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1. BBeaeHue

R - cuctema 11l CTAaTUCTUYECKUX BBIUMCICHUN M Tpaduku. OHa BKIIOYAET, MEKIY
IPOYNM, SI3BIK NMPOTPAMMHPOBAHUS, BHICOKOYPOBHEBYIO TpaduKy, UHTEp(ENCH sl APYrux
SI3BIKOB M CPEJICTBA OTJIAJAKH. DTOT CIPABOYHUK JICTATU3UPYET U ONPEACIISICT S3bIK A,

SA3pik R - mranekT S, KoTopslid ObUT pa3padoraH B 1980-bIX U ¢ TEX MOP HAXOIUTCS B
IIMPOKOM HCIOJB30BaHUU B CTAaTHUCTHYECKOM coobmiectBe. Ero ocHOBHOU pa3paboTuuk,
Jlxon M. YemOepc, Obu1 HarpakaeH 3a S I[lpemuell 1Mo CHCTEMHOMY NPOTPAMMHOMY
obecneuennro ACM 1998 rona.

VY cuHTaKcuca s3bIKa €CTh TOBEPXHOCTHOE CXO/CTBO ¢ C, HO CEMaHTHKA MPHUHAICKHUT
K cemeiictBy FPL (s13p1kamM (pyHKIIMOHAIBHOTO MPOrpaMMHPOBaHUs) C 0oJiee CUIBHOM CBSI3BIO
¢ Lisp u APL. B gacTHOCTH, BO3MOXXHO “BBIYHCIIATH Ha SI3BIKE”, KOTOPBIA MOOYEPETHO
NO3BOJISIET MUcaTh (YHKIWHU, KOTOpble OepyT BBIpaKEHHUS B KauecTBE BXO0/a, YTO-TO, UTO
9acTo MOJIE3HO YIS CTATUCTHYECKOTO MOJICIIUPOBAHUS U IPadUKH.

MOXHO TONYYUTH JOBOJBHO NPHUMHUTHBHOE HCIIOJIb30BaHNE A B HHTEPAKTHBHOM
pEeKUME, BBIMOIHAS MPOCThIE BBIPAKECHUS U3 KOMaHAHON cTpoku. HekoTopsle mosb3oBaTenu
HHKOT'Ia, BO3MOXXHO, HE YHIYT C 3TOT0 YPOBHSI, APYIHe 3aXOTIT HAMUCATh CBOM COOCTBEHHBIC
(YHKUIMU UM OTIEPaTUBHO CHCTEMAaTU3MPOBATh OAHOOOPa3HYIO paboTy MM Ha NEPCHEKTHUBY
3amKcaTh JONOJTHUTEIbHBIC TAKETHI sl HOBOH ()yHKIIMOHAIBHOCTH.

Ilenp 3TOro CrpaBOYHUKA COCTOUT B JOKYMEHTHPOBAHMM fA3BIKA IO CYIIECTBY. OTO
O3HauyaeT, OOBEKThl IOKA3aHbl, TaK KaK OHM pPabOTAIOT, W JETadd Ipolecca BBIYUCICHUS
BBIPQKEHUI, KOTOpbIE IOJIE3HO 3HATh IpHU TNporpamMmmupoBaHun QyHkuuit K. [naBHbIC
IOJICHCTEMBI JJIs1 ONPEIENICHHBIX 3a/a4, TAKUX Kak rpaduka, onucaHbl B 3TOM CIPAaBOYHUKE
JMIIB KPATKO U OYAYT 3a10KyMEHTHPOBAHBI OTIEJIBHO.

XoTsi OombIasi 4acTh TEKCTa OJMHAKOBO MPUMEHUMA K S, €CTh TaKKe HEKOTOpHIC
CYIIECTBEHHBIC pa3IM4Ms, W YTOObl HE IepemyTaTh MpoOJIeMy, CKOHIIGHTPHUPYEMCS Ha
onvcanuu R.

ITpoexT si3bIKa COAEPKHUT MHOTO TOHKOCTEH M paclpOCTPaHEHHBIX OIIMOOK, KOTOpHIE
MOTYT YIUBHTH IOJB30BAaTENsA. BONBIIMHCTBO M3 HUX NPOUCXOMUT HU3-3a COOOpaKCHUH
HEMPOTHBOPEUUBOCTH Ha Oosiee TIyOOKOM YpoBHE, Kak Mbl OOBsICHUM. ECTh Takxke MHOTO
MOJIE3HBIX SIPJIBIKOB M HAMOM, KOTOpPbIE MO3BOJISIIOT MOJb30BATENIO BBIPAXKATh BIIOJIHE
CIIO)KHBIE OMNepaluy KpaTko. MHOTME W3 HUX CTaHOBSTCS €CTECTBEHHBIMH IO Mepe
O3HAKOMJICHHUS ¢ 0a30BBIMU MOHATHAMH. B HEKOTOPBIX CiIydasx CyIIECTBYET MHOTO CIIOCOOOB
BBITIOJIHUTH 33/1a4y, HO HEKOTOpPHIE U3 METOJIOB OCHOBAHBI HA PEANM3allli S3bIKa, a APYTrHe
pabotator Ha Oojiee BBICOKOM YpOBHE aOcTpakiuu. B Takux ciydasx ykaxkeM Ha
NPEUMYIIECTBEHHOE  HCIIOJIb30BAHUE.

IIpennonaraercs HekoTOpoe 3HAKOMCTBO ¢ A. OTo He BBeaeHue B A, a ckopee
CIpPAaBOYHUK TporpamMmucra. Jlpyrue CHpaBOYHUKH MPEAOCTABISAIOT JIOTOJHUTEIBHYIO
nHpopmaruo: B ocobennoctu pazaen "llpenucnosue" Bo Benenuu B A mpemocTaBisieT
BBereHue B R, u pasgen “Cucrema u uHTepdeiichl BHEIIHHX s3bIKOB” B Hamucanue
pacumpenuil A netanusupyer pacuuperue A, UCrob3ysl CKOMIMINPOBAHHBIN KO,

2. 06'bEKThHI

Ha kaxxgoMm MaliMHHOM SI3BIKE TIEPEMEHHBIE OOECIEeUMBAIOT CPEICTBO JOCTYyMa K
JAHHBIM, XPaHAIIMMCS B TaMATH. A He 00ecrieunBaeT MPSMOH JTOCTYIT K TaMsATH KOMITBIOTEPA,
a ckopee oOecrednBacT MHOTO CIICHUATH3UPOBAHHBIX CTPYKTYp HaHHBIX, HMEHYEMBIX
obbekTamMu. Ha 3T 0OBEKTHI CCBHIIAIOTCS Yepe3 CHMBOJIBI WM TiepeMeHHble. B A, omgHako,
CHUMBOJIBI - CAMOCTOSITEIbHO OOBEKTHI U MOTYT YIPAaBJIATHCA TAaKUM K€ 00pa3oM Kak JIroOon
Ipyroi 00BEKT. DTO OTIWYAECTCI OT MHOTHX JPYIHMX S3BIKOB M HMMEET IHPOKO
PacCIpOCTPAHSIONINECS CICICTBUSI.
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B 1ol rmaBe maHBl NpeABapUTENbHBIC OMUCAHHS PA3THYHBIX CTPYKTYP JAHHBIX,
npenocTaBieHHbIX B A, Bosee peranbHbie 00CYKACHUS MHOTHX M3 HUX OYAyT HaiIeHBI B
nocieayrommx riaBax. Oynknus ompenencHuss B K fypeof Bo3spamaer 7 mir oobekta R.
3ameTnM, 4to B Koje C, nexarieM B OcHOBE A, Bce OOBEKTHI SBISIOTCS yKa3aTeNsIMH Ha
CTpYKTYpYy ¢ onpenenenueM tuna SEXPREC; paznuunblie Turbl 1aHHbIX R ipenctaBieHsl B C
SEXPTYPE, xoTopslii onpenenser, Kak MCMOAb3yeTcs HHGOPMAIHSI B Pa3IMYHBIX YaCTIX

CTPYKTYDBHI.
Crenyromasi TabiuIa OMUCHIBAET BO3MOKHOE 3HAUCHUE, BO3BpallleHHOE [yPeorf u ux
3Ha4YCHUE.

"NULL" NULL

"'symbol" UMsI IEpEMEHHOMN

"pairlist” napHbIii 00BEKT (B OCHOBHOM BHYTPCHHHIA)

"closure” byHKIHS

"environment”  okpyskaromias cpeaa

"promise” 00BEKT, UCTIOIB3YEMBIH JIJIsl OTJI0KEHHOW OIICHKU
"language” KOHCTPYKIIUS s3bIKa R

"special” BHYTPEHHSS (QYHKIHA, KOTOpasi HE BEIYMCIIIET CBOM apT'yMEHTBI
"builtin” BHYTPEHHsI QYHKIIHS, KOTOPask BEIYMCIISACT CBOM apryMEHThI
"char" a ‘scalar’ cTpokoBbIif 00BEKT (TONBKO BHYTPEHHHIA) ***
"logical” BEKTOP, COJICPIKAIINI JIOTHIECKHE 3HAUCHUS

"integer™ BEKTOp, COJIEPIKAIINM 1IeJIbIe 3HAYCHUS

"double" BEKTOP, COJICPIKALIHIA PealbHbIC 3HAYCHUS

"complex” BEKTOp, COJIEP AN KOMIIJICKCHBIE 3HAYEHUS

"character" BEKTOD, COJEPKaLNil CHUMBOJIbHBIE 3HAUCHUS

non Hkk

taprymMeHT onpeeneHHONW MepeMEHHON JTTMHBI

any CIIELIMAIbHBIN TUII, KOTOPBIM 3aMEHSET BCE TUIIBL: HE
CyIIeCcTBYeT 00BEKTOB TAKOTO THUIIA
"expression™ 00BEKT BBIPAKCHUE
"list" CIIHCOK
"bytecode™ KoJ B Oaiitax (TOJBKO BHYTpEHHE) ***
"externalptr” 00BEKT BHEIITHETO yKa3aTess
"weakref" 00BEKT c1a00i CCHUTKU
"raw" BEKTOp, CoJIep KaIInii OalThI
'S4 00BEKT S4, KOTOPBI HE SBJISIETCS POCTHIM 00BEKTOM

Ilonvzosamenu He Mocym npocmo noayuUmMs 00beKmMol, NOMeUeHHble ***7,
OyHKIMOHATBHBIA PEXUM JaeT HHPOPMAIIUIO 0 pekuMe 00bekTa B cMmbicie Becker,

Chambers & Wilks (1988), u siBisercst 6ojice COBMECTHMBIM C APYTUMH PeaaH3alisIMU
s3pika S. Hakonen, QyHKIus Sforage./mode nokas3piBaeT PeKUM XpaHEHHs e¢ apryMEHTa B
cmeiciie bekkepa m ap. (1988). Ona O0OBIYHO HCHOJIB3yETCS TIPH BBI3OBE (DYHKIINH,
3anvMcaHHoON Ha Jpyrom s3eike, Takux kak C mwimu GOPTPAH s rapanTupoBaHusi, 4ro
00BeKThl A UMEIOT THUIl JaHHBIX, KOTOPBIN OXHJaeT BbI3bIBaeMas noanporpamma. (Ha si3pike
S BEKTOPHI C ETOYNCICHHBIMU UITH JHCTBUTEIFHBIMUA 3HAYCHUSIMA UMEIOT 00a "ducioBoit"
pEeXHUM, TAKUM 00pa30oM, UX PEKUMBI XpaHEHUS HYKHO OTINYATh.)

>x<-1:3

> typeof(x)

[1] “integer™

> mode(X)

[1] "numeric"

> storage.mode(x) [1] "integer"

OOmbekThl B R 4acTo NpeoOpa3oBbIBAIOTCA K PA3JIMYHBIM TUIIAM BO BPEMs BBIYUCICHUH.
Taxoke MMeeTcsi MHOTO JOCTYNHBIX (DYHKUMH JUIsl BBIMOJHEHUS SIBHOTO NMPEOOpa3OBaHMS.
I ——
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[Ipu mporpammupoBaHuM Ha si3bike A TUI 00BEKTa OOBIYHO HE BIMACT HA BBIYUCIICHHUS,
OJTHAKO, WMes JIeJO C BHEIIHUMHU S3bIKAMH WJIM OIEPAIMOHHON CHCTEMOM, YacTo
HEO0OXOMMO rapaHTUPOBATh KOPPEKTHOCTh THUIIa 0OBEKTA.

2.1. OcHOBHBbIE THIBI

2.1.1. BexkTopsl

Bekropa paccmarpuBarOTCS KaK =~ HENpEpbIBHAS — IOCIENOBAaTEIIEHOCTh  STYEEK,
COJIepKaIUX JaHHBIC. JocTtyn K siueiikaM  OCYHICCTBISICTCS 4Yepe3  Omepaluu
WHAEKCHpOBaHus, TakuMmu, kak X[5]. bBomee nerampHO paccmorpeno B pasaene 3.4
[unexkcupoBanuel].

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

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

OtnenbHble uynciia, Takue Kak 4.2, W cTpoka, Takas kak "four point two", Bce eme
BEKTOPBI, JUTHHBI 1; HET OOJbIIC 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. Cniucku

Crucku (“yHUBEpCaIbHBIE BEKTOPHI) SIBISIOTCS APYTHM BUIOM XPaHCHHS JaHHBIX. Y
CIIUCKOB €CTh JIEMEHTBI, KQXK/IbIi U3 KOTOPBIX MOXKET CoAepKaTh JIt000i Tun oobekra R, To
€CTh DJJIECMCHTHLI CIIMCKa HE O6H33.TCJ'H:HO HUMCHOT O[[I/IHaKOBBII\/'I tun. K smemeHTaM crmcka
MOJIy4YaloT JIOCTYI MOCPEICTBOM TPEX Pa3iMuYHbIX ornepanuil nHaekcauud. OHU OO0BSICHEHbBI
nopoOHo B paznene 3.4 [Munekcanus|.

Cnucku - BEKTOPbl, U OCHOBHBIE THUIIBI BEKTOPOB YIOMMHAIOTCS KaK aTOMapHbIE
BEKTOPBI, IJIe HEOOXOAUMO UCKIIOUUTH CITHCKH.

2.1.3. SI3pIkoBBIE 00BEKTHI
Ecte Tpu Tuma 0OBEKTOB, KOTOpBIE cOCTaBISIIOT s3bIK KA. D10 — call (Bbi3oB),
expressions (BelpaxkeHus) u name (ums). Tak kak y R ecTb 00bEKTHI THIA "BhIpaskeHUE", TO
MBI MONBITaEMCsl M30€XKaTh MCIIOJIb30BaHMs CIIOBA «BBIPAXKEHUE» B JIPYIHMX KOHTEKcTax. B
ONpEENEHHbIX  CHHTAKCHMYECKM  KOPPEKTHBIX  BBICKA3bIBAHUSX  BBIpaXEHUS  OyayT
YIIOMHHATHCS KaK OIEpPaT 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 (yHKuusMu aS.call u as./ist. Moryr ObITh
W3BJICUCHBl KOMIIOHEHTBI JIepeBa CHHTAaKCHYECKOrO aHajiM3a, HCIOJNb3ys CTaHIapTHBIC
OTIepaIy UHICKCALIUH.

2.1.3.1. Cumeonvnvie 06vexmaol
CumBoutbl oOpamaroTcs Kk o0bektaM R, OObIYHO MM JTI000T0 00beKTa A - CHMBOJL.
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CHMBOJIIBI MOTYT OBITH CO3AaHbI Yepe3 GYHKIUU &S./13/M6 U KaBBIUKY.

CuMBOIIBI UMEIOT pexuM "name’, pexum xpanenus "symbol” u tun "symbol”. Ouun
MOTYT OBITH NMPEeoOpPa3OBaHbI «B» M «H3» CHUMBOJBHBIX CTPOK, UCIOJNB3YS dS.character n
as.name. OHU €CTECTBEHHO IMOSBJISIOTCA KaK aTOMbl NpOaHAJIM3UPOBAHHBIX BBIPAXKECHUI,
nonpoOyii, Hanpumep, as.list(quote(x + y)).

2.1.4. BoipaxeHnus - 00beKTbI

B R M0xHO uMMeTh 00OBEKTHI Thma " expression". BeipakeHHE COIEPKHUT OIHO WU
Oosee mpemoxkenuid. Oneparop - CHHTaKCUYECKH KOPPEKTHBIM Habop mMapkepoB. OOBEKTHI
BBIPQXCHHS - CHEIHAbHBIE OOBEKTHI SA3bIKA, KOTOPBIE COACpkKAT MPOaHATH3UPOBAHHBIC, HO
HeolleHeHHble orepaTopsl A. OCHOBHOE pa3iMyue COCTOUT B TOM, YTO OOBEKT BBIPAKEHUS
MOJKET COJIepPKaTh HECKOJIBKO TAaKUX BBIpaXeHUH. [[pyrue Ooyee TOHKHUE pa3audus COCTOST B
TOMO, YTO OOBEKTHI THIa " EXPression " OLEHWBAIOTCS JIMIIb MPH SBHOW Mepeade Ha
BBIUMCJICHHE, TOTJa KaK JpPyrue OOBEKTHI S3bIKA MOTYT OBITh OIEHEHBI B HEKOTOPBIX
HEOKUJJaHHBIX CITy4asX.

OOBeKT BBIpaXXCHUA BEACT cebs TakKe Kak CITMCOK, U K €TI0 KOMIIOHEHTaM MOKHO
MOJIYYHUTDb OOCTYII TAKUM KC 06pa30M KaK KOMIIOHCHTaM CITMCKa.

2.1.5. O0beKkThI GyHKIUH

B R QyHkium - oOBEKTHl U MOTYT YIPaBISATHCS IMOYTH TaKUM XK€ CHOCOOOM Kak
mo0oit apyroit o0bekT. Y ¢yHKiui (miam Oosjee TOYHO, oOepTKa (YHKIHMH) €CTh TpHU
OCHOBHBIX KOMIIOHEHTa: ()OpMaJIbHBIA CIHCOK apryMEHTOB, TEJIO M OKpYXKarolas cpeia.
Cnucok aprymMeHTOB - CIHCOK pa3[elCHHBIX 3alsiTOd 3HAYEHUH apryMEHTOB. APryMEHT
MOXET OBITh CHMBOJIOM, WM KOHCTpyKimed «symbol = default», mnmm crnenmanbHbIM
aprymeHTom ‘... Bropas ¢opma aprymeHTa HCHOJB3yeTCS sl yKa3aHWsS 3HAYCHUS 10
YMOJIYAHHIO JJIsl apryMeHTa. JTo 3HaueHHe OyJeT HCIONb30BaThes, eclu (yHKUus Oyner
BbI3BaHa 0€3 KaKoro-1n0o 3HAYCHWs, YKa3aHHOTO MJII 3TOr0 aprymeHTta. Aprymesnr ‘...
SIBIISIETCSL OCOOCHHBIM M MOXET COAepXkarh J000e duciao apryMeHToB. OH OOBIYHO
UCIIOJIb3YETCSI, €CIIM YUCJIO apryMEHTOB HEU3BECTHO WJIM B CIIydasx, IZleé apryMeHThl OyayT
nepeaansl Jpyroi (yHKIUH.

Teno — CHUHTaKCHMYECKH MpOaHAIM3UPOBaHHBIN omepatop KA. DTo 00bIYHO HabOp
OTIepaTopoOB B PUTYPHBIX CKOOKAX, HO TAKXKE MOXKET OBITh OTJENBbHBIN OmepaTop, CAMBOJI WU
Ja)ke KOHCTaHTA.

Oxkpyxarommasi cpefa (QYHKIUU SBISICTCS CpPEelIOW, KOTopas ObUla aKTUBHOM TIpH
co3nanuu (QyHKiuu. JI060H CHMBOJI OrpaHMYeH CBOEH OKpyXaromeil cpemoil, cBi3aH U
JOCTYIIeH QYHKIHH. DTy KOMOMHAIMIO KoAa QYHKIIMN U TIPUBSI3KH B €€ OKPYXKAIOIIEH cpefie
Ha3bIBAlOT  ‘00epTKOM  (QyHKIUHM', TEPMHUHOM U3  TEOpHUH  (YHKIMOHAIBLHOTO
nmporpaMmMupoBaHusi. B 3ToM 1gokymeHTE OOBIYHO HCHOJB3YeTCs TEPMUH 'QpyHKIUA', HO
UCTIONB3yeTcs '00epTKa', 4ToObI MOTYEPKHYTh 3HAUUMOCTb IPUCOCTUHEHHOM CPEIbl.

MOXHO W}3BJ€YL M YIOPABIATH TPEMs YaCTAMU OOCPTKHM OOBEKTa, HUCIOIb3Ys
xkoHcTpykuuu formals, body u environment (Bce Tpu MOTYT Tak:ke MCIOJIB30BATHCS HA JICBOU
CTOpOoHe mpucBauBaHus). [locmemHUil M3 HHUX MOXET HCIOIB30BaThCA IS YAAJICHUS
HEXKEJIATEIbHOM MTPUBSI3KU CPEJIbI.

[Ipu BBI30Be (DYHKIIMU co37aeTcss HOBasi cpena (Ha3bIBaeMasi CPEOil OIEHKH), Ybe
npoctpancTBO (cM. pazaen 2.1.10 [00BeKThI cpefibl|) ABIAETCS CPEO OT O00EpPTKU (PYHKITUH.
Orta HOBas cpela IEpPBOHAYAIHHO 3alOJHEHA HEOIICHEHHBIMH apryMEeHTaMH (DYHKIIHH;
MIOCKOJIBKY OIIEHKA MPOJIOIDKAETCS, 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
YIX HCIIOJIb30BAaHHE 00ECKypaKHBaeT.
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2.1.6. NULL
CymecTtByeT crnenuanbHbii 00beKT, HazbiBaeMblii NULL. OH ucmonbs3yercss BCSKUN
pa3, Korjaa ecTh MoTpeOHOCTh UACHTU(HUIMPOBATh UM yKa3aTh OTCYTCTBUE 00BekTa. Ero He
CJIEAYeT MyTaTh C BEKTOPOM MJIM CITUCKOM HYJICBOM JIJTHHEI.

O0pexT NULL He mMmeeT THma U Kakux-auO0 MOAIAIONINXCS N3MEHEHNUIO CBOWMCTB. B
R ectb Tompko omuH o0bekT NULL, k koTOpomy oOpamatorcsi Bce 3K3eMIuisipbl. s
nposepku Ha NULL ucnomas3yror is.null. Hesp3s ycranoButs atpuoyTsl Ha NULL.

2.1.7. BerpoeHHble 00bEKTHI U crielaabHbIe (POPMBbI

OTH ABa BHJIA O0BEKTa COAEP)KAT BCTPOCHHbIE (QyHKUMU K, TO ecTh, T€, KOTOpHIE
BBIBEJICHBI HA DKpaH Kak .Primitive B mucTUHrax Koja (Tak ke KaK Te, K KOTOPBIM HOJIy4aloT
nocryn uepe3 ¢GyHkuuto ./nternal m, crnemoBarelbHO, HE BHIMMBIC IIOJIB30BATENIEM Kak
00beKThI). Paznmuuus Mexay HUMH 3aKiIiodaeTcsi B 00paboTke aprymeHnTa. Bece coOcTBeHHBIE
apryMEeHTBl BCTPOEHHBIX (DYHKIIMI OLIEHWBAIOTCS W TEpefaloTcs BHYTpeHHEH (yHKIuM B
COOTBETCTBUM C BBI30BOM I10 3HAYCHHIO, TOTJla KAaK CIELUalbHble (YHKLIUU NEPEeAaoT He
OLICHEHHBIE APTYMEHTHI BHYTPEHHEH (YHKLIUH.

Jlns s3pika R 3TH 00BEKTHI - TOJBKO apyroi Bua (yHkmuu. DyHKIMS iS.primitive
MO’KET OTJIMYUTD X OT HHTEPIPETHPYEMBIX ()yHKITHIA.

2.1.8. O6enmanHble 00LEKTHI

OObekThl 0OeIIaHus - YaCTh MEXaHW3Ma OTIIOKEHHBIX BhruucieHuit K. OHu comepkar
TPU CJIOTa: 3HAYCHHWE, BBIPAKEGHHWE M OKpyXKaromas cpena. llpm Bbe3oBe (QyHKIHN
CPaBHHMBAIOTCS apryMEHTBI, a 3aTeM KaXAbldi U3 (QOpPMAIBHBIX apTyMEHTOB SIBIISIETCS
00s13aTeIbCTBOM K oOemanuo. BwipaxeHue, koTopoe ObUIO AaHO WIS (PopMaIbHOTO
apryMeHTa, M yKaszaTejb Ha OKPYXKAIONIyIo cpely (PYHKIIMH BBI3BIBAIOTCS M3 COXPAHECHHBIX B
OOCIIaHNH.

[Toka k STOMYy apryMeHTy HeE IOJYy4YaloT JOCTYI, HE CYIIECTBYET KakKoro-inbo
3HAYeHUs, MPUCOEAMHEHHOTo ¢ obemanueM. Korga K apryMeHTy moOJydaroT JOCTYII,
COXPaHEHHOE BBIPAKEHHE OLIEHUBAETCS B COXPAHEHHON OKPYXKarollel cpeie U BO3BpAILlaeTCs
pesynbrar. Pesynbrar Takke coxpaHeH obOemiaHveMm. DyHKIUS 3aMEHbl W3BJIEYET KOHTEHT
CJIOTa BBIPAKEHUS. DTO MO3BOJISET MPOTPaAaMMHUCTY MOJIY4aTh AOCTYI WM K 3HAYEHUIO WU K
BBIPAXECHHIO, IPUCOETMHEHHOMY C 00€IlaHuEM.

B npenenax s3pika A 00BEKTHl OOCIIaHMS BUIWMBI TMOYTH HESBHO: (pakTHyecKue
apryMeHThl (QYHKIMM HMMEIOT 3TOT Tum. EcTh Tarke QyHkuus adelayedAssign, kotopas
caenaer obemanue U3 BbIpaxkeHus. OTCYTCTBYeT KakoW-lmbo crmocod B kome A s
MIPOBEPKH, SBISIETCS JIM OOBEKT OOCIIAHUEM WJIM HET, W IPH STOM HET CII0c00a UCTIOIh30BaTh
Koz A st onpeneeHus OKPYKaIoIei cpeapl 00emanusl.

2.1.9. Touyka-TOYKA-TOYKA

Tum o6bekTa ‘... XpaHUTCsS Kak Tun palr/ist. K koMmoHeHTam “..." MOYHO TOJTYYHUTh
J0CTyN OOBIYHBIM PAIr1ist ciocodom u3 xoga C, HO HE JIETKO IMOJIYYUTh JOCTYII KaK K O0BEKTY
B MHTEpHpeTupyeMoM Kojie. OOBEKT MOXKET OBITh MONYYeH KaK CIHUCOK, TaK, Hampumep, B
Ta0JIUIIe HUXKE:

args <- list(...)
#HH ...

for (a inargs) {
#HH ...

Ecnmu ¢Qynkuus umeer ‘... B KayecTBe (HOPMAIBHOTO apryMeHTa, KOTOPBIH He

COOTBETCTBYET (hOpMaJbHBIM apryMEHTaM, TO UM COTOCTaBIIsieTcs ‘... .

2.1.10. Oxkpy:xawuas cpeaa
byneMm cuurarh, 4TO OKpY’KAIOIIKME CPENbI MOT'YT COCTOSTH M3 JIBYX 4acTell. DPperm,
cocToAlmMiA M3 Habopa map CHMBOJ-3HAYCHHWE, M 00EpPT kKa - yKa3aTeldb Ha OO0EpTKY
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okpyxaromiel cpeapl. Korma R wier 3HaueHWe AJisi CHMBOJA, UCCIeayeTcs gpeidM u, ecnu
COOTBETCTBYIOIIMI CUMBOJ OyJeT HaleH, €ro 3HaueHue OyAeT BO3BpalieHo. B mpoTuBHOM
Clly4ae TOJy4aloT JOCTYNl K OOEpTKE OKpYXKalomel cpeapl, W TPOIECC IMOBTOPSETCS.
Oxpykatonue cpeabl GOpMUPYIOT IPEBOBUIHYIO CTPYKTYpPY, B KOTOpPOMl OOEpPTKH HTparoT
poib poauTeneit. JlepeBo OKpyKalolMX Cpel UMEeT KOPEHb B IMyCTOW OKPYXAroIIe cpeje,
JIOCTYITHOW uepe3 emplyenv(), y KOTOpoil HET pOIUTeNas. IDTO - MPSIMON POIUTENb
OKpY’Karomie cpeasl OCHOBHOTO (base) makera (moctymHou depe3 GyHKImio baseenv()).
[Mpexne y baseenv() 6wvino cnenmanbHoe 3uHadeHne NULL, Ho Haumbas ¢ Bepcum 2.4.0
ucnoabszoBanue NULL B kauecTBe OkpysKarolei cpeibl He 10IyCKaeTcs.

Oxpy>karoliye cpebl CO3/1al0TCsl HESIBHO BBI30BaMH (DYHKIIMH, KaK OMUCAHO B pa3zene
2.1.5 [O0ObekTl (yHkiuu] u pasgene 3.5.2 [Jlekcuueckast cpemal. B atom ciydae
OKpyXarolllasg cpela COIAEPKUT TIepeMeHHble, JIOKaldbHbIe M (QYHKUMHM (BKIIOYas
apryMeHTHI), a ee 00epTKa SIBIISIETCSI OKpYXKAIoIIel cpeoi BEI3BAHHOW B HACTOALINI MOMEHT
byukuu. OKpyKarolue cpenbl TakkKe MOXHO CO3/aTh HemocpencTtBeHHo new.env. K
KOHTEHTY ¢peiimMa OKpyXkKaromei cpeslbl MOKHO MOJYYUTh AOCTYH U MaHMITYJIUPOBAHHE MPU
nomotiu /S, getu assign, skmouast evalu evalq.

MoseT MCHoab30BaThCs (QYHKUMS PArent.env nias moilydeHus AOCTynma K oOepTke
OKPYKarOILEH Cpeabl.

B orimume ot OonpmmMHCTBA Apyrux oO0BEKTOB K, OKpyKaromas cpega He
KOMHMPYETCsl TpH Tepenavye B (QYHKIUIO WM HCIOJIB30BAHUM B MPHUCBOCHUAX. TakuMm
o0pa3oM, eciii MPHUCBOUTH OJHY U Ty kK€ OKPYKAIOIIYI0 CpPeAy HECKOJIbKUM CHMBOJAM U
WU3MEHHUTh OJIHY W3 HUX, TO JPYI'HE U3MEHSTCS Takke. B 4acTHOCTH NMPHCBOEHHE aTpUOYTOB
OKpYKArOIIeH Cpelie MOXKET MPUBECTH K HEOKHUIAHHOCTSIM.

2.1.11. O0beKTHI MAPHBIX CIIUCKOB

Oo6nekTsl mapHbiX cruckoB (Pairlist) momoOHbI crrickam TodyeuHoU mapel Lisp. Oxu
MHTCHCUBHO UCMOJIB3YIOTCS BHYTpU K, HO PEIKO BUIUMBI B MHTEPIPETUPYEMOM KOJIE, XOTS
OHU BO3Bpamiartcs formals, v Moryt ObITh CO3JaHbl, HanpuMep, pyHkmen palrlist. pairlist ¢
HyneBoi nimuHOM paBHoM NULL, kak oxumanocek Obl B Lisp, HO B OTIWYHE OT CIHCKa
HYJIEBOM JJIMHBI. Y KaXJI0Tr0 TaKOT0 00bEKTa ecTh Tpu ciioTa, 3HaueHue CAR, 3nauenne CDR
n 3Hauenue TAG. 3nauenne TAG - TekctoBas ctpoka, u CAR u CDR 00sraHO
MPEACTABIISIIOT, COOTBETCTBEHHO, 3JIEMEHT CHHCKa (rojloBa) M OCTATOK (XBOCT) CIIMCKa C
o6bekToM NULL kak paszmenutens (tepmunoniorusi CAR/CDR — tpagunmonna s Lisp u
NEpPBOHAYAIbHO YIIOMMHAJIACh KaK aJIpec U JEKPEMEHTHBIE PErCTphl Ha Komnbtotepax IBM B
Hayaye 60-bIX).

[Tapuele cnucku oOpabaTbiBaOTC Ha s3bIKe A TOYHO TakuM ke 00pa3oM Kak
yHHUBepcaabHble BeKTOpbl ("//SE"). B wacTHOCTH K d3JE€MEHTaM MOJydalOT JIOCTYII,
UCIIONB3Ysl TO XK€ camblid cuHTakcuc [[]]. WMcnonb3oBaHuWe NapHBIX CHUCKOB SIBIISETCS
COMHUTENBHBIM, TaK KaK YyHHUBEPCAJIbHBIE BEKTOPHI OOBIYHO Oosiee S()PEeKTUBHBI B
UCTIOJIb30BaHuU. [Ipu moaydeHun nocTymna K BHYTPEHHEMY MMapHOMY CIUCKY U3 A 00bIYHO
(BKJIIOUAs! TTIOIMHOKECTBA) MPE0OPa3yIOT B YHUBEPCAIbHBINA BEKTOP.

B odeHb HEeMHOTMX cly4yasX MapHbIe CHHCKU BUAMMBI TOJIH30BATEIIEM: OJHUM U3
Takux sBjsieTcs . Options.

2.1.12. Tunm “Any”

B nefictBuTenbHOCTH 111 00BEKTa HEBO3MOXKHO MMETh THI ''Any", HO 3TO, OJHAKO,
JOTyCTUMOE 3HAUYE€HHWE TUMAa. OTO OBIBaeT TPH OMNPEACICHHBIX (IOBOJBHO PEIKHX)
oOCTosITeNbCTBAX, Hampumep, as.vector(x,"any") ykassiBaer, 4T0 HE ClIeAyeT JIejarh
IpUBEICHUE THUIIA.

2.2 . ATpudyrsl
Y Bcex o0bekToB, kpome NULL, moryr ObITh omuH wunm Oosiee aTpuOyTOB,
NPUCOCTUHCHHBIX K HUM. ATpUOYTBI COXPaHATCS Kak palr/ist, rie Bce 3eMEHTbl UIMEHOBAHHBI,
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HO HX CJEIyeT paccMaTpuBaTh Kak psi map /1ame=value. MoXHO TONy4uTh CIHUCOK
aTpuOyTOB, MCIoab3ys attributes m ycramaBmuBas ¢ momormipio attributes<-, oraenbHbIC
KOMIIOHEHTHI JOCTYIIHBI C IIOMOILUBIO Alr v altr <-.

VY HEKOTOpBIX aTPUOYTOB €CTh CIeUUaNbHbIe (YHKIMHU NOCTyna (Hanpumep, /evels<-
st (DaKTOpOB), W OHHU JOJDKHBI HMCIIOJIb30BAaThCSA MPHU JOCTYIMHOCTH. B momonHeHuwe K
CKPBITBIM JIETAISIM peaM3alliil OHU MOTYT BBHITIOJHUTH JONOJHUTENbHBIC omnepanuu. R
IBITACTCS TPHUHATH BBI3OBBI AMr<- W atlributes<-, KOTOpble BKJIIOYAIOT CIIEIHAIbHBIC
aTpuOyThI, ¥ OCYIIECTBISIET MPOBEPKY HEMPOTUBOPESUHUBOCTH.

Marpuipl ¥ MacCUBBl - TPOCTO BEKTOPBI C aTrpuOyTOM pa3MepHOCTH aIM u
JIOTTOJTHUTEIBHO C UMEHEM pa3MepHOCTH ( f/mMnNames), IprucoeInHEHHBIC K BEKTOPY.

ATpuOyTHI HCHOIB3YIOTCS IJISl pealnu3alii CTPYKTYphl Kjacca, Ucnoib3yemoil B R.
Ecnmu y oObekTa ecth aTpuOyT Kiacca, TO aTpuOyT OyIeT McCieoBaH BO BPEMs OIICHKHU.
Crpykrypa kmacca B A omucaHa mnoapoOHO B mimaBe 5 [OOBEKTHO-OPHEHTUPOBAHHOE
pOrpaMMHUpPOBaHHUE .

2.2.1. UmeHna

ATpubyr umenu (/1a/mes) npu ero NPUCYTCTBHU MapKUPYET OTICIbHBIE 3JIEMEHTHI
BEKTOpa WM Crucka. [lpu mevaTtd oOBeKTa aTpUOyT HMEHH TPU €ro MPUCYTCTBUU
UCIIOJIB3YETCS ISl MAPKUPOBKH JJIEMCHTOB. ATpPUOYT MMEH MOKET TaKK€ HCIOJIb30BaThCs
JUTS. MHIEKCHPOBAHUS pe3yiabTara, Hanpumep, quantile(x) ["25 %"].

MO0KXHO NOJIYYUTh U ONPEAEIUTh UMEHA, UCIIONb3YsI KOHCTPYKIIMM NAMES 1 names<-.
[MocnenHsisi BBIMOJHUT HEOOXOIUMBIE TIPOBEPKHU HEMPOTHUBOPEYMBOCTH JJIsl TapaHTHH, YTO Y
aTpulyTa UMEH eCTh HaJUIekKaIIUNi TUT U JITHHA.

OtnenpHO 00pabaTHIBAIOTCS TAPHBIE CIIMCKUA M OAHOMEpPHBIE MacCHUBHI. J[J11 00BEKTOB
NapHbBIX CIUCKOB (palr/ist) ucronb3yeTcs BUPTYyalbHbBIH aTpHOYT UMEH; B JICHCTBUTEILHOCTH
aTpruOyT MMEH CO37ae€TCsl U3 TEroB KOMIIOHEHTOB crucka. [Ijii OJHOMEpPHBIX MacCHBOB
aTpuOyT nMeHH (Name) peanbHO TOCTYICH U3 UMeH pasmepuoctu (dimnames [[1]]).

2.2.2. PazmepHOCTH
Atpubyr pasmepHoctd dim WCHONB3yeTcs NpPU pealn3alid MaccUBOB. KOHTEHT
MacCHBa COXPAHAETCS B BEKTOPE B MOPSAKE IO CTOJIOIAM, U aTpUOyT pa3sMEpHOCTH SIBISETCS
BEKTOPOM II€JIBIX YHCEJl, YKa3blBAIOIIUME COOTBETCTBYIOIIME Mpeneisl MaccuBa. R
TrapaHTUPYET, 4TO JJIMHA BEKTOPAa paBHA IPOU3BEIACHUIO UIMH pa3MepHOCTEU. [[nuHa omHOU
niu 60J1ee pa3MEPHOCTEH MOXKET OBITh HYJIEM.

Bexktop He sBnseTCS OAHOMEPHBIM MACCHUBOM, TaK KakK y IOCIEAHEro aTpudyT
pa3MEepHOCTH JJIMHOIO OJIMH, TOT/Ia KaK y BEKTOpa aTprOyT pa3MEepHOCTH OTCYTCTBYET.

2.2.3. UmeHa pa3MepHOCTH

MaccuBbl MOTYT Ha3BaTh KaXXIYIO pa3MEpHOCTb, OTIEIBbHO HCMONb3Yys aTpulyT
UMeH pasmepHocTd (dimnames), KOTOPBIH SBJISETCS CIIMCKOM CHMBOJIBHBIX BEKTOPOB. Y
CIIHCKAa HMEH pa3MEPHOCTEH CaMOCTOSATENIbHO MOTYT OBITh HMMEHA, KOTOPHIE 3aTeM
MCITIOJIB3YIOTCSI IS 3arOJIOBKOB ITPEJICIIOB TIPH [TEYaTH MacCHBa.

2.2.4. Kunacepl

Y R ecTb TIIaTeNbHO NMPOJYMaHHas CUCTEMa KJAcCOB, KOTOpas MPEUMYILECTBEHHO
yrpaBisercss depe3 aTpubyr kimacca (class). Drtor arpuOyr - CHMBOJBHBIH BEKTOP,
COJIepKALIMI CIHCOK KJIacCOB, OT KOTOPBIX HacienoBaiucsi o0bekT. OH (dopmupyer
OCHOBaHUE “yHHBEPCAIBbHBIX METOJIOB” (DYHKIIMOHATILHOCTH K.

K »sromy arpulyry MOXHO TMOJIYyYUTh JOCTYN W yOpaBieHHEe (akThuuecku 0e3
OTpaHUYEHUs NOoJb30BaTeIsIMU. OTCYTCTBYET MPOBEPKA, YTO OOBEKT (PAKTUUECKU COJCPHKHUT
KOMITOHEHTBI, KOTOPhIE OXXHIAIOT METOABI Kiacca. TakuMm o0Opa3oM, M3MEHEHHE aTpuoyra
KJlacca JIOJDKHO OBITh CHENAaHO C OCTOPOXKHOCTBIO, W TPU HUX JIOCTYITHOCTH CIEIyeT
IPEANOYeCTh ONpeeeHHbIC (DYHKIIUH CO3JJaHuUs U TPeoOpa3oBaHMsl.
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2.2.5. ATpuOyThbl BpeMEHHBIX PSII0B
ATpubyT ISp ucnonb3yercs Ui NOJEepKaHUs apIyMEHTOB BPEMEHHOI'0 psAJia: Ha4ajo,
KOHEIl ¥ 4acToTa. DTa KOHCTPYKIIHSI, TJIABHBIM 00pa30M, HUCIONIb3yeTcs Uit 00paboTKH psIoB
C MEePUOANYECKON OJACTPYKTYPOH, HAIPUMED, MECSUYHbIE WIIM KBAPTAJIbHBIC JAaHHBIC.

2.2.6. KonupoBaHnue aTpudyToB
JIOJDKHBI U aTpUOYTHI OBITH CKOIMPOBAHBI TPH U3MEHEHUH 00BEKTA, HAXOISIIETOCs B
KOMIUIEKCHOM 00J1acTH, HO ecThb HekoTophle obmue mpaBuia (Becker, Chambers & Wilks,
1988, crp. 144-6).
Ckansipuble QyHKIMH (T€, KOTOpbIe paboTaIOT MO3JIEMEHTHO HAa BEKTOPE U Y€ BBIXO
Mo100€H BX01y) JIOJDKHBI COXPAaHUTh aTPUOYTHI (KpoMe, BOZMOXKHO, KiTacca).

bunapnpie omneparnuu 0OBIYHO KOMHUPYIOT OONBIIMHCTBO aTpHOYTOB Oo0Jiee JIMHHOTO
ApryMCHTa (I/I €CJIK OHU UMCKOT OAWHAKOBYHO MJIMHY IJISA O6OI/IX, TO MPCANIOYUTACTCA
3HAYCHHE IS TIEPBOTO). 37eCh 'O0NBIMMHCTBO' 03HAYAET BCE KPOME MMEH, pa3MEPHOCTEH U
UMEH pa3MEepHOCTEH, KOTOPhIE YCTAaHOBJICHBI COOTBETCTBEHHO KOJIOM JIJIsl OTiepaTopa.

[TogMHOMXeECTBO (KpOMe MHIEKCUPOBAHHBIX ITyCTHIM MHIEKCOM) OOBIYHO OTOpachIBaeT
BCE aTpUOYTHI KPOME MMEH, Pa3MEPHOCTEH W MMEH pa3MepHOCTEH, KOTOphIe COPOIIEHBI KaK
cootBercTBYIonMe. C Apyroif CTOPOHBI MOJIPUCBOCHNUE OOBIYHO COXpaHseT aTpuOyThl, Jaxe
eciu JUInHa n3MeHeHa. [IpuBenenne oTOpacsiBaeT Bce aTpHOYTHL.

Meton mo yMoNYaHHIO Ui COPTUPOBKM OTOpachiBaeT Bce aTpUOyTHl KpOME HMEH,
KOTOPbIE COPTUPYIOTCS HApSIy C OOBEKTOM.

2.3. CnenuajbHbIe COCTABHbIE 00HEKTHI

2.3.1. ®daxkTopsbl
@akTOpbl UCHONB3YIOTCS U ONHCAHUS 3JEMEHTOB, Yy KOTOPBIX MOXET OBITh
KOHEYHOE KOJIMYECTBO 3HAYCHHH (IT0JI, COMANIbHBIN Kjacc, U T.11.). Y ¢akropa ecTb aTpulyT
ypoBHeii u kiacc "dakrop" (factor). JlomomHuTenbHO, OH TaKke MOXET COJACpPKaTh aTpUOyT
contrasts, KOTOpBI yHpaBiseT NapaMeTpu3alledl @pu MCIOJIBb30BaHUM (PaKTOPOB B
(GYHKLIUAX MOJETHPOBAHUS.

@DaKkTOop MOXKET OBITH TPOCTO HOMHUHATBHBIM WJIH, BO3MOXKHO, UMETh YIOPSIOUYCHHBIC
Kareropuu. B mocneanem ciydyae oH JOHKEH OBITH OIMpeNeieH Kak TaKOBOM U UMETh BEKTOP

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

B macTosmuii MOMEHT (aKTOphl peain30BaHBI C MCIOJIB30BAHUEM IIEIIOYHUCICHHOTO
MaccuBa JUIsl yKa3aHus (AKTUYECKHX YpOBHEH, W BTOPOM MAacCUB HMMEH, KOTOpPbIE
oToOpaxeHsl Ha 1enbie uncna. Ckopee, K COXAJICHUIO, MOJIH30BATENM YACTO HCIIONB3YIOT
peanuzanuio Ui o0JIeT4eHrs HEKOTOPhIX BBIYUCIEHUN. DTO, OJTHAKO, SBJISETCS MpoOieMoit
peaM3anyy U, Kak rapaHTUPYIOT, He OyIeT UMETh MECTO BO BCeX peanu3anusix KA.

2.3.2. O0beKT peiimMm JaHHBIX
®peiiMbl TaHHBIX — 3TO CTPYKTYpHI R, KoTOpBIe Hambosee Oau3Ko mojapaxaroT SAS
i HaOopy aaHHbIX SPSS, To ecTh “niepexiioueHre NepeMeHHbIMU ~ MaTPHIL JaHHBIX.

®peiiM TaHHBIX SBISETCS CIMCKOM BEKTOPOB, (DaKTOPOB, W/WIU MAaTPUIL, MMEIOIIUX
OJIMHAKOBYIO JUTMHY (YHMCIIO CTPOK B ciiydae Matpuir). Kpome Toro, y ¢peiiMa maHHBIX
OOBIYHO €CTh aTpUOYT HMMEH, MapKHUPYIOUIMA NepeMeHHble W arpulyT row.names s
MapKHPOBKH IMepeKIitouaresei (Cases).

O®peiiM TaHHBIX MOXKET COAEPKaTh CIHCOK, KOTOPBIA MMEET OJWHAKOBYIO JUIMHY C
JIpYruMu KOMIIOHEHTaMu. CIHCOK MOXET COJEpKaTh 3JEMEHThl pa3HbIX JIMH, TaKUM
oOpa3om, oOecrieunBasi CTPYKTYpPY AAHHBIX ISl MAacCHBOB C IMEPEMEHHOW AJIMHOW CTpPOK.
OpnHako JUTs TAKKMX 3aMrcedl 0OBIYHO MAaCCUBBI 00padaThIBAIOTCS HE TPABUIIBHO.
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3. OueHKa BbIpaKeHU M

[Tpu BBOJIE KOMaH 1Bl TIOJIB30BATENIEM B 3ampoce (MIJIM MPU CYUTHIBAHWU BBIPAKCHUS U3
¢aiina), cHauana KOMaHIbl IPEOOPaA3YIOTCI CUHTAKCHUECKUM aHaJIM3aTOPOM BO BHYTpPEHHEE
MMpEaACTaBJIICHHUC. CpeI[CTBO OILICHKU BBIIIOJHACT CUHTAKCUYECKUN aHaJIN3 BBIPpaKCHUA Ru
BO3Bpallia€T 3HAYCHUC BbIPAKCHUS. VY Bcex BI:Ipa)KeHI/Iﬁ €CThb 3Ha4YeHHe. ITO - OCHOBA SA3BIKA.

Ora TIaBa ONKCHIBAET OCHOBHBIE MEXaHU3MBI CPEACTB OLIGHKH, HO u30eraer
o0CyXJIeHUSI OIpeNelIeHHbIX (QYHKIUN WU Tpynn (QYHKIHHA, KOTOpble OMUCAHBI MO3KE B
OTJICBHBIX TJIaBaX WM TJI€ CTPAHUILIBI CIIPABKH JOJKHBI OBITh JTOCTATOYHON JOKYMEHTAIIHCH.

ITons30oBatenu MOTYT CO3AaTh BBIPAXKCHUS U BbI3BATH UX OLICHKY.

3.1. IIpocras oueHka

3.1.1. KoncraHrsbl
Jlro6oe uncio, BBEACHHOE HEMOCPEACTBEHHO B 3ampoce, SBISETCS KOHCTAHTOM H
OLICHUBAETCH.
>1
[1] 1
Bo3MokHO, HEOXHIaHHO, HO YHCIIO, BO3BpAIICHHOE M3 BBIpaKeHUs 1, sBisercs
JNeHCTBUTENBHBIM. B OONBIIMHCTBE Cly4aeB pas3HUIA MEXKAY LEIbIM YHUCIOM H
NEHCTBUTENbHBIM 3HAauYeHUEM OyJIeT HEe3HAuyuTeNlbHa, MOCKOJbKY A JefaeT OKpyIJIeHHe
CrpaBa IPH UCMOIb30BaHUM 4Hcen. OIHAKO MOXET BOSHHUKHYTh HEOOXOAWMOCTH CO3aHHUs
LEJIOYMCIEHHOTO 3HAa4YeHHs JUIsi KOHCTAHTBl. DTO MOJKHO CJeNlaTh, BbI3bIBAS (PYHKIIHIO
as.integer wnu WCIonb3ysl pa3indHble Ipyrue Meroabl. Ho BO3MOXKHO CaMblii MPOCTOM
MOJXO0J COCTOMT B CONPOBOXKICHUW KOHCTAHTBI CUMBOJBHBIM cyddukcom ‘L’. Hampumep,
JUISL CO3aHUS 1IEJIOUNCIIEHHOT0 3Ha4eHHs 1 MOYKHO HCII0JIb30BATh.

> 1L
[

MoskHo wucnonb3oBaTh cybdurc ‘L’, uToOBI KBadM(UIMPOBATH JIOOOE YHUCIO C
HaMEpPEHHEM CO3JIaHUsl M3 Hero sBHO Ienoe yucino. Takum obOpaszom, '0x10L' cozmaer
[EJIOYMCIICHHOEe 3HaueHne 16 w3 mecTHaamatepuuHoro mnpezactaBieHus. Koncranta 1e3L
nmaet 1000 kak 1emoe 4uciio, a He YKCIIOBoe 3HadeHue u SkBuBajcHTHa 1000L. 3ameTum, uto
‘L’ obpaboran kak kBanmudukamus aprymeHta 1le3 a we 3. Eciu ™Mbl kBamudumupyem
3HayeHue c¢ ‘L’, KoTopoe He SIBJIETCS LEIOYMCICHHBIM 3HAaueHUEeM, Hampumep, 1le-3L, Ml
nojlyyaeM — MpeaynpekaeHue, ¢ co3Jaercsd  JCWCTBUTENbHOE  3HAueHue.  Takxke
MPEIyNPERAAI0T IPU HATUYUH HEHY)KHOUW NECATUYHON TOUYKHU B Uucie, Hampumep, 1.L.

[TonyynM CHHTaKCHYECKYIO OIIMOKY HpHU HCHONB30BaHMUM ‘L’° ¢ KOMIUIEKCHBIMHU
yrcaamu, Hanpumep, 12iL qaet ommoky.

KoHCTaHTHI SBISIOTCS AOBOJIbBHO CKYYHBIMH, 1 MBI 0oJIbIIIE HE XOTUM TPaTUTH CJIOBA.

3.1.2. IlpocMOTp CMMBOJIOB
[Tpu co3manuM HOBOI 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 OMPEACIUTh
3Ha4YEHHUE, KOTOPOE UMEET CUMBOJL.

B sToM HeGonbioM npuMepe Y - CUMBOI U ero 3HaueHue 4. CUMBOJ TakKe SIBJISIETCS
o0bekToM KR, HO peaKo BO3HHUKAET HEOOXOAMMOCTh HMETh JEN0 C CHMBOJAMHU
HETOCPEACTBEHHO, KpoMe ciaydaeB “TIporpammupoBanue Ha si3bike” (ri1aBa 6 [Beramcienus
Ha s3bIKe] ).

>y<-4

>y

[1] 4
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3.1.3. Bb130B pyHKIUM

BosIbIIIMHCTBO BBIYMCICHUMN, BBIMOJHEHHBIX B A, BKIIOYAeT OLEHKY (yHKIMHA. MbI
OyzeM TakXe Ha3bIBaTh 3TO KakK Bb/30B QyHKUWU. DYHKIMHM BBI3BIBAIOTCA MO MMEHHU CO
CIIMCKOM apryMEHTOB, Pa3JICJICHHBIX 3aIIAThIMH.

> mean(1:10)

[1] 5.5

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

R copepxuUT orpoMHOE YMCII0 (QYHKIUN C pa3IMYHBIMU pe3yibTaraMu. boiabimnHCcTBO
UCIIONIB3YETCS Ul TIONyYeHUs! pe3ylibTaTa, KOTOpBI sBIsSeTCsl 00beKTOM R, HO HEKOTOpbIE
UCTIOJIB3YIOTCS JUISl BCIIOMOTaTENbHBIX IIeJIeH, Hanpumep, PyHKIIUH 11e4aTH U PUCOBAHMS.

BbI130BBI (hyHKIIMM MOTYT TErUpOBaTh (MM Ha3bIBaTh) apryMeHThI, kak B plot(X, y, pch
= 3), aprymMeHTbl 0e3 TEroB HW3BECTHBl KaK ITO3MIMOHHBIC, TaK Kak (QYHKIUS HOJDKHA
OTIIMYHUTh WX 3HAYEHHE OT WX IMOCJIENOBATEIbHBIX MO3UIMHA CPEeAH apryMEHTOB BBI30BA,
HarmpuMep, 4To X 0003HayaeT MEepeMEeHHYyI0 aOcuucchl, a Y opauHaTy. Vcmomb3oBaHue
TErOB/UMEH - OYE€BUHOE YA0OCTBO ISl (PYHKIMI ¢ OONBIINM KOJIMYECTBOM JIOTIOIHUTEIBHBIX
apryMCEHTOB.

CrnenuanpHBIA THUM BBI3OBOB (YHKIIMM MOXKET TOSBUTHCA Ha JIEBOW CTOPOHE
orepaTopa MpUCBauBaHUs KaK B!

> class(x) <- "foo"

Yro AEHCTBHUTENBHO Je7aeT 3Ta KOHCTPYKIHMS — 3TO BBI30B (GYHKIUH C/ASS<- C
UCXO/HBIM OOBEKTOM U MPaBOil CTOPOHOH. DTa (PyHKIIHS BHIOTHAET MOANDUKALINIO 00BEKTA
¥ BO3BpallacT pe3yibTaT, KOTOPBIA 3aTeM COXpaHSETCs OOpaTHO B MCXOJHOM MEPEMEHHOMU.
ITo kpaiiHeil Mepe, KOHLENTYaIbHO 3TO TO, YTO NPOUCXOAUT. [IpritararoTcs 1OMOJIHUTEIbHBIE
YCUIIUS JJI UCKITIOUEHHS] HEHY)KHOTO AYOJIMPOBAHUSI TAHHBIX.

3.1.4. Onepartopsnl

R mo3Bossier ucnonp3oBaHue apu(pMETHIECKUX BBIPAKEHHUN C TIOMOIIBIO OIIEPaTOPOB,
MOI0OHBIX TAaKOBBIM M3 sI3bIKa MporpammupoBanus C, Hanpumep:

>1+2
[113

Hcnonb3ys Kpyrible CKOOKH, BBIPaXEHHS MOXKHO CrPYNIHPOBATh C BKIIOYEHHEM

BBI30BOB (DYHKILIUH, U IPSIMBIM IPUCBOCHHUEM TTEPEMEHHBIM:
>y<-2*(a +log(x))
R conepxut MHOro onepatopoB. OHU NIEpEeUYHCIIEHBI B TA0JINLIE HIDKE.

- Mutye, Mox €T OBIT b YHAPHBIM HIIH OHHAPHBIM

+ Ilmoc, Mox eT OBIT b YHAPHBIM HIIH OHHAPHBIM

! YHapHOoe HeT

~ Twibna, Herosp3yeMas IS QOPMYI MOJETH, MOX €T

OBIT b HJIH YHAPHBIM HJIH OHHADHBIM

? CnpaBka

: ITlocrenoBat epHOCT b, JBOHIHAA (B (QOPMYIaAX MOJCH;
B3aHMOJCHCT BHE)
Ymrox eane brHapHoe
/ /lesterre 6rHApHOE
BosBenenwe B cT erreHp OHHAPHOE
%x% CrenmasHple OHHAPHBIE 0IIEpaT Opsl, X MOTYT OBIT b

3aMEHEHbI JIFOOBIM JJOMYCT HMBIM HMEHEM

%% Moy 6nrapHbI
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9%/ % 1]enouarcrernroe nenerarne, 6HHAPpHOE

% * % Mar puiroe nponszsegenme, OHHAPHOE

%0% Brerniree nponszsenerre, OHHAPHOE

%x% KpoHekepoBo yMHOX eHHe, OHHAPHOE

%in% Coor Ber cT Bue onepar opa, OHHapHOIO (B (hopmynax
MOJEJIH: THEe3/J0BAHHOE)

< Menpie gem, 6nHapHBIH

> boumre vem, 6rHADHBIH

== PaBHo, 6rHapHOEe

> = bou e wem win paBHO, OHHAPHOE

<= Menpre gem wi paBHO, OHHAPHOE

& And, brHapHoe, BeKT OpH30BaHO

&& And, brurapHoe, He BEKT OpH30BAHO

/ Him, burapHOe, BeKT OpH30BAHO

// Hm, 6rHApHOE, He BEKT OpH30BAaHO

<- JleBoe nprcBoerne, 6uHapHOE

-> IlpaBoe nprcBoerwe, brHApHOE

5 TlogmroX ect BoO crHcka, OHHapHOe

3a HCKJIIOYEHHWEM CHHTAaKCHCa, HET HHUKAKOM pa3HUIBl MEXIy MNpUMEHEHUEM
omieparopa ¥ BbI30BOM (pyHKIHU. DaKkTUUECKH, X + Y MOXKET SKBUBAJECHTHO OBITH 3aITMCaHO
‘+° (X, y). 3amMeTuM, UTO TaK Kak ‘+’ HE SBISCTCS UMECHEM CTaHIAPTHOW (YHKIIUHU, TO OH
JIOJI’KEH OBITH 3aKJIFOYEH B KABBIUKH.

R umeer naemo co BCeM BEKTOPOM JaHHBIX 3a OAMH pa3, U OOJBIIMHCTBO
DJIEMEHTAPHBIX OMNEPaTOpOB M OCHOBHBIX MaTeMaTH4YecKux (GyHKuuii, Hampumep, |og
SIBJISIFOTCS. BEKTOPU30BAaHHBIMHM (Kak OO0O3HAYE€HO B TaOJHIlE BHINIC). DTO O3HAYAET, YTO
Harpumep, 100aBJIE€HUE JBYX BEKTOPOB OJMHAKOBOW JJIMHBI CO3AACT BEKTOP, COAEPIKAIIUNA
MO3JIEMEHTHBIE CYMMBbI, HEIBHO HMHJIEKCUPYS IMKINYECKOE BBIIOJHEHUE MO BEKTOPY. OJTO
INpUMEHSIeTCs TaKKe K JIPYTMM OIleparopaM Kak - *, M / Tak ke Kak K CTpyKTypam Ooinee
BBICOKOM pa3MEpHOCTH. 3aMeTUM B OCOOEHHOCTH, 4YTO YMHOXXEHHME JIBYX MAaTpHI] He
MPOU3BOIUT OOBIYHOE MaTpu4yHOe MpousBeAcHue (omeparop %*% cymiecTByer ¢ 3TOM
nenbto). HekoTopele TOHKOCTH, KacarolMecss BEKTOPU30BAaHHBIX —oOmepauuil, OyayT
o0cyxeHsl B paznene 3.3 [DneMeHTapHble apupMETHUECKIE OTIepaltu |.

Jis  monydeHus JOocTyna K - OT/ACTbHBIM  aTOMAapHBIM  3JIEMEHTaM BEKTOpa
UCTIOJB3yeTCst KOHCTpYKIms X[i]:
> x <- rnorm(5)
> X
[1] -0.12526937 -0.27961154 -1.03718717 -0.08156527 1.37167090
> x[2]
[1] -0.2796115
JIst oCTyIa K KOMITOHEHTE CIMCKa 00braHO uenonb3yercs x$a wiu X[[i]].
> x <- options()
> x$prompt
[ "> "
Takxe MOXHO HCHOJIb30BaTh WHJIEKCALMI0 KOHCTPYKIHMI Ha MpaBOd CTOpPOHE
MIPUCBOCHUSI.

[TomobHO ApyruM omeparopaM, WHACKCAIWs, B JEHCTBUTEIHHOCTH, BBITOJIHSICTCS
GYHKIHUAME, B MOXHO UCIONIBb30BaTh ‘[ (X, 2) BMecTO X[2].

Omneparuun  wHACKcanuu A copepKaT MHOTO PACIIUPEHHBIX (DYHKIMH, KOTOPBIE
onucansl nanee B pazzaene 3.4 (Munekcarus).

Ctpanuua 17



Onpegenenue a3bika R

3.2. Ynpasisiiolye CTPyKTypbI

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 OLIEHMBAETCSd M BO3BPALLAETCS 3HA4YEHHE. Pe3ynpTaT OLIEHKHU
orneparopa MOXET YIIOMHUHAThCS KaK 3HAYEHHUE OlepaTopa. 3HAYCHHUE BCETJ1a IPUCBAUBATHCS
CHUMBOITY.

Jlia pa3feneHus onepaTopoB MOTYT MCIOJIB30BaThCS M TOUKU C 3alATOM, U HOBBIE
ctpoku. Touka ¢ 3amsaTON BCerja ykKa3blBA€T HAa KOHEI| OlepaTopa, B TO BPEMsl KaK HOBas
CTpOKa MOXET yKa3blBaTh Ha KOHELl oneparopa. Eciau Texkymuid oneparop CUHTAKCUYECKH HE
MIOJIHBIN, TO HOBBIE CTPOKH MPOCTO UTHOPUPYIOTCS CPEACTBOM aHain3a. Ecnu ceaHc siBiseTcs
WHTEPaKTUBHBIM, 3aIIPOC U3MEHsSETCs ¢ > Ha “+”,

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

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

OmnepaTtopbl MOTYT TPYIIIMPOBATHCSA HCIOJIB30BaHHEM (DUTYPHBIX CKOOOK 4" u “F.
['pynmy omepaTtopoB MHOTIa BBI3BIBAIOT 070KOM. OTAEIbHBIE ONEPaTOPhl OLIEHUBAIOTCS MPH
BBOJIE HOBOM CTPOKH B KOHIIE CHHTAaKCHUYECKU MOJHOTO omeparopa. bioku He oneHuBarorc,
[IOKa HOBasl CTPOKa HE BBOJUTCA IOCIE 3aKpbIBaromiell (urypHoil ckobku. B ocraBmieiics
YacTH 3TOTO pa3/iesia OepaTop CChUIAETCS HA OTJENBbHBIN orepaTtop Uiu OJ0K.

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

Omneparop /#else ycnoBHo oneHuBaeT ABa oneparopa. CymecTByeT ycaoBHUe, KOTOPOE
NOJJIEKUT OLEHKe, U eciu 3HaueHue paBHo TRUE, To mepBblii oneparop oneHuBaercs,;
WHaue OICHWBAETCS BTOPOM omepartop. Omepartop /#e/se Bo3BpaimaecT B KadyecTBE CBOETO
3Ha4YeHUs 3HAYEeHUE BHIOpPAHHOTO ornepaTopa. @opMaIbHBIN CUHTAKCHC TAaKOB:

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. Ecnu valuel -
YKCI0BOI BEKTOP, TO OLICHUBACTCS Sfalement3, koraa nepBblii aJeMeHT Va/uel paBeH HyIIio, a
WHaue oLeHUBaeTCs StatementZ. Viconb3yercs TOJIBKO TepBbIi neMeHT Valuel. Bee nmpyrue
3JIEMEHTBl UrHOpHpYIoTcsa. Ecnu y valuel ecth kakoi-muOO0 THI KPOME JIOTHYECKOTO HWITH
YHCIIOBOTO BEKTOPA, TO CUTHATM3UPYETCS OMIHOKA.

MOKHO UCIIONIB30BaTh ONepaTop /#/8/Se nns UCKITIOYSHUsT YUCIOBBIX MPOOIeM, TaKuX
KaK B3sTHe JiorapudmMa oTpuiiaTeasHoro uncia. [1ockosbKy, omneparop /#else takoii ke, Kak
JIPYyTHe OMepaTophl, TO MOKHO TIPUCBOUTH €ro 3HaueHue. /[Ba mpumepa HUKE SKBUBATICHTHBI.
> if(any(x <=0) )y <- log(1+x)else y <- log(x)
>y <- if(any(x <=0) )log(1+x) else log(x)
Bripakenue é/se siBisierTcst JOMONHUTEIBHBIM. JIOyCcTHM, UMeeTcst oniepaTtop /fany(x
<= 0)) x<-x[x <= 0]. Ecnu oneparop /fHe HaxoauTcs B OI0Ke, TO E/SE, ecii NPUCYTCTBYET,
JIOJDKEH TIOSIBUTHCS HA TOW K€ CaMOM CTpOKe Kak KoHel Slafement?. Vlnade HoBasi CTpoOKa B
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KOHILIe Statement?Z 3aBepiuaercs U /fpaccMaTrpuBaeTcs KaK CHHTaKCHYECKHU MOJHBIA oriepaTrop
nojuiexanuii ouenke. [Ipoctoe pemeHre COCTOUT B UCIOIB30BAaHUU COCTABHOIO OIEpaTopa,
00epHyTOrOo B (pUrypHBIE CKOOKH, IOMemIasi €/S€ B Ty e CaMyl0 CTPOKY KaK 3aKpbIBaIOIIas
¢burypHas ckoOka, KOTOpasi OTMEYaeT KOHEII oriepaTopa.

Omneparop if/else moxer ObITh THE370BaH.

if (statementl ) {
statement
2
} else if ( statement3 ) {
statement
4
} else if ( statement5 ) {
statement
6
} else
statement
8
OnvH W3 YETHBIX OINEpPaTOpPOB OYyIeT OICHEH M OyAeT BO3BPAICHO IOTYYCHHOE
3HaueHHe. EciM JOMONHUTENbHOE BhIpOKCHUE E/S€ OIyIIEHO, W BCE YETHBIC OIEpaToOphI
orneHuBarTcs kK FALSE, To Hu onun oneparop He OyzaeT onieHeH, u Bo3Bpamaercs NULL.

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

3.2.2. lInkJabl

Y R ecth TpH omepaTopa I SBHBIX MMOBTOPHBIX BhIMOMHEHHM. DTo: for, while u
repeat. J[Be BCTpPOCHHBIX KOHCTPYKIUU /1€Xt u break o0ecneuuBaroOT JOMOJHUTEIHHOES
yrIpaBiieHHE OIeHKON. Kaxaplil u3 3TUX Tpex OnepaTopoB BO3BpAILIAET 3HAYCHUE TTOCIECIHETO
OIICHEHHOTO oreparopa. Bo3MOXHO, XOTS PEIKO, MPUCBOUTH PE3YJIbTAaT OJHOTO M3 ITHUX
omeparopoB cumBoly. A oOecrieunBaer npyrue (QyHKIUHA IJIs1 HESIBHOTO ITUKIMYHOTO
BBINTOJIHEHUS, Takue Kak lapply, apply w lapply. Kpome toro, MHOro omeparuii, 0COOEHHO
apu(METHUECKUX, KOTOpPbIE SIBIISIOTCS BEKTOPU30BAHHBIMU, TaKUM 0O0pa3oM, OTCYTCTBYET
HEOOXOIMMOCTh MCIIOJIb30BATh IIUKJL.

CymiecTByeT J1Ba orepaTopa, UCIOJIb3YEMBIX [UISl SIBHOTO YIPABJICHUS BHITOJHEHHEM
uKIa. J1o - nextu breéak Onepatop Hréak BbI3bIBaeT BBIXOJ M3 CAaMOTO BHYTPEHHETO LIUKJIA,
BBITIOJIHSIEMOTO B HACTOAIIMI MoMeHT. Onepatop /1ext cpady BBI3BIBACT MEPEXOJ K Havaly
IIMKJIA. 3aTeM BBITIOJHSACTCS CIACAYIONIAs uTepalus ukia (npu Hammaun). OnepaTopbl HIKE
NEXt B TEKYILEM IMKJIC HE OLCHUBACTCS.

3HaveHue, BO3BpAIICHHOE onepaTopoMm mukia, Bcerma paBHo NULL u Bo3Bpamaercs
HE SIBHO.

3.2.3. Oneparop repeat

Omneparop réepeat BbI3bIBaeT MOBTOPHYIO OLIEHKY, MOKa HE OydeT BbI3BaH OMepaTop
break. Oto o3Ha4aeT, 4TO CieAyeT ObITh OCTOPOKHBIMH IIPU HMCIIOJIB30BAaHUM /EPEAl n3-3a
OMMACHOCTH O0eCKOHEYHOTo 1uKiIa. CUHTaKCUC UKIIA /EPEAl BBITIISIIAT KaK:

repeat statement

[Ipu wucnonp3oBaHuM /EPEAl CIAEAYIOUIMM OINEepaTopoM JOJDKEH OBITh  OJIOK
onepaTopoB. ClriefyeT, Kak BBIIOJHUTh HEKOTOPOE BBIYMCIEHUE, TaK U MPOBEPUTH BBIXOJ U3
KA, 9TO OOBIYHO TPEOYeT JBYX ONEPaTOPOB.
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3.2.4. Oneparop while
Omneparop While odyenp moxok Ha omepartop repeat. CHHTaKCHC omepaTopa MHKIIa
while cnenyromuii:
while ( statementl ) statement2
rae ouneHuBsaerca statementl, n ecau ero 3HaueHume | RUE, Tto ouenusaercs statement?.
DTOT mporuecc mpoAoKaeTcs, moka slatementI ne ouenuBaercs kak FALSE.

3.2.5. Oneparop for
Cunrakcuc onepaTopa ukia for caenyrommuii:
for ( name in vector )
statementl

rze VeCtor MoskeT OBITh WJIM BEKTOPOM HJIM CHHCKOM. JI KaXXJI0TO 3JI€MEHTa B BEKT Ope
UMl IEpEMEHHOH yCTaHABIMBACTCSA K 3HAYCHHUIO HJIIEMEHTOB 3TOTO BEKTOPA M OICHHUBACTCS
statementl. TloGounslii 3(p(eKT COCTOMT B TOM, UYTO HMMs TEPEMEHHOM MpPONOJIKAET
CYIIECTBOBATh ITOCJTIC OKOHYAHUS IMKJIA 3aKOHYWICSA, U y HEE €CTh 3HAUCHHE IOCIEIHErO
3JIEMEHTa BEKTOPA, JIs1 KOTOPOTO OB OI[CHEH IHKIL.

3.2.6. Omeparop switch
C TeXHMUYECKOW TOYKH 3peHHs SWIICH (epekIrouaTelib) IBIsSCTCS JIUIIb €Ile OJHON

¢yHkuueil, HoO ee ceMaHTHMKa ONM3Ka K TaKOBBIM W3 YIPABICHHS CTPYKTYPaMHU IPYTHX
SI3BIKOB IIPOTPaMMHUPOBAHUS.

CunTakcuc:
switch (statement, list)

rae ayeMeHThl //St (crimcka) MOXHO Ha3BaTh. BO-TEPBBIX, ONEPATOpP OICHUBAETCS, H
MOJIy4yaeM pe3ysibTaT, 3HaueHue. Ecnu 3HadueHue - yuciao Mexay | v JJIMHOW CIHCKa, TO
OLICHHBACTCSI COOTBETCTBYIOLIMIA dyieMeHT criucka (//Sf), nu Bo3Bpaiaercsi pedynbrar. Eciu
3HAUEHUE SBJSIETCS CIHUIIKOM OOJBIINM, WM CIUIIKOM MasbiM, TO Bo3BpamaeTrcst NULL.

>x<- 3

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

[1] 2.2903605  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 CUMBOJIBHBIM BEKTOPOM, TO OIICHUBACTCS 3JIEMEHT °...°
C UMEHEM, KOTOPOEe TOYHO COOTBETCTBYET 3HAueHHIO. Eciy He cylecTByeT COOTBETCTBHS,
TO Oy/eT UCIOJIB30BaH OT/ACIHHBIN HE HAa3BaHHBIM apryMEHT B KadecTBE yMoiIdaHus. 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"

OOBLIYHOE UCHOIL30BAHUE MEPCKI0YATEIA COCTOUT B IMEPEXOAC COIIaCHO CMMBOJIBHOI'O
3HAYEeHUS OJTHOTO U3 apIYMEHTOB (DYHKILIUH.
> centre <- function(x, type) {
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+ 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 3HAYC€HUE OleHeHHOro omeparopa, wiu NULL, ecnu
OTCYTCTBYET OIICHKA OIEPaTop.

JIs1st BBIOOpA M3 CIHCKA CYIIECTBYIOIINX AIbTEPHATHB, MEPEKITIOUATENb, BO3ZMOKHO, HE
Jy4Iui cnoco® BeIOOpa Juis olneHkH. Yacto Jydiie HCIoiab30BaTh €va/ u omeparop
noaMHOXkecTBa [/ HermocpeacTBEeHHO uepes eval(x [[ycrosue]]).

3.3. DaemeHTapHble apupMeTHYECKHE ONepalHu
B orom pasnmene oOCyXHalOTCsS TOHKOCTH MpaBWJ, KOTOpbIE INPUMEHSAIOTCA K
OCHOBHBIM OIEPAIMIM MTO0JIOOHBIM CIIOKEHHUIO MM YMHOKEHUIO ABYX BEKTOPOB MU MATpPHII.

3.3.1. IlpaBuJi0 pEUMKJIUIHOCTH

Ecnu nomnbITatbesi CHOXKUTH JIBE CTPYKTYPBI C PA3IUYHBIM YHUCIOM 3JIEMEHTOB, TO
Oosiee KOpoTKas OyeT HUKIMYHO Ipeodpa3oBaHa K JJIMHE Oojiee UTMHHOW. Takum oOpazom,
€CITH, HampuMep, CIIOKUTh BeKTop C(1,2,3) ¢ BEKTOPOM C MIECTHIO DJIEMCHTAMH, TO B
nevicreutensHoctd npubasute ¢(1,2,3,1,2,3). Ecnu miuHa Gojiee JJIMHHOTO BEKTOpa HE
KpaTHa KOPOTKOMY BEKTOPY, TO BBIAETCS MPEAYIPEKICHHE.

Haunnas ¢ R 1.4.0, mo6oil apudMeTHUECKHI OmepaTop, BKIIOYAIOIIUN BEKTOP
HYJIEBOU JUIMHOM, aCT PE3yJIbTAT HYJIEBOU JIJIUHBI.

OnHO WCKIIIOYEHHE COCTOMT B TOM, YTO TPHOABISAs BEKTOPHl K MaTpHIAM,
HpeAyNpeKACHIE He TaeTCsl, €CIH JJTNHB HECOBMECTUMBIE.

3.3.2. PacnpocTpaHeHne HMeH

Pacnipoctpanenue umeH (mepBblii MOOEXKIACT, 1 AyMal0 - TaKKe, €CIIU y HEro Her
UMeHU?? — mepBblil *With names* moOexxmaeT, peHUKIMYHOCTh BHI3BIBACT YKOPOUCHHE 0
IOTEPU UMEHH).

3.3.3. ATpuOYTHI pa3MepHOCTH

mampuya+mampuya — pa3MEpPHOCTU JOJKHBI COOTBETCTBOBATh. 8eKMOp+mampuya;
CHa4ajJa pPEHUKINYHOCTb, 3aTE€M MNpPOBEPKa Ha COOTBETCTBHE, €CIIM HE COOTBETCTBYET, TO
omuoka.

3.3.4. Oopadorka NA
OTCyTCTBYIOIIME 3HAYCHHUS B CTATUCTUYECKOM CMBICIIC - 3TO NIEPEMEHHbIC, 3HAUCHHE
KOTOpPBIX HE M3BECTHO, mMmeromie 3HadeHune NA. VX He ciieayeT myTarth CO CBOMCTBOM
MISSINgG nist He MPeAOCTaBICHHOro aprymenTa ¢pynkuuu (cMm. pasaen 4.1.2 [AprymenTsi]).

XOT aTOMapHBIE OJJIEMEHThl BEKTOpa JOJKHbI HMETh OJMHAKOBBIM THII, HO
cymectByer MHoro TunoB 3HaueHud NA. lmeercs 0COOCHHO BaKHBIM clydail ISt
noap3oBareias. Tunm mo ymomuanwio NA pasen /ogical, ecnm He mpeoOpa3oBaHO K
HEKOTOPOMY JIPYTOMY THITY, TAKHM 0Opa3oM, MOSBICHUE OTCYTCTBYIOIIETO 3HAUCHUS MOXKET
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WHULIMUPOBATH JIOTUYECKYIO, a HE YUCTIOBYIO MHJEKcaluio (cM. pa3aen 3.4 [MUuaexcauus| nis
o ApoOHOCTEN).

Uucnoseie u norudeckue BoraucieHus ¢ NA o0sraHO Bo3BpamaoT NA. B ciygasx,
I/Ie Pe3yJIbTaTOM OIepanuu ObUIO0 Obl OJMHAKOBOE ISl BCEX BO3MOMKHBIX 3HAUYEHUH, TO
MOkHO B3sTh NA, omeparnusit MOXeET BEepHYTh 3TO 3HadeHHe. B wactHoctn 'FALSE & NA'
FALSE, ‘TRUE | NA’ TRUE. NA He paBeH mo00My IpyroMy 3HAueHHIO HIHM ceOe;
tectupoBanne Ha NA BBIIOIHIETCA HCIHOJB30BaHuEM /5./14. Omuako 3HaueHue NA Oyner
COOTBETCTBOBATh Apyromy 3HaueHui0 NA cOOTBETCTBEHHO.

YucrioBble BBIYHCICHHS, PE3YJIbTaT KOTOPBIX HE ompeneneH, k mpumepy ‘0/0°,
npou3BoaaT 3HaueHHe NaN. OHO cCymecTByeT TOJIBKO B THIE JABOWHOW JIMHBI WU JJIS
peasbHBIX MJIM MHUMBIX YacTel KOMIUIEKCHBIX THIOB. [IpegocTaBnsercs GpyHKuus iS.nan as
npoBepkr Ha NaN, is.na taxke Bosppamaer TRUE mms NaN. Ilpeo6pasosanune NaN k
JOTUYECKOMY WIIM [EJIOYUCIEHHOMY THUIy JaeT NA COOTBETCTBYIOIIETO THUIMA, HO
npeoOpa3zoBanne k cumBoiry npucBauBaeT ctpoke "NaN". 3nauenue NaN He cpaBHUBAIOTCH,
MO3TOMY TECThl Ha PABEHCTBO, WM comocTraBiieHue, Bkiatoyatomee NaN, npusenyt k NA.
OHHU pacleHUBAIOTCS KaK COOTBETCTBYIOITHE Jt000oMy 3HaueHnto NaN (1 HUKakomy Apyromy
3Ha4YeHHIO, Aaxe He NA) ¢ momoribio match.

NA cumBonbHOro Ttumna, HaumHas ¢ R1.5.0, ormuuaercs ot crtpoku "NA". Ilpu
HEOOX0AUMOCTH sABHO yKa3ath NA mporpaMMHCTBI TOJKHBI HCIIONB30BaTh ‘dS.character
(NA), a ve "NA", unu ycTraHOBHUTH dyieMeHThI K NA, ucronbs3ys £5./14 <-.

Hauunas ¢ R2.5.0 cymectBytoT koHcTaHThl NA integer , NA real , NA complex u
NA character_, xotopsie OyayT reHepHpOBaTh (B CHHTAaKCHUECKOM aHAIHM3aTOpE) 3HAUYCHHE
NA COOTBETCTBYIOIIETO THMNA, W OYAET HCIOIB30BAThCSI B OOpPATHOM CHHTAKCHYECKOM
aHaM3aTope MpU OTCYTCTBUM WHOW BO3MOXHO wuAeHTU(uimpoBarh Thun NA (1 onmuu
YIPaBJICHUS TOTPOCST ITO).

OtcyrerByroT 3HaucHust NA 11st 7aW (CTpPOK CHMBOJIOB) BEKTOPOB.

3.4. UnnekcupoBaHme

R COIEpKUT HECKOJIBKO KOHCTPYKIUH, KOTOpPhIE TPEAOCTABISIOT JOCTYM K
OTJICTHHBIM 3JIEMEHTAM WU IMOJMHOXKECTBAM MOCPEACTBOM MHJIEKCHBIX oreparuii. B cmyuae
OCHOBHBIX THUIIOB BEKTOPOB MOXKHO MOJYYHUTh JOCTYI K /-My DJIEMEHTY, HCIOb3ys X//], HO
TaKk)Ke CYIIECTBYET WHJEKCAllUs CIHCKOB, MAaTpPHUIl W MHOTOMEPHBIX MacCHUBOB. EcTh
HECKOJIbKO (pOpM MHJIEKCAIIMH B JOTOJHEHUE K WHICKCAIIUU C OTACIBHBIM IIEIBIM YUCIIOM.
Wupekcarusi MOXKET MCIOJIb30BATHCS M YTOOBI M3BJIEYh YacTh OOBEKTa W 3aMEHUTHh YacCTH
o0BeKTa (MK MpUOaBUTH YaCTH).

Y R ectb Tpu OCHOBHBIX OIlepaTopa HHJIEKCAIMU C CHHTAKCHCOM, TMOKa3aHHBIX
CJIEIYIOIIUMHU MTPUMEpPaMu:

x[i]

i, il

x[[i1]

X[, i1

x$a

X$llall

Jl1st BekTOpOB 1 MaTpHLl hopma ff peaKo UCTIONB3YIOTCS, XOTS Y Hee €CTh HEKOTOpPhIE
HEOOJIbIINE CeMaHTHYeCKUe OTnuus oT (opmbl [ (Hampumep, OHa OTOpachiBacT JFOObIC
MMEHA WM aTpuOyT MMEH pa3MEpHOCTEH, U YTO YaCTHOE COOTBETCTBUE HCIOJIb3YETCS UIs

CHUMBOJIBHBIX MHJIEKCOB). Korja HHAEKCUPYIOTCS MHOTOMEDPHBIE CTPYKTYPhI C €AMHCTBEHHBIM
uHgekcoM, To X/[I]] wiu X[i] BepHeT Fii mociea0BaTEabHBINA 3JIEMEHT X.

JIst CriMCKOB OOBIYHO HCTONB3YIOT [ff mist BIOOpa JIFOOOTO OTACIBHOTO JJIEMEHTA,
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TOra KaKk /BO3BpAIllaeT CIIUCOK BEIOPAHHBIX 3JIEMCHTOB.

®opma [[ mo3BONSET BHIOpATh TONBKO CAMHCTBEHHBIH 3JIEMEHT, HCIOJB3YsI
IICJIOYMCIICHHBIC WJIM CHMBOJIBHBIC HWHJIEKCHL, TOraa Kak J TO3BOJSIET HHAEKCHPOBATh
BEKTOpaMH. 3aMETHM, XOTS 3TO s CIUCKAa MKW JAPYroro peKypCUBHOTO OOBEKTa,
UH/IEKCUPOBAaHHE MOXET OBITh BEKTOPOM, M KaXJIbli 2JIEMEHT BEKTOpa IPUMEHEH
[IOOYEPETHO K CIHCKY, BBIODAaHHOMY KOMIIOHEHTY, BBIOpDAaHHOMY KOMIIOHEHTY TOTO
KOMIIOHEHTA, U TaK Janee. Pe3ynprar - Bce enie eIMHCTBEHHBIA JIEMEHT.

®dopma ¢ HCrONB30BaHHEM § MPUMEHSACTCS K PEKYPCHBHBIM OOBEKTAM, TaKMM Kak
CIHMCKH M MapHble cnucku. OHa OMyCKaeT TOJbKO JIMTEPATbHYIO CUMBOJIBHYIO CTPOKY WU
CHUMBOJI Kak MHIEKC. TakuMm 00pa3oM, WHACKC HE BBIYHMCISCTCS: IUISl CIIyYaeB, THIe CIeIyeT
OLICHUTDH BBIp@KEHHUE, YTOOBI HAWTH MHIEKC, ucnonb3yire X//expr]]. Eciu $ npuMmeHeH K He
PEKYPCUBHOMY OOBEKTY, TO pe3yibTaT 00bdHO Beeraa Oyaer NULL: nauunas ¢ R 2.6.0 3to
SIBJISIETCSL OTLIUOKOMA.

3.4.1. UHaexkcupoBaHNe BEKTOPaMu
R mipenocTaBiisieT MOIIHBIE KOHCTPYKIUMU C HCIOJB30BaHHUEM BEKTOPOB B KayecTBE
uHAekcoB. CHauyana oOOCyIMM WHJAEKCAIIMIO TMPOCTHIX BEKTOpoB. Jlimsi mpocTOTHI
OPEANONOKHUM, YTO BBIpKEHUEM sBiseTcs X[/]. 3ateM cCleAyrolIue BO3MOXHOCTH
CYIIECTBYIOT JUIs THIIA /.

o Integer (Llemoe umcio). Bee ameMeHTHI / JOKHBI MMETh OAMHAKOBBINM 3HAK.
Eciu oHM MOJI0KHUTEIBHBI, TO BEIOPAHBI 3JICMEHTHI X C 3TUMH HHAeKcamu. Eciu 7
COJIEP’KUT OTPULIATENIbHBIE JJIEMEHTHI, TO BBIOpAaHBI BCE DJIEMEHTHI KpoMe
0003HAYCHHBIX.

Ecmu 7 nonoxwurensHo u npesbimaer length(x), To cooTBeTCTBYIOMIHI BEIOOD
paser NA. OtpurarenpHoe 3HaUeHHE / BHE TPAHHUI] BBI3BIBACT OLINOKY.
OcoOblii ciydyait — WHIIEKC, PaBHBIN HYJII0, KOTOPBIH UMEET MycThie 3P HeKTHI:
X[0] siBnsieTcst mycThIM BEKTOPOM, M, TEM HE MEHEe, BKIIOYACT HYJIH CPEAH
MOJIOKUTEIBHBIX WM OTPUIATENIbHBIX HMHJIEKCOB, MMEIOIIUX TOT K€ CaMblil
a¢dekT, kak OyATO OHU OBUTH OMYIICHBI.

o Jlpyroe umcmoBoe. Ilepen wucnonb3oBaHMEM 3HA4YE€HUE HELEIOro 4YHcia
npeoOpasyeTcst B 11es10e YUCIIO (YCEUeHUEM K HYIIIO).

e Logical. Mumekc | momkeH MMETh OJWHAKOBYIO UIMHY ¢ X. Ecnm om Oymer
KOpoYe, TO €ro 3JIEMEHTHI OyIyT MUKINYECKH MPeoOpa3oBaHbl KaKk 0OCYKJICHO B
pazznene 3.3 [DnemenTapHble apudmerrnueckue onepauuu]. Eciu oH mmHHEe, TO
X KOHIIeNTyabHO pacimpeH ¢ momombio NA. BeiOpanHoe 3Ha4eHHE X — 3TO Te,
miist KoTopbix | paBao TRUE.

o CumBoa. CTpokd B | COMNOCTaBIAIOTCS MPOTUB arpubyra HMEH X, H
UCIIOJIB3YIOTCS ToNydaromuecs uensie yncna. Jisa [fu $ ucnonssyercs yactHoe
COOTBETCTBHE, €CIIU TOUHOE COOTBETCTBHUE NEpecTano paboTaTh, TaKUM 00pa3om,
X$aa 6yner coorBeTcTBOBaTh X$AAbb, ecriu X He OyneTr comepKaTh KOMIIOHCHT,
Ha3BaHHbIN 44", u "aabb’ - enuHCTBEHHOE MMSI, Y KOTOPOTO €CTh mpedukc "aa'.
Jlnst [ 9acTHBIM COOTBETCTBMEM MOKHO YIPABIISATh 4Yepe3 apryMeHT EXAcl,
YCTAHOBJICHHBIM 10 yMoia4aHui0 B NA, yKa3pIBalOUUMiA, YTO YacCTHOE
COOTBETCTBHE I103BOJICHO, HO MPEIYNpPEkKAAeTCs, KOrja HTO MPOUCXOIMT.
VYcranoBka exact 8 TRUE mpenstcTByeT ToMy, 4TOOBI YaCTHOE COOTBETCTBHE
npowusonuio, 3HadeHne FALSE mo3Bosiger 3T0 U He mpeaynpexaacT. 3aMeThM,
yro [ Bcerma Tpebyer TOouHOro cosmageHus. Ctpoka "" oOpabaThiBacTCs
0COOCHHO: OHA HE YKa3blBaeT ‘HU Ha KAaKO€ UMs’ U HE COOTBETCTBYET AJIEMEHTY
(maxe Ha Te, KOTOphle O€3 WMEHH). 3aMETHM, YTO YacCTHOE COOTBETCTBHUE
UCIOJIb3YETCs TOJIBKO MPHU U3BJICUEHUH, HO HE TIPU 3aMEHE.

o Factor. Pesynbrar unenrtuueH x/as.integer (1)]. ®axropHpie ypoBHU HUKOTJA HE
UCIOJB3YIOTCA. Pa3 Tak XodeTcs, TO WCIoNb3yite Xx/as.character(i)] wnu
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10100HYI0 KOHCTPYKIIHUIO.

« Empty. Breipaxxenue x[]  Bo3Bpaimmaer X HO otOpachIBaeT
"HecooTBeTCTBYIOLIHE" aTpuOyTHl U3 pe3ynbrata. COXpaHSIIOTCS TOJBKO UMEHA,
Kak B MHOTOMEPHBIX pPa3MEPHOCTSIX MAacCHBOB, TaK U aTpuOyThl HMEH
pasmepnocreit (dimnames).

« NULL. Dt0 obpabarsiBaetcs, kak Oyaro 310 06110 /nterger(0).

Wupekc ¢ mpomymieHHBIM 3HadeHneM (To ecth NA) maer pesyabtar NA. D10
IMpaBUJIO MPUMCHACTCA TAKXKC K CJIy4aro JIOTHYECKOU HWHACKCAILlUU, TO €CTh DJIEMEHTaM X, y
KOTOPBIX ecTh cesiekTop NA B i, BKIIIOYEHHBIH B pe3ysbTaT, HO UX 3HaueHueM OymeT NA.

3aMeTuM, OJIHAKO, YTO €CTh pa3indHbie pexkuMbl NA - TuTepanbHas KOHCTAHTa HMEET
pexum “/logical’, Ho oHa yacTo aBTOMaTHUYECKH TPE0Opa3oBhIBaeTCA K ApyruM Tunam. OmaHo
BO3/IEHCTBUE 3TOTO COCTOMT B TOM, 4T0 y X/NAJ ecth niuna X, o y x/c(1,NA)] ectb nnuna 2.
DTO MOTOMY, YTO MPABUIIA ISl JIOTUUSCKAX MHACKCOB MPUMEHSIOTCS B MPEKHEM CIydae, HO
TSI IEJIOYMCIICHHBIX HHICKCOB B TIOCIICTHEM.

WNunekcanmss ¢ /[ Taxke BBIIOJHAT COOTBETCTBYIOLIEE IOIMHOMXECTBO JIFOOBIX
aTpuOyTOB MMEH.
3.4.2. UnaexkcupoBaHue MaTpHUIl U MaCCHUBOB
[TogMHOMXecTBa MHOTOMEPHBIX CTPYKTYP OOBIYHO CIEIYIOT aHAJIOTUYHBIM MPAaBUIIAM,
KaK OJHOMEpHas MHIAEKCAlMs A KaXIOW MEepeMEHHOW HHJEKCa C COOTBETCTBYIOIIHUM
KOMITOHEHTOM d/mnames B3situe Mecra names. [IpuMeHsieTCss HECKOJBKO CIIeIUaIbHBIX
IPaBUJII, XOTSL:

OOBIYHO, K CTPYKType TMOJYYalOT JOCTYI, HCIOJb3ysd YHCIO HHACKCOB,
COOTBETCTBYIOIIUX €€ pa3MepHOCTH. OJHAKO TaK)KE BO3MOXKHO HCIIOJIb30BaTh OTIC/IbHBIN
WHJICKC B CJTy4ae UTHOPUPOBAHKS aTpHOyTa pa3MEPHOCTH M MMEHHU Pa3MEPHOCTH, a Pe3yJIbTaT
saBisieTcss dPPeKTUBHBIM it C(M)[I]. 3ametum, uro /f1] 0ObIYHO OYCHb OTIMYACTCS OT
mf1,], v mf,1].

MOKHO HCIIOJIb30BaTh MATPHILy IENIBIX YHCET B Ka4eCTBE MHAEKCOB. B 3TOM cityuae
YHCIIO CTOJIOIIOB MATPHIIBI JOJKHO COOTBETCTBOBATH YHCIIO Pa3MEPHOCTEH CTPYKTYpBI, U
pe3ynbTaToM OyAeT BEKTOp C JUIMHOM KaK YHCIIO CTPOK Marpuilsl. CIEIyronMid MpuMep
MOKa3bIBACT, KaK M3BJICYb dJIeMEHTHI /7)1, 1] u mf2, 2] B omHol onepaiuu.

>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 WHICKCH 3amlpelieHbl B WHAeKcanuu marpuil. Paspemenst NA u
HyJIEBOE€ 3HAYCHHUE: CTPOKH B MHJIEKCE MATpHIlE, COIEpKaIleH HYylb, HMTHOPUPYIOTCS, TOTJA
Kak cTpokH, conaepxkamue NA, mpousBoast NA B pesynbrare.

Kak B cnydae ucnonb30BaHUs OTAECIBHOIO MHAEKCA, TaK U B MHACKCAIIMM MaTPHIL
WHJCKCAINH, UCTIONB3YeTCsI aTpUOyT /14/M€, €Cu TPEICTABICH, KaK UMell Obl OJTHOMEPHYIO

CTPYKTYpY.
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Ecin onepauus MHAEKCAlMM BBI3BIBAE€T PE3YJIbTAaT OJHOIO U3 €ro pPacUIMpeHui
JUTMHOW eMHUIIA B KayecTBE BBHIOOpA OTIEIBHOIO Cpe3a TPEXMEPHOH MaTpHIbI (CKaXeMm)
m[2,,], To cooTBeTcTByIOIas pa3MEPHOCTh OOBIYHO OTOpackiBaeTcsi U3 pe3ynbrara. Ecimu
pe3yabTaTOM SBISETCS OJHOMEpHAas CTPYKTypa, TO IOJy4aeTcs BEKTOp. OTO HHOrna
HEXKeNaTeIbHO M MOXKET OBITh OTKJIIOYEHO myTeM Jo0asieHus ‘drope = FALSE’ k onepanuun
WHJCKCAIIMU. 3aMETUM, 9TO ITO JOMOJHUTEIBHBINA apryMeHT QYHKINH [, M He J0OaBISETCS K
cdyeTunKy wuHAekca. CrenoBarenbHO, KOPPEKTHBIM CHOCOOOM BBIOpATh IEPBYIO CTPOKY
marpuilbl kKak 1 na n marpunsl seiasercs M[1, drop = FALSE]. Ynymienue OTKIIOYHTH
0TOPACHIBAIONIYIO OMIIUIO ABJSETCA YAaCTOM MPUYMHON OTKa3a B OOIIMX MOANpOrpaMMmax, rjie
UH/IEKCUPOBAaHHE HWHOI/A, HO HE OOBIYHO, MMEET JIMHY OJMH. OJTO HpPaBUJIO BCE elle
OpUMEHSeTCs K OJHOMEPHOMY MacCUBy, Tle JI000€ MOAMHOXECTBO [acT BEKTOPHBIN
pesyabTar, ecau ‘drop = FALSE’ He OymeT MCIoIb30BaThCs.

3aMeTHM, YTO BEKTOPHI OTJIMYHBI OT OJHOMEPHBIX MAacCHBOB B 3TOM, IOCICTHHE
UMEIOT aTpUOYThl pa3MEPHOCTH U UMEHHU pa3mepHoctd (dimnames) (o0e W3 JUTMHBI OJWH).
OIHOMEepHBIE MACCUBBI HE JIETKO TOJyYHTh U3 ONIepalril MOAMHOXKECTBA, HO OHH MOTYT OBITh
CO3JJaHbl SIBHO M BO3BpAIllCHbl TAaONUICH. DTO MHOTIA MOJE3HO, IMOTOMY YTO DIIEMEHTHI
CIKMCKa MMEH pasMepHocTeit (dimnames) MOXKHO CcaMOCTOSTEIbHO Ha3BaTh, YTO HE HMEET
MecTa s aTpu0yTa UMEH.

Hexkoropeie onepanmu, takue kak M[FALSE], npuBoasiT K CTPYKTypaM, y KOTOPBIX
pa3MepHOCTh UMeeT HyseBoe paciuperue. O0bpaHo A 1poOyeT 00padoTaTh 3TH CTPYKTYPHI
no00aroImuM 00pazoMm.

3.4.3. UnaexcupoBaHue APYrux CTPYKTYp

Omneparop [ sBisieTcss yHUBEpCAIbHON (QYHKIHEH, KOTOpas MO3BOJISET JOOABIISATH
MeTobl Kiacca, W omeparopel $ u [ anamormurbl. TakuM 06pa3oM, MOKHO HMETh
orpenenseMble MOJb30BATEIEM OIlEpaluyd 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", ucnonb3ys 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. 37IeCh 3TO MOAPOOHO HE ONMUCHIBAETCS (CM. CTpaHUIly cripaBku mis [.data.frame ), no
B O0IIMX uYepTax, €CJIM JIBa MHJCKCA MPEJOCTABIICHBI (JaKe, €CIIU OJUH U3 HHUX IYCT), TO 3TO
CO3/1aeT MHJIEKCAIUIO, MOJTOOHYI0 MaTpHIIe, Ui CTPYKTYpPBI, KOTOpasi B OCHOBHOM SIBJISIETCS
CIIUCKOM BEKTOPOB OJMHAKOBOW IJIMHBI. ECIIM NpenocTaBiieH OTIEIbHBIM HHAEKC, TO 3TO
UHTEPIPETUPYETCAd KaK MHJEKcalusl CIHCKa CTOJIOIOB, WU B 3TOM CJIy4yae apryMeHT
0TOpachIBaHUSI UTHOPUPYETCS C TPETYNPEKICHUEM.

OcHoBHble omepartopel $ u [[ Moryr ObITh NPHUMEHEHBI K CpEIC OKPYKCHUS.
[103BOJIEHBI TONIBKO CHMBOJIBHBIE MHIEKCHI, © HUKAKOE YACTHOE COOTBETCTBHUE HE ACIACTCS.

3.4.4. IlpucBoeHHe MOJIMHOKECTBA

[IpucBoeHHE TOAMHOXKECTBY CTPYKTYPBI SIBJSIETCS YAaCTHBIM CIIydaeM OOILIero
MEXaHMU3Ma JJIs CJI0’KHOTO IPUCBOEHUS:
X[3:5] <- 13:15
PesynbTat 3TOI KOMaH/bI COOTBETCTBYET CIIEAYIOIIEMY BHINOIHEHUIO:
Ftmp** <- X
X <- "[<-"(“*tmp*‘, 3:5, value=13:15)
rm(“*tmp**)
3aMeTHM, YTO MHJEKC CHayasla mpeoOpa3oBaH B YMCIOBOW MHIEKC, a 3aTEM 3JIEMEHTHI
3aMEHEHbI T0CJIE0BAaTEIbHO BJAOJb YHUCIOBOIO MHAEKCA, KaKk OyATO MCIOJIB30BAJICA IS
nukia for. Jlrobas cymecTByromas nepeMeHHas ¢ UIMeHeM “*Imp** Oyner mepesamnucaHa u
————————————————————————————————————————————————————————
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yaajicHa, 1 3TO UM HepeMeHHOﬁ HE OOJI?KHO HCIIOJb30BAaTHCA B KOJC.

OIMHAKOBBIA MEXaHU3M MOXKET OBITh MMPUMEHEH K (QYHKIHAM Kpome [, 3aMeHSoIast
GyHKIHUS ©MEeT OMHAKOBOE MM Ha BCTaBJICHHYIO <-. Ee mocieHuM apryMeHTOM, KOTOPBIN
HY)XXHO BbI3BATbL 3HAUCHUCM, SABJIACTCA HOBOC 3HAYCHHUC, IMOJICIKAIICC TIPHUCBOCHUIO.
Hanpuwmep:

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

['He3n0BaHMeE CIIOKHBIX MPUCBOCHUM OLIEHUBAETCSI PEKYPCUBHO:

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

Ftmp** <- X

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

rm(“*tmp**)

Taxxke paspemieHbl CIOXKHBIE MPHUCBOCHHSA B O0EPTKE OKpPYXKAIOLIEH Cpebl
(ncmonp3ys <<-):

names(x)[3] <<- "Three"
SKBUBAJICHTHO.
“*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 1eNIeBas mepeMeHHast OIICHUBAETCSI B 00EPTKE OKPYKAIOIIEH CPeIbl, UTaK:
e<-c(a=1,b=2)
i<-1 local({
e <- ¢(A=10,B=11)
i <-2

e[i] <<- e[i]+1
)
UCIIONB3YeT JoKanbHOoe 3HaueHue / u Ha LHS u va RHS, u nokansHOM 3HaueHun € Ha RHS
CyIlep olneparopa pUCcCBauBaHUsA. JTO YCTaHABIMBAET € BO BHEIIHEN Ccpelie K:
a b
1 12
Takum o0pa3oM, CBEpPX MPUCBOEHUE YKBUBAJICHTHO TUM YETHIPEM CTPOKaM:
“*tmp*‘ <- get(e, envir=parent.env(), inherits=TRUE)
“*tmp*‘[i] <-e[i]+1
e <<- “*tmp**
rm(“*tmp**)
ITomo0OHO:
x[is.na(x)] <<- 0
SKBUBAJICHTHO.

“*tmp*‘ <- get(x,envir=parent.env(), inherits=TRUE)
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“*tmp*‘[is.na(x)] <-0
X <<- “*tmp**
rm(**tmp**)
1 HE DKBUBAJICHTHO IJId.
“*tmp*‘ <- get(x,envir=parent.env(), inherits=TRUE)
“*tmp*‘[is.na(**tmp**)] <- 0
X <<- “*tmp**
rm(**tmp**)

OtHn ABC MHTCPIIPETALIMN BapHaHTa OTINYAIOTCA, TOJBKO €CJIM €CTh TAKXKC JIOKaJIbHas
NepeMCcHHas X. D10 - Xopomasa uacd UCKIITOYUTD JIOKAJIbHYIO ICPEMCHHYIO C TCM KC CaMbIM
MMEHEM KakK IIeJieBas TIEpeMEHHas CBepX MNpUCBOCHUs. I[IOCKOJIBKY ATOT ciiy4ail ObLT
oOpaboTan HempaBWIBHO B Bepcusix 1.9.1 u paHee, TO HE IOMKHO OBITH CEpPHE3HOUN
MOTPEOHOCTH B TAKOM KOJIE.

3.5. O6aacThb AeiicTBUS MepeMEeHHBIX
[Toutn y Kaxmoro si3pIka MPOrPaMMHPOBAHMS €CTh PsJ MpaBUi 00JACTH JEHCTBUS
MEPEMEHHBIX, YTO TO3BOJSET HCIONB30BaTh OAHO UMS IS PA3IUYHBIX OOBEKTOB. IJTO
MO3BOJISIET, HANpPUMEp, JIOKAJBHON MepeMeHHON B (YHKIIMM WMETh OJWHAKOBOE HMsI C
r100a1bHBIM 00OBEKTOM.

R ucnone3yeTr JeKcHYeCKyr0 MoJe/b OINpeNeNeHUs KOHTEKCTa, MOAOOHYI0 TaKhuM
si3pIkaM Kak [lackanb. OnmHako, R - A3bIK () YHKIIHOHAILHOTO MPOIPaMMHAPOBAHAL A TI03BOJISIET
AUHAMHUYCCKOC CO3JaHHWC U MAHUITYJIMPOBAHUC (byHKI_[I/IHMI/I n O6’beKTaMI/I SA3bIKa, 1 UMCCT
JOTIOJTHUTEIbHBIC (PYHKITUH, OTPAXKAIOIINE STOT (PaKT.

3.5.1. I'nobasibHas1 OKpYKaIOIIAs cpeaa
I'moGanpHas oKpykaromias cpefa - KOPEHb I0JIb30BaTeNIbCKOM paboueil oOmacTH.
OrnepaTopbl TNPUCBOCHHMS B KOMAaHIAHOW CTPOKE 3aCTaBSIT COOTBETCTBYIOIIUNA OOBEKT
NPUHAJICKATh TII00AaTBHOM OKpyXKaroieil cpene. Ee obepHyTas okpyskaromiasi cpena -
CJIEAYIOIIAsl OKPYXKAOIasi Cpeia Ha IIyTH MIOMCKA, M TaK Jlajiee Ha3ajl K IyCTOM OKpy»Karolien
cpeze, KOTopasi SIBJISIETCsl 00epTKOM OCHOBHOW OKpYKaroIiel Cpeibl.

3.5.2. Jlekcuueckasi OKpy:Kawiuasi cpeaa
Kaxnprit  BbI30B  (PYHKIIMK CO37AeT @periM, KOTOPBIA COIAEPKHUT JIOKAJIbHBIC
NEepEeMEHHbIEe, CO3/laBaeMble B (DYHKIIMHM, M OIICHEHHbIE B OKpY’Kalollell cpene, KoTopas B
KOMOWHAIIMH CO3/1a€T HOBYIO OKPY>KAIOLIYIO CPEy.

3aMeTUM TEpMHUHOJOTHIO: (peliM sBIseTCS HAOOPOM NEPEMEHHBIX, OKPYXKAIoIas
cpena sSBJSETCs BIOXEHUEeM (peiiMOB (MJIM SKBUBAJICHTHO: CaMbIii BHYTpEHHUHN (ppeliM TuTroC
00epTKa OKpyKaroIiel cpeibl).

OxpyKaronige cpeasl MOTYT OBbITh HPHUCBOEHBI MEPEMEHHBIM WU COAEPKATHCS B
npyrux oowvekrax. OgHako 3aMeTHM, YTO OHHU HE CTaHJIAPTHBICE OOBEKTHI - B YACTHOCTH OHU
HE KOIUPYIOTCS IPU MPUCBOCHUH.

Obeptka (pexum "dyHkuua') oObekTa OyIeT coaepk aTh OKPYKAIOIIYI Cpedy, B
KOTOpPOM OHa CO3/1aeTcsl KaK 4acTh ee omnpeneneHus. [1lo ymomuannto. Okpyskaromen cpeaon
MOXHO YIpaBJsATh, HUCHONB3ys environment <-. [lpu mocnenmyromieM BbI30BE (QYHKIIMU
co3/aercs Kak o0epTKa ee OLleHEeHHas! OKpYy»XKarolas cpefa ¢ 00epTKoi. 3aMeTUM, YTO 3TO HE
00s13aTeNbHO OKPYIKAIOIIas Cpefia BHI3BIBAIOIIEH CTOPOHBI!

Takum oOpa3om, Korja TmepeMeHHyl0 TpeOyioT B (YHKIMH, OHa CHadaja
Pa3bICKMBAETCS B OKpYKAIOIIEH cpejie OIEHKH, 3aTeM B 00epTKe, 00epTKe OO0epTKH, W T.I.;
IpU JOCTHXKEHHH TII00ANBbHOM OKPY)KAIOLIEH cpella MM OKpYXKarollel Cpeibl MaKkeTa MOUCK
IPOJI0JDKAETCSl BBEPX 10 MYTH MMOKMCKA B OKpY»Karolei cpezae ocHoBHoro (base) makera. Eciu
nepeMeHHasi He OyaeT HaiieHa TaM, TO TIOMCK HPOJOJDKHUTCS Jajiee B MyCTOW OKpYyKaromen
CpeJIoif, a 3aTeM MpeKpalaeTcs.
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3.5.3. Crek BbI30Ba
[Ipu kax1oM BBI30BE (PYHKIIMHM CO3JA€TCsl HOBBIM (peiiM oreHKU. B 0001 MOMEHT
BPEMEHH BO BpEMsl BBIYHMCICHUS B HACTOSIIMN MOMEHT aKTHBHAs OKpYKaromas cpena
JOCTyIHa dYepe3 cmeKk 6vizosa. llpu KaxaoM BbI3oBe (YHKIUMU BHYTPEHHE CO3/aeTcs
CrielralibHass KOHCTPYKIIHS, Ha3blBacMasi KOHTEKCT, M MOMEIIAETCS] B CIIMCOK KOHTEKCTOB.
[Tpu 3aBepiieHnH (QYHKIHMEW OLEHKH CBOEro KOHTEKCTAa €€ KOHTEKCT yAalieTcs U3 CTeKa
BBI30BA.

Coznmanue MepeMEeHHBIX, OMPEACIUBIINX BHIINIC JOCTYIHBI CTEK BBI30BA, Ha3BaH
JMHAMUYECKMM KOHTEKCTOM. CBs3bIBaHWE [UIA TEPEMEHHOH 3aTeM pelIaeTcsi CaMbIM
nocjaeqHUM (Ha BpeMsi) OINPEISIICHUEM MEPEMEHHON. DTO MPOTUBOPEUUT MpaBHiaM 00JacTh
JCWCTBUSL TAHHBIX 10 YMOJYAHHIO B R, KOTOpBIE HCIIONB3YIOT MPUBS3KY B OKpPY)KAIOLICH
cpene, B KOTOpoil (yHKIUs Oblna ompeaeneHa (JIEKCUYECKUH KOHTEKCT). Hekotopbie
(GyHKINH, 0COOEHHO TE, KOTOPBIE UCIIONB3YIOT U YIPABISIOT (GOPMYIaMHA MOJEIH, JOJKHBI
UMUTUPOBAThH JUHAMUYECKUN KOHTEKCT, HEMOCPEACTBEHHO TOTy4asi IOCTYI K CTEKY BBI30Ba.

JlocTyn K CTeKy BbI30Ba OOecleYeH uepe3 ceMeHCTBO (PyHKIHUH, y KOTOPBIX €cTh
UMEHA, KOTOPbIe HAUUHAIOTCS € 'SYS'.., ¥ OHH NEPEUNCIICHBI KPAaTKO HUXKE:

sys.call [Toay4aer BBI30B /IS OMPEACICHHOIO KOHTEKCTA.

sys.frame [TomygaeT onieHKy (ppeiimMa 11 aKTHBHOTO KOHTEKCTA.
sys.nframe  TlomyuaeT orieHKy ¢peiiMma IS OIPEAeICHHOTO KOHTEKCTA.
Gsys.function ITomyyaet BbI3BaHHYIO (DYHKIIMIO B ONPEIEICHHOM KOHTEKCTE.
sys.parent [TomygaeT poauTesnst BBI30Ba TEKYIICH (QyHKIIUN

sys.calls [TosryuaeT BBI30BBI AJIs1 BCEX AKTUBHBIX KOHTEKCTOB
sys.frames  Tlomyuaet omeHky HpeiiMOB /sl BCeX aKTHBHBIX KOHTEKCTOB
sys.parents  IlomyyaeT YUCIOBYIO METKY ISl BCEX aKTUBHBIX KOHTEKCTOB.

sys.on.exit  YcranaBnuBaeT (QYHKIIHIO, TOJICKAIIYIO BBIMTOJHEHHUIO, MPU 3aITyCKe
YKa3aHHOTO KOHTEKCTA.

sys.status Be3oBsl sys.frames, sys.parents and sys.calls.
parent.frame ITomy4aer dhpeiiM OIEHKH IS YKA3aHHOTO POJAUTEIHCKOTO KOHTEKCTA.

3.5.4. Iyt noucka
B pomonHeHue K CTPYKType OKpyKawield cpeipl OoleHKH y A ecTh MyTh MOUCKa
OKpYKalollle cpenbl, B KOTOPOW HIMYTCS MEPEMEHHbIEC, HE HAWJECHHBIE B JIPYIrOM MECTE.
Hcnonb3yercst Ayis IByX CIy4yaeB: MakeThl (yHKIUH U MPUCOCIUHEHHBIC MMOJIb30BATEIHLCKUE
JTaHHBIE.

[TepBbIit 2JIeMEHT MyTH MOKCKA — 3TO TJI00AIbHASI OKpYXKAIoIas cpea, a MoCIeIHUuN —
9T0 ocHoBHOM (base) maker. Oxpyxaromas cpena Aufoloads (ABTo3arpy3ok) HCIOIb3YeTCs
JUISL coliep)KaHus OOBEKTOB MPOKCH, KOTOPBIE MOTYT OBITH 3arpyXeHbl MO TPEOOBAHMIO.
Jlpyras okpy»arolias cpejia BCTaBJIeHa B UCIIONIb30BaHue myTH attach wmm library.

[TakeTsl ¢ npocmpancmeom umern HUMEIOT pa3Hble MyTH noucka. Koraa nouck oobexra
R HaudaT ¢ 00BEKTa B TAKOM IaKeTe, UIETCSA CHaJaja caM ITaKeT, 3aTeM OH MMIIOPTHUPYETCS,
3aTeéM OCHOBHOE IPOCTPAHCTBO MMEH M, HAaKOHEI], Io0ajdbHas OKpyKarolas cpena, H
OCTaJIbHAS YaCTh PETYJSPHOTO MyTH TOUCKa. D(P(PEKT COCTOMT B TOM, YTO CCHUIKU Ha JPYyTue
O0BEKTHl B 3TOM JK€ MakeTre OyIyT pas3pelieHbl B MakeTe, U OOBEKTHl HE MOTYT OBITh
3aMacKHpOBaHbl 00BEKTAMH C ATHM JX€ UMEHEM B TIIOOAIBHON OKpPYKAaloOIIeH cpeie Wi B
JPYTuX MakeTax.
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4, OyHKIUU

4.1. Hanucanue pyHKumii
Xotss R MoxeT OBITh OYEHb TMOJE3HBIM KaK HMHCTPYMEHT aHaiu3a JdaHHBIX,
OOJILIITMHCTBO TIOJIB30BATEICH OYEHb OBICTPO MPHUCTYMAeT K HAMUCAHWUIO COOCTBEHHBIX
¢ynkumid. D10 - omHO W3 peanbHbIX npeumymectB A. Ilomp3oBarenn  Moryr
pPOrpaMMUpPOBaTh (PYHKLKHU, U OHU, IPU HEOOXOJUMOCTH, MOTYT U3MEHUTh (PYHKLIUU YPOBHS
CUCTEeMBI Ha PYHKIMH OoJiee MPEAMOYTHTEIbHBIC IS MTOJIb30BATE.

R Ttaxxe mnpenocTaBisieT WHCTPYMEHTHI, KOTOpBIE OOJErdaroT JOKYMEHTHPOBATh
mo0bie co3manable GyHkmuu. CMm. pazgen “Hammcanme moxymentanuu R” B Hammcanuum
pacuupenuit R.

4.1.1. CuHTaKCHUC ¥ IPUMEPBI
CuHTrakcuc HanucaHusl PyHKINUU BBITISAUT Kak:

function (arglist ) body
[TepBblii KOMITOHEHT OOBsIBICHUs (YHKIUH - KIH0YeBoe cioBo function, kortopoe
yKaszbiBaeT R, uto co3maercs GhyHKIHS.

Cnucok apryMeHTOB - CIIMCOK pa3leJICHHBIX 3amsTOd 3HA4eHWH (OpMabHBIX
aprymeHToB. DopMasbHbI apryMEHT MOKET OBITH CHMBOJIOM, orepatopoM (opmsl ‘Symbol

= expression’, uiu crenuaabHblii GOopMaaIbHBINA apryMenT ‘... .

Tesmo MOXET OBITH JIFOOBIM TOMYCTUMBIM BhIpakeHueM A. OOBIYHO, TEJIO — 3TO TpyMIa
BBIpXKEHUH B GUrypHbIX cKoOKax (‘f u ‘J}).

OObuHO (YHKIMM TPUCBOEHBI CHMBOJAM, HO 3TO HE 00s3aTenbHO. 3HaueHHE,
BO3BpaIllcHHOEC BBI30BOM function, seasercs dynkiumeit. Eciu ums eif He maHO, TO OHa
YIIOMUHAETCS KaK aHOHUMHAasi (QYHKIMsL. AHOHMMHBIE (YHKIINH Har0oJiee 9acTo UCTIONB3YIOT
B Ka4eCTBE apryMEHTOB Jipyrue GyHKINH, TaKue Kak ceMencTBo applyunu outer.

Bot npocras dynkius: echo <- function(x) print(x). Taxum o6pa3zom, echo siBisercst
(GyHKIMEH, Y KOTOpO# €JMHCTBCHHBIH apryMEHT W IpU BbI30Be €Ch0 OHa medaTaeT CBOM
apryMeHT.

4.1.2. AprymMeHTBI

@®opmanbHble apryMeHThl (PYHKLIUHU ONPEACISAIOT MEepEeMEHHbIC, 3HAYEHUS KOTOPBIX
OyayT TnpefocTaBleHbl MpU BbI30Be (QyHKUMU. lVMeHa STUX aprymMeHTOB MOTYT
UCIIOJIb30BaThCS B Mpeeiax Teja GyHKUUH, TJe OHU MOIYyJaloT 3HaUeHHE, MIPEeI0CTaBICHHOE
BO BpeMsI BbI30Ba (DYHKIUH.

Mo>kHO yKa3aTh 3HAYEHHsI IT0 YMOIYAHUIO JJIsl apTyMEHTOB, UCIIONB3YsI CIICIHATBHYIO
dopmy ‘name = expression’. B atom ciyuae, eciu moiib30BaTellb HE OYAET YKa3bIBaTh
3HAUCHHWE IS apryMeHTa M (YHKIHUS OyAeT BbI3BaHA, TO BBIpAKCHHE OyNET CBA3aHO C
COOTBETCTBYIOLIUM CHUMBOJIOM. Eciy 3HaueHue He0OX0IMMO, TO BBIPAKEHHUE OILICHUBACTCS BO

bpeiime orleHKH PYHKITUH.

[ToBeseHre MO YMOMUAHHIO TAKXKE MOXKHO YyKa3aTh IYTEM HCIOJIb30BaHUS (YHKIIUH
missing. Korma missing BbI3biBaeTCs ¢ MMEHEM (OPMAIbHOIO apryMeHTa, TO BO3BpallacT
TRUE, ecnu QopManbHBIii apryMEHT HE COOTBETCTBOBAJI KaKOMY-THOO (akTuueckoMy
apryMEHTY M He ObUT BIIOCJICICTBUM U3MEHEH B TeJie QYHKIIMUA. APIYMEHT, KOTOPBIi SBJISCTCS
missing, TakuM 00pa3oM, TMOJYYHT CBOE 3HAYCHHE T0 YMOIYAHHIO, WM Jr000e. DyHKIUsA
MIsSiNg He BbI3BIBACT OIICHKH apTryMEHTAa.

CrenuanpHbplii  THI  apryMmMeHTa  ‘...” MOXET CoOAepXaTb JiIo00e  YHCIO
IPEJOCTaBIEHHBIX apryMeHTOB. OH HcIoNb3yeTcs sl MHoXecTBa 1eneil. OH mo3Bosser
nucath (YHKIHMIO, KOTOpas OepeT MpOU3BOJIBHOE YHUCIO AapryMEeHTOB. OTO MOXET
UCIIOJIb30BaThCs Ui NEPEMELICHNsT HEKOTOPBIX apryMEHTOB B IPOMEKYTOUHYIO (DYHKIIHIO,
KOTOPBIE 3aT€M MOT'YT OBITh U3BJICUCHBI ()YHKIUSMH, BEI3BAHHBIMHU BIIOCIICACTBUU.

Ctpanuua 29



Onpegenenue a3bika R

4.2. ®YHKINH KaK 00beKThI
OyHKIMHU SBISIIOTCS 00beKTaMH MepBoro kiacca B KA. OHU MOTYT HCIOIb30BaThCS T
YTOJIHO MPH HEOOXOTUMOCTH B 00bekTe . B 4aCTHOCTH MX MOXHO IepeAaTh KaK apryMEHTBI
GYHKIHAM U BO3BPAaTUTh Kak 3HaueHue ¢pyunkuuit. Cm. pasaen 2.1.5 [OyHkunn-o0beKThI| 1Ist
MOIPOOHOCTEH.

4.3 . Ouenka

4.3.1. Oxpy:xamomasi cpea oleHKH
IIpu BbIZ3OBe (yHKIMM co37aeTcsi HOBBIM (peiiMm oneHku. B stom  ¢peiime
dbopManbHbBIE apPryMEHTBhl COIOCTABIAIOTCS MPEIOCTABIEHHBIM apryMEHTaM COTIJIACHO
npaBujaM, U3J10KeHHbIM B pazzeine 4.3.2 [CooTBercTBUE apryMeHTOB|. Omneparopsl B Teie
(GYHKIIMY MOCIeI0BaTeNIbHO OLEHUBAIOTCS B 3TOM (peiiMe OKpyKarolieil cpeabl.

Oo6BopauuBaronuii Gppeiim pperiMa orieHKH sABIsAETCA HPEHMOM OKpYKArOIIEH CPebl,
CBSI3aHHOM C BBI3bIBAEMOI (PYHKIIHEH. DTO MOXKET OTINYATHCS OT S. X0Ts y MHOTHX ()yHKIIMNA
umeercs GlobalEnve kadecTBe MX OKpYIKArOIIEH Cpebl, 4TO HE BCETa BEPHO, U y (DYHKIHA,
OTpeNieTIIEMbIX B TAKeTaX C MPOCTPAHCTBAMHU HMMEH (OOBIYHO) €CTh MPOCTPAHCTBO HWMEH
IaKeTa Kak UX OKpY)Karolas cpena.

4.3.2. CooTBeTCTBHE apryMeHTa

DTOT monpa3ien MpUMEHsETCs K o0epTkaM, a He K NPUMUTHUBHBIM (DYHKIIHSIM.
[Mocnennue OOBIYHO HMTHOPUPYIOT TETHM M BBHINOJHSIOT IO3UIMOHHOE COOTBETCTBHE, HO
CIIeyeT MPOKOHCYJIBTUPOBATLCS C HX CIPABKOW 00 MCKIFOUCHHUSX, KOTOpbIe BKIOYaoT 10g,
round, signif, rep u seq.int.

Brauvane onenka (yHKIMI COCTOMT B CONOCTAaBICHUM (POPMATBHBIX U (PAKTHUECKUX
WJIY TIPEJOCTABIICHHBIX apIYMEHTOB. DTO CIEJaHO B TPEX IIaroBOM IIPOIiecce:

1. TogrOE cooTBETCTBHE Ha Terax. [l Ka)X0ro UIMEHOBAHHOTO MIPEJOCTaBIEHHOTO
apryMeHTa WIIETCS CIUCOK (OPMAJIbHBIX apPryMEHTOB C DJJEMEHTOM, HUMsS KOTOpOTO
COOTBETCTBYET TOYHO. SIBiseTcsi OIIMOKOM HMETh COOTBETCTBHE OIHOIO U TOIO K€
(opMaTbHOTO apryMeHTa HECKOJIBKUM peaibHO CYLIECTBYIOIUM MM HA000POT.

2. YacTHOe COOTBETCTBHME Ha Terax. Kaxablii oOcCTaromumiics WMEHOBAHHBIN
MPEIOCTABICHHBIM apryMEHT 10 CPABHEHMIO C OCTAIOUIMMHUCS (OpPMaIbHBIMU apryMEHTaMH,
UCIIONIB3YET YaCTHOE COOTBeTCTBUE. ECiy uMs mpegocTaBIeHHOTO apryMEeHTa COOTBETCTBYET
TOYHO C MEpPBOM 4YacThi0 (POPMAIBHOIO apryMeHTa, TO 3TH JBa apryMEHTa CUUTAIOTCS
COOTBETCTBYIOIIUMU. SIBIsieTCST OMMOKON MMETh MHOTO YAaCTHBIX COOTBETCTBHM. 3aMeTUM
sto, ecau f<- function(fumble, fooey) fbody, F(f= 1, fo = 2) menonycruma, naxe mnpu
TOM, 4TO 2-0¥ (hakTHYEeCKHii apryMeHT TOoJbko cooTBeTcTBYyeT fooey. f (f= 1, fooey = 2)
ABIAET ¢4 3aKOHHBIM, XOTS BTOPOW apryMeHT COOTBETCTBYET TOYHO U YIaJeH U3
paccCMOTpEeHHs Il YacTHOTO COOTBeTCTBUA. Eciu (hopmanbHbIe apryMeHTBI COAepiKaT
TOTJ]a YaCTHOE COOTBETCTBUE TOJILKO MPUMEHMMO K apryMeHTaM, KOTOpbIE€ MPEIIIEeCTBYIOT
emy.

3. ITosunmonHoe coorBercTBUE. JIt0ObIe HecoriacoBaHHbIE (POpMATIbHBIC APTYMEHTHI
OTpaHUYEHbl HEHA3BAHHBIMA TIPEIOCTABIEHHBIM apryMeHTaM B cieaylouiem mnopsake. Ecmau
Oyzer ‘... apryMeHT, TO OH IpHUBEAET B padouee COCTOSHUE OCTAIOUIMECS APTYMEHTHI,
TErHpOBaHHbIE UJIH HET.

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

CooTBeTCTBHE apryMeHTOB oOecneunBaeTcs (GyHkuumsMmu /match.arg, match.call n
match. fun. JIoctym K 4aCTHOMY aJlrTOPUTMY COOTBETCTBHSI, UCTIOIB3yeMoMy R, uepe3 pmalch.
4.3.3. OueHka apryMeHTOB
OIHUM W3 CaMbIX Ba)XKHBIX IMOJOXKCHUI B OILEHKE apryMEHTOB ()YHKIIUH COCTOHUT B
TOM, YTO MPEIOCTABICHHBIC apryMEHThl M apTyMEHTHI 110 YMOJYaHUI0 00pabaThIBAIOTCS 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, mpemocraBieHHBIE AapTyMEHTHI BeAyT celsi 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
NepeMEeHHOI BO (hpeiiMe BhI30Ba.

Y R ectb dopma OTIONKEHHBIX BBIYMCICHUN apryMEHTOB (DYHKIMH. APryMEHTBHI 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
pacmpocTpaHeHO UCIob30BaHue GopmMbl 00 (X = )), uToObI BbI3BaTh 100 CO 3HAYCHUEM VU
OJTHOBPEMEHHO TIPUCBOUTH 3HAYCHHE J/K X, TO TAKOW CTHJIb HE JOJDKEH MCIIONIE30BaThCs B K.
Her HukakoW rapaHTuUH, YTO apryMEeHT KOrjaa-mubo OyneT OIEHEH, M, CJIEeI0BaTEeNbHO,
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 (aKkTHU4ecKoMy (HE IO YMOJYAaHHIO) BBIPAXKEHHIO,
UCIIOJIb3YEMOMY B KadyeCcTBE apryMEHTOB BHYTpU (YHKIHMH. MexaHU3M pealn30BaH uepe3
obemanus. Ilpu ouenke (yHKIMM (PaKTHUYECKOE BBIpAKEHHUE, HCIIOJb3yeMOEe B KayecTBE
apryMeHTa, coXpaHseTcss B OOCIIaHMM BMECTe C YyKa3zaTeJeM Ha OKPYXKaIoLIyl0 Ccpeny
¢yHkunu OTKyga oHa Obuta BbI3BaHa. Kornma (ecim) apryMeHT OIICHEH, COXPaHEHHOE
BBIPOKECHHE OIICHUBAETCS B OKPYKAIOIIEH cpelie, U3 KOTOpol Obuta BeI3BaHA GyHKIHs. Tak
KaK MHCIIONB3YeTCs TOJBKO YKa3zaTellb Ha OKPYKAIOIIYI0 Cpeny, Jro0ble H3MEHEHUs,
MIPOM3BENICHHBIC B TOH OKPYXKAIOIIEH cpee, OyayT ACHCTBUTEILHBI BO BPEMs 3TOW OIICHKH.
3areM TaK)Ke COXPAHMUTCS IMOJYyYEeHHOE 3HAUYEHHWE B OTACIBHOM MecTeé B OOCIIaHHH.
[Mocneayromye OLEHKH TOTYyYaroT 3Ty XPAaHUMYIO0 CyMMY (BTOpasi OIIEHKA HE BBITOIHSIETCS).
Takske BO3MOKEH JIOCTYI K HEOLIGHEHHOMY BBIPa)KCHHUIO, HCIIOIb30BaHKueM Substitute.

ITpu BbI30BE (PYHKUMHU KaXIbld (OpMaNbHBIM apryMEeHT HpPUIIMCAaH K OOCIIAHHIO B
JIOKaJILHOM OKPYKAOIIECH cpejie BHI30Ba CO CIIOTOM BBIPKEHUS, COAEPKAMNM (HaKTUICCKUN
apryMeHT (€CII OH CYIIECTBYET), M CIOT OKPYXKAroIe cpelibl, COAePIKALINI OKPYKAIOLTYIO
cpeny BbI3bIBaOIIEN cTOpoHBL. Eciau oTcyTeTBYeT (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)KalolleW Cperow,
YCTaHOBJICHHOM K JIOKAJIbBHOWM OKPYXKaroUIEN Cpere.

[Tporecc 3amonHeHUs OOEUIaHMA 3HAUYEHUSMH CJIOTa IYTEM OIEHKH COJepiKaHUs
BBIPOKEHHSI CJI0Ta B OKPYXKAIOIIEH cpene oOemaHuii Ha3bIBAIOT NPUHYIHCOeHUeM OOCIIaHusI.
Obemianue TONBKO OJHAKABI OyJeT MNPUHYXKIEHO, KOHTEHT 3HAa4YeHUs cJoTa Oyzaer
HETIOCPEJICTBEHHO MUCTIOIh30BATHCS TTO3IKE.

OOemanne sBIAETCS TNPHHYIUTEIBHBIM, KOT/Ia €ro 3HadeHne Heo0Xoammo. ITo
OOBIYHO MPOUCXOMUT BO BHYTPEHHHX (YHKIMAX, HO oOOCIIaHWe MOXKET Takxke OBbITh
NPUHYANTEIBHBIM TIPSIMOM OLIEHKOW OOemIaHusl HEMOCPEICTBEHHO. DTO WHOT/A IOJIE3HO,
KOTJ]a BBIPOKEHHE 10 YMOJIYAHUIO 3aBUCHT OT 3HAUEHHS APYroro (opMaibHOTO apryMeHTa
WM JAPYroll TMEpEeMEHHOW B OKPYKXEHHHU. ODTO 3aMEYEHO B CIEIYIOIIEM 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)) {
label
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X <- x + 1 print(label)
CroT BBIpaXeHHs OOCIIAHUS MOXKET CaMOCTOSTEIbHO BKIIOYATh JPYTrUe OOCUIaHWS.
OTO MPOUCXOAUT BCSIKHM pa3, KOrJga HEOIEHEHHBIM apryMEHT MepelaroT Kak apryMeHT
apyroii Gynkiuu. [Ipu npuHyXaeHHH oOenanus Jpyrue oOemaHus B €ro BBIPAKEHUN TaKKe
OyIyT IpUHYXJIEHbI PEKYPCUBHO U3-3a UX OLEHKHU.

4.3.4. O0aacTL KelicTBUA
KonTeker wnm mpaBwia o0nIacTu EHCTBUS TPOCTO SIBISIOTCS HAOOpPOM MPaBUII,
UCIIOJIb3YEMBIX CPEJICTBOM aHAJIW3a JIUIS MOMCKA 3HAYCHHSI CUMBOJIA. Y KXKIOT0 MAIIMHHOTO
sI3pIKA €CTh PSIi TaKUX MpaBwi. B A mpaBuia JOBOJIBHO MPOCTHI, HO B HUX CYIIECTBYIOT
MEXaHHU3MBI JUISI U3MEHEHHS OOBIYHOCTH, WJIH IPABHUIT IT0 YMOJTYaHHIO.

R MNPUACPKHUBACTCA psaaa MpaBUJl, KOTOPBIC HA3BIBAIOT JIEKCUUECKUM KOHMEKCNOM.
DTO O3HAYacT PCAITBHOC CBA3BIBAHUC INCPECMCHHBIX HPH CO3JaHHWU BBIPAKCHUSA, U 0OBIYHO
o0ecneynBaroT 3HAYCHUS JJIA JIFOOBIX HECBA3aHHBIX CHMBOJIOB B BBIPpaKCHHUMU.

BonbImmHCTBO HHTEPECHBIX CBOMCTB 00JIACTH ACHCTBUS CBSI3aHO C OIICHKON (DYHKITHH,
U MBI COCPEAOTOYMMCS Ha 3ToW mpoOieme. CHMBOJI MOXET OBbITh WU CBS3aHHBIM, WU
HecBsi3aHHBIM. Bee popMmanbHbie apryMeHThl PYHKIIMKA 00€CTICUnBaIOT CBSI3aHHBIE CUMBOJIBI B
tene ¢yHkuuu. JlroObie Apyrue CUMBOJIBI B Telle (YHKIMH - WU JIOKATbHBIE MMEPEMCHHBIC
WM HECBsI3aHHBIE TepeMeHHble. JlokanbHas TMepeMeHHas - Ta, KOTOpas OmpeneicHa B
npenenax ¢GyHkiuu. Ilockonbky y R HET HUKaKoro GopMaabHOTO ONpeesIeHUs IEPEMEHHBIX,
OHH TIPOCTO HCIHOJB3YIOTCS TPHU HEOOXOJUMOCTH, W MOXKET OBITh CIOKHO OIPEIEIHTD,
JIOKaJgbHA JIM TIEpEMEHHass WM HeT. JIokalmbHbIE TEepeMEHHBIE IOJDKHBI CHadajia OBITh
OTIpeIeNIEHBI, TO OOBIYHO JIeTAeTCs MIPH HATUYUU TPUCBOCHUS OT HUX CIIEBa.

Bo Bpems mporiecca oueHKH npu 0OHApy>KEHHH HECBA3aHHOTO CUMBOJa A IbITaeTcs
HaWTH 3HadeHWe Juia Hero. [IpaBuia oOmacTu IEHCTBUS ONMPEIEISIOT BBHIIOJIHEHHE 3TOTO
nporecca. B R cHauana umeTcs okpyxkamoomas cpefa (pyHKUWH, 3aTeM ee o0epTKa M Tak
najnee, moka He Oy/IeT TOCTUTHYTA TJI00aIbHAsI OKpYKaIoIas cpea.

A simple example:

f <- function() {

y<-10

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

h<- ()
h(3)
B S wu3-3a pa3nuuHbBIX TpaBWI OOJACTH JCWCTBHUS JAaHHBIX BO3HHUKHET OIIMOKA,

yKa3bpIBaIOI[asi, YTO )/ HE HaWJCH, €ClM TNEpEeMEHHOH J Her B pabodeld obmacTu mpH
HCIIOJIb30BaHUU €€ 3HAYCHUS.

JIOBOJIbHO MHTEPECHBIN BOIPOC COCTOUT B TOM, YTO MPOUCXOAUT TpH OueHke A. st
ONHUCaHMs ATOro MoTpeldyeTcsl elle HECKONbKOo ompezeneHuil. B mpenenax tena ¢(yHKumuu
IIEpEMEHHbIE MOTYT OBITh CBS3aHHBIMHU, JIOKAJbHBIMH WIM HeCBsI3aHHBIMH. CBs3aHHBIC
IIEPEMEHHBIE - T€, KOTOPbIE COOTBETCTBYIOT (JOPMAIIbHBIM apryMeHTaM QyHKIMHU. JIokabHbIE
IIEpEMEHHbIE - TE€, KOTOphIe OBUIM CO3MAaHBI MM OIpEIeNieHbl B Ipenenax Teia (QyHKIUH.
HecBsi3aHHBIE IIEPEMEHHBIE - T€, KOTOPBIE SBISAIOTCA HM JIOKAJIbHBIMH, HU CBSI3aHHBIMU.
Ilocne oueHkn Tena (QYHKUUMH OTCYTCTBYIOT NpOOJEMbI OIpeneNeHus 3HAYCHUH JUIs
JOKaJbHBIX IEPEMEHHBIX WM [yl CBSI3aHHBIX IepeMeHHbIX. [IpaBmiia 0030pa IaHHBIX
OIIPEIEIAOT IIOUCK 3HAYECHUS 1)1 HECBS3aHHBIX [IEPEMEHHBIX B SI3BIKE.

[Tpu onenke /(3) BuanM, 4TO €ro Teno sBisieTcs TenoMm g. B mpenenax sroro Tema X
CBsI3aH ¢ ()OPMAIBLHBIM apTyMEHTOM, a Y SIBJISETCS] HECBsI3aHHBIM. Ha sI3bIKe C JIEKCHUYECKUM
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KOHTEKCTOM, X OyIeT MPHCOEIMHEH CO 3HaueHWeM 3, a ) co 3HaueHueMm 10 mokampHOM F
utak /1(3) nomkeH BepHyTh 3HaueHue 13. B R3To 1eiCTBUTENBHO MPOUCXOIUT.

B S wu3-3a pa3nuuHbIX MpaBmi 0030pa JaHHBIX TOJydaeM OIMIHMOKY C yKa3aHHEM, 4To Y
HE Hai{IeH, ecIM HeT epeMeHHOH Y B paboueil 061acTu mpy UCTIONb30BaHUH €€ 3HAUCHUS.

5. 06'beKTHO-OpMEHTUPOBAHHOE IPOrpaMMHUpPOBaHUE

OOBEKTHO-OPHEHTUPOBAHHOE MPOTPAMMHUPOBAHUE — ITO CTHJIb MPOTrPAMMHUPOBAHMUA,
KOTOPBII CTaJll MONYJSIPHBIM B IOCJIEAHHME ToAbl. bojblias wyacTe NOMYJISPHOCTH
orpenensercs: o0JieryeHueM HAMCAaHUs 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 oObekra. OOBIMHO Kiace
COJICPXKHUT HECKOIBKO c/0T 0B (SI0t), KOTophIe MCITONB3YIOTCS I COAEPKaHus HH(POpMAIHK
o kmacce. OOBEKT Ha A3bIKE JODKCH OBITh OSK3EMIUIIPOM HEKOTOPOro  Kiacca.
ITporpamMmmupoBaHKe OCHOBAHO Ha 00BEKTAX HIIM SK3EMILIAPAX KIaCCOB.

BerunciieHus: BIMOJIHEHBI Yepe3 meT 04561 (Method). MeToasl B OCHOBHOM SIBJISIFOTCS
(GYHKIUSAMHU, KOTOpBIE CIICIUATM3UPOBAHBI BBIOJHEHHUS OIPEICICHHBIX BBIYACICHUN Ha
00BeKTax, OOBIYHO OMpPENeNIeHHOro Kiacca. VIMEHHO 93TO JenaeT s3bIK  OOBEKTHO-
OPUCHTHUPOBAaHHBIM. B AR WCHONB3YIOTCS YHHBEpCaIbHBIE (OYHKOHA JUIS  OTPEACTICHHUS
COOTBETCTBYIOIIETO METONA. YHHBEpCalbHass (DYHKIMS OTBETCTBEHHA 3a OIPEACISIONINE
KJIacC €€ apryMEeHThl M HCIOJb3yeT 3Ty HMHGOpPMAIHMIO Ui BBHIOOpAa COOTBETCTBYIOIIETO
METO/1a.

Jlpyrast 0cOO€HHOCTh OOJNBIIMHCTBA OOBEKTHO-OPUEHTUPOBAHHBIX SI3BIKOB - IOHSITHE
HaclieloBaHus. B OOJBIIMHCTBE 3alpOrpaMMHUPOBAHHBIX 331324 OOBIYHO CYILECTBYET MHOTO
00BEKTOB, KOTOpPHIE CBSI3aHBI MEXIy co00#. [IporpaMmupoBanue 3HAYUTENHHO YIPOIIACTCS
Y BO3MOXXHOCTH MTOBTOPHOTO UCIIOJIH30BAHUSI HEKOTOPBIX KOMIIOHEHT.

Ecnu kiacc HacienoBajicst OT Jpyroro Kjacca TOr/Aa OObIYHO, YTO OH IOJIyYaeT Bce
CIIOTHl B POJUTENBCKOM KJIacce M MOXET pacIIUpUTh HUX, NpubaBisist HOBble cIOTHL [Ipu
MOCBIIKE MeTo/1a (Yepe3 yHUBepcalbHbIe (YHKIINN), €CIIM METOJ Ul Kjacca He CYIIeCTBYET,
OH Pa3bICKMBAETCS METOJ y POAUTENS.

B »T0i1 Ti1aBe o0CykaaeTcs peanu3anus dTol o0Imiel crpateru B A U 00Cy)Aar0TCs
HEKOTOpBbIE M3 OrpaHUYEHUN B Ipeaenax TeKyulero npoekra. OgHO U3 NPEUMYIIECTB,
KOTOpBIE  Tiepenaercs  OONBIIMHCTBY  OOBEKTHBIX  CHCTEM,  SBJSIETCS  OobImas
HETPOTUBOPEYHBOCTh. DTO JOCTHTHYTO Yepe3 MpaBUIiIa, KOTOPBIE TPOBEPEHBI KOMITHIATOPOM
win uHTepnperatopoM. K coxanenuto, n3-3a cnocoda, KOTOPbIM OOBEKT CHCTEMbI BKITIOUYCH B
R, naHHOE TpEeNMYINECTBO HE BO3HMKaeT. [lomp3oBarenell mMpemnocTeperaroT UCIONIb30BaTh
O6’beKTa CUCTCMY IMPSIMBIM CHOC060M. B 10 BpPEMsA KaK BO3MOKHO BBIIIOJIHUTH HCKOTOPBIC
JIOBOJIEHO MHTEPECHBIC MOJABUTH, OHA UMEIOT TEHICHIIMIO IPUBOINUTH K 3aIlyTAHHOMY KOJy H
MOTYT 3aBUCETh OT JETalell peann3alnnuu, KOTopele He OyIyT MPOIBUHYTHI.

Camoe MIMPOKOE UCIIOIb30BaHHe 00bEKTHO-OPUEHTHPOBAHHOTO TIPOTPAMMUPOBAHUS B
R ocyiiecTBiseTcs: yepe3 Metonabl nieuatu (prinf), Metomsl CBOIOK (SUMIMArY) ¥ METOMIbBI
pucoBanus (plof). Dtu MeTOABI TPEAOCTABISIOT OJMHAKOBBIM BBI30B YHHUBEPCATbHOMN
(YHKIMH, CKaKEM PHCOBAaHWS, KOTOPBIM 3aBUCHT OT THIIA €r0 apryMeHTa W BbI3BIBACT
(YHKIMIO PHCOBAHMUS, KOTOPAS SIBJISICTCSI OMIPEICIICHHOM JUTS TIOJTyIE€HHbIX JTaHHBIX.

JInsi TpOSICHEHUsS] KOHIEHIMM PAcCMOTPHM PEaM3alii0  HEOOJBIIOW CUCTEMBI,
pa3zpaboTaHHOU UIsT 00OYYEeHHS CTYIEHTOB TEOPHH BEPOSTHOCTU. B 3TO# cucteme 0OBEKTHI -
(GYHKINU BEPOSITHOCTH, a paccCMaTpUBAEMble METOIBI TpPEIHA3HAYAIOTCS JUIS TOWCKa
MOMEHTOB W pHCOBaHHSI. BepoOsSTHOCTH MOTYT BCeria NpPEACTABIATHCS C TOYKH 3PEHUS
KYMYJISSTUBHOW (YHKIIMM paclpeneieHus, HO MOTYT YacTO NPEACTaBISIThCS JIPYTHMHU
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cnocobamu. Hampumep, Kak IUIOTHOCTb, KOT/Ia OHAa CYIIECTBYET WJIM KakK IPOU3BOIHAsS
(YHKIIMHM MOMEHTA IIPU €€ CYIIECTBOBAHUH.

5.1. Onpenenenne
BMmecTo 3akoHUeHHON OOBEKTHO-OPUEHTHPOBAHHOW CHCTEMBI, Yy R ecTh cucrema
KJ1acca U MEXaHHU3M JJIs IOCBUIKM 00bEeKTa, OCHOBAaHHOTO Ha Kilacce. MexaHU3M MOCBUIKH JIJIs
UHTEPIPETHPYEMOTO KOJIa MOJIaraeTcs Ha YeThIPe CIEeHATbHBIX 00BEKTa, KOTOPHIE XPAHSITCS
BO (hpeiiMe oneHKH. DTUMH CIielHaIbHBIMU 0ObekTaMu sBisitorcest .Generic, .Class, .Method
u .Group. CymiecTByeT OTHENbHBIH MEXaHU3M IOCBUIKH, WUCIOJB3YEMBI IJIsi BHYTPEHHUX
(GYHKIMA U TUTIOB, KOTOPBIE OYAYT 0OCYKIEHBI B IPYTOM MECTE.

Kiacc cucremsr ompenensercss depe3 arpuOyr class. Drtor arpubyr sBisercs
BEKTOPOM CHMBOJIOB MMEH KiaccoB. Mrak, uis co3manus oObekta kiacca "foo" mpocto
NPUCOETUHSIETC aTpuOyT Kitacca co crpokoit ‘"foo"” B mem. Takum oOpaszom, dakTHUECKH
9TO-TH00 MOXKET OBITh BO3BpAIIEHO 00BEKTY Kitacca 100"

CucteMHbIii OOBEKT HWCHOJNB3YET YHHBEPCAJIbHBIE (DYHKUHH depe3 JBe (QYHKUUHU
noceutku: UseMethod w NextMethod. TunudyHOEe WCIONB30BaHHE CHCTEMHOTO OOBEKTa
JIOJDKHO HAYMHATHCS BBI30BOM YHUBEPCAIbHOM (QDyHKIINH.

OHa TUMMYHO OYEHb MPOCTast PYHKIIUS U COCTOUT U3 OJHOU CTPOKHU Kojaa. CucrteMHas
(byHKLUS /184 KaK pa3 sBISETCS TaKol (QyHKIUeH:

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

IIpu BbI3OBE /77€4/1, y HEEe MOKET OBITH JII00OOE YHCIO apryMEHTOB, HO €€ TEPBBIN
apryMeHT SBJSIETCS OCOOEHHBIM, M KJIACC ATOr0 IEPBOr0 apryMeHTa HCIONb3yeTcs s
OIIpeJICTICHUs] HEOOXOIUMOTO0 METOJa, MOJUIeKAIero Bb3OBY. [lepemennas .C/ass
yCTaHOBJICHA B aTpUOYT Kiacca X, .GEeneric ycTaHoBJIEH B CTPOKY «/77€a/1», U TIOUCK CIeJaH
JUIS BBI30Ba KOPPEKTHOro MeToja. MrHopupyroTcss aTpuOyThl Kiacca JIOOBIX IpYrux
apryMeHTOB /1eal.

[peamonoxuM, 4to y X ObUT aTpuOYT Kiacca, KOTOpBIH conepxan "fod" w "bar' B
3TOM Topsiake. B atom ciyuae R cHauana uckai Obl QyHKIIUIO, HA3BAHHYIO /M€aN.foo u eciu 6
HE HaIlllell, TO 3aTeM HCKal Obl QyHKUMIO /Mmean.bar, a B ciydyae HEylauHOCTH STOTO IOHMCKa
BBITIOJIHIJI OBl 3aKJTIOYHMTEIIBHBINA TIOHCK /1ean.default. Ecnu u nocneqHuil TOMCK HeylaueH,
To R BbyIacT omuOKy. Xopoliei uieeil sBIsSETCSs yKa3aHHWE METOJa IO YMOIYaHHIO.
3amernM, 4To GYHKIMU /7641, OO0 U T.JI. yIIOMSIHYTBI, B 9TOM KOHTEKCTE, KaK METOIbI.

NextMethod oGecrieunBaeT APYrodl MeXaHW3M JUIS TOCTaBKH. Y (YHKIHUU BBI3OB
NextMethod moxer ObiTh B 000oM Mecte. OmNpeneseHUe IMOJUICKAIIEro BBI30BY METO/A
Oasupyercsi, TpeXae BCEro, Ha TekyiieM 3HaueHuu .C/ass u .Generic. Tto HECKOIbKO
npoOJeMaTHYHO, TaK KaK METOJ SBJIAETCS OOBIMHOM (yHKIMEH, M TOJIb30BATENU MOTYT
BBI3BaTh €ro HemocpeacTBeHHo. Eciu Tak chenaTth, TO OyAyT OTCYTCTBOBaTh 3HAUEHUS IS
.Generic wmu .C/ass.

Ecnu MeTon BbI3BaH HEIMOCPEACTBCHHO, M OH COACPXKHUT BbI3oB NextMethod, to
ucronp3yercs nepsbiii aprymentT NextMethod miist ompeneneHuss yHHBEpCaIbHOW (DYHKIIHH.
[TewaTaeTrcst ommOKa MpU OTCYTCTBUHU ATOTO apryMEHTa; MO3TOMY XOPOIIEH HUJIeed SBIISICTCS
BCEr/a PEJOCTaBIATh TAKOW apryMEHT.

B ciydyae HemocpeACTBEHHOTO BBI30Ba METOAA aTpUOYT Kilacca MEPBOrO apryMeHTa
METO/1a UCTIONIB3YETCsI B KauecTBe 3HaueHus . C/ass.
Camu metonsl ucronb3yioT NextMethod mis oGecrnieucHust Gopmbl HACICIOBAHHMS.

OOBIYHO OMpENIeTICHHBIN METO/T BBITIONHSAET HECKOJIBKO OINEpaIlyii Il YCTAHOBKY JaHHBIXE, a
3aTEM BBI3BIBACT CICAYIOIIMI COOTBETCTBYIONIMI METO] IIOCPEACTBOM BhI3oBa /NextMethod.
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Paccmorpure cinenyromuii mpocroil mpumep. Todka B IByMepHOM EBKIMI0BOM
IPOCTPAHCTBE MOXKET yKa3bIBaThCs ee JlekapToBbIMHU (X-J) KOOpAMHATAMH WU MOJSIPHBIMA
(r-rera) koopauHatamu. CrenoBaTenbHO, U XpaHEHUS HWHPOPMAIMH O PaCIOIOKCHUH
TOYKHA MOKHO ONpEAETUTh 1Ba Kiacca, "Xypoint' w "rthetapoint'. Bee ‘Xypoint crpykTypsl
JIAHHBIX - CIIUCKU C X-KOMIIOHEHTOM U JAKOMIIOHEHTOM. Bce ‘rthetapoint o0bexTs - cucKu
C /~KOMIIOHEHTOM U KOMIIOHEHTOM TETHI.

Terepb, TPEANONOKAM, YTO IKEIATETBHO TIONYYUTh X-TO3UIHMIO JIFOOOTO THIIA
00BbeKTa. DTO JIETKO MOXKHO CJelaTh uepe3 yHHuBepcaibHble (yHKIMH. Omnpenensem
YHUBEPCATHHYIO G YHKIIHIO XPOS CISAYIOIINM 00pa3oM.

xpos <- function(x, ...) UseMethod(""xpos")
Tenepb MOKHO ONPEIETUTh METO/!

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

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

ITonp3oBaTens MpPOCTO BBI3BIBAET (YHKLHMIO XPOS € JIOOBIM IPEICTABICHUEM B
Ka4yecTBE apryMeHTa. BHYTpeHHHH MeTO]] MOCTaBKM HAaXOAUT KJIAcC OOBEKTa U BBI3BIBACT
COOTBETCTBYIOIINE METOIBI.

JIOBOIBHO JIETKO NMpUOAaBUTH Apyrue mnpenactaBieHus. OTCYyTCTBYeT HEOOXOIUMOCTh
HAIMCaHUs HOBBIX YHHUBEpCAIbHBIX (YHKIUH, a TOJIBKO METO/Ibl. DTO obsieryaer 1o0aBieHue
K CYILIECTBYIOIIEH CUCTEME, TaK KaK IO0JIb30BaTellb OTBETCTBEHEH JIMIIb 32 KOHTAKT C HOBBIM
MPEJICTAaBICHUEM, a HE C JIFOOBIM U3 CYIIECTBYIOIIUX MPEACTABICHUM.

O0BEeM UCTIOJIB30BAHHUS ATOM METOIOJIOTHH K MPEOCTABICHHON CIICIIMAIIM3UPOBAHHOM
neyary Juisi 00bEKTOB Pa3IMUHBIX THIIOB paBeH NpuOim3uTenbHo 40 MeToaam st print.

5.2. HacaenoBanue
VY arpubyra kiacca 00bEeKTa MOXKET ObITh HECKOJIbKO 3yieMeHTOB. Korma poaoByro
(GYHKIMIO BBI3BIBAIOT, IEPBOE HACIEAOBaHWE, TJIaBHBIM oO0Opa3oM, o00paboTaHO depes
NextMethod. NextMethod pemiaer, uTo Meroxa, B HACTOSIIIUIT MOMEHT, OyIydd OIICHEHHBIM,
HaXOJUT CIEAYIOIIUNA KIacc OT

FIXME: 3aech B opuruHasie 4ro-To MpOMmyieHO

5.3. IlocTraBKa MeTOaa
VHuBepcanbHble (QYHKIMU TODKHBI UMETh CIHHCTBEHHBINA orepatop. OHM JTOJKHBI
o0byHO WMeTh BuA: oo <-function(x..) UseMethod (“foo”, x). Ilpu Be3oBe USeMethod
OTIPE/IENIACTCS COOTBETCTBYIOMIMI METOJ, & 3aTe€M BBI3BIBAETCS 3TOT METOJ C TEMH JKE
CaMbIMH apryMEHTaMH B TOM K€ CAMOM IOPSIKE KaK YHUBEPCAIbHBIN BBI30B, KaK OyATO ObLI
BBI3BaH HEITOCPEICTBEHHO METO/I.

JInst onpeneneHuss KOPPEKTHOTO METOJ MOJYYaloT W HCIOJB3YIOT aTpUOyT Kiacca
MEpBOr0 apryMeHTa JUis MOWCKa KOPPEKTHOro Meronaa. MMs yHUBepcaabHOH (yHKIIMH
OOBEMHEHO C TEpPBBIM JJIIEMEHTOM arpudyTa Kiacca B Qopmy geéneric.class, w
pasbickuBaeTcsi QYHKIUS ¢ 3TUM uMeHeM. Eciu QyHKIus HaiiieHa, TO OHA HCIOJb3YETCs.
Ecnu (yHKIMS OTCYTCTBYET, TO HCIIONB3YETCS BTOPOM 3JIEMEHT arpulyra Kiacca 0
HCYEPITaHMs BCEX AJIEMEHTOB aTpuoOyTa Kiacca. Ecimu Meto He ObUT HalIeH, TO B 3TON TOYKE
UCTIONIB3yeTCS METOA géeneric.default. Ecnv y mepBoro apryMeHTa yHUBEpCaabHOH (QyHKIHU
OTCYTCTBYET aTpuOyTa Kiacca, TO HCIOJb3yercs generic.default. Hauwnas ¢ BBeleHHsS
IPOCTPAHCTB UMEH METO/IbI, BO3MOXKHO, HE JIOCTYITHBI CBOUMH UMEHAMH (TO €CTh MMOIYYCHHE
("generic.class') wmoxer mepectath paboTaTh), HO OHH OYAyT JOCTYIIHBI Yepes3

getS3method("generic”,"class™).

VY moboro o0BbeKTa MOXKET ObITH aTpuOyT Kiacca. Y 3TOro arpuOyra MOXeT OBbITh
ar000e Yncio AeMeHToB. Kakplil 3 HUX - CTpOKa, KoTopast onpenelnseT kiuacc. [Ipu Bbi3oBe
YHUBEPCATBHOH (YHKIIMU HCCIEIYeTCs KIIacc ee MepBOro apryMeHTa.

Ctpanuua 35



Onpegenenue a3bika R

5.4. UseMethod
UseMethod - cneunanbaas QyHKIUS U BEACT ce0s MO-APYroMy OT APYTHX BBI30BOB
¢ynkunu. CuHTakcucoM BbI30Ba 3Toro sBisietcs UseMethod(generic, object), rae generic
SBJISICTCSI MMCHEM YHUBepcaibHOW (yHkiuu, Object sBisiercss 00BEKTOM, KOTOPBIiA
UCTIONB3YETCsl [T OMpeielicHust BbiOOpa metoza.. UseMethod moxxHo BBI3BaTh TONBKO U3
Tena QyHKIIUH.

UseMethod w3mensier MoJenb OLIEHKH ABYMS CriocoOamu. Bo-TiepBBIX, MPH BBI30BE
oTpeneNnsercsl CIeAYIOUMi MeTol ((pyHKUHUs), MOAJESKAIIUNA BbI30BY. 3aTeM BBI3BIBACTCS
(GyHKLUS C HCHOJb30BAHME TEKYILEH OLEHKU OKPYKAIOLIEH cpensl; 3TOT Ipolecc Oyaer
OIMCaH KOpOTKOo. Btopoii myTth, pu koTopom USseMethod n3MeHsieT OKpYXKaloIIyr Cpemy
OLIEHKH, COCTOUT B TOM, YTO HE BO3BPAIIAETCS ylpaBlieHue (QYHKIHUU BbI30BA. DTO O3HAYACT,
rapaHTHUPOBaHHOE MCKIFOUCHUE BBITIOIIHEHHS JIIOOBIX ONEepaToOpoB mocie BeizoBa UseMethod.

[Tpu Be130Be USeMethod yausepcanbias QyHKIUS ABISICTCS YKa3aHHBIM 3HAYCHUEM B
Bb130Be UseMethod. OObekT ansi TMOCTaBKH SIBISETCS MO0 TMPEIOCTABICHHBIM BTOPBIM
apryMeHTOM, JIN0O TMePBBIM apryMeHTOM Tekymiel GyHkiuu. Kiacc aprymenTa onpezeneH, u
NEPBBIA  3JIEMEHT 3TOr0 OOBEAMHEH C WMMEHEM YHUBEPCAIBHOCTH Ui ONPEACICHUS
COOTBETCTBYIOMIETO MeTo1a. Tak, eclii y YHUBEPCAIbHOCTH OBLIO UM 100, 1 Kiacc 00BEKTa -
"bar', To R Oyner uckath MeToj ¢ UMeHeM [00.bar. Eciu Takoit METoa He CYILECTBYET, TO
UCIIOJIb3YETCSl  BBIIIE  ONMUCAHHBIA ~ MEXaHW3M  HACJICIOBAaHUSA  JUISl  ONpPEACICHUS
MECTOIOJIOKEHHSI COOTBETCTBYIOIIETO METO/IA.

[Tocne ompenenenuss Metofa A BBI3BIBAET €ro CIEMUAIBHBIM criocoboMm. Bmecto
CO3/1aHUs HOBOM OKpYyXarollel cpezibl OLleHKH A UCIIONb3yeT OKPYKAIOLLYI0 Cpely TEKYIIEro
BbI30Ba (DYHKIMHU (BBI30B YHHBEpCAJIbHOCTH). J[I0OBIE MPHCBOCHHS WM OIICHKH, KOTOpHIE
ObuTH chenaHbl nepen BezoBoMm UseMethod, 6ynyT B neiicTBOBaTh. APryMEHTBI, KOTOPBIC
UCIIOJB30BAIMCh B BBI30BE YHUBEPCAIBHOCTH, SBIAIOTCA CBEPX COOTBETCTBYIOIIMMHU K
(dopMaTbHBIM apryMeHTaM BBIOPAaHHOT'O METOJA.

[Ipu BbI30BE METOAA OH BBI3BIBAECTCS C APTyMEHTaMU, KOTOPbIE OJJMHAKOBBI IO YUCITY U
MMEHaM KaK B BbI30B€ yHHMBepcanbHOW (QyHKIUU. OHU COOTBETCTBYIOT apryMeHTaM MeToja
COTJIACHO CTaHAAPTHBIM MpaBuiiaM R 1Jis cOOTBETCTBUs apryMeHTa. OqHako 00BEKT, TO eCTh
NEePBBIN apTyMEHT OLICHUBAETCA.

Bezos UseMethod nmveet > dekT pasMerieHnss HEKOTOPBIX CIIEIHATbHBIX 00BEKTOB
BO (ppeiime onenku. Do - .Class., Generic u .Method. Dtu cnieranbHble 00bEKThI OOBIYHO
UCTIONB3YIOTCS R 11t 00pabOTKK MOCTAaBKK METOJa U HacienoBaHus. .C/ass - kimacc o0ObeKTa
.Generic - umsa yHuBepcanbHOW (GyHKUMH W .Method - vuMs BBI3BIBAEMOTO METOAA B
HAcCTOSANMH MOMEHT. [Ipu BBI30BE MeTOa Yepe3 OJWH U3 BHYTPEHHUX UHTEP(HEHCOB MOKET
OKa3aThCsl €IIe OJUH O0BEKT HMEHeM .Group. Ito OyneT ommcaHo B pasjaelnie pasuena 5.6
[[pynmoBbie metonwl]. [locne HavanbHOoro BhI3OBa USeMethod »ta  crneuuwaibHbIC
NepEeMEHHbIE, aHE 00BEKT HETOCPEICTBEHHO, YIIPABISIOT BHIOOPOM MOCIEAYIOIIUX METOJIOB.

3aTeM TeNo MeToja OIICHUBACTCS CTaHIAPTHBIM criocoOoM. CrenuaabHbI TPOCMOTP
NMEPEeMEHHBIX B TeJle CIeAyeT TMpaBuiaM Juis MeTrojga. Tak, ecnm y MeTojga ecTh
NPUCOEANHEHHAs OKpY)Kalolllasg cpela, TO OHA HCMONb3yeTcs. B elcTBUTENbHOCTH MBI
3aMEHMJIM BBI30B YHHUBEPCAIbHONW (YHKIHMH BbI30BOM MeTona. JlioOble JOKaabHBIC
MPUCBOEHUSI BO (ppeiiMe yHUBEpcalbHONW (DYHKIIMU OyIyT TEpPEHECEHBI B BHI30B METO/IA.
Hcrnonp3oBaHne 3TOM OCOOCHHOCTH OOECKypaKMBaeT. BaKHO TMOHATH, YTO YIPABJICHHUE
HUKOTZIa He OyIeT BO3BpPAIlEHO YHUBEPCAIbHON (DYHKIMU |, CIeOoBaTelIbHO, HE OymyT
BBIMOJTHATRLCS JIIOOBIC BRIpaXKEHHUS TTocie BbizoBa UseMethod.

JIroOble apryMeHThl YHUBEPCAIbHON (DYHKIHMH, KOTOpPBIE OBUIM OLEHEHBI 10 BBI30BA
UseMethod, octaroTcst OLleHEHHBIMH.

ApryMeHTbl B BBI30BE YHHUBEPCAIbHOM (YHKIUU TOBTOPHO COIOCTABISIOTCS C
apryMEHTaMH Uil METOJ, MCHOJb3ys CTaHAAPTHBIA MEXaHW3M COOTBETCTBUS apryMEHTa.
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[TepBeIii apryMeHT, TO €CTh OOBEKT, Oy/IeT OLICHEH.

Ecnu mepseiii apryment UseMethod ve npenoctaBieH, TO MPENNoOiIaraeTcs, 4Yro 3To
ums Tekymier ¢yukuuu. Ecmm aBa aprymenrta mpemocrasieHbl UseMethod, to mepBsiM
SABISICTCA UMA MCTOJA, U BTOpBIM HpeI[HOJIaFaeTCH OGTJGKT, HOI[JIG)KaH_II/Iﬁ IIOCTAaBKE. 3TO
OIICHUBAETCA TaKMM 00pa3oM, YTOObI MOXKHO OBUIO OMNpPEACIUTh HEOOXOAUMBIM MeTon. B
3TOM Ccllyyae TMEpBBIH apryMEHT B BBI30BE YHHMBEpCAJbHOW (YHKIIMM HE OLIGHUBACTCA U
otOpaceiBaeTcsi. OTCYTCTBYIOT CITOCOOBI M3MEHEHHMS APYTUX apryMEHTOB B BBI30BE METOJa, U
OHH OCTAIOTCS B BHJIE, KaK OHU OBLTH MPH BBI30BE YHUBEpCcalbHOU (yHKIMU. B 3TOM OTIIMume
ot NextMethod, rne apryMeHTBI B BBI30BE CIEAYIOIIETO METOIa MOT'YT ObITh H3MEHCHBI.

5.5. NextMethod
NextMethod victionb3yeTcst s 00eciedeHus MPOCTOro MEXaHn3Ma HacJIeI0OBaHHM.

Meronpl, BeI3BaHHBIE B pe3yibrare BbizoBa NextMethod, senyt cebs Tak, Kak OyATo
OHM OBUIM BBI3BaHBl W3 MPEABIAYIIET0 MeToNa. ApPryMEHTHl HACIIEIOBAHHOMY METOIY
HaxXOJATCS B TOM K€ CaMOM IOPS/IKE M MMEIOT TE )K€ caMble UMEHA KaK BBI30B TEKYIIETO
MeTofa. DTO O3HAYaeT, YTO OHU OJMHAKOBHI 0 OTHOIICHUIO K BBI30BY YHHBEPCATbHON
¢ynkun. OgHaKO, BRIPKEHHS JJIs apTYMEHTOB - MMEHAa COOTBETCTBYIOUIMX (HOpMaIbHBIX
apryMEeHTOB TEKYyLIero Merona. TakuM o0pa3oM, Yy apryMeHTOB OyIeT 3Ha4yeHHe, KOTOpoe
COOTBETCTBYET MX 3HaYCHUIO BO Bpems BbizoBa NextMethod.

HGOHGHGHHIﬂe APTYMCHTBI OCTArOTCsA HCOLUCHCHHBIMU. HpOHyH_IeHHBIG APTYMCHTBI
OCTArOTCA NPONMYIICHHBIMH.

CunrakcucoMm utst BbizoBa NextMethod sensercs NextMethod(generic, object, ...).
Ecnu He mpemocraBiieHa yHUBepcalbHas (QYHKIHS, TO HCIIOJNB3yeTcs 3HadyeHue .Generic.
Ecnu 00BbeKT He mpenocTaBieH, b HCIONb3YeTCs MEPBBIH apryMEHT B BBI30BE TEKYIIETO
Metoza. Vicronb3yeTcs 3HaueHUE B apryMeHTe ‘... JUIsk H3MCHEHHST apIyMEHTOB CJIEIYIOIIETro
METO/1a.

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

Meroasl MOXHO BBI3BaTh HEMOCPEACTBEHHO. Ecnm oHM uMeroTcs, TO Oyayr
orcyrctBoBath .Generic.Class wnim .Method. B »stom cnydae cieqyer yKasbIBaTh
yHUBepCcaabHBIN aprymeHt NextMethod. Tlpunumaercs 3uadenue .C/asSs mis yCTaHOBKH
aTpuOyTa Kjlacca OOBEKTa, KOTOPBIM SBISETCS IMEPBBIM apryMEHTOM TeKylled (QyHKIUH.
3nauenue .Method - ums Tekymieit pyHKIMU. DT BapUaHTHI U1 3HAYCHUH 110 YMOITYaHUIO
rapaHTHPYIOT, YTO MTOBEJCHNE METO/Ia HE M3MEHSETCSl B 3aBUCHMOCTH OT TOTO, BBI3BIBAIOT JIN
€ro HEMOCPEICTBEHHO HITU Yepe3 BBI30B 0000IICHHUS.

[MpoGnema ans oOcyxneHus - moBeneHue ...° apryment NextMethod. Kuura White
OIMCHIBACT ITOBEJICHUE CICTYIOIUM 00pa3oM:

® apryMeHTHI, Ilepe/iaBaeMble TI0 HIMEHH, 3aMCHSIFOT COOTBETCTBYIOIINE apTyMEHTBI
B BBI30BE TEKyIIero Meroja. HeHa3BaHHBIC apryMEHTHI MIyT B Hadaje CITUCKA
apryMEHTOB.
To, uTo s X0Tel OBl CIeaTh:

e CHayaJa JIealoT apryMeHT, COOTBETCTBYIoIMM i NextMethod,

e cciM OOBEKT WM YHUBEpCabHash (YHKIUS U3MEHEHBI, TO IPEKPACHO

® CHayaja, €CIIM HWMCHOBAHHBIA OJJIEMEHT CIIHCKAa COOTBETCTBYET apryMEHT
(Ha3BaHHBIM WM HET) 3HAUCHHE CIIMCKA 3aMEHsIET 3HAUCHHUE apTyMEHTa.

® [IepBbIii HECHA3BAHHBIN PJIEMEHT CIUCKA

3nayenue s noucka: Kiacc: Ha mepBoM mecte u3 .C/ass, BTOpoil W3 MEpPBOrO
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apryMeHTa U3 METOoJia U TMOCIIeIHUI U3 00beKTa, yKa3aHHOTo B Bei3oBe NextMethod.

VYHuBepcanbHas QyHKIUS: Ha IEPBOM MecTe u3 . GENEriC, eciii HU4ero, TO U3 MePBOro
apryMeHTa U3 METO/Ia, M €CJIM BCE 3TO MPOMYIIEHO, TO U3 BhizoBa NextMethod,

Meroa: OH JOJDKEH OBITh TOJIBKO TEKYIIIUM UMEHEM () yHKIIHH.

5.6. I'pynnoBoii meToa
JIst HeCKOJBKHUX THITOB BHYTPEHHUX (YHKIMH A IPeJOCTaBIsIeT MEXaHU3M [TOCTaBKH
oreparopaM. JTO 03HAYAET, YTO OMEpaTopaM, TAKUM KaK == MM <, MOXHO OBbLJIO U3MEHHUTH
UX TIOBEJCHHE IS DJIEMEHTOB CHENHANBHBIX KiaccoB. DyHKIMHM W omeparopsl ObUIH
CTPYIIIHPOBAHBI B TPU KATETOPHH, U TPYIIIOBBIE METOIbI MOTYT OBITh 3aIMCaHBI IS KAXKI0U
U3 3TUX KaTeropuil. B HacToAmmii MOMEHT OTCYTCTBYET MEXaHH3Ma ISl YBETHUCHHS YHCIIa
rpymni. Mo>XHO 3amucaTh METO/IbI, ONIpeAeIICHHBIE TSl TI000H (YHKLMHU B MpeJiesiax TPYIIIbL.

Crnenyromias Tabauiia IpuBOAUT GYHKIIUU TSI Pa3JIMUHBIX TPYIIIL.

‘Math’ abs, acos, acosh, asin, asinh, atan, atanh, ceiling, cos, cosh, cospi,
cumsum, exp, floor, gamma, lgamma, log, log10, round, signif, sin,
sinh, sinpi, tan, tanh, tanpi, trunc

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

‘Ops, +! Ty *y /y Ay < ’ >y <=! >=y !=! ==! %%y %/%y &! |y !

st omepatopoB B Tpynme OpPS BBI3BIBACTCS CIEIUATBHBI METOJM, €CIU €ro JBa

oncpanaa, B3ATBIC BMCCTC, NpCAjiararoT GI[HHCTBGHHBIﬁ METOA. OHpGI[eJIeHHO, €Clin 0621
omnepaHaa COOTBETCTBYIOT OIHOMY M TOMY JK€ METOAY WIA €CIU OAWUH OIlepaH]
COOTBETCTBYET METOY, KOTOPBIM UMEET IPUOPUTET 110 OTHOLIEHUIO Ipyroro onepanaa. Eciau
OHU HE€ MpeIJIaraloT €IUHCTBEHHBIA METOJ, TO HCMOJb3YEeTCS METOJ Mo yMoia4yaHuio. Wmu
rPYNIOBOM METOJ WJIM METOJ KJlacca JOMHHUPYIOT, €CJIH Y IPYTroro onepasia OTCYTCTBYET
COOTBETCTBYIOLIMN MeTOA. MeTo1 Kiacca JOMUHUPYET HaJl TPYIIIOBBIM METOOM.

Korma rpymma sBisiercss Ops, To cneunuanbHas nepemenHas .Method ssnsercs
BEKTOPOM CTPOKH C JABYMsI dJIeMEHTaMH. JieMeHThl .Method ycranoBIeHbl B UMsI METOJA,
€CIIM COOTBETCTBYIOIIMHA apryMEHT - 3JIEMEHT KJacca, KOTOPBIA HCIIOJIB30BAICsA, YTOOBI
onpenenuTh MeToa. VHaue cooTBeTCTBYIOIMIA 31eMeHT .Method yctaHOBIEH B HYIEBYIO
CTPOKY JIMHBI

5.7. Hanucanue MeTO10B
[Tonp30BaTeIM MOTYT JIETKO HAIKMCATh CBOM COOCTBEHHBIC METOJBI U YHHBEPCAIbHBIC
byukuuu. YHuBepcaigbHas (GyHKIuUsS - mpocto (GyHkiwms ¢ BerzoBoMm UseMethod. Merox -
npocto (QyHKIHS, KOTOpas ObLIa BbI3BAHA 4Yepe3 IMOCTABKYy METO/Aa. JDTO MOXKET OBITh B
pesyabTare Bei3oBa i UseMethod nau NextMethod.

CTOHT MOMHHTH, YTO METObI MOKHO BBI3BATH HEMOCPEACTBEHHO. JTO 03HAYAET, YTO
OHM MOTyT ObITh HamewaraHbl Oe3 Bb3oBa UseMethod, u cnemoBaTenbHO, crielManbHbIC
nepemennbie .Generic, .Class u .Method He ycranaBmuBaiorcs. B aTom ciyuae mpaBuia 1mo
YMOJIYaHUIO, ACTAJIU3UPOBAHHBIC BBIIIC, GYI[yT HCIIOJIB30BATHC JJISI UX OMPCICIICHUA.

Haubonee momyssipHbId croco® HMCHOIB30BAHUS YHHUBEPCATIBHBIX (DYHKIMHI TOJKEH
o0ecrieunTh MeyaTh M CBOJHBIC METOABI JUIS CTAaTUCTUYECKUX OOBEKTOB, OOBIYHO BBIBOJ
HEKOTOPOTO MpoLecca MOATOHKH MOJEH. i 3TOro Kax/as MOJeNb MPUCOETUHSIET aTpulyT
KJacca K CBOEMY BBIBOJY, a 3aT€M OOECIIeYMBACT CIEIUAIBHBIA METO/I, KOTOPBIH OepeT 3TOT
BBIBOJ U OOECIEYMBAET XOPOLIYI0 YMTAEMYIO €r0 BEPCHIO. 3aTeM I0JIb30BaTeNb JIOJIKEH
TOJBKO TOMHHUTH, YTO I€YaTh WJIM CBOJKA OOECTedaT XOPOIIWH BBIBOX U PE3yIbTAaTOB
11000T0 aHaNK3A.
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6. BeluucjieHue Ha A3bIKe

R npuHaUIeKUT K KJIaccy SA3bIKOB IPOrPaMMHUPOBAHUS, B KOTOPBIX y MOANPOrpaMM
€CTh BO3MOXXHOCTh M3MEHUTH WM CO3/aTh JPyrue MOANPOrpaMMbl U OLIEHUTH PE3yNbTaT Kak
HCOTHEMJIEMYIO YacTh sI3bIKa HEMOCPEACTBEHHO. D10 momobHo Lisp m Scheme u mpyrum
pasHbIM sA3bIKaM  "(QYHKIMOHAIBHOTO MPOrpaMMHPOBaHUA", HO OTIMYAECTCS OT CEeMEUCTB
®OPTPAHA u ALGOL. CewmeiictBo LiSp 10BOAMT 3Ty OCOOCHHOCTH [0 KPaMHOCTH:
napagurma "Bce - CIMCOK’, B KOTOPOH OTCYTCTBYIOT Da3iMuusi MEXAy MporpamMmmamu M
JAHHBIMH.

R npencraBnsier Oonee ApyKECTBEHHBIH HMHTEp(dEHC MPOrpaMMHUPOBAHHIO, YEM 3TO
nenaet LiSp, mo kpaiiHel Mepe, MPHUBBIKIIMM K MaTeMaTHYSCKUM (OPMYJIaM U CTPYKTypam
yrpasyieHus1, oJo0HbIM C, HO MEXaHU3M JICHCTBUTEIILHO OYeHBb MOoA00eH Lisp. A mo3BoiseT
MPSIMOM JIOCTYIT K MPOAHATU3UPOBAHHBIM BBIPOKCHHUSIM U QYHKIIUSM U TIO3BOJISCT U3MEHSATH U
BITOCJICJICTBUH BBITIOJIHATD UX, UM CO3/IaBaTh OJHOCTHIO HOBbIE (DYHKIIUU C HYIIS.

EcTb MHOro cTraHAapTHBIX NPUMEHEHHUI 3TOT0 CPENCTBA, TAKMX KAaK BBIYMCIICHHE
AQHAJTUTUYECKUX TPOU3BOIHBIX BBIPAKCHWH, WIM TE€HEpallu MHOTOWICHHBIX (QYHKIMHA W3
BekTopa Kod(pduimentoB. OgHako cymiecTByeT Oojee (yHIaMEHTaIbHOE HCIOJIb30BaHHE
s pabotel ¢ mHTepnperaropoM AR. Hekoropple W3 HHX BaXHBI Ui IIOBTOPHOTO
UCTONb30BaHUS (YHKIMHA KaKk KOMIIOHEHTOB B JApPyrux (QyHKOUAX, Kak (1o obmemy
IPU3HAHHUIO HE OYCHb CHMIIATHYHO) BBI3OBHI /100€[.frame, KoTopblie CO3/1aHbl B HECKOJIBKUX
HOAIpOrpaMMax MOJCIUPOBAHUS W pUCOBaHUS. J[pyroe HCIONb30BaHHE MPOCTO MO3BOJISET
U3ALIHbIE UHTep(deichl Mone3Hol QpyHKIMoHanbHOCTU. Kak mpumep, paccMOTpuM (yHKLHUIO
curve, xotopasi o3BOJISICT MONYYNUTh rpaduk Jr000M (QYHKIIUH, 3adaHHONW MOTOO0HO S/H(X),
WIN CPECTBA JJISl PUCOBAHUS MAaTEMaTHYECKUX BhIPAKEHUH.

B oroii TnaBe mamuMm BBeOeHHE B HAOOp CPEACTB, KOTOPHIE JOCTYIHBI IS
BBIUNCJICHUN Ha S3BIKE.

6.1. TlpsiMoe MaHUTIYJIUPOBAHME SI3LIKOBBIM 00bEKTOM
Ecte Tpu BHIa OOBEKTOB $3bIKA, KOTOPBIE IOCTYMHBI st Momudukanuu calls,
expressions u functions. 3aeck ckoHIeHTpHpYeMcs Ha oObekTax ¢ca/ls (Bei30B). OHM HHOTIA
YIOMUHAIOTCS KAaK ‘“‘HEOLICHEHHBIE BBIPAXKEHUS , XOTS 3Ta TEPMHUHOJOTUS HECKOJbKO
couBaer ¢ Tonky. Hambomee mnpsMoil MeTOJ MONyd4eHUS OOBEKTa BBI30BA COCTOUT B
UCTIOJIP30BaHUH KaBBIYKH C apTYMEHTOM BBIPXKCHHSI, HAIIPHUMED,

> el <- quote(2 +2)

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

ApryMeHTBl HE OIEHEHBI, Pe3yJbTaT - TPOCTO IMPOAHAIN3UPOBAHHBIA apTyMEHT.
OOBekTbl €1 u €2 MOTYT OBITh OLICHEHBI MO3KE, UCTIONB3Ys eVa/ Wil MpoCTO YIpaBisis Kak
JTaHHbIMU. Bo3MokHO, HanboJee 04eBUIHO, TOYeMy y €2 00BbEKTa €CTh PEXUM "BBI3OB", TaK
KaKk OH BKJIIOYAeT BbI30B ()YHKIIMM PUCOBAHUS C HEKOTOPHIMU aprymeHntamu. OnHako €1
(aKTHYECKH MMEET TOYHO TY K€ CaMyl CTPYKTYPY Kak BBI30B OWHApHOTrO oreparopa + ¢
JIBYMsI apryMEHTaMH, (akT, KOTOPbIi ICHO BBIBEICH HA DKPAH CIICIYIOIIHM:

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

K xoMnoHeHTaM 00BbeKTa BbI30Ba MOJYYAIOT JOCTYII, HCIOJb3Ys MOJOOHBIH CIIHCKY
CHHTAKCHUC, U MOXKHO, ()aKTHUYECKH, IPeo0pPa30BaTh «B» U «U3)» CIUCKOB, UCIONB3Ys &S./St
as.call:

>e2[[11]
plot

> e2[[2]]

X
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> e2[[3]]
y

Eciu ki1r04eBoro ¢iaoBo apryMeHTa COOTBETCTBHS MCIOIb30BAaHO, TO KIKOYEBBIE CIOBA
MOTYT HCIOJI30BAaThCS B KAUECTBE TErOB CIIHUCKA:

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

> e3%x age

> e3%y weight

VY BceX KOMITOHEHTOB OOBEKTa BBI30BA €CTh PEKUM "UMs" B MIPEABIAYIINX MPUMEpaXx.
DTO0 - BEPHO AJIsl HACHTU(PUKATOPOB B BHI30BAX, HO KOMIIOHEHTHI BBI30Ba MOTYT TaKKe OBITh
KOHCTaHTaMU - KOTOpPbIE MOTYT UMETh JIOOOW THUI, XOTS MEPBBIA KOMIIOHEHT JIOJKEH ObITh
(dyHKIMEH, ecu BBI30B JIOJDKEH OBbITh OLEHEH YCHENIHO - MM ApPYyrue 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 CIIETYIONTUM 00pa3oM:

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

>e2

X+y

Uto0bl MILTIOCTpUPOBATH (HAKT, YTO MOABBIPAKEHUS - TIPOCTO KOMIOHEHTHI, KOTOPHIE
ABJIAIOTCA CaMOCTOATECIIbHO BBI30OBAMHU, PACCMOTPHUM!

>el[[2]] <- e2

>el

X+y+2

B  npoaHanuM3MpOBaHHBIX  BBIPAKEHHSX COXPAHEHBI BCE  KPYIJIbIE  CKOOKH
IPyNIUpOBKH BO BBOZC. OHU MPECTABICHBI KaK BbI30B ()YHKIIMU C OJHUM apryMEHTOM, TakK,
y100b1 4 - (2 - 2) cran "-, "(4, "(" (" -" (2, 2))) B npeduKcHOI HOTaIMK. B OIieHKax omeparop
‘(’ ToribK0 BO3BpAIIIAaET CBOI apryMeHT.

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

KOTOpasi U COXpaHseT BBOJ JaHHBIX MOJIb30BaTEIEM, COXPAHUT €r0 B MHHHUMAIIBHOH (Gopme
TapaHTUPYET, UTO PArSer/0eparser BbipaXXeHus 1acT TO K€ CaMOe BBIpaKEHHE.

Kak 3TO mpoMCXOIuT, CHHTaKCHYECKMH aHanmu3aTop AR He SBISETCS COBEPIICHHO
00paTUMBIM, HU SBJISIETCSI CBOUM 0EPAISEr KaK Jaliee MOoKa3aHo B Ka4eCTBE IMpuMepa:
> 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 3HAYCHHUIO K
HCXOJIHOMY BBIPAYKEHHUIO (10 MOTPEIIHOCTH OKPYTIICHUS).

BHYTPCHHSISI [aMATh KOHCTPYKIMH  yIpaBiCHHUS TMOTOKAMH... OTMEYacT
HEcoBMeCTUMOCTh SpIUs...
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6.2. IloagcranoBka
@dakTUYECKH HE YacTO BO3HUKACT JKEIIAHWE HM3MCHHTH BHYTPCHHHE BBIPAKCHHS B
npepIAyIIeM pasaene. bosee 4acTo jkenarenbHO MPOCTO MOJYYHTh BBIPOKEHHE JIS €ro
JEKOMITWIAIIMA U UCTIOJB30BAaHUS €T0 JUIT MapKUPOBKHM PUCYHKA, Hanmpumep. [IpumMep 3toro
nokasas B Hauase plot.default.

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

DTO 3acTaBiseT MEPEeMEHHYIO WM BBIpaKEHHE, JaHHYIO Kak apryMeHt X s plot,
HCITOJIB30BAaTh MO3KE ISl MAPKUPOBKU OCH X

OObHO (YHKIUA JOCTHTAET ATOTO 3aMEHOHM, KoTopas OepeT BhIpaKEHHE X H
3aMEHSIeTCS BBIPAXXEHHUEM, KOTOpOe Mepesiai yepe3 (popManbHbIi apryMeHT X. 3aMeTuM, uTo
JUISL 3TOTO X JJOJKEH MepeHecTH HH(OPMALIMIO O BBIPaXKEHHH, KOTOPOE CO3/1aeT ero 3Ha4eHHUE.
DTO CBS3aHO CO CXEMOH OTIOXKEeHHBbIX BblumcieHudd A (cm. pasgen 2.1.8 [OOBEKTHI
oOemanus]). @opMaIbHbII apryMeHT - J€HCTBUTENBHO OOeIaHie, 0OBEKT C TPEMS CIOTaMH,
OJIMH JJIsl BBIPAXXEHUSI, KOTOPOE OTpEAENsieT ero, OJIMH AJIsi OKpYy’Karolel cpebl, B KOTOpOit
MOYKHO OLIEHUTH 3TO BBIPAKEHHE, M OJMH JJIS 3HAUYCHHS OJHAX/Ibl OLICHEHHOTO BBIPAYKCHHS.
3amena (substitute) pacrmo3naeT mepeMEHHYIO OO€HIaHHMS M 3aMEHHT 3HAYCHHEM €€ CIIoTa
BhIpakeHus. Ecnm 3amMeHa BbI3BaHA B (DYHKIWH, JIOKAJIbHBIC TIEpeMEHHBbIC (DYHKIIMU TaKKe
MOJIBEPIaloTCsl MOACTAHOBKE.

ApryMeHT najsi 3aMEHbI HE JOJDKEH OBITh MPOCTHIM HJIEHTU(UKATOPOM, 3TO MOKET
OBITh BBIpa)KEHHE, BKIIIOUYAIOIIEE HECKOJIBKO MEPEMEHHBIX, U MOACTAaHOBKA MPOU30HAET IS
Kaxxaoro u3 Hux. Kpome Toro, y 3aMeHbl €CTh JIONOJHUTENbHBIN apryMeHT, KOTOPBIA MOKET
OBITH OKPY)KAIOLIEH CpeIoi Wi CIIMCKOM, B KOTOPOM HIIyTCsl IepeMeHHble. Hanpumep:

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

1+x

3aMeTHM, 4TO 3aKIIOUCHHME B KaBBIYKH OBLIO HEOOXOAUMO, YTOOBI 3aMEHHThH X, DTOT
BUJ KOHCTPYKIIMM TPUTOXKAAETCSI B COCAMHEHHHM CO CPEICTBAMHM [UIA IOMELICHHUS
MaTeMaTHYeCKOT0 BhIpaKeHHsI Ha IpaUKH KaK MOKa3aHO B CIAEAYIOUINX CIydasix:

> plot(0)

> for (i in 1:4)

+ text(1, 0.2 *1i,

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

BaxHO MOHSATH, YTO MOJCTAHOBKHU SIBISIFOTCSI MPOCTO JIEKCMUYECKMMM; HET HUKAKOU
IPOBEPKH, YTO TMOJYYAIOUIHECs OOBEKThl BBI30BA HMMEIOT CMBICH, €CIH OHHM OLICHEHBI.
substitute(x <- x + 1, list(x =2)) 6yaer cuactimBo Bo3Bpamienue 2 <-2 + 1. OmHaxo,
HEKOTOpbIe YacTH A COCTaBISIIOT CBOM COOCTBEHHBIE ITPaBUiIa JAJISl TOTO, YTO UMEET CMBICI, a
YTO HET U MOTIJIO Obl JaKTUUECKH UMETh HUCIOJIb30BaHUE JJI TAaKUX TJI0X0 CPOPMUPOBAHHBIX
BeIpakeHUIl. Hampumep, npu MCrosib30BaHUM ‘‘MaTeMaTUKU Ha rpadukax’” 0COOCHHO 4acTo
BKJIIOYAIOTCS KOHCTPYKLHHU, KOTOPbIE€ CHHTAKCUYECKH KOPPEKTHBI, HO KOTOpBIE OBLIM ObI

"o

OECCMBICIICHHBI IS OLIEHKH, Kak® {}> =40 *" ronsr'"’.

3ameHa He OyneT OLIEHMBATh CBOM MEpBbIM apryMeHT. DTO NMPHUBOJUT K Mpobieme
MOoJA3aMEHbl Ha OOBEKTE, KOTOPBIM COACPKUTCA B IEpeMEHHOW. PemieHwe cocTout 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))

> eval(substitute(substitute(e, list(x = 3)), list(e = expr)))
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3+y

Tounble mpaBuia ISl TOJCTAHOBOK CIIEAYIOUIME: KaXIbld CHMBOJ B JIEpEBE
CUHTAKCHUYECKOT0 aHalu3a Uil MEepBOro SBJISETCS COOTBETCTBYIOIIMM IPOTHUB BTOPOTO
apryMeHTa, KOTOPBIH MOXET OBbITh TErOBBIM CIIMCKOM WIJIM (PEeHMOM OKpYXarolled Cpelbl.
Ecmm 510 - mpocToil NOKambHBIH OOBEKT, €ro 3HAaYeHWE BCTaBJsAETCs, except, ecium
COOTBETCTBYET TJI00aIBHOM OKpYyXkaromiei cpenbl. Eciau 310 - obemnianue (00bIYHO apryMeHT
GyHKIIMM), 3aMEHSIOT  BbIpaKeHHeM  oOemanms. Ecam  cumMBon  He  sIBIsAETCS
COOTBETCTBYIOIIMM, 3TO OCTABJISIIOT HETPOHYTHIM. CrenuaibHOe MCKIIOYEHUE Jis 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 T'paHMLIEH Ha TOM YpPOBHE Tak,
4TOOBI OBLJIO JTy4Ille TOJBKO 3aCTAaBUTh 3aMEHY JICHCTBOBATh KaK KaBbIUKa.

[IpaBWii0 MOACTaHOBKHM OOCIIAHUS HEMHOTO OTJIMYAeTCS OT S, eClu JOKalbHas
nepeMeHHass U3MEHEHa IMpexkJe, YeM HCIoNb3yeTcs 3aMeHa. R Oyner 3aTeM HCIONB30BaTh
HOBOE 3HAaYCHHUE MEPEeMEHHOMN, TOrAa Kak S OyaeT 0€30roBOPOYHO MCHOIB30BATH BHIPAKECHUE
apryMeHTa - eCJIi 3TO He Oblla KOHCTaHTa, Yy KOTOPOH €CTh JIIOOONBITHOE CIIEICTBHE, YTO
f((1)) moxet ouens ornuuathest oT f(1) B S. IIpaBmwio A 3HauMTENbHO 0OJICE YHCTO, XOTSA Y
HEro JCWCTBUTEIBHO €CTh CIEACTBUS B COCAUHEHHH C OTJIOKCHHBIMH BBIYHCIICHUSMH,
KOTOPBIC CTAaHOBSITCS HEOXKUAaHHOCTBIO JJIsl HEKOTOPBIX. PaccMoTpuMm:

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

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

DTO BBINIAIUT MPSMOJMHEHHBIM, HO MOYKHO OOHApyXHTh, YTO METKa )/ CTAHOBUTCS
YPOJUIMBBIM BBIpQKEHHEM C(...). DTO TNPOHCXOTUT, MOTOMY YTO IIPABMIA OTJIOKECHHBIX
BBIYMCIICHUH 3acTaBisiror eval(ylab) BeipakeHUs MPOMCXOIMTH IMOCIE TOro, Kak ) Obul
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
SIBJISICSL SI3BIKOM HJTM OOBEKTOM BBIPAKEHUS, TO 3TO MPOM3BEIO OBl OLIEHKY OOBEKTa HE B
COOTBETCTBUH C TPeOOBaHMUSIMH, TaK €CIM Obl MEpeJaidi MaTeMaTHYCCKOE BBIPAKCHHE

nogo6uoe quote(logfe] ().
PasnoBuanocTs i Substitute sBisiercs bQuote, xoTopast HCIIOIB3YETCS IS 3aMEHBI
HEKOTOPBIX IOJBBIPaKCHUHN 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)

text(1, 0.2*i, bquote( x[.(i)] == .(pnorm(i)) ))
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BeipakeHre 3aKIIF0UCHO B KaBBIYKHU 3@ UCKIIOUCHHEM COJICPIKAHUS . () IOABBIPAKCHHUS,
KOTOPOE 3aMCHEHO HX 3HA4eHHEM. ECTb JONOJHUTENBHBIM apryMeHT I BBIYMCICHUN
3HAUYEHWI B Pa3NUYHON OKpyxkatomeil cpene. CuHTakcuc miust DQUOIE 3aMMCTBOBaH W3
Makpoca oJIMHapHO# oOpaTHOM KaBbIYku LISP.

6.3. Eule 00 onenke
dyukus omneHky eval Obuta TpencTaBiIeHa paHee B ATOH IaBe Kak CPeJCTBO OICHKH
00BekTOB BBI30BAa. OIIHAKO, 3TO HE BCE CBEACHHS. TaKkKe MOXKHO YKa3aTh OKPYKAIOIIYIO
cpeny, B KOTOpPOW JOHKHA MMETh MECTO orieHKa. [lo ymomyanuio - 310 (peiiM OLICHKH, U3
KOTOPOT'O BBI3BIBAIOT OLIEHKY, HO JOBOJBHO YaCTO ATO CIAEAYET YCTAHOBUTH BO YTO-TO EIIIE.

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

Jpyroii ciydaid, KOTOPBIA MPOUCXOIUT YacToO, SBISETCS OIEHKA B CIIUCKE WA (Ppeiime
JaHHBIX. Hanpumep, 3T0 MPOUCXOIUT B COSNUHEHUY ¢ QYHKIMEH /MOdel. frame npu Hanmauu
aprymeHT qaHHbIx. OObIUHO, apryMeHTh! (hOPMYIIBI MOJIEH MOJIEkKAT OLEHKE Ha JaHHbBIX, HO
OHM MOTYT WHOTJA TaKKe COAEPKAaTh CCHUIKM Ha S3JEMEHTHl B BBI3BIBAIONICH CTOPOHE
model.frame. DTo WHOTHA TIOJNIE3HO B COEAWHEHWH C WUMHUTAIMOHHBIMHU HWCCIIEHOBAHUSMMU.
Takxum 06pa3om, ¢ 3TOil IeNbI0 HY)KHO HE TOJILKO OIICHUTH BBIPAXKEHUE B CIIHCKE, HO TAKXKE U
cnenuuIupoBaTh 00EpTKY, B KOTOPOW TPOJOJDKAETCS IOUCK, €CIM IepeMEeHHas He
HaXoauTcs B crincke. CleoBaTeNbHO, Y BHI30BA €CTh BH/I:

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

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

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

DTO Takke BEPHO MpPHU OIEHKE B CIUCKaX, HO HMCXOJHBIA CIUCOK HE HU3MEHSETCA,
MOTOMY YTO B A€MCTBUTEIHLHOCTH 00pabaThIBaeTCsI KOMHUS.

6.4. OueHka 00bEeKTOB BbIpa:KeHHe
OOBeKTH peknMa "BeipakeHue" onpeneneHsl B pazaene 2.1.4 [O0BbeKThl BRIPAKECHHUS | .
Onu o100HBI cITUCKaM 00BEKTOB BHI30BA.

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

> ex[[1]]
2+2

> ex[[2]]

3+4

> eval(ex) [1] 7

3aMeTHM, YTO OIICHKA OOBEKTa BBIPAKCHHUS OICHUBACT KaXJIbI BBI30B MOOYEPEIIHO,
HO 3aKIIOYUTEIbHOC 3HAYCHHE - 3HAYCHUE MOCJICIAHEr0 BbI30Ba. B 3TOM OTHOIICHWH OHA
BeIeT ce0sl MOYTH TOXKIACCTBEHHO COCTABHOW KaBBIYKE O0BEKTa si3bika ({2 + 27 3 + 4)}).
OnHako, ecTh TOHKHE pa3nuuusi: o0bekThl Call HeoTIMYMMBI OT MOABBIPAXKEHUI B JiepeBe
CHHTAKCUYECKOTO aHaJM3a. DTO 03HAYAET, YTO OHU aBTOMATHYECCKH OICHCHBI KaK €CIU Obl
UMEJIOCh Mo ABbIpaXkeHnue. OOBEKTHI BRIPAKEHHS MOTYT OBITh PACIIO3HAHBI BO BPEMsI OIICHKH U
B HEKOTOPOM CMBICIIE COXPaHUTh CBOE OTCYTCTBHE KaBblueK. CpeICTBO OIICHKH HE Oyaer
OLICHMBAaTh OOBEKT BBIPAXKECHUS PEKYpCHBHO, a JHIIb B Clydae €ro Imeperadd
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HerocpeacTBeHHO QyHKImu eval kak Beimie. Pa3nmuuus MOryT ObITh 3aMEUEHBI 37IECh!
> eval(substitute(mode(x), list(x = quote(2 + 2)))) [1] "numeric"
> eval(substitute(mode(x), list(x = expression(2 + 2)))) [1] "expression”

JIeKOMOWIATOP TPEACTABIACT OOBEKT BBIPAKEHUS BBI30BOM, KOTOPBIM CO3MaET €ro.
D10 1mogo0HO crocoly, MO0 KOTOPOMY OH 00pa0daThIBae€T YHCIOBBIC BEKTOPHI U HECKOJIBKO
Jpyrux 0OBEKTOB, Y KOTOPBIX HET OMPEAEJICHHOTO BHEIIHEro mpeacraBieHus. OmHaKo, 3TO
JEHCTBUTEILHO MPUBOAMUT K CIIEAYIOIIEMY HEKOTOPOMY OECITOPSAKY:

> 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 €CTb, € U €€ BBLITIAAT UACHTUYHO IIpu 1mme4yaTtu, HO HCpBBIfI SIBJIISIETCA BBI3ZOBOM,
KOTOprI rCHCpUpyeT OG’LGKT BBIPpAXKCHUSA, U ,Z[p}’I‘OfI ABJIICTCA HCTIOCPCACTBCHHO O6’beKTOM.

6.5. ManunyaupoBaHue BbI30BaMu PyHKINHU

JInst GyHKIMY MOXHO y3HATh, KaK €€ BBI3BAJI, IPOCMOTPEB pe3yibTaT S)S.call kak B
cienyolieM npumepe GyHKIUU, KOTOpas IPOCTO BO3BpaIIaeT CBOM COOCTBEHHBIN BHI30B:

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

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

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

Opnako, B IEHCTBUTENBHO 3TO HE IMOJE3HO 332 MCKJIIOYEHHEM OTJIaJKH, IOTOMY 4TO
TpeOyeTcs, 4ToObl (DYHKIMS OTCIeAnia COOTBETCTBUE apryMeHTa JJsl HMHTEpPIpETaIliuu
BbI30Ba. Hampumep, oHa MODKHA B COCTOSIHUM BHUJIETH, YTO 2-0M (DAKTUUECKUN apTyMEHT
SIBJISIETCSI COOTBETCTBYIOIIUM IEPBOMY (OPMaJIbHOMY apryMeHTy (X B BBIIICYIIOMSIHYTOM
puMepe).

Yame TpedyeTcss BBI3OB CO BCEMH (DAKTUUECKMMHM apryMEHTOB, CBSI3aHHBIMU
cootBeTcTBYIOUMMHU (popmanbHbiMU. C 3TOM 1enbto ucnoib3yercs Gynkmus match.call. Bor
Pa3HOBUIHOCTh MPEABLAYIIEr0 IpuMepa, (QYHKIUS, KOTOpas BO3BpALAET €€ COOCTBEHHBIH
BBI30B C COOTBETCTBYIOLUIUMH apIryMEHTaMHU:

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

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

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

3aMeTUM, YTO TENepb BTOPOMl apryMeHT COOTBETCTBYET X M IMOSBISETCS B
COOTBETCTBYIOIIEH MO3UIUU B PE3yibTaTe.

OCHOBHOE HCIIOIB30BaHUE ITOTO METOJIa COCTOUT B BBI30BE APYrol GyHKIMU C TeMU
K€ CaMbIMH apryMEHTaMH, BO3MOXKHO yJassisi HEKOTOpPbIE W MpUOaBIsis Apyrue. TUUIHOE
NpUMEHEHHEe BUIHO B Havaie GpyHKiuu Im:

mf <- cl <- match.call()

mf$singular.ok <- mf$model <- mf$method <- NULL
mf$x <- mf$y <- mf$qr <- mf$contrasts <- NULL
mf$drop.unused.levels <- TRUE
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mf[[1]] <- as.name("model.frame™)

mf <- eval(mf, sys.frame(sys.parent()))

3aMeTHUM, YTO TOJyYCHHBIH BBI30B OIICHEH B POAUTEIBCKOM (peiiMe, B KOTOPOM
MOYKHO OBITH YBEPEHHBIM, YTO BKJIFOUCHHBIC BBIPAKCHUSI HMEIOT CMBICI. BBI30B MOXKET OBITH
0o0paboTaH Kak OOBEKT CIUCKA, TJe NEepPBbI 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 npucBouth NULL, kak BUAHO B cTpokax 2 u 3, u
npuOaBUTh apryMeHT, UCIIOIb3YIOIIUI TEroBOoe MPUCBOECHUE CIHCKA (3/1€Ch, YTOOBI NepeaaThb
drop.unused.levels = TRUE) kak B crtpoke 4. UToObl W3MEHHTHh HA3BaHUC BHI3BAHHOMU
(YHKIMH, TPUCBOWTE NEPBOMY 3JIEMEHTY CIHCKAa M yIOCTOBEPHTECh, UTO 3HAUCHHE - MM,
WK 37I€Ch UCTIOJIB3yeTCst KOHCTpyKIus as.name ("model.frame") wiu kaBeraka (model.frame).

Y  ¢yskmuun  match.call ects apryment expand.dots, koTopblii = sBsSETCS
nepexirouareseM, eciu oH ycranonieH B FALSE, nmo3Bossist coOpaTh Bce apryMeHTHI ‘..." Kak
OTAEJBbHBINA 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))

ApryMmenT ‘..." SBISETCS CIUCKOM (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 PUYMH UCTIONB30BaHus 3o opmbel match.call seisiercs sxenanue npocto
n30aBUTHCS OT JIFOOBIX apryMEHTOB ‘...°, 4TOOBI HE IepeaaBaTh HEyKa3aHHBIE apTyMEHTHI

GyHKIIMHM, KOTOpbIe, BO3MOXXHO, HE 3HAlOT UX. BoT mnpumep, nepedpasupyeMbiii OT
plot.formula:

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

Bostee TmiarenpHO mMpoaymMaHHOE MPUMEHEHWE HaXOAWTCSA B Update.default, tne psin
JOITOJIHUTCIIBbHBIX 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)

}

3aMeTHM TPOSBICHHYIO 3a00Ty MO WHIMBUAYATbHOMY M3MEHEHHIO CYIIECTBYIOIIMX
aprymenToB B ciydae extras[[a]] == NULL. Cas3biBanue He paboTaeT Hal OOBEKTaMHU
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BBI30BA 0€3 IMMPUBCACHUS KaK ITOKa3aHO; 3TO - BO3MOXKHO OIIMOKA.

JlBe nanmpHEMIMX (YHKUHUU CYIIECTBYIOT AJISi KOHCTPYKIMHM 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, 3HAUYCHUEC X, a HE CHMBOJIA, BCTAaBJICHO B BbI30OB, TAaKUM 06pa30M,
OTYETAMBO oOTiauYaeTcss oT round(x). dopma HCMONB3yeTCs MOBOJBHO PEIKO, HO HHOTIA
IIOJIC3HA, I'A€ UM (byHKI_[I/II/I AOCTYITHO KaK CUMBOJIbHAA IICPCMCHHaAs.

®ynkuus do.call cesi3piBaeTcsi, HO cpa3y OLCHHMBAeT BBI3OB M OEpeT apryMEHTHI U3
00bekTa pekuma "CIHUCOK", comepiKaIllero Bce apryMeHTHl. ECTECTBEHHOE HCMOJb30BaHUE
3TOT0 COCTOMT B TOM, YTO KaXJIbli XOUeT NPUMEHUTHh (yHKIMIO0 kak chbind 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, MOI00HBIM
do.call("f" list(...)). OnHako HYXHO 3HaTh, UTO ITUM BKJIFOYACTCS OIICHKA apryMEHTOB Tepe]
(aKTHYECKUM BBI30BOM (PYHKITUH, YTO MOXET MOOEIUTh aCIIeKThl OTJIOKEHHBIX BBIYMCICHHN
U TOACTAHOBKHM apryMeHTa HENOCpeACTBEHHO B (GyHKuMU. [logoOHBIM KOMMeEHTapui
npumMensiercs K Gyukmuu call.

6.6. ManunyaupoBaHue GyHKIUSIMHI
YacTo mMONE3HO HMMETh BO3MOXKHOCTH YIPABIATh KOMIIOHEHTaMH (YHKIHMH WIIH
o0eptku. R obecnieunBaet psan GpyHkiuii unTepdeiica ¢ 3ToH Lenbio.

boady Bo3sBparaer BeipaskeHHEe, KOTOPOE SBISIETCS TEIIOM (DYHKITHH.

formals Bo3Bpaimaer crimcok GpopmManbHbIX apryMeHTOB (YHKIIMH. JTO IMapHBIHA
crircok (pairlist).

environment BosBpaimaeT OKpy:KaroIyo Cpeay, CBI3aHHYIO ¢ PYHKITUCH.

body <- YcraHaBnuBaeT TeNI0 QYHKIIMHU K MTPEIOCTABICHHOMY BBIPAXKCHUIO.

formals <-  YcranaBmuBaer dbopmanbHBIE apryMEHTBI byHKIIHH K
NPE0CTABICHHOMY CIIUCKY.

environment<-YcraHaBiuBaeT OKpPYXalOUIyl0 cpeay (YHKIMM K yKa3aHHOW
OKpYKaloIIeH cpefe.

Takke BO3MOKHO HM3MEHHUTH TMPHUBS3KY Pa3IUYHBIX MEPEMEHHBIX B OKpYXKaoIIeH

cpene GyHKIMH, UCTIONB3Ys Ko Bpoae evalg(x <- 5, environment(f)).

Takxe BO3MOKHO MpeoOpazoBaTh (HYHKIHUIO B CITUCOK, UCTIONB3Ys &S./St. Pe3ynbrar -
CBSI3b CMHCKa (POPMAIIBHBIX apryMEHTOB C TeloM (pyHKIuH. Hao60poT Takoil CMCcOK MOXeT
ObITH MpeoOpa3oBaH B (QYHKIIHMIO, UCTIONB3ys as.function. Dta GyHKIMOHATBEHOCTH, TTABHBIM
o0pa3oM, BKJIIOUEHA I COBMECTUMOCTH ¢ S. 3aMeTuM, 4To HH(popMalus 00 OKpyKaromen
cpezie TepsieTcst Ipu ucnoab3oBanuu as.list, Toraa kak y as.function ects aprymeHT, KOTOpBIi
TI03BOJISICT YCTAHOBHUTH OKPYIKAIONIYIO CPELy.
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7. UHTepdenchbl CUCTEMBI U BHEILIHUX A3BIKOB

7.1. OnepupoBaHue JOCTYIIOM K CHCTeMe
HocTyn Kk o0epTke ONEepalMoHHONW CUCTeMBI depe3 cucreMy ¢yHkuuu R. Jleranu
OynyT oTimuatbes maThOpMon (CM. OHJIAWHOBYIO CIIPAaBKY), U BCE, YTO MOXKET 0€30MacHO
OBITH MPEATONIOKEHO — 3TO TO, YTO MEPBBIM apryMEHTOM OyAeT KOMaHIHas CTPOKa, KOTOPYIO
nepeaaayT s BHIOJHEHHS (HE 00s3aTeIbHO OOEPTKOM), a BTOPOW aprymMeHT OyaeT
BHYTPEHHUM, KOTOPBIH, eciu true, codepeT BHIBOJI KOMaH/Ibl B CHMBOJIbHBINH BEKTOp K.

JInsi CHHXpOHU3AIMU JOCTYITHBI (DYHKIMH SYSIEMm.time u proc.time (XotTs 1ocTynHas
uHOpMaIKs MOXKET OBITh OrpaHrYCeHa Ha Turatdopmax "He moxoxux Ha Unix").

K madopmanuu ot okpyxaromeid cpebl ONEpallMOHHONW CHUCTEMbI MOYKHO TOJYYUTh
JOCTYII ¥ YIIPaBJIATH C.

Sys.getenv nepeMeHHble oKpyxenus OS
Sys.putenv
Sys.getlocale JIOKAJTH3AIHsI CHCTEMBI

Sys.putlocale

Sys.localeconv

Sys.time TEKYIIEE BPEMsI
Sys.timezone BpEeMEHHas 30Ha

YHuBepcanbHbIi HA0Op QYHKIINN TOCTyMA K (paitny
o0ecrieyeