MPH BBI30BE YHUBEpPCAIbHOW (QyHKIMU. B 3TOM OTiInuMe
ot NextMethod, rie apryMeHTBI B BBI3OBE CIIEIYIONIETO METOAa MOTYT OBITh H3MEHCHBI.

5.5. NextMethod
NextMethod icnionb3yertcs Ui oOecrieueH s IPOCTOr0 MEXaHW3Ma HaClleI0OBaHUSL.

Meronpl, BeI3BaHHBIE B pe3yibrare BbizoBa NextMethod, senyt cebs Tak, Kak OyATo
OHM OBLIM BBI3BAHBI W3 MPEABIAYIIETO METOAA. APryMEHTHI HACIIEIOBAHHOMY METOIY
HaxXo4dATCd B TOM KC€ CaAMOM IMOPAAKEC U UMCHOT TC KC CaMbIC MMCHA KaK BLI3OB TCKYLICTO
MeToZa. DTO O3HAYaeT, YTO OHW OJMHAKOBBI IO OTHOIICHHIO K BBI30BY YHHBEPCATbHOMN
¢ynkunu. OgHAKO, BBIPAXKEHUS JUIsI apTyMEHTOB - MMEHA COOTBETCTBYIOUIMX (POpManbHBIX
apryMEHTOB TEKYyIIEro MeToaa. TakuM 00pa3oM, y apryMEeHTOB OyleT 3HadeHHe, KOTOPOe
COOTBETCTBYET MX 3HAUYECHHUIO BO BpeMs BbizoBa NextMethod.

HeouieneHHble apryMeHTBI OCTalOTCS HEOIeHEeHHBbIMHU. [IpomyileHHble aprymMeHThI
OCTaIOTCS MPOMYIIEHHBIMHU.

Cuntakcucom it BbizoBa NextMethod sensercs NextMethod(generic, object, ...).
Ecnau He mpemocraBiieHa yHUBepcaibHas (QYHKIHs, TO HCIOJNB3yeTcsl 3HavyeHue .Generic.
Ecnu 00BbEeKT HE MPENOCTaBJICH, b HCIOJB3YETCS MEPBbI apryMEHT B BBI30BE TEKYIIIETO
Merona. Mcnonb3yercsi 3HaueHHEe B apryMeHTe “...” JJIs H3MEHEHHS apryMEHTOB CJICIYIOIIErO
METO/Ia.

BaxHO TOHSATH, YTO BBIOOP CIEAYIONIETO METOJa 3aBHCUT OT TEKYIIEro 3HaueHUs
.Generic n .Class a He Ha 00bekTe. Tak n3meHeHne o0beKTa B BeI30Be NextMethod snusier Ha
apFYMeHTBI, HOHy‘IeHHBIe CHG,Z[YIOH_[I/IM MCTOAOM, HO HE€ BJIHUACT HaA BBIGOp Cﬂel[yIOH.[eFO
METO/A.

MeTtoabl MOXHO BbI3BaThb HEMOCPEACTBEHHO. Eciau oHM uMmeroTcs, TO OyayT
orcyrcTBOBath .Geéneric.Class wmu .Method. B stom ciydae cleayeT yKa3bIBaTh
yHUBepcalbHbIil apryment NextMethod. Tlpunumaercs 3HaueHwe .C/aSS 1 yCTaHOBKH
aTpubyTra Kiacca OoOBEKTa, KOTOPBIM SBISETCS TEPBBIM apryMEHTOM TeKymieh (yHKIuH.
3nauenue .Method - ums Tekymeilt pyHKIMU. DT BapUAHTHI Uil 3HAYCHUH 110 YMOITYaHUIO
rapaHTHPYIOT, YTO TIOBEJCHHE METO]a HE M3MEHSIETCSl B 3aBUCUMOCTH OT TOTO, BBI3BIBAIOT JIH
€r0 HEMOCPEICTBEHHO MITU Yepe3 BBI30B 0000IICHHUS.

[MpoGnema ans oOcyxneHus - moBeneHue ...° apryment NextMethod. Kuura White
OIMCHIBACT ITOBEJICHUE CIICTYIOIUM 00pa3oM:
® apryMeHTbl, IepeaBaeMble 110 HWMEHH, 3aMCHSIOT COOTBETCTBYIOIINEC
apryMeHTBHl B BBI30BE TEKyIIero merona. HeHa3BaHHBIE apryMEHTHI HIYT B
HavaJie CITUCKa apryMEHTOB.
To, yTo 1 X0TeN OBl CIeNaTh:

e CHayaJa JIeJaroT apryMeHT, COOTBETCTBYOImUM st NextMethod,
e eciM 00BEKT UM YHUBepcalibHasl (PYHKIUS U3MEHEHBI, TO IPEKPACHO
e CHayasa, €CIIi WMEHOBAHHBIA JJEMEHT CIHCKa COOTBETCTBYET AapryMEHT
(Ha3BaHHBIN WM HET) 3HAUYCHUE CIHICKA 3aMEHSET 3HAYCHHUE apTyMEHTA.
® [IepBbId HECHA3BAHHBIN PJIEMEHT CIIUCKA
3nayenue s noucka: Kiacc: Ha mepBom mecte u3 .C/ass, BTOpoil W3 MEpPBOrO
apryMeHTa U3 METOa U TMOCIIeIHMI u3 00beKTa, yKa3aHHOTO B Bbi3oBe NextMethod.

VHuBepcanbHas QYHKIHSA: Ha TIEPBOM MecTe U3 . GEMEricC, eciii HU9Eero, TO U3 MePBOTo
apryMeHTa U3 METO/Ia, M €CJIM BCE 3TO MPOMYIIEHO, TO U3 BhizoBa NextMethod,

Mertoa: OH JOJDKEH OBITh TOJIBKO TEKYIIUM UMEHEM () YHKIIHH.

5.6. I'pynnosoii meTon
JInst HeCKOJBKHMX THITOB BHYTPEHHUX (YHKIMHA A IPeJoCTaBIsIeT MEXaHU3M [TOCTaBKH
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oreparopaM. JTO 03HAYAET, YTO ONEpPaTopaM, TAKUM KaK == MM <, MOXHO OBLJIO U3MEHHUTH
UX TIOBEACHUE [yl DJIEMEHTOB CHElMalIbHbIX KiaccoB. MDyHKIMM U omepaTropbl ObuIM
CTPYIIIUPOBAHBI B TPU KATETOPHH, U TPYIIIOBBIE METObI MOTYT OBITh 3aIIMCaHBI [T KAXKI0U
U3 OTUX KaTreropui. B HacToOAmMI MOMEHT OTCYTCTBYET MEXAaHU3Ma JUIsl YBEIMYEHUS YHCIIa
rpymni. Mo>XHO 3amucaTh METO/IbI, ONIpEAeIICHHBIC 1Tl TI000H (YHKLMU B MpeJiesiax TPYIIIHL.

Crenyromas Tabauna NpuBOAUT GYHKIIMU IS PA3IHYHBIX TPYIIIL

‘Math’ abs, acos, acosh, asin, asinh, atan, atanh, ceiling, cos, cosh, cumsum,
exp, floor, gamma, lgamma, log, logl10, round, signif, sin, sinh, tan,
tanh, trunc

‘Summary’ all, any, max, min, prod, range, sum

‘Ops, +| ™ *1 /1 /\1 < 1 >1 <:| >:1 !:| ::| %%1 %/%1 &l |1 !

s omepatopoB B rpynmne OpPS BBI3BIBAETCS CHEIHAIbHBIA METOMA, €CIH €ro JBa
OTIEpaH/ia, B3ATHIE BMECTE, MpEJIaraloT €AWHCTBEHHBIH MeToi. OmpeaereHHo, eciu o0a
ONEpaH/ia COOTBETCTBYIOT OJHOMY M TOMY K€ METOAY WM €CIM OJUH OIepaH
COOTBETCTBYET METOJY, KOTOPBII UMEET MPUOPUTET MO OTHOIIECHUIO Ipyroro onepanaa. Eciau
OHHM HE TpeaJiararoT €JUHCTBEHHBIH METOJ, TO HCIOJIb3YeTCS METOJ MO yMoiadaHuio. Wmm
CPYIIIOBOM METOJ WJIM METOJ KJlacca JOMUHUPYIOT, €CJIM Y APYroro ornepaHja OTCYyTCTBYET
COOTBETCTBYIOIIMI MeTo 1. MeTo1 Kitacca TOMUHUPYET HaJl TPYIIIOBBIM METOJIOM.

Korma rpymma sBisercss Ops, To cneunuanbHas nepemenHas .Method ssnsercs
BEKTOPOM CTPOKH C JABYMsI dJIeMEHTaMH. JieMeHThl .Method ycranoBIeHbl B UMsI METOJA,
€CIIM COOTBETCTBYIOIIMHA apryMEeHT - 3JIEMEHT Kjacca, KOTOPBIA HCIOJIb30BaiCs, 4YTOOBI
ompenenuth meron. MuHave coorBercTByrommi 3iemeHT .Method ycranoBneH B HyJeBYIO

CTPOKY JUTHBI

5.7. Hanucanue MeTO10B
[Tonp30BaTenu MOTyYT JIETKO HANMKMCaTh CBOM COOCTBEHHBIE METO/bI U YHUBEpCaJIbHbIC
Gynkuu. YHuBepcanbHas (yHKus - npocro ¢yHkuus ¢ BezoBom UseMethod. Meron -
npocto (yHKIMS, KOTOpas ObUla BbhI3BaHA YEpe3 IMOCTABKy METOJd. DTO MOXKET OBITh B
pesyabTare BeizoBa wiu UseMethod unu NextMethod.

CTOUT MOMHUTH, YTO METOJBI MOKHO BBI3BaTh HEMOCPEICTBEHHO. JTO O3HAYAET, YTO
OHM MOTyT OBITh Hameuatansl Oe3 Bbi3oBa UseMethod, u ciemoBarenbHO, CrenuaibHbIC
nepemenHble .Generic, .Class u .Method He ycranapnuBatorcs. B aTom ciydae mpaBuiia 1o
YMOJTYaHHIO, NETATM3UPOBAHHBIC BBIIIE, OYIYT HCITOIB30BATHCS ISl HX OIIPEICICHHS.

Haunbonee momymsipHbId CIOCOO WCIOJIB30BAaHUS YHUBEPCATbHBIX (YHKIHUNA JTOIKECH
O6€CH€‘II/ITB neyarb U CBOJHBIC METOAbI AJIA CTATUCTHYCCKHUX OGBGKTOB, OGBI‘IHO BBIBO
HEKOTOPOTO MPOIIecca MOATOHKH MoAeH. I 3TOro Kax1as MOJeNb MPUCOCTUHSIET aTprOyT
KJIacca K CBOEMY BBIBOJY, a 3aTeM 00eCIeYrBaeT CHEIUAIbHBIN METO/I, KOTOPBIH OepeT 3ToT
BBIBOJI W OOECIIEYMBACT XOPOIIYI0 YHTAEMYIO €r0 BEPCHI0. 3aTeM I0JIb30BaTeNb JIOJIKCH
TOJIBKO IIOMHHUTH, 4YTO II€YaTh HJIM CBOAKA 06€cnean XOpOI_HI/Iﬁ BBIBOJ Ui PC3YJIbTATOB
JT1000T0 aHaIH3a.
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6. Beiuuci/ieHHe Ha A3bIKEe

R nipuHa[UIeKUT K KIIaccy S3bIKOB IMPOTPaMMHUPOBAHUS, B KOTOPBIX y MOANPOrpaMM
€CTh BO3MOKHOCTh U3MEHUTDh WM CO3JaTh APYrue MOANPOrpaMMbl U OLIEHUTh PE3YJbTaT Kak
HEOTHEMJICMYIO YacTh sI3bIKa HEMOCPEACTBEHHO. DTO momobHo Lisp m Scheme u npyrum
pa3HbIM s3bIKaM " YHKIIMOHAJIBLHOTO MPOTPaMMHUPOBAHUA", HO OTJIMYACTCS OT CEMEHCTB
®OPTPAHA u ALGOL. CewmeiictBo LiSp 10BOAUT 3Ty OCOOCHHOCTH N0 KPAWHOCTH:
napagurmMa "BC€ - CIHMCOK’, B KOTOPOM OTCYTCTBYIOT pa3jIMuMsl MEXKIy MpOrpaMMaMH U
JaHHBIMU.

R npencrasnsier Oonee APYXKEeCTBEHHBIH HMHTep(eiic MporpaMMUpPOBAHHIO, YEM 3TO
nenaer Lisp, mo kpaiiHelr Mepe, MPHUBBIKIIMM K MaTeMaTHYCCKHUM (OPMYJIaM U CTPYKTypam
yrpasieHus1, mogo0HsIM C, HO MEXaHU3M JCHCTBUTEIILHO OYCHDb Moa00eH Lisp. A mo3BoiseT
IPSIMOM JOCTYII K MPOAHATU3UPOBAHHBIM BBIPQKCHUSIM U (DYHKIIUSM U TIO3BOJISICT U3MEHSTh U
BITOCJICJICTBUH BBIITOJIHATD WX, WM CO3/IaBaTh MOJHOCTHIO HOBbIC (DYHKIIMH C HYJIS.

Ectb MHOTO CTaHZApTHBIX NPUMEHEHHWI 3TOTO CPEICTBA, TAKMX KaK BBIYHCIICHHE
AHAIUTUYECKUX TMPOU3BOJHBIX BBIPAKEHUH, WIM TCHEPAIMd MHOTOWICHHBIX (YHKIHHA W3
BekTOopa kKo3(duimentoB. OgHako cymecTByeT Oojee (yHIaAMEHTAIBHOE HCIOJIb30BaHUE
s paboTel ¢ wuHTepnperaropoM KA. HekoTopple M3 HHMX BaXHBI Ui TMOBTOPHOTO
WCIIONB30BaHUS (YHKIMH Kak KOMIIOHEHTOB B JApyrux GYHKIUSX, Kak (1o oOmemy
NPU3HAHUIO HE OYEHb CUMIIATUYHO) BBI3OBBI /7100€/.frame, KoTopbie CO3JaHbl B HECKOJIBKHX
MOJIPOTrpaMMax MOJIEIMPOBAHKS W pUCOBaHUs. J[pyroe HCIOIb30BaHHE MPOCTO MO3BOJISET
U3sIIHBIC WHTEepderchl Tojie3Ho QyHKImoHaNbHOCTH. Kak mpumep, paccMoTpuM G yHKIIUIO
curve, xotopas TO3BOJISIET MOJNYYUTh IpapuK 000N (QYHKIUM, 3aJaHHOW MOIO0HO S/(X),
WIN CPECTBA /ISl PUCOBAHUSI MATEMAaTHYECKUX BhIPAKECHUH.

B »oToit rnaBe naaum BBeneHWE B HAOOp CPEIACTB, KOTOPBIC JOCTYITHBI IS
BBIYHUCIIEHUN HA I3bBIKE.

6.1. IIpsiMoe MaHUNY/IMPOBaHUE SA3BIKOBBIM 00bEKTOM
Ecth Tpu BHIOa 0OBEKTOB sI3bIKa, KOTOpbIE JOCTYHHBI st Momudukanmu calls,
expressions u functions. 3aeck ckoHIIeHTpUpYeMcsi Ha 00bekTax ¢a//s (Bb13oB). OHU MHOTAA
YIIOMUHAIOTCA KaK ‘‘HEOLICHEHHBIE BBIPDAKEHUS , XOTS 3Ta TEPMHUHOJOIHS HECKOJIBKO
comBaer ¢ TonKy. Hambomee mpsmMol MeTOJ TOJY4YeHHS OOBEKTa BBI30BA COCTOUT B
UCIIOJIb30BaHUH KaBBIYKH C apTYMEHTOM BBIPAXEHHUSI, HAIPHUMED,

> el <- quote(2 +2)

> e2 <- quote(plot(x, y))

ApryMeHThl HE OLIEHEHBI, pe3yabTaT - MPOCTO MPOAHATM3HPOBAHHBIA APTryMEHT.
OObekThl €1 1 €2 MOTYT OBITh OICHEHBI MMO3Ke, UCIOJB3Ys EVa/ Wiau MPOCTO YIPaBJIss Kak
JTaHHbBIMHU. Bo3MokHO, Hanbosee 04eBHIHO, TOYeMy y €2 00BbeKTa eCTh PeKUM "BBI3OB', TaK
KaKk OH BKJIIOYAeT BbI30B ()YHKIIMHM PUCOBAaHUS C HEKOTOPbIMH aprymeHTamu. OpHako €1
(paKTHUECKH MMEET TOYHO TY K€ CaMyl0 CTPYKTYpY Kak BBI30B OMHApHOTro oreparopa + ¢
JIBYMsl apryMEHTaMH, (akT, KOTOPbIi SICHO BBIBE/IEH HA DKPAH CIIETYIOLINM:

> quote("+"(2, 2))

2+2

K xommoHeHTaM 00BbEKTa BbI30Ba MOJYYalOT JOCTYI, UCIOJIb3Ys MOAOOHBIM CHHCKY
CHHTAKCHUC, U MOXHO, (JaKTHYECKH, IPeoOpa3oBaTh «B» M «H3» CIHCKOB, UCTIONB3Ys dS./iSt n
as.call:

> e2[[1]]
plot
> e2[[2]]
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X
> e2[[3]]
y

Ecin ki1ro4eBoro ¢ioBo apryMeHTa COOTBETCTBHS MCIOJIb30BaHO, TO KIKOYEBBIE CIOBA
MOTYT HCIOJI30BAThCS B KAUECTBE TErOB CIIHCKA:

> e3 <- quote(plot(x = age, y = weight))

> e3%x age

> e3%y weight

VY BceX KOMITOHEHTOB OOBEKTa BBI30BA €CTh PEKUM "UMsI" B MIPEABIAYIINX MPUMEpax.
DTO0 - BEPHO AJIsl HACHTU(PUKATOPOB B BHI30BAX, HO KOMIIOHEHTHI BBI30Ba MOTYT TaKKe OBITh
KOHCTaHTaMM - KOTOpPbIE MOTYT UMETh JIOOOW THUI, XOTS MEPBBIH KOMIIOHEHT JIOJKEH ObITh
(¢yHKIMEH, eclu BBI30B JIOJDKEH OBbITh OLEHEH YCHENIHO - MM ApYyrue OOBEKTHI BHI30BA,
COOTBETCTBYSI MOABbIpaxeHUsIM. OOBEKTBI C PEXKUMOM /14/11€ MOTYT OBITh CO3/aHbl W3
CHUMBOJIBHBIX CTPOK, UCIIONB3Ysl &S./14/ME, TaKuM 00pa3oM, MOXXHO ObUIO Obl M3MEHUTH €2
00BEKT CIIETYIOITUM 00pa3oM:

> e2[[1]] <- as.name("+"

>e2

X+y

UtoObl MILTIOCTpUPOBATH (HAKT, YTO MOABBIPAKEHUS - IPOCTO KOMIOHEHTHI, KOTOPHIE
ABJIAIOTCA CaMOCTOATECIIbHO BBI30OBAMHU, PACCMOTPHUM!

>el[[2]] <- e2

>el

X+y+2

B  npoaHamuM3aMpOBaHHBIX  BBIPAKEHHSX COXPAHEHBI BCE  KPYIJIbIE CKOOKH
IPyNIUPOBKH BO BBOZC. OHU MPEICTABICHBI KaK BbI30B ()YHKIIMU C OJHUM apryMEHTOM, TakK,
y100b1 4 - (2 - 2) cran "-, "(4, "(" (" -" (2, 2))) B npeduKCHOI HOTaIMK. B OIleHKax omeparop
‘(’ ToribK0 BO3BpAIIIAET CBOI apryMEHT.

DTO HEMHOT0 HEYIAa4YHO, HO HE JIETKO 3amucath parser/deparser xoMOWHAIHIO,

KOTOpasi U COXpaHseT BBOJ JaHHBIX MOJIb30BaTEIEM, COXPAHUT €r0 B MHHHUMAIILHOH (Gopme n
TapaHTUPYET, UTO PArSer/0eparser BbipaxxeHus IacT TO K€ CaMOe BBIpaKECHHE.

Kak 3TO mpoMCXOIuT, CHHTaKCHYECKMH aHanmu3aTop AR He SBISETCS COBEPIICHHO
00paTHMBIM, HU SIBIISICTCSI CBOMM (EPArSEr KaK Jlajiee MoKa3aHo B KauecTBe IpUMepa:

> str(quote(c(1,2)))

language c(1, 2)

> str(c(1,2))

num [1:2] 12

> deparse(quote(c(1,2)))

[1] "c(1, 2)"

> deparse(c(1,2))

[1] "c(1, 2)"

> quote("-"(2, 2))

2-2

> quote(2 - 2)

2-2

Beipaxkenuss Deparsed momxHbl, OIHAKO, OIEHUTh K SKBHBAJCHTHOMY 3HAYCHUIO K

HCXOJIHOMY BBIPYKEHHUIO (10 MOTPEIIHOCTH OKPYTIICHUS).

BHYTPEHHSI MaMsIThb KOHCTPYKUUH  yIpaBlI€HUS MMOTOKAMH... OTMEYaeT
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HecoBMeCTUMOCTh SpIUs...

6.2. TloncranoBKa
dakTHUeCKH HE YacTO BO3HUKAET JKEJIaHUE H3MEHHUTH BHYTPCHHUC BbIPAKCHUA B
npeabIayeM paszene. bonee 4acTo jkenaTeabHO MPOCTO MOJIYYUTh BBIPAKCHUE [UIS €r0
ACKOMITUJIAIMA WU UCIIOJIB30BAHUSA €TI0 IJId MAPKUPOBKH PUCYHKA, HAIIPpHUMED. HpHMep 9TOI'0
nokaszas B Hauase p/ot.default.

xlabel <- if (Imissing(x))
deparse(substitute(x))

DTO 3acTaBisieT MEPEMEHHYIO HJIM BBIPOKCHHUE, MaHHYIO KaK apryMeHT X s plot,
UCTIOJIb30BATh MO3XKE ISt MAPKUPOBKHU OCH X

OObIuHO (YHKLHMS JTOCTUTAET STOrO 3aMEHOM, KoTopas OepeT BbIpaXeHHUE X U
3aMeHSEeTCsl BEIpAXKCHUEM, KOTOPOE Tepealid 4yepe3 (OpMabHbI apryMeHT X. 3aMeTUM, UTO
JUISL 3TOTO X JOJDKEH MEePeHeCTH MH(OPMAIUIO O BRIPaKEHUH, KOTOPOE CO3/IaeT €ro 3HaueHHeE.
DTO CBS3aHO CO CXEMOH OTJIOKEHHBIX BbluMciHeHH R (cM. pasgen 2.1.8 [OOBEKTHI
obemanus|). @opMalbHBIA apTyMEHT - JEHCTBUTEIBLHO OOCIIaHne, OOBEKT C TPEMS CIIOTaMH,
OJIUH JUIA BBIPKEHUSI, KOTOPOE ONPEEIIET ero, OJUH Uil OKpYXKaroleil cpebl, B KOTOPOH
MOYKHO OILIEHUTH ATO BBIPOKEHHE, M OJHH ISl 3HAUCHHS OJHAXKIIBI OIICHEHHOTO BBIPAYKEHHS.
3amena (substitute) pacmosHaer mepeMEHHYIO OOCHIAHUS W 3aMEHUT 3HAUCHHEM €€ CIIoTa
BeIpakeHUs. Eciin 3aMeHa BbI3BaHa B ()YHKIIMH, JIOKAJIbHBIC TIEPEMEHHBIC (YHKIIMHA TaKXKe
MOJBEPralOTCs MOJCTAHOBKE.

ApryMeHT AJisi 3aMeHbl HE JIOJDKEH OBITh MPOCTBIM HMICHTU()UKATOPOM, 3TO MOXKET
OBITh BBIpa)KEHHUE, BKIIIOYAIOIIEE HECKOJIbKO MEPEMEHHBIX, U MOJCTAaHOBKA MPOU30HAET A
Kakaoro u3 Hux. Kpome Toro, y 3aMeHbl €CTh JIOIOJHUTENBHBIN apryMeHT, KOTOPBIA MOKET
OBITH OKPY’KAIOIIEH CPEION MM CIIHCKOM, B KOTOPOM HIIYTCs IepeMeHHble. Hanmpumep:

> substitute(a + b, list(a =1, b = quote(x)))

1+x

3aMeTHUM, 4TO 3aKJIIOUYEHUE B KaBBIYKU OBLIIO HEOOXOIUMO, YTOOBI 3aMEHUTHh X. DTOT
BUJ KOHCTPYKIMHU TMPUTOXKIAETCSI B COCIUHEHUU CO CpPEACTBAMHM Il TOMEILIEHUS
MaTEeMaTHYECKOTO BRIPAKECHHSI Ha TpaUKH KaK OKa3aHO B CIACAYIONINX CITyJasiX:

> plot(0)

> for (iin 1:4)

+ text(1, 0.2 *1,

+ substitute(x[ix] ==y, list(ix =1,y = pnorm(i))))

Baxno IOHATH, YTO MNMOACTAHOBKHU SABJIAOTCA MPOCTO JICKCUYCCKUMHU, HET HUKaKoOu
MPOBEPKH, YTO TMOJydaroluecss OOBEeKThl BBI30BA HMEIOT CMBICH, €CJIM OHHU OLEHEHBL.
substitute(x <- x + 1, list(x =2)) Oyzmer cuacTimBo Bo3BpamieHue 2 <-2 + 1. OxHako,
HEKOTOphIe YacTH A COCTaBIAIOT CBOM COOCTBEHHBIE MpaBuja Ui TOTO, YTO UMEET CMBICH, a
YTO HET ¥ MOTJIO OBl ()aKTHUECKU UMETh UCIIOJIb30BaHHE I TAaKUX TI0XO0 c(hOpMUPOBAHHBIX
BBIpaKeHM. Hampumep, mpu UCHoJIb30BaHUHU ‘‘MaTeMaTHKU Ha Tpadukax’” 0COOEHHO 4acTo
BKIIIOYAIOTCS KOHCTPYKIUHU, KOTOPbIE CHHTAKCUYECKH KOPPEKTHBI, HO KOTOpBIC OBLIU OBl

"o

OCECCMBICIICHHBI IS OIIEHKH, Kak® {}> =40 *" romxer"’.

3ameHa He OyJeT OIlEHWBATh CBOM MEPBBI apryMeHT. DTO NMPHUBOAMUT K MpoOiieMe
NoJ3aMeHbl Ha OOBEKTe, KOTOPBIM COAEPKUTCS B TepeMeHHOH. Pemenuwe cocroutr B
MOBTOPHOM HCIIOJIb30BaHUU 3aMEHBI, KaK 37€Ch:

> expr <- quote(x +Y)
> substitute(substitute(e, list(x = 3)), list(e = expr))
substitute(x + vy, list(x = 3))
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> eval(substitute(substitute(e, list(x = 3)), list(e = expr)))

3+y

Tounble mpaBuia ISl TOJCTAaHOBOK CIIEAYIOUIME: KaXIbld CHMBOJ B JIEpEBE
CUHTAKCUYECKOr0 aHalu3a JUIs TMEepBOro SBJISETCS COOTBETCTBYIOIIMM IPOTHUB BTOPOTO
apryMeHTa, KOTOPBIH MOXET ObITh TErOBBIM CIIMCKOM WJIHM (pEeHMOM OKpYXarolled Cpelibl.
Ecmm 310 - mpocToil NOKanmbHBIH OOBEKT, €ro 3HAaYeHUE BCTaBJsAETCs, except, ecim
COOTBETCTBYET TJI00aTBHOM OKpyXkaromiei cpenbl. Eciau 310 - obemnanue (00bIYHO apryMeHT
GyHKIMM), 3aMEHSIOT  BbIpaKeHHeM  oOemanms. FEcam  cumMBon  He  sIBIAETCA
COOTBETCTBYIOIIMM, 3TO OCTABJISIIOT HETPOHYTHIM. CrenuaibHOe MCKIIOYEHUE I TOTO,
YTOOBI 3aHATH MECTO HA BEPXHEM YPOBHE SIBJISICTCS IO O0IIEMY MPU3HAHUIO CHIEIIU(PUIECKIM.
D10 OBUIO HACTEAOBAaHO OT S, W 00BsACHEHHWE Hamboyiee BEPOSATHO, YTO HET HHUKAKOTO
yIpaBieHUs, M0 KOTOPOMY MepeMEHHbIe MOTJIH Obl ObITh IpaHHILIEH Ha TOM YpPOBHE Tak,
4TOOBI OBLJIO JTy4Ille TOJBKO 3aCTAaBUTh 3aMEHY JICHCTBOBATh KaK KaBbIUKa.

[IpaBWiI0 MOACTaHOBKHM OOCIIAHUS HEMHOTO OTJIMYAeTCS OT S, eclu JOKalbHas
nepeMeHHass U3MEHEHa IMpexJe, YeM HCIoNb3yeTcs 3aMeHa. R Oyner 3aTeM HCIONB30BaTh
HOBOE 3HAaYCHHUE MEPEeMEHHOMN, TOra Kak S OyneT 0€30roBOPOYHO MCIHOIH30BATH BHIPAKECHUE
apryMeHTa - eCJIi 3TO He Oblla KOHCTaHTa, Yy KOTOPOH €CTh JIIOOONBITHOE CIIEICTBHE, YTO
f((1)) moxet ouens ornuuathest oT f(1) B S. IlpaBmwio A 3HauuTEeNbHO 0OJICE YHCTO, XOTS Y
HEro JCHWCTBUTEIBHO €CTh CIEACTBUS B COCOUHEHHH C OTJIOXCHHBIMH BBIYHCIICHUSMH,
KOTOPBIC CTAaHOBSITCS HEOXKUAaHHOCTBIO JJIsl HEKOTOPBIX. PaccMoTpuMm:

logplot <- function(y, ylab = deparse(substitute(y))) {

y <- log(y)
plot(y, ylab = ylab)
}

DTO BBINISAIUT MPSMOJMHEHHBIM, HO MOYKHO OOHApyXHTh, YTO METKa }/ CTAHOBUTCS
YPOJUIMBBIM BBIp@KEHHEM C(...). DTO TNPOHCXOTUT, MOTOMY YTO IIPABMIA OTJIOKECHHBIX
BBIYMCIICHUI 3acTaBisiror eval(ylab) BeIpakeHUs MPOMCXOIMTH IMOCIE TOro, Kak ) ObuI
u3MeHeH. Pelenne cHavyana mpou3BeCTH OLUCHKY J/@0 COCTOUT B CIEIYIOIIEM:

logplot <- function(y, ylab = deparse(substitute(y))) {

ylab

y <- log(y)

plot(y, ylab = ylab)
}

3aMeTnM, uTO HeEb3s ucmoiab3oBaTh eval(ylab) B sroit curyaruun. Ecau 6w ylab
SIBJISIICSL SI3BIKOM HJTM OOBEKTOM BBIPAKEHUS, TO 3TO MPOM3BEIO OBl OLIEHKY OOBEKTa HE B
COOTBETCTBUH C TPeOOBaHMUSMHU, TaK €CIM Obl MEpeJaidi MaTeMaTHYCCKOE BBIPAKCHHE

nogo6uoe quote(logfe] (V).
PasnoBuanocTs i Substitute sBisiercss bQuote, xoTopast HCIIOAB3YETCS IS 3aMEHBI
HEKOTOPBIX IOJBBIPAXKCHUHN UX 3HaYeHUeM. [Ipumep cBepxy:

> plot(0)

> for (iin 1:4)

+ text(1, 0.2 *1,

+ substitute(x[ix] ==y, list(ix =1,y = pnorm(i))))
MOKET OBITh 3amucaH 00jiee KOMIIAKTHO:

plot(0)

for(i in1:4)
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text(1, 0.2*i, bquote( x[.(i)] == .(pnorm(i)) ))

BeipakeHre 3aKIIF0UEHO B KaBBIYKHU 3a UCKIIIOUCHHEM COJICPIKAHUS . () TIOABBIPAKCHHUS,
KOTOPO€ 3aMEHEHO WX 3HA4eHHEM. ECTb JONOJHUTENBHBIM apryMeHT I BBIYMCICHUHN
3HAUYEHWI B pPa3NUYHON OKpyxatomeil cpene. CuHTakcuc miust DQUOIE 3aMMCTBOBaH W3
Makpoca oJIMHapHO# oOpaTHOM KaBbIYku LISP.

6.3. Eure 00 ouenke
dyukus omeHky eval Obuta TpecTaBIeHa paHee B ATOM IIaBe Kak CPeJCTBO OICHKH
00BekTOB BBI30BAa. OIIHAKO, 3TO HE BCE CBEACHHS. TaKkKe MOXKHO YKa3aTh OKPYKAIOIIYIO
cpeny, B KOTOpPOW JOHKHA UMETh MECTO oreHKa. [lo ymomyanuio - 310 (peiiM OLICHKH, U3
KOTOPOI'0 BBI3BIBAIOT OLICHKY, HO JOBOJIbHO YaCTO 3TO CICAYCT YCTAHOBHUTH BO UTO-TO CIIC.

OdeHb 4acTO COOTBETCTBYIOIIUN ()peiiM OIeHKH — 3TO (PpeiiM poauTenss TEKYIIEro
dpeiima (cf.???). B wactHocTH, KOrja OOBEKT IS OLEHKH OyAeT pe3yiabTaToM paboThI
3aMEHBI ApTYMEHTOB (DYHKITHH, TO OH OY/IET COJIepKaTh EPEMEHHBIE, KOTOPHIE UMEIOT CMBICT
TOJILKO B BBI3BIBAIOINEH CTOpPOHE (3aMETHM, YTO HET NPUYUH JXKIAaTh, YTO IMEPEMCHHBIC
BBI3BIBAIOIICH CTOPOHBI HAXOJATCS B JIGKCMUECKOM KOHTEKCTE BbI3bIBaeMOro). Tak Kak 4acTto
OILICHKA TPOMCXOJUT B POIUTEILCKOM (peiiMe, T0 QyHKIUs evalparent cymectByer Kak
cokpaienue s eval(expr, sys.frame (sys.parent)).

Jpyroii ciydaid, KOTOPBIA MPOUCXOIUT YacTO, SBIISETCS OIEHKA B CIIUCKE W (Ppeiime
JaHHBIX. Hanpumep, 3T0 MPOUCXOIUT B COENUHEHUY ¢ QYHKIMEW /MOdel. frame npu Hanmauu
aprymeHT qaHHbix. OObIUHO, apryMeHTh! (HOPMYIIBI MOJIEIH MOJIEkKAT OLEHKE Ha JaHHbBIX, HO
OHM MOTYT WHOTJA TaKKe COAEPKAaTh CCHUIKM Ha S3JEMEHTHl B BBI3BIBAIONICH CTOpOHE
model.frame. DTo WHOTHA TIOJNIE3HO B COEAWHEHWH C WUMHUTAIMOHHBIMH HWCCIIEHOBAHUSMMU.
TakxuMm 00pa3om, ¢ 3TOil eNbI0 HY)KHO HE TOJILKO OIICHUTH BBIPAXKEHUE B CIIHCKE, HO TAKXKE U
cnenuuIupoBaTh 00EpTKY, B KOTOPOW TMPOJOJDKAETCS IOUCK, €CIM IepeMEeHHas He
HaXoauTcs B criicke. CleoBaTeNbHO, Y BHI30BA €CTh BH/I:

eval(expr, data, sys.frame(sys.parent()))

3aMeTHM, YTO OIIEHKa B JAHHOM OKpYXaroled cpeie MOXeT (pakTUYecKHn M3MEHHUTh
ATy OKPYXKAaIOIIYI0 Cpely, 4TO Hambojee OUYEeBHIAHO B Cydasx BKJIIOUYEHHUS oOIlepaTopa
MIpHUCBaNBaHMs, KaK HalIpuMep.

eval(quote(total <- 0), environment(robert$balance)) # rob Rob

DTO TakXe BEPHO MPHU OILEHKE B CIUCKaX, HO HMCXOJHBIA CHUCOK HE HU3MEHSETCH,
MOTOMY YTO B A€MCTBUTEIHLHOCTH 00pabaThIBAaETCsI KOTHS.

6.4. OueHka 00beKTOB BbIPa:KeHHUE
OOBeKTH pexxuMa "BeipakeHne" onpeneneHsl B pazaene 2.1.4 [O0BbeKThl BRIPAKECHHUS | .
Onu momo0OHBI CIUCKaM 00BEKTOB BBI30BA.

> ex <- expression(2 + 2, 3+ 4)

> ex[[1]]
2+2

> ex[[2]]

3+4

> eval(ex) [1] 7

3aMeTHM, YTO OIICHKA O0BEKTa BBIPAKCHHUS OICHUBACT KaXJIbI BBI30B MOOYEPEIIHO,
HO 3aKIIOYUTEIbHOC 3HAYCHHE - 3HAYCHHE MOCJICIAHEr0 BbI30BA. B 3TOM OTHOIICHWH OHA
BeIeT ceOsl MOYTH TOXKIACCTBEHHO COCTABHOW KaBBIYKE O00BEKTa si3bika ({2 + 27 3 + 4)}).
OnHako, ecTh TOHKHE pa3nuuus: o0bekThl Call HeoTIMYMMBI OT MOABBIPAXKEHUI B JepeBe
CHHTAKCUYECKOTO aHaJM3a. DTO 03HAYAET, YTO OHU aBTOMATUYECKH OICHCHBI KaK €CIU Obl
UMEJIOCh Mo IBbIpaXkKeHne. OOBEKThI BRIPAKEHHS MOTYT OBITh PACIiO3HAHBI BO BPEMsI OIICHKH U
B HEKOTOPOM CMBICIIE COXPaHUTh CBOE OTCYTCTBHE KaBblueK. CpEICTBO OIICHKH HE Oyaer
L
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OLICHUBATh OOBEKT BBIPAKEHHS pPEKYpPCHBHO, a JIMIIb B CJIy4ae €ro Inepenadu
HermocpeacTBeHHO GpyHKImU eval kak Beiiie. Pa3mnuns MOTyT ObITh 3aMEYEHBI 371ECh!

> eval(substitute(mode(x), list(x = quote(2 + 2)))) [1] "numeric"
> eval(substitute(mode(x), list(x = expression(2 + 2)))) [1] "expression”

JICKOMIWIATOP TIPEACTABISCT OOBEKT BBIPAKEHUSI BBI30BOM, KOTOPBIM CO3MaET €ro.
D10 mom00HO crocoly, MO0 KOTOPOMY OH O0pabaThIBaeT YMCIIOBBIE BEKTOPHI M HECKOJIBKO
JIpYyruX O0BEKTOB, Y KOTOPBIX HET OMPEACICHHOTO BHEIIHETO MpeacTaBieHus. OmaHaKo, 3TO
JEMCTBUTENBHO MIPUBOAUT K CIIEAYIOIIEMY HEKOTOPOMY OECIOpSAKY:

> e <- quote(expression(2 + 2))

>e

expression(2 + 2)

> mode(e) [1] "call”

> ee <- expression(2 + 2)

> ee

expression(2 + 2)

> mode(ee)

[1] "expression”

To CCTh, € U €€ BBIIIAAIAT UACHTUYHO Inpu 1neyatu, HO HepBBIfI ABJISIETCA BBI3ZOBOM,

KOTOPBI FreHepupyeT OOBEKT BBIPAXKECHUS, U APYTOM SBIISIETCS HEMOCPEACTBEHHO OOHEKTOM.

6.5. MaHuny/aupoBaHue BbI30BaMHU (pyHKIUH

JInst GyHKIIMU MOXHO y3HATh, KaK €€ BBI3BAJIU, IPOCMOTPEB pe3yabTat Sys.call kak B
clIeAyIoeM npuMepe QyHKIMH, KOTOpasi IPOCTO BO3BPAILAeT CBOM COOCTBEHHBIH BHI30B:

> f <- function(x, y, ...) sys.call()

>fy=1, 2, z=3, 4)

fly=1, 2, z=3, 4)

OpHako, B IEHCTBUTENBHO 3TO HE IMOJE3HO 332 MCKJIIOYEHHEM OTJIAaJKH, IOTOMY 4YTO
TpeOyercs, 4ToObl (YHKLIHS OTCIEAMsIa COOTBETCTBHE apryMeHTa jsi WHTepIpeTaluu
BbI30Ba. Hampumep, oHa JOKHA B COCTOSIHUM BHUJIETh, YTO 2-0M (PaKTHMUYECKHH apryMeHT
SIBJISIETCSI COOTBETCTBYIOIIUM MEPBOMY (OPMATbHOMY apryMeHTy (X B BBIIICYITOMSHYTOM
puMepe).

Yame Tpedyercs BBI3OB €O BCeMH (DAaKTUYECKUMHU apryMEHTOB, CBS3aHHBIMH
cootBeTcTBYyomMME (hopmansHbiMU. C 3TOH 1enbio ucnonb3yercs ¢pyukuus match.call. Bor
Pa3HOBHUIHOCTh NPEIBIAYILEro MpuMepa, (pyHKIUSA, KOTOpas BO3BpAIlaeT €€ COOCTBEHHBIN
BBI30B C COOTBETCTBYIOUIUMH apryMEHTaMHU:

> f <- function(x, y, ...) match.call()

>fly=1, 2, z=3, 4)

fx=2,y=1,z=3, 4)

3aMeThM, YTO TENepb BTOPOM apPryMEHT COOTBETCTBYET X W TMOSBISETCS B
COOTBGTCTBYIOIHGﬁ IMO3UIIUHU B pC3YyJIbTATC.

OCHOBHOE HCITIOJIb30BAaHHE 3TOTO METOZA COCTOUT B BBI30BE JAPYroi (pyHKIIUHM C TeMHU
€ caMbIMM apryMEHTaMH, BO3MOYKHO yJallsisi HEKOTOpble W NpuOaBisis Apyrue. TunudxHoe
NpUMEHEHHE BUIHO B Havaie pyHKimu Im:

mf <- cl <- match.call()
mf$singular.ok <- mf$model <- mf$method <- NULL
mf$x <- mfy <- mf$qr <- mf$contrasts <- NULL
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mf$drop.unused.levels <- TRUE
mf[[1]] <- as.name("model.frame™)
mf <- eval(mf, sys.frame(sys.parent()))

3aMeTM, YTO TOJIyYCHHBIH BBI30B OIICHEH B POAUTEIBCKOM (peiimMe, B KOTOPOM
MOYKHO OBITH YBEPEHHBIM, YTO BKJIFOUCHHBIC BBIPAKCHUSI HMEIOT CMBICI. BBI30B MOXKET OBITH
0o0paboTaH Kak OOBEKT CIUCKA, TJe NEepBbId 3JeMEHT - UM (YHKIMH, U OCTAIOLIHECs
AJIEMEHTHI - (DaKTUYEeCKHe apryMEHTHl BBIPOKEHHH C COOTBETCTBYIOIIUMH (OPMAaTbHBIMH
UMEHAMH apryMeHTa B KadyecTBE TEroB. TakuM o00pa3oM, MeToJ sl yCTpaHCHUs
HEKeNaTeNbHbIX apryMeHTOB nojkeH npucBoutbh NULL, kak BUAHO B cTpokax 2 u 3, u
npuOaBUTh apryMeHT, UCIOIb3YIOIIUI TEroBOe MPUCBOECHUE CIHCKA (3/1€Ch, YTOOBI MepeaThb
drop.unused.levels = TRUE) kak B crtpoke 4. UToObl HW3MEHHTHh HA3BaHUC BBI3BAHHOMU
(YHKIMH, TPUCBOWTE NEPBOMY 3JIEMEHTY CIHCKAa M yIOCTOBEPHTECh, YTO 3HAUCHHE - HMH,
WK 37I€Ch UCTOJIB3yeTCst KOHCTpyKIus as.name ("model.frame") wiu xaBeraka (model.frame).

Y  ¢yskmuum  match.call ects apryment expand.dots, KkoTopblii  sBsSETCS
nepexyrouareseM, eciu oH ycranosneH B FALSE, nmo3Bosisist coOpaTh Bce apryMeHTHI ‘..." Kak
OTAEJbHBINA apPIryMEHT C TEroMm ‘...°.

> f <- function(x, y, ...) match.call(expand.dots = FALSE)

>fly=1, 2, z=3, 4)

fx=2, y=1, ..=list(z=3, 4))

ApryMenT ‘..." SBISETCS CIIUCKOM (IS TOYHOCTH MApHBIM CITUCKOM), a HE BBI30BOM
CIMCKA KaK DTO UMEET MECTO B S:

>el<- fy=1, 2, z=3, 4)$...

>el

$z

[1] 3

[[2]1 [1] 4

OnHOM M3 MPUYMH UCTIONB30BaHus 3o opmbel match.call seisiercs sxenanue npocto
n30aBUTHCS OT JIFOOBIX apryMEHTOB ‘...°, 4TOOBI HE IepeaaBaTh HEyKa3aHHBIC apTyMEHTHI

GyHKIIMM, KOTOpble, BO3MOXXHO, HE 3HalOT uX. BoT mnpumep, nepedpasupyeMbiii OT
plot.formula:

m <- match.call(expand.dots = FALSE)
m$... <- NULL
m[[1]] <- "model.frame"

Bosnee TmiarenpHO mMpoaymMaHHOE MPUMEHEHWE HAaXOAWTCSA B Upadate.default, tne psin
JOITOJIHUTCIIbHBIX aprMeHTOB MO>KHO ,Z[O6aBI/ITB, 3aMCHUTh HWJIM OTMCHUTH TaKOBBIC U3
WCXOIHOTO BBI30BA:

extras <- match.call(expand.dots = FALSE)S...
if (length(extras) > 0) {
existing <- lis.na(match(names(extras), names(call)))
for (a in names(extras)[existing]) call[[a]] <- extras[[a]]
if (any(lexisting)) {
call <- c(as.list(call), extras['existing])
call <- as.call(call)

}
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3aMeTHM MpPOSBICHHYIO 3a00Ty MO MHIUBUAYAJbHOMY HW3MEHEHHIO CYIIECTBYIOLIMX
aprymenTtoB B ciydae extras[[a]] == NULL. CesssiBanue He paboTaeT Haja 00BEKTaMHU
BbI30Ba 0€3 MPHUBEICHHUS KaK [MOKAa3aHO; 3TO - BO3MOYKHO OIINOKA.

JlBe nanmpHEMIMX (YHKUHMU CYIIECTBYIOT AJISi KOHCTPYKIMH BbI30BOB (DYHKLMH, a
umenno. call u do.call. Be3oB ¢yHKIHMH MO3BOMAET CO3/1aTh OOBEKT BHI30BA C HMEHHU
(YHKLIUU U CITUCKA apTyMEHTOB:

>x<- 105
> call("round", x)
round(10.5)

Kaxk BUJHO, 3HAUYCHUC X, a HE CHMBOJIA, BCTAaBJICHO B BBbI30OB, TAaKUM 06pa30M,
OTYETAMBO oTiauuaeTcss oT round(x). dopma HCMONB3YyeTCsS MOBOJBHO PEIKO, HO HHOTIA
IIOJIC3HA, I'A€ UM (byHKI_[I/II/I AOCTYITHO KaK CUMBOJIbHAA IICPCMCHHAs.

®ynkuus do.call cesi3piBaeTcsi, HO cpa3y OLCHHMBAeT BBI3OB M OEpeT apryMEHTHI U3
0o0beKkTa pekuma "CHHUCOK", comepiKaIllero Bce apryMeHTH. ECTECTBEHHOE HCMOJb30BaHUE
3TOTO0 COCTOMT B TOM, YTO KaXJIbli XO4YeT NPUMEHUTHh (yHKIMIO kak chind ko Bcem
aneMeHTaM (peiiMa TaHHBIX WIIH CITHCKA.

is.na.data.frame <- function (x) {
y <- do.call("cbind", lapply(x, "is.na™))
rownames(y) <- row.names(x)

y
}

Jlpyroe WCHONB30BaHUE BKIIOYACT W3MEHEHHs I KOHCTPYKIUH, MMOI00HBIM
do.call("f" list(...)). OnHako HYXHO 3HaTh, UTO ATUM BKJIFOYACTCS OIICHKA apryMEHTOB Tepe]
(aKTHYECKUM BBI30BOM (PYHKITUH, YTO MOXET MOOEIUTh aCIIEKThl OTJIOKEHHBIX BBIYMCICHHN
U TIOACTAHOBKHM apryMeHTa HENOoCpeACTBEHHO B (GyHKuMU. IlogoOHBIM KOMMeEHTapui
npumensiercs K Gyuxmuu call.

6.6. ManunyaupoBanue pyHKUHSIMHI
Yacto mMoONe3HO HMMETh BO3MOXKHOCTH YIPABIATh KOMIIOHEHTaMH (YHKIMH WIIH
o0eptku. R obecnieunBaet psan GpyHkiuil unTepdeiica ¢ 3T Henbio.

boady Bo3sBpartaer BeipaskeHHEe, KOTOPOE SBISIETCS TEIOM (DYHKITUH.

formals BosBpamaer cniucok (popMabHBIX apryMEeHTOB (YHKUIUHU. DTO MapHBIN
crircok (pairlist).

environment BosBpaimaeT OKpy:Karomyo Cpeay, CBI3aHHYIO ¢ PYHKITUCH.

body <- VYcranaBnuBaet Teno GyHKIUHU K IPEJOCTaBICHHOMY BBIPAXKEHUIO.

formals <-  YcranaBnuBaer bopmanbHBIE apryMEHTBI byHKIIHH K
IIPEAOCTABIEHHOMY CIIUCKY.

environment<-YcraHaBiuBaeT OKpYXalOUIyl0 cpeay QYHKIMH K YKa3aHHOW
OKpY>Karolllen cpene.
Takxe BO3MOXKHO HM3MEHHUTHh MPHUBI3KY Pa3IUYHBIX NEPEMEHHBIX B OKPYKaOIIEH
cpeae GyHKIMH, UCTIONB3Ys Ko Bpoae evalg(x <- 5, environment(f)).

Taxke BO3MOXKHO MpeoOpa3oBaTh (GYHKIIMIO B CITUCOK, UCIIONB3Ys AS./iSt. Pe3ynbrar -
CBSI3b CMHCKa ()OPMAIBHBIX apryMEHTOB C TeloM (pyHKIH. Hao60poT Takoil CMCOK MOXeT
ObITH MPeoOpa3oBaH B (QYHKIIMIO, UCTIONB3Ys aS.function. Dta GyHKIIMOHATEHOCTH, TITABHBIM
o0pa3oM, BKJIIOUEHA I COBMECTUMOCTH ¢ S. 3aMeTuM, 4To HH(popMalus 00 OKpyKaromen
cpezie TepsieTcst Ipu ucnob3oBanuu as.list, Toraa kak y as.function ectb aprymeHT, KOTOpBIi
TI03BOJISICT YCTAHOBHUTH OKPY)KAIONIYIO CPELy.
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7. UHTEep@eiichbl cUCTEeMbl U BHEITHUX SI3bIKOB

7.1. OnepupoBaHue JOCTYIIOM K CHCTeMe
Joctyn k oOepTke omeparMoHHOW CHCTeMbl 4yepe3 cucteMy GyHkmuu R. Jletanm
OyIyT OTIMYAThCS MIATPOPMO (CM. OHJIAMHOBYIO CIIPaBKY), M BCE, YTO MOXKET 0OE30MacHO
OBITh MPEATNONIOKEHO — 3TO TO, YTO MEPBBIM apryMEHTOM OyAET KOMaHJIHasi CTPOKa, KOTOPYIO
nepeaanyT IS BBINOJHEHHS (HEe 00s3aTenbHO O0EpTKOi), a BTOpOM aprymeHT Oyzaer
BHYTPEHHUM, KOTOpPBIH, eciu true, codepeT BbIBOJI KOMAH/Ibl B CHMBOJIBHBIA BEKTOp A.

JInst CHHXPOHU3AIUMKH AOCTYIHBI QDYHKIUH SYSIem.time w proc.time (Xxots IT0CTyIHas
uH(pOopMaIrs MOXeT ObITh OrpaHuueHa Ha mardopmax "He moxoxux Ha Unix").

K undopmaimm oT okpykarolei cpeabl onepaluoOHHON CHCTEMbl MOXKHO TOJIYYHTh
JOCTYII U YIIPABJIATH C:

Sys.getenv OS environment variables
Sys.putenv
Sys.getlocale System locale

Sys.putlocale

Sys.localeconv

Sys.time Current time
Sys.timezone Time zone

YHuBepcanbHbId HA0Op yHKLUH H0oCcTyna K (haitry
oOecrieueH Ha Bcex IIaTgopMax:

file.access Ascertain File Accessibility
file.append Concatenate files

file.choose Prompt user for file name
file.copy Copy files

file.create Create or truncate a files
file.exists Test for existence

file.info Miscellaneous file information
file.remove remove files

file.rename rename files

file.show Display a text file

unlink Yoanumo ¢haiin unu oupexmopuro.

Ectb Taxxke QyHKIUM sl yIpaBiIeHUss UMeHaMU (ailyia U MyTsIMH HE3aBUCUMBIM OT
m1aTGhOPMBI CITOCOOOM.

b6a3zoBoe HMA Hms gparina 6e3 kar astora
dirname Hms kat anora

file.path Co3paiite myTh K (haitny
path.expand Paszpepunr e ~ B myr 5 Unix

7.2. UnTepdeiichl BHENTHUX SA3BIKOB
Cwm. pazgen “Cucrema u uHTepdeicel BHEIIHEro s3bika” B Hanrcanuu pacmumpenuit R
JUTs ietaneit qo0aBieHust PyHKIIMOHATBHOCTH A Uepe3 CKOMITHIIMPOBAHHBIN KO/,

Oynknuun .C  m .Fortran oOecrieuynBarOT CTaHAAPTHBIM  WHTEpdehc s
CKOMITHJIUPOBAHHOTO KOJIa, KOTOPBIA ObLT cBsi3aH ¢ R, 1160 BO BpeMs co3maHus, 100 yepe3
dyn.load. Onm, mpexme Bcero, NpeAHAa3HAYCHBI i1 CKOMIMIUpOBaHHOTO kKoma C u
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OOPTPAHA, cootBeTcTBeHHO, HO QyHKIUSA .C MOXKET UCIIOIB30BATHCS C IPYTHMHU S3bIKAMHU,
KOTOpBIE MOTYT TeHepupoBaTh unTepdericel C, Hanpumep C++.

Oynknuu .C u .Fortran oGecnieunBaroT HHTEPQPEHCH JI1 CKOMIMIMPOBAHHOTO KOJa
(mpesxae Bcero, KOMMuIMpoBanHoro kojaa C) st yrpaBiieHUs: oObekTamu R.

7.3. .Internal u .Primitive

Wurepdeiicer .Internal wu

Primitive ucnone3yrorcss s BbizoBa koma C
KOMITHJIMPOBAHHOTO B R Bo Bpems moctpoenusi. Cmotpu pasaen “.Internal vs .Primitive” B R,
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8. O6paboTKa IpepbIBaHUMI

Yenyru o0OpaboTku mpepeiBaHUN B A TPENOCTaBIEHBI 4Yepe3 JBa MEXaHH3MA.
OyHKIMU, TakKe Kak OcTaHOBKa (StOp) mim mpeaynpexiaeHue (warning), Moryt ObITh
BBI3BaHbl HEMOCPEJCTBEHHO, MJIM MOTYT HCIOJIb30BaThCs OIIMM, Takue Kak ' warn', nns
yIpaBieHus: 00padOTKOM MpooIeM.

8.1. Cton
BBI30B OCTaHOBKH IPEpPHIBACT OIEHKY TEKYIIErO BBIPAXKCHHS, IeYaTaeT apryMeHT
COOOIIEHNS U BO3BPAIACTCS K BHIMOJIHCHHUIO HA BEPXHEM YPOBHE.

8.2. llpenynpexaenune
Gdynkums warning (mpeaynpexaeHusi) OepeT eIMHCTBEHHBIH apryMeHT, KOTOPBIH
ABJISIETCA CUMBOJIBHOM cTpokoil. [loBeneHue BbI30Ba MPENyNpPEXKACHUS 3aBUCUT OT 3HAYCHMS
onuuu "warn”. Eciau "warn" sBisieTcst OTpuLaTeabHbIM, TO PEAYIPEXKACHUE UTHOPUPYIOTCS.
Ecnu oOHO paBHO HyII0, TO OHU COXpaHATCA W IIeYaTaroTcd IOCIE 3aBEpLICHHUs
BBICOKOYPOBHEBOH (QyHKIMHU. Ecnu 3TO equHMIIA, TO OHU MEYATAIOTCS MPHU COBEPLICHHUH, U
€CJIM paBHBI 2 (MK OOJIBIIE), TPEAYTPEKACHUS TPEBPAILICHBI B OIIUOKH.

Ecmu "warn" paBHo Hy10 (IT0 YMOJIYaHHUIO), TO CO3/ACTCs TIEpEeMeHHas /ast warning,
n COO6H_[€HI/I}I, CBA3AaHHLIC C KAXKABIM BbBI3OBOM MPCAYIPCIKIACHUA TOCICAOBATCIIBHO XPaHATCA
B ero Bektope. Ecnu ummeercss menee 10 mpemynpexIeHHi, TO OHM I€YaTAlOTCAd IOCIe
okoH4aHus oueHku G(ynkuuu. Ecim umeercs Oonee 10, To mewaraercs cooOlueHHe,
yKa3bIBaKOIIee KOJMYECTBO MPOU3OMLICIIINX TpeaynpexacHuil. B qrodom cityuae /ast.warning
COJICPKHUT BEKTOP COOOLICHUH, W MpPenyNnpekIeHUs OOECIeYrBaIOT CIIOCO0 MOMyYeHHUs
AO0CTYyIIa K UX ICYaTu.

8.3. on.exit
B mo6oii Touke B Tene QpyHKIHMM MOXKHO BCTaBHUThH BBI3OB ON.exit. JleiicTBue BhI3oBa
on.exit cocTouT B COXpaHEHUH 3HAYCHHUE TeJa TaK, YTOObI OHO OBLIO BBIMOJIHEHO TP BBIXOJIE
3 QyHKIMH. OTO TMO3BOJISAET (PYHKIUH U3MEHITH HEKOTOPBIE CHCTEMHBIC apryMEHTHl U
rapaHTHPOBAaTh HMX COpPOC, YTOOBI MPHUCIOCOOUTH 3HAYCHHE TPU 3aBEPIICHUH (YHKIIHH.
on.exit Oyaetr rapaHTUPOBAHHO BBINOJIHEH NPH BBIXOJE U3 (DYHKUUHU MM HEIOCPEICTBEHHO,
WIH KaK pe3yibTaT MpeaynpexaeHUs.

Ommubka B oleHKe Koja ON.eXit BhI3BIBACT HEMOCPEACTBEHHBIN MEPEXO K BEPXHEMY
ypOBHIO 0€3 fajbHelIel 00padoTku Koaa 0r1.exit.

on.exit GepeT eIMHCTBCHHBIM aPTYMEHT, KOTOPBIA SIBJISCTCS BBIPAKEHHEM, KOTOPOE
OyJIeT OIICHEHO MPH BBIXOJIE U3 (PYHKITUH.

8.4. Onuuu ommoéoK

CymectByer HaOOp OmuuUM, KOTOPblE MOTYT MCIIOJBb30BaThcad B A Ui yNpaBJICHUS

00paboTkoil ommbok u npeaynpexaeHuil. [lepeuncnen B Tabnuie HIKE.

‘warn’ VYIpaBieHue 1e4aToro NpeaynpexacHu .

‘warning.expression’

VYcraHaBiIMBaeT MOJISKAIEE OLEHKE BBIPaKEHHE IMPH BO3HUKHOBEHUHU
omnOku. [lomaBisiercs HOpManbHas I€4aTh MNPENYNPEKICHUN IpH
BKJIFOYCHUH OIILIUH.

‘error’ YcraHaBiIMBaeT MOJAJIEIKAIIEe OIEHKE BBIPAXKEHUE NMPH BO3ZHUKHOBEHUHU
omuOku. HopmanpHas medarp cooOmeHnid 00 ommbOKax w
MPEIYIPEXTAIOUINX COOOIICHNH MPEAIECTBYET OLIEHKE BBIPAKECHHUSL.
Beipaxkenusi, ycraHoBieHHbie Options(“error"), omeHuBaroTCs 10
BBITIOJTHEHUS! BEI3OBOB O/1.EXIL:

MoxHo ucmonb3oBath Options(error = expression(q('yes™))), 4roOb
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3acTaBUTh R BBIUTH Tocie cooOmeHust o6 ommubke. B aTom ciyuae
ommuOKa 3acTtaBuT R 3aBepmiath padoTy, W TJIOOAIbHAS OKPY’KaoIas
cpena Oymer coxpaHeHa.
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9. OTaaaka

Otnanka koja Bcerza Obula 4eM-TO BpOJE HCKyccTBa. AR 00ecrieuyMBaeT HECKOJBKO
MHCTPYMEHTOB, KOTOPbIC NOMOTAIOT TOJb30BATEIIM HAWTH MPOOJIEMBI B CBOEM Koje. DTH
MHCTPYMEHTHI OCTAHABJIMBAIOT BBHIMIOJHEHUE B ONPEICNCHHBIX TOYKAaX B KOJE, M TEKyIlee
COCTOSIHHE BBIYMCIICHHH MOXET OBITh OCMOTPEHO.

BOJIBIIMHCTBO CPECTB OTJIAIKU BBI3BIBAETCS WM TIOCPEICTBOM BBI30BOB Opaysepa
(browser), niu nocpeacrsom otinanku (debug). O6e 3Tu pyHKIIMK OCHOBAaHBI HA OJIUHAKOBOM
BHYTPEHHEM MEXaHHM3Me, U 00€ MPEeIOCTaBIISIOT MOJIB30BATENIO CIIEIHANbHBIN 3ampoc. JIobas
KOMaH/Ia MOET ObITh BBeJcHA B 3ampoce. OKpysKaromas cpefa ONCHKH JJIsi KOMaHIbI - B
HACTOSIIIMIA MOMCHT aKTHBHAs OKPYXaloIasi cpejia. ITO TO3BOJISIET HCCIIEA0BATh TEKYIIEE
COCTOSTHHE JTFOOBIX IEPEMEHHBIX U T.]I.

EcTh msaTh crienuanbHBIX KOMaH, KOTOpble A MHTEPIPETUPYET MO-pa3HOMY. DTO:

‘RET [lepexox Ha cruenylomuii omnepatop MNpud  OTIagKe (YHKIHH.
ITpomomkuTh BBIIOJHEHUE ITPH BBI30BE Opaysepa.

‘e’

‘cont’ [IponOmKUTH BBIIOJIHEHUE.

‘n’ Bemmonuute crnepyrommii onepatop B ¢yHkuumu. Takke paboraer B
Opay3sepa.

‘where’ [Toka3ark cTeK BHI30BOB

‘Q’ OcCTaHOBUTH BBITIOJHEHHUE U Cpa3y MEPEHTH K BEpXHEMY YPOBHIO.

Ecnm cymecTByeT nokanpHash mepeMeHHas ¢ TeM JK€ CaMbIM MMEHEM, KaK OJHa W3
ClICoUaJIbHbIX KOMAH/, YHOMHHYTBIX BBIIIC, TO K €€ 3HAYCHHUIO MOXKHO HOJIy‘-II/ITb ,Z[OCTyH HpI/I
ucronbp3oBanuu get. Bri3oB et ¢ WMeHeM B KaBbIUKaxX TMOJYYHUT 3HAYCHUE B TEKYIICH
OKpY>Karollen cpere.

Otnamgunk oOecrieyuBaeT IOCTYIl TOJIBKO K MHTEPIPETUPYEMbIM BbIpakeHUsM. Eciu
BBI3BIBAIOTCS (DYHKIIMH BHEIIHErO s3bIKa (Takoro kak C), TO HE MPEAOCTaBISIETCS JOCTYI K
oreparopam Ha 3TOM si3bIKe. BhIMOMHEHHE OCTAHOBUTCA HA CIIEAYIOIIEM ONIEpPaTOpe, KOTOPHIi
oriedeH B R, MOXHO HCITOJIb30BaTh CUMBOJIBHBIN OT/IAAUUK, TaKOH Kak gab, muis oTiaaaku
CKOMITMJIMPOBAHHOTO KOJA.

9.1. bpaysep
BezoB ¢ynkmum Opaysepa 3actaBisieT R ocTaHaBmuBaTh BBINOJIHEHHWE B TOYKE U
IPEJOCTABIISAET MOJIB30BATEIIO CIELUAIbHBIN 3apoc. ApryMeHThl Opay3epy HTHOPUPYIOTCS.

> foo <- function(s) {
+c<-3
+ browser()
+}
> foo(4)
Called from: foo(4) Browse[1]> s
[1] 4
Browse[1]> get("c™) [1] 3
Browse[1]>
9.2 Oraaaka/HeoTaaKa
OTtnagurk MOXeT OBITh BBI3BAH IS JIF000W (DYHKIIMH MPH MCTIOIH30BAHUU KOMAaH/IbI
debug(fun). BrnocnencTBum, Kaxnelidi pa3 mpH OIEHKE (YHKLUH, BBI3BIBACTCS OTIAUHUK.

OTnaguuk MO3BOJIAET YHPABIATH OLIEHKOW omepaTopoB B Tene (GpyHKuuU. JIo BHIIOTHEHUS
Ka)KJ0ro oIeparopa, 3TOT ONEPATOp pacledaTbiBAeTCs, U MPEJOCTaBISETCS CHEUAIbHbBIN
L
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3ampoc. MoxeT ObITh JnaHa Jito0as KOMaHAa, HO MEPEUMCICHHBIE B TAOJNHIIEC BBIIIE WMEIOT
0c000€ 3HaueHue.

Ortnaaka BBIKJIIOYAETCs BbI30BOM UNdebug ¢ dyHKIineid kak apryMeHT:

> debug(mean.default)
> mean(1:10)
debugging in: mean.default(1:10)
debug: {
if (ha.rm)
x <- x[lis.na(x)]
trim <- trim[1]
n <- length(c(x, recursive = TRUE))
if (trim>0) {
if (trim >=0.5)
return(median(x, na.rm = FALSE))
lo <- floor(n * trim) + 1
hi<-n+1-1lo
X <- sort(x, partial = unique(c(lo, hi)))[lo:hi]
n<- hi-lo+1
}
sum(x)/n
}
Browse[1]>
debug: if (na.rm) x <- x['is.na(x)]
Browse[1]>
debug: trim <- trim[1] Browse[1]>
debug: n <- length(c(x, recursive = TRUE))
Browse[1]> ¢
exiting from: mean.default(1:10) [1] 5.5

9.3. TpaccupoBKa/HeTpacCUpPOBKA
Jpyroii crmoco0 KOHTpOJIMPOBATh MOBEACHHE R COCTOMT B MEXaHHM3ME TPAaCCHPOBKH.
Bb3piBatoT traceé ¢ eIMHCTBEHHBIM apryMEHTOM, KOTOPBIH SBISETCS MMEHEM (yHKIuUH,
HOANIeKAIEH OTciexuBaHuio. VIMS He MOMKHO OBITh 3aKJIIOYEHO B KaBBIYKH, HO IS
HEKOTOPBIX (YHKIUHN CIEAYET 3aKIIOUUTh UM B KaBBIUKH, YTOOBI N30€XKaTh CHHTAKCHYECKOU
OLIMOKH.

Ecmm TpaccupoBka Oblia BbI3BaHa It (PYHKIIMH, TO KaXKIBIM pa3 TMPH OIEHKE
(GyHKLINU ee BBI30B pacledyarbiBacTcs. ITOT MEXaHU3M yaajsieTcs mpu untrace ¢ ¢pyHkuuei B
KayecTBe apryMeHTa:

> trace("[<-")

>x<- 1:10

>Xx[3] <- 4

trace: "[<-"(*tmp*, 3, value =4)

9.4. O6paTHasi TpacCUpPOBKAa
Korna ommOka BbI3Bajia mepexo] K BEpXHEMY YPOBHIO, CIIEHUAIbHAS NIEpEMEHHa,
Ha3BaHHas .Traceback, momermmaeTcs B OCHOBHYIO OKpY’Karomlyro cpemy. .Traceback -
CHUMBOJIBHBII BEKTOp C OJHOM 3alUChIO JUISI KaXJOTO BBI30BAa (DYHKIIMHM, KOTOPBIH ObLI
aKTUBHBIM BO BpeMsl BO3HHUKHOBeHHs ommOku. Mcciaemoanue .Traceback mosker ObITh

BBIMIOJTHEHO BBI30BOM traceback.
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10. CMHTaKCU4YeCKHI aHa/IU3aTop

CuHTrakcuueckuil aHanu3aTop MpeoOpa3oBbIBAET TEKCTOBOE NpeACTaBlIeHUE Koja R
BO BHYTPEHHIOIO (hOpMy, KOTOPYIO 3aTeM IepeaaeTcs K CPeACTBY OLEHKH B A, xoTopoe
BBITIOJHSACT YKa3aHHbIE MHCTPYKIMHU. BHyTpeHHSs (opma sBISETCS CaMOCTOSTEIBHBIM
00BbeKTOM A 1 MOKET OBITh COXpaHEHA U YIPABIATHCA B Ipeiesiax CUCTEMBbI .

10.1. Ilpouecc CHHTAKCHYECKOI0 aHAJIU3a

10.1.1. Pe:xxuMbl CHHTaKCHU4YE€CKOro aHa/Jiu3a
CuHTakcuYecKui aHan3 B A BBITIOJHSIETCS B TPEX Pa3TUYHBIX Pa3HOBUIHOCTSX:

e [lmkn "cunTal-oleHMI-HaIeYaTanl .
e (CHHTaKCUYECKUU aHAJU3 TEKCTOBBIX (HaMIIOB.
e (CHHTAKCHMYECKHMH aHaIN3 CUMBOJIBHBIX CTPOK.

Hukn "cuwmran-orneHui-Haneyaran (opMuUpyeT OCHOBHOM HHTepdeiic KoMaHIHOU
ctpoku KA. Uwuraercs TEKCTOBBIM BBOJ, IMOKa HE JOCTYIHO  TOJHOE BbIpaxeHue K.
BeipaxeHuss MOryT ObITh Pa3/ielieHbl Ha HECKOJIBKO BXOAHBIX cTpoK. OCHOBHOM 3ampoc (1o
YMOJIYaHHUIO > ’) yKa3bIBa€T, YTO CUHTAKCUYECKUI aHAIM3aTOP TOTOB K HOBOMY BBIPaKEHUIO,
a 3ampoc MpoAoKeHUs (M0 yMoJ4aHUIO '+') yKa3bIBaeT, YTO CHHTAKCUYECKUM aHAIN3aTop
OKH/IaET OCTATOK OT HEMOJHOTO BhIpakeHus. BeipaxkeHue mpeoOpasyeTcsi BO BHYTPEHHIOIO
(GopMy BO BpeMs BBOJA, U NMPOAHAIN3UPOBAHHOE BBIPAXKEHUE NIEPEJACTCA CPEACTBY OLIEHKH,
a pe3ynbTar nevaraercs (€ciy CrenualbHO HEe ClielaH HeBHIUMBIM). Eciin cuHTakcndeckuit
aHaJIM3aTOP OKAa3bIBACTCS B COCTOSHUH, KOTOPOE SIBIJISETCS HECOBMECTUMBIM C CHHTAKCHCOM
a3bIKa, TO oTMevaercss "CHUHTakcuueckas ommOKka", M CHHTaKCHUYECKHI aHaIn3aTop
cOpacbIBaeTcsi M1 BO30OHOBIISIET BBOJI B HavaJle CICAYIOIIEH BXOAHOM CTPOKH.

MoxxHO  MpoaHaJIM3UpOBaTh  TEKCTOBble  (aliabl,  HCMONB3yd  (QYHKIUIO
CUHTAKCHUYECKOTO aHaln3a. B 9acTHOCTH 3TO Nenaercs BO BpeMs BBOAA (YHKIIUHU, KOTOpas
COXpaHsieT KOMaH/Ibl BO BHEIIHEM (haiiiie, U BBIMOJHAET UX, KaK OyJTO OHU ObUIH BBEJCHHI Ha
KIIaBUaType. 3aMeTHM, TeM HE MeHee, Bech (Qaill aHalIu3WpyeTcs W TPOBEpsieTCS Ha
CUHTAKCHC JI0 BBIITOJIHEHHUS 000N OLIEHKH.

CuMBONIBHBIE CTPOKH, WJIM BEKTOPBI, MOTYT OBITh NPOAHAIN3UPOBAHBI, HCIIONb3YS
CHHTaKCHYeCKui aHanu3aTop st text= argument. Ctpoku oOpabaThIBalOTCs TaK, Kak Oy/ITo
OHHU OBUIM CTPOKaMHU BXOAHOTO (aiifa.

10.1.2. BHyTpeHHee nnpeJCcTaBJ/IeHHE

[Ipoananu3upoBaHHbIe BBIPAXKEHUSI COXpaHITCS B 00bekTe R, comepxaiieM aepeBo
CUHTAKCHUYECKOTro aHau3a. boiee moiHoe onucaHne Takux 00bEKTOB MOXKET OBITh HallICHO
B paznene 2.1.3 [O0wekTHl s3b1Kka ] u pazaene 2.1.4 [O6bexThl BeipakeHus |. KpaTko, kaxmoe
aJeMEHTapHOe BhIpakeHue A XpaHutcs B (opme BbI30Ba (PYHKIIMU KaK CIIHCOK C TEPBBIM
DIIEMEHTOM, COJEPKaIINM UMs (YHKIIUU, U OCTATOK, COEPIKAIIUN apryMEHThI, KOTOPHIE B
JMalbHEWIIEM MOTYT OBbIThb BbIpaXeHUSIMH A, DIeMEHThl CHHCKa MOXHO Ha3BaTh,
COOTBETCTBYSI TErOBOMY COOTBETCTBUIO (OpPMANbHBIX U (PAKTUYECKUX apTryMEHTOB.
3aMeTuM, 4TO BCE DJIEMEHTHI CHHTaKcHca A 00paboTaHbl CleAyOMUM 00pa3om, HalpuMep,
NPUCBOCHUE X <-I 3aKOUpOBaHO Kak ' <-"(X 1).

10.1.3. O6paTHOe npeoGpa3oBaHUe

JIro60i1 00bekT R MOXeT ObITH IPeoOpa3oBaH B BeIpaxeHue A, UCTIONb3ys oOpaTHoe
npeoOpa3oBanue (deparse). DTo dYacTO WCIONB3YETCS B COCIAMHEHHH C BBIBOJOM
pe3yNbTaToB, HAMpUMeEp, A MAapKUPOBKU PHUCYHKOB. 3aMETHM, YTO TOJBKO OOBEKTHI
pexkuma "BbIpaxkeHue'", KaK MOXXHO OXHJaTh, OyAyT HEHM3MEHHBI, IIOBTOPHO aHATU3UPYS
BBIBOJ oOpaTHOTO TpeoOpa3zoBanus. Hampumep, uncimoBoit BekTop 1:5 OyaeT BHITIAIETH
npu obpatHoM mpeobpazoBanuu kKak "C(1,2,3,4,5)', KOTOpBIli OBTOPHO MPOAHATU3UPYET
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Kak BbI30B GYyHKIUMU C B MakcuMalibHO BO3MOXKHOI CTeNmeHU OIeHKa OOpaTHOTo
npeoOpa3oBaHrs U TMOBTOPHO MPOAHAJIM3UPOBAHHOTO BBIPAKEHUS JAaeT OJAMHAKOBBIN
pe3yabTaT KakK OLIEHKa OPUTHHAJNIA, HO €CTh HECKOJIbKO HEYKIIIOKMX UCKIIOUEHUN, TJIaBHBIM
o0pa3oM BKJIIOYash BBIPAKEHMS, KOTOpbIE HE TE€HEPUPOBAIUCH U3 TEKCTOBOTO
IIPEJICTaBJICHUS Ha IEPBOM JTarle.

10.2. KommenTapuu
Kommentapun B AR IpOMyCKAIOTCsl CHHTaKCHYECKUM aHanu3aTopoM. JI100oi TekcT,
HauMHas ¢ CUMBOJIA #, U 1O KOHIIA CTPOKU NPUHMMAETCS 32 KOMMEHTApH, €ClIi CUMBOJI # He
3aKJIF0YEH B KaBBIYKHU B cTpoke. Hampumep:

>x<-1 # This is a comment...
>y<-" #... but this is not."

10.3. CranmapTHble 6J10ku - Tokens
Mapkepbl - 3JIeMEHTapHbIE CTaHIApPTHBIE OJIOKU s3bIKa MporpammupoBanus. OHU
PAaCIIO3HAIOTCST BO BpeMsl JIGKCHYECKOTO aHAJIN3a, KOTOPBIM (KOHIENTYyalbHO, MO KpaiHEeH
Mepe) HMEeT MECTO JO0 CHHTAKCHYECKOrO aHajiu3a, HEMOCPEACTBEHHO BBIMOJIHSAEMOTO
CUHTAaKCUYECKUM aHATN3aTOPOM.

10.3.1. KoucraHTsl
Ecte nsate TvmoB koucTauT: integer, logical, numeric, complex u string. Kpome Toro,
€CThb YeThIpe crieruanbubie Kouctautel: NULL, NA Infu NaN.

NULL wucnone3yercs nns ykasaHus Ha Imyctoil oObekT. NA wucmonbsyercs uis
orcyrcTByromiero (“He moctymuoro”) 3nauenust ganubix. Inf 000o3HauaeT OECKOHEYHOCTD, U
NaN - He-uncio B wucuuciaeHun IaBatounied Touku IEEE (pesynbraTel onepanuii
cootBercTBeHHO 1/0 1 0/0, Harpumep).

Jlornueckue kouctantel — 1160 TRUE (MCTUHA), mu6o FALSE (JIOXD).

UwucioBble KOHCTAHTHI CIEYIOT 32 MOIOOHBIM CHHTAKCUCOM M3 si3bika C. OHHM COCTOSIT
U3 TEJION YacTH, COCTOSIIEH W3 HYJS WIM OOJBIIET0 KOJMMYECTBA HU(P, COMPOBOKIAEMBIX
JOTIONHUTENRHO "', ® ApoOHOW dYacTH W3 HYJAsd WIM OOJbIIEro KoJmdecTtBa Iudp,
JIOTIOJIHUTEILHO COIPOBOXKJIAEMBIX CHMBOJIOM JKCIIOHEHTHI, cocrosimer u3 ‘E’ umm ‘e’,
JIOTIOJTHUTEIILHOTO 3HAKa U CTPOKH OJHOM miu Oonee uudp. Vnm npobHas wim necsTuyHas

4acTh MOTYT OBITh ITYCTBIMH, HO HE 00€ cpa3y.
JlomycTrMBI€ YHCIIOBBIE KOHCTAHTHI: | 10 0.1 2 le-7 1.2e+7

UwucoBble KOHCTAaHTHI MOTYT Tak)Ke OBITh IIECTHAIATCPUIHBIMK, HAUUHAACHh ¢ ‘0X’,
wim ‘0X’, compoBOXKIaeMOro HyjieM wid OonmbimuM KomuuectBoM mudpp ‘a-f wmm ‘A-F’.
[TomnepkuBarOTCS IMIECTHAANATEPUYHBIC KOHCTAHTHI C IUIABAIONICH TOYKOM, HCIOIB3YS
cuntakcuc C99, t.e. ‘Ox1.1pl’.

Tenepb CylecTBYeT OTIAEIbHBIA KJIACC LEJIOYMCICHHBIX KOHCTAHT. OHU CO3Aa0TCs
Opyd  HCIoONb30BaHMM crneuudpukatopa L B konume uumcna. Hampumep, 123L  naer
IEJIOYMCIICHHOE 3HAUYCHHE, a HE JICUCTBUTEIIPHOE 3HaYeHHE. MOYKHO UCIOJIb30BaTh Cy(pduKc
L mnis xBanmudukamuu J1000T0 HE KOMIUIEKCHOTO YMCIa C HaMEPEHHWEM CO3JaHUs IEI0ro
gucia. TakuM 00pa3oM, 3TO MOXET HCIOJIB30BAThCA C YHUCIAMHU, TPEACTABICHHBIMH B
HIECTHAALATEPUYHOM WIIM SKCIIOHEHIIMaIbHOM Bue. OIHAKO, €C/IM 3HAUEHHE HE I0MYCTUMOE
[IEJI0€ YHCIIO, BBIIACTCS TMPEAYNPEkKIACHUE, MW CO3/1aeTCA JEHCTBUTEIHLHOE 3HAYCHUE.
Crnenyronie npuMepbl MOKa3bIBAIOT JOMYCTUMBIE 1IEIOUYHMCICHHbIE KOHCTAHTHI, 3HAUCHHUE
KOTOPBIX Oy/eT TeHepupoBaTh MPEAYNPEKICHUE W JaBaTh JCUCTBUTEIBHBIC KOHCTAHTHI U
CHHTAaKCHYECKHUE OIINOKH.

Jonyctumele nenounciennsie koucrantel: 1L, 0x10L, 1000000L, 1e6L
Jlomyctumeble uncioBbie KoHcTaHThI:1.1L, 1e-3L
CuHrakcuyeckas ommbka: 12iL
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[IpenynpexaeHne BBIIAIOTCS JUISI 3HAYEHUS, KOTOPOE COJEPKUT HEHYKHYIO
JECATUYHYIO TOUKY, Hampumep, 1.L.

3aMeTHM TaKk)Ke, YTO MpEeAbLAyINMiA 3Hak (+ win -) 00paboTaH Kak yHapHBIN
OMEpPaTop, @ HE KAaK 4acTh KOHCTAHTHI.

AKTyanpHasi Ha HACTOSIIUI MOMEHT MH(OPMAIUS MO MPUHATHIM (hopMaTaM MOXKET
obITh Haiimena myrem ?NumericConstants.

Y KOMIUICKCHBIX KOHCTaHT €CTh (opmMa JeCATUYHON YHCIOBOM KOHCTAHTHI,
conpoBokaaemoiri 'f. 3aMeTHM, YTO TOJBKO MPOCTO MHHMBIC dYHCIA - (HaKTHYECKHE
KOHCTaHTBI, JpPyrue KOMIUIEKCHbIE 4YHCIa IMPOAaHAJIM3UPOBAHBI YHApPHBIE WM OWHApHbBIE
oncpanr Ha YUCJIIOBbBIX 1 MHUMBIX YHCJIaX.

JlonyCTHUMbIE KOMIUIEKCHBIC KOHCTAHTBI: 21 411 1le-2i

CTpoKOBbIE KOHCTAHTBI pa3rpaHUYCHBI Mapoil onuHapHbIX (° * *) win nBovHbIX (" 7)
KaBBIYEK W MOTYT COJep)KaTh BCE JApPYrHe IedaraeMble CHUMBOJIBL. KaBblUkM W japyrue
CIECIMAlIbHBIE CHMBOJBI B TIpEleNax CTPOK CHeHUPUIHUPYIOTCS, WCIONB3ys escape-
MOCJIEI0BATEIBHOCTH:

|’ OJIMHApHAas KaBbIYKa
" JIBOMHAS KaBbIUKA

In HOBas CTPOKa

Ir BO3BpAT KapeTKH

It CHAMBOJI BKJIA/IKA

b knaBuina Backspace

la 3BOHOK

If nepeBo popmara

lv BepTUKaIbHAs BKIIAIKa

[l HaKJIOHHAs YepTa BJICBO HEMOCPEICTBEHHO

|nnn cuMBON ¢ MaHHBIM BOCBMEPUYHBIM KOJOM - TOCJICOBATEIILHOCTH OJIMH, JIBE
uu Tpu nudpsl B auanazone (... 7 IPUHATEHL.

XN cUMBOJ C JaHHBIM MICCTHAAIATEPUYHBIM KOJIOM - IOCIIEA0BATEILHOCTH OTHOM
WK JBYX IIecTHaANATepUuHbIX 1udp (¢ 3amucsamu 0 ... 9A.. F... 1).
lunnnn lu {nnnn}

(rme MHOTO OalTOBBIC JIOKATH TMOJACPKUBAIOTCS, WHade ommoOka). CuMBOI
Unicode ¢ naHHBIM MIECTHAANATEPHYHBIM KOJOM - IOCIEAOBATEIBHOCTH [0
YeThIpex MIeCTHaANAaTepuuHbIX mudp. CUMBOI JTODKEH OBITH AOMYCTUMBIM B
TEKYIIEH JOKaJu.

\Unnnnnnnn \U{nnnnnnnn}

(rme MHOrO OaiToBBIC JIOKATW moaiepkuBaroTcs a He Ha Windows, mHaue
omubka). CumBon Unicode ¢ maHHBIM MICCTHAANATEPUYHBIM KOIOM -
IIOCJICA0BATCIIBHOCTU 10 BOCBbMHAU HIGCTHaI[HaTepI/I‘IHBIX I_II/I(bp

OpuHapHasi KaBbIYKA MOXET TakKe OBITh BCTPOEHA HEMOCPEICTBEHHO B
pa3rpaHUYEHHOMN CTPOKE TBOWHOM KaBBIYKH M HA0OOPOT.

Haumnas ¢ R 2.8.0, ‘nul’ (\0) He mo3BOJEH B CHMBOJBHOH CTPOKE, TaK Kak
ucrons3oBanne \) B CTPOKOBOM KOHCTaHTE 3aBepliaeT KOHCTaHTy (OOBIYHO C
NPEIYNPEKACHUEM): JAIbHEHIINEe CHMBOJBI 10 KaBBIYKM HAa MOMEHT 3aKPBITHS
OTCKaHUPOBAHBI, HO UTHOPUPYIOTCSI.

10.3.2. UaeHTUPUKATOPBI
WneHTuduKaTopsl COCTOAT M3 IOCIEAOBATEILHOCTH OYKB, udp, Touku (° . °) u
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MOAYCPKUBAHUA. Ouu He JOJI’)KHBI HA4YMHATHBCA HU C I_[I/I(bpbl, HU C NOAYCPKHBAHUA, HU C
TOYKH, COTPOBOKIaEMON IUPPOH.

Omnpenenenre OYKBBI 3aBHCUT OT TEKYIIEH JIOKATH3AIMU: TOYHBIH HAOOP JTOMYCTUMBIX
CHUMBOJIOB JaeTcsi BeIpaxkenuem C(isalnum (c) // ¢ ==""// ¢ == ’_’) u Oyzaer BKIOYaTh
aKI[CHTUPyeMble OYKBBI BO MHOTHE 3aI1aTHOEBPOIEHCKIE JIOKATH3AIINH.

3aMeTUM, 4YTO HAEHTU(UKATOPHI, HAYMHAIONIMECS C TOYKH, IO YMOJYaHUIO HE
nepeuncieHbl GyHkiuei /S, uuto ... u ©.. 17, ©.. 2°, U T.J. ABISIOTCS CIEIHMATbHBIMHU.

3ameTuM TAKXKEC, YTO Yy OGBGKTOB MOT'YT GBITB HMCHA, KOTOPLIC HC SABJIAIOTCA
uneHtuukaropamu. K HUM 0OBIYHO MOJTy4YarOT AOCTYI 4epe3 get u assign, XoTs OHU MOTYT
TaKXeE 6I>ITB NpeaACTAaBJICHBI TCKCTOBBIMU CTPOKAMU IIPpU HCEKOTOPBIX OIpaHUYCHHBIX
00CTOSATENHCTBAX, KOTJa HET HUKAKOW HEOMHO3HAuyHOCTH (Hampumep, X <-I). Kak get u
aSSign, HC OI'paHUYCHBI HWMCHAM, KOTOPBIC ABJIAKOTCA I/I,Z[GHTI/Iq)I/IKaTOpaMI/I, OHU HC
pacIo3HAIOT OINEepaTophl MPeoOpa30oBaHUs B HWKHHA HWHACKC HIIM 3aMEHSIOIINE (YHKIWU.
Crenyromue napbl He SKBUBaJICHTHBI:

x$a<-1 assign(“'x$a",1)

x[[11] get("x[[111™)

names(x)<-nm  assign(*'names(x)",nm)
10.3.3. 3ape3epBUpOBaHHbIE CJI0BA

Crnenyroniye HISHTU(PUKATOPHI UMEIOT 0C000€ 3HAYCHHE M HE MOTYT HUCIOJb30BaThCS
IUII UMEH OOBEKTOB!

if else repeat while function for in next break
TRUE FALSE NULL Inf NaN
NA NA integer _ NA real NA complex_ NA_character_

10.3.4. CneuyuajibHbIe ONlEPaTOPbI

R mo3BoiisieT ompezenseMble MOJIb30BaTeIeM HH(HUKCHBIE OMEpaTophbl. Y HHUX BUJ
CTPOKHM CHMBOJIOB, pa3rpaHUYEHHbIX CUMBOJIOM ‘%’. CTpoka MOXET coAep)KaThb JI000M
neyataemMbli cumBos, KpoMme ‘%’. Escape-mocinenoBaTeNbHOCTH [JIsi CTPOK 3/1€Ch HE
MPUMEHSIIOTCS:

3aMeTuM, 4TO NpPeoNpeaeIeHbI CIEIYIONINE ONePaTOPHI:

%%  %*% %/% %in% %0% %x%
10.3.5. Pa3aenurenu

XO0Ts HE CTPOro MapKephl, pparMeHTsl MPOOETbHBIX CUMBOJIOB (IIPOOEb, TaOyIAIIH
u nepeBoabl popmara B Windows u nokansx UTF-8 apyrue cumosbsl mpo6enoB Unicode)
CITy’Kat JUJIsl pa3TpaHUYeHUs MapKEpOB B cllydae HEOJIHO3HAYHOCTH, (cpaBHUTE X <- 5 1
X< -5).

Y HOBBIX CTPOK €CTh (YHKLIHMS, KOTOpas SBISETCI KOMOMHALMEW pa3aerauTens
MapKepa U pa3AenuTeNs BeIpakeHus. Eclii BeIpakeHUEe MOXKET 3aBEPIIUTHCS B KOHIIE CTPOKH,
CUHTAKCUYECKHI aHanu3aToOp MPEANOIOKHUT, YTO 3TO TaK M €CTh, MHAaye HOBas CTpPOKa
oOpabarsiBaeTcs kak mpoOen. Touku ¢ 3amsaToit (“;’) MOTYT HCIIONB30BAThCS IS pa3IeICHUS
3JIEMEHTAPHBIX BHIPAKEHUN Ha OJHON CTPOKE.

CroenuaipHble MpaBWJia MPUMEHSIOTCS K KIIOYEBOMY CIIOBY €/S€ B COCTaBHOM
BBIPOKCHUH MPESKIC, YeM €/Se 3aBepIInTCs, Ha HanboJiee yIaIeHHOM yPOBHE, HOBasi CTPOKa
3aBepIIacT KOHCTPYKIUIO /fu mocienyroiee €/S€ BhI3bIBAIOT CHHTAKCHYCCKYIO OMIMOKY. DTO
HECKOJIbKO aHOMAJIbHOE IMOBEICHHE MPOUCXOIUT H3-3a MPUMEHECHUS A B MHTEPAKTUBHOM
PESKUME, YTO MO3BOJISIET ONMPEACIHUTD, SBIISICTCS JIH BXOIHOE BBIPAKCHUE TOJIHBIM, HETTOTHBIM
WJIM HEJIOMYCTUMBIM, KaK TOJIBKO MOJIb30BaTeNb HakuMaeT RET.

3amsaras (°,") HWCHONb3yeTcs UIs pa3feiieHHs apryMeHTOB (YHKIMM M MHOTHX
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AHIEKCOB.

10.3.6. OnepaTop-cCUMBOJI
Rucnonp3yer ciaenyronme MapKkephbl OlepaTopoB:

+-*/%% " apH@gMeT HiecKue
> >= <

<= == I'=  or HoweHH#H

1&/ JIOTHYECKHE

~ @ OpMyIIBI MOJETH
-S> <- TIPHCBOCHHE

5 HHTEKCAIHA CITHCKA

. IOC/IeJOBAT E€JILHOCT b
Y HEKOTOPBIX OMEPATOPOB UMEETCSI NHOE 3HAYEeHUE B (POpMyIIax MOJIEIH.
10.3.7. 'pynnupoBKa

OObIuHbIe KpyTiIbie CKOOKH - ‘(C U ) * - HCIOJNB3YIOTCS I SIBHOM TPYNIUPOBKH B
npejeniaXx BhIPaKCHUH W Pa3TPaHUYCHUS CIIMCKOB apryMEHTOB JUIsl OTIPEICIICHUN U BBHI30BOB
byHKINH.

durypHbsie CKOOKH - ‘{’ u‘} ’- pa3mensioT OJIOKH BBIPAKCHUH B OIPEACICHHIX
(GYHKINH, YCIIOBHBIX BBIPAKCHUSIX U UTEPATUBHBIX KOHCTPYKITHSIX.

10.3.8. CuMmBOJ HHAEKCA

Wupekcaiusi MacCMBOB M BEKTOPOB BBIMOJIHSETCSI HCIIOJNIb30BAHUEM OT/ACIBHBIX U
nBoiHbIX ckobok ‘[ P u ‘ff J]. Kpome TOoro, mHmeKcamusi TErOBBIX CIIMCKOB MOYXET OBITh
clieIana, UCIoJIb3ys omeparop “‘§.

10.4. BbIpaxeHus
[Iporpamma R COCTOMT W3 MOCIEAOBATEIIBHOCTU BhIpakeHUW K. BrIpakeHne MOKeT

OBITH MPOCTHIM BBIPAKEHHUEM, COCTOSIIIUM TOJIBKO M3 KOHCTAHTHI WM HJIEHTU(UKATOpa, WK
OHO MOJKET OBITh COCTaBHBIM BBIPAKCHHEM, CO3JAaHHBIM M3 JPYTUX YacTel (KOTOpBIE MOTYT
CaMOCTOSITENIEHO OBITh BHIPAKEHUSMHU ).

Crnenyromme pasfensl JACTAUIM3UPYIOT Ppas3iIUyYHbIe JOCTYIHBIE CHHTaKCHYECKHE
KOHCTPYKIIUH.

10.4.1. Bbi3oB pyHKI M1

BezoB ¢ynkmun npuHuMaer (GopMy (GyHKIMOHAIBHOM CCBIIKH, COMPOBOXKIAEMOM

CIIMCKOM DPa3/IeNICHHBIX 3aITON 3HAYECHUH psiia apryMEHTOB B IPE/IeNax KPYIJbIX CKOOOK.

function_reference (argl, arg2, ...... ,argn )
Taxoke pyHKIMOHATIBHAS CCHUIKA MOXET OBITh!

® UACHTUPUKATOPOM (MMeHeM (YHKIIHMHN);
® TEKCTOBOW CTpOKOW (Tak ke, HO YymoOHee, eciu y (YHKIUH eCTb UM,
KOTOpOE He SBJISETCS AOMYCTUMBIM HICHTH(PUKATOPOM),
® BBIpaXEHHUEM (KOTOPOE JTOJKEH OIEHUBATHCS K (DYHKIIMOHAILHOMY OOBEKTY),
Kaxplii apryMeHT MOKET OBbITh TErupoBaH (fag=expr), niu ObITh JHIIb MPOCTHIM
BbIpaxkeHHEeM. Takke OH MOXET OBITh IYCTBIM, UM OH MOKET OBITh OJHUM U3 CIEIUaIbHBIX
MapkeposB ‘...°, ‘.. 2°, ¥ T.JI.
Ter moxet ObITH UIACHTHU(PHUKATOPOM HIIM TEKCTOBOH cTpokoil. [Tpumepsr:
f(x)
g(tag =value,, 5)
"odd name"("strange tag" =15, y) (function(x) x*2)(5)

10.4.2 . Cy¢pPpukc v npePuKc onepaTopos
[Topsimok ouepeaHocTr (CaMblii BBICOKHH TEPBBIii) OMIEPaTOPOB:
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$@

N

-+ (unary)

%xyz%

*

+ - (binary)

>SS < <= == =

!

& &&

Ll

~ (unary and binary)
> S>>

= (as assignment)
<- <<-

OmnepaTop BO3BEJEHUS B CTENEHb "’ M JIEBBIE OIMEpPaTOpPhl MpPUCBaMBaHUA® <-= <<-’
rpymna crpaBa HalleBO, BCs JApyras TPYINa ONepaTopoB clieBa HampaBo. Takum oOpazom, 2/
2"\3 paBHO 28, a He 43, torma kak 1-1-1 paBHo —7, a me 1.

3aMeTuM, 4TO omeparopbl %% w  9%/% nis 1EeJ0YHMCICHHOTO OCTAaTKa M JCIICHHS,
UMEIOT 00JIce BHICOKUI IPUOPHUTET, YEM YMHOKEHHUE U JICICHHUE.

XOTsl OH HE CTPOro OIepaTop, HO OH Tak)Ke HYKJIAeTcsl B YIOMMHAHUU: 3HAK ‘=
UCTIONB3YETCSl Ui TETUPOBAaHUS apTyMEHTOB B BbI30BaX (YHKIUU W JUIS TPUCBOCHUS
3HAYEHUS 110 YMOIYAHUIO B QYHKIIMOHAJIBHBIX OMpEAETCHUIX.

3nak  ‘$’ sBAsIETCS B HEKOTOPOM CMBICIE ONEPATOpOM, HO HE MO3BOJSIET
MPOU3BOJIBHBIC TIPAaBbIE CTOPOHKI U 00cykaeH B pasznene 10.4.3 [MHIeKCHbIE KOHCTPYKIIHH].
VY Hero Oosiee BHICOKHI IPUOPUTET MO CPABHEHUIO C JIFOOBIM JIPYTHM OIEPATOPOM.

[IpoananusupoBanHas ¢opMa yHapHOW WM OWHApHON omepauuu abCONMIOTHO
HKBHUBAJICHTHA BBI30BY (PYHKIIMH C ONEPATOPOM KakK UMsl PYHKIIMH M OTIEPaHIaMU B KaueCTBE
apryMeHTOB (yHKIUH.

Kpyribie ckoOkH 3amucaHbl Kak SKBHBAJICHTHBIE YHApHOMY oreparopy ¢ umenem ("
ke B CIIy4asx, TJe Kpyrible CKOOKM MOTIIM OBITh BBIBEJCHBI U3 NPUOPUTETA OMEPATOPa,
Hanpumep, a * (b + ¢).

3aMeTHM, 4YTO CHMBOJBI TIPHCBOCHHS - OIEpPaTOpbl TOYHO TaKHE JKE, Kak
apudmeTnuecKue, PeNsSIMOHHBIC U JOTHYECKHE ONepaTophbl. Takke pa3pernieHbl BhIPaKEeHUS
Ha IIEJICBOM CTOPOHE TPUCBOCHUSI HACTOJILKO, HACKOJIBKO CHHTAKCHYECKOTO aHalM3aTopa
KacaeTcs JOMYCTHMMOCTh BbIpakeHHs. (2 + 2 <-5 sBiusercs IOMYyCTUMBIM BBIPAKCHHEM
HACTOJIFKO, HACKOJIBKO KacaeTcs CHHTAKCHYECKOTO aHajim3aTropa. XOTs CPEICTBO aHaIM3a
apnsieTcs 00bekToM). I[lo00HBIE KOMMEHTapUHM MPHMEHSIOTCS K omepaTtopy (Gopmylisl
MO/IEITH.

10.4.3. KOHCTpYKUUS UHEKCOB
Y R ectb Tpu KOHCTPYKIIMH WHICKCAIIUH, JBE U3 KOTOPHIX CHHTAKCHYECKH MOJAO00HHI,
XOTS C HECKOJIBKO Pa3JIMYHONM CEMaHTUKOM:

object [ argl, ...... ,argn ]
object [[ argl, ...... ,argn 1]
dopMaTbHO OOBEKT MOXKET OBITH JIFOOBIM JIOMYCTUMBIM BBIP&KEHHEM, HO 3TO, Kak
NOHUMAIOT, 0003HAYaeT MM OLIEHUBACT MOYCTAHABICHHBIH OOBEKTY. APryMEHTH OOBIYHO
OILICHUBAIOT K JICHCTBUTEILHBIM WJIM CHMBOJIBHBIM WHJEKCaM, HO BO3MOXKHBI JPYTHUE BHIBI
aprymeHToB (ocodenHo npu drop = FALSE).
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BHyTpeHHre UHIEKCHBIE KOHCTPYKIIUU COXPAHATCA KAaK BBI3OBBI (DYHKIIMHM C UMEHEM
¢byukuuu "[" win, coorBeTcTBeHHO, "[[".

TpeTbst KOHCTPYKIIMS UHIEKCOB UMEET BU/I:
object $ tag

3n1ech, OOBEKT Kak BbIIIE, TOTJa KaK Ter - MACHTU(UKATOP MM TEKCTOBas CTPOKA.
BHyTpeHHe coXpaHHUTCs KaK BbI30B (QYHKIHH ¢ UMeHeM "$".

10.4.4. CocTtaBHbIE BbIpaKeHUA
CocraBHOE BBIPAXKCHUC UMCCT BU.
{exprl ;expr2 ;... ; exprn }
Touku c 3amsATONM MOYKHO 3aMEHHUTH MEPEBOJOM CTPOKU. BHyTpeHHE COXpaHUTCS Kak
BbI30B (hyHKIMHU ¢ "{" KaK UMs QYHKLIMHU U BBIPAXKECHUS KaK apTyMEHTBHI.

10.4.5. Js1eMeHTHI ynpaBJeHHs IOTOKOM
R comepxuT  cleaylmue — CTPYKTYphl — VIPAaBICHUS  KaKk  CIHEIHalbHbIE
CHUHTAaKCUYECKHE KOHCTPYKIIHH:
if (cond ) expr
if (cond ) exprl else expr2
while (cond ) expr
repeat expr
for (var in list) expr
BI:Ipa)KGHI/I}I B 3THUX KOHCTPYKIUAX OGBI‘IHO 6yI[yT COCTaBHBIMH BBIPAKCHUSIMU.
B mpenenax xonctpykumii mmkia (while, repeat, for) moxxHo mcnonb3oBath break
(mtst 3aBepicHM 1TUKIa) U NeXt (U1 mepexoaa K CIEAYIOIIeH HTEPaIlin).

BHyTpeHHe, KOHCTPYKLMHU COXPAHSATCS KaK BBI3OBBI (DYHKITHH:
"if"(cond, expr) "if"(cond, exprl, expr2)
"while"(cond, expr) "repeat"(expr)
"for"(var, list, expr) "break"()
"next"()
10.4.6. Onpeaesnenne GyHKI M
Onpenenenne GyHKIUU UMEET BHL
function (arglist ) body
Temo (yHKIHMU - BhIpa)KEHHE, YaCTO COCTABHOE BBIpaXKeHHe. arglist - crmcok
pa3[eNICHHBIX 3alsITOd  3HAYCHWH DSJIEMEHTOB, KaXIbIi M3 KOTOPBIX MOXKET OBITh

unentudukaropom, win Buma ‘identifier = default’, wiu cnenmaneueii mapkep “...°. ITo
YMOanHI/IIO MOKET 6BITB JIIO6BIM I[OHYCTI/IMBIM BBIpa)KeHI/IeM.

3aMeTHM, 4TO y apryMeHTOB ()yHKLIHMU B OTIUYME OT TErOB CIUCKA, U T.Md., HE MOXET
OBITH “‘CTpaHHBIX UMEH ’, IPEOCTABIICHHBIX B BUJIE TEKCTOBBIX CTPOK.

BHyTpenHe omnpeneneHue (GYHKIUH XpaHUTCS KaK BBI30B (QYHKIHMH C HMEHEM
¢ynkuu function u nByms aprymentamu: arglist v  exom. arglist XpanuTcsi Kak TETOBBIN
HapHBIN CIIHCOK, TIe TEerW - IMEHa apryMEHTOB, a 3HAYCHHE - BRIPAKCHUS 110 YMOITIaHHIO.

10.5. /IupexkTHBBI
CHUHTaKCUYECKMH aHaIM3aTOp B HACTOAIIMA MOMEHT MOIJEPKUBAECT TOJBKO OJHY
nupekTuBy #/ine. Ona mompoOHa mupekTrBe npenpoueccopa C ¢ aTum ke nmMeHeM. CHHTaKCHC
UMEET BUJ:

#line nn [ "filename™ ]
rae /11 - UCIOYHCICHHBIH HOMEp CTPOKH, W JONOJHUTEIbHOC #MA @akna (npu
HEOOXOIMMOCTH B IBOWHBIX KaBBIYKaX ):

names the source file.
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B ortnmume ot gupektusbl C, #//n€ nomkHa MOSBUTHCS Kak MEPBbIC MSATh CHMBOJIOB
Ha ctpoke. Kak B C, /nn u 3amuce "filename" moker ObITh pasmeneHa mpobemamu. M B
otianuue oT C, 4T0-mubo 1mocie TeKcTa Ha CTpoke OyneT 00padaThiBaThCs KaK KOMMEHTapHuil 1
UTHOPHPOBATHCS.

DTa JUPEKTUBA TOBOPHT CHHTAKCHYECKOMY aHAJIM3aTOpPy, YTO CIEIYIOIIas CTpOKa
SBISIETCSL CTPOKOWM /111 w3 (aiina ¢ mmeHem filenane. Ecnu wums Qaitna He IaHO, TO
IPEIIIONIAraeTcs, 4TO HWMs CIEIyeT B3sTh M3 Mpelplnyiieil TupekTuBbl. OOBIYHO HE
UCIIONIB3YeTCS  TIOJIb30BATEIISIMU, HO MOJXET HCIOJIb30BaThCs IPEIPOIECCOPaMU ISt
OTHECCHUSI IMarHOCTUIECKUX COOOIIeHNU I K cXxonHOMY (aity.
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Onpegenenue s3bika R

IIpuinoxenue A. CcbLIKH
Richard A. Becker, John M. Chambers and Allan R. Wilks (1988), The New S
Language. Chapman & Hall, New York. This book is often called the “Blue Book ”.
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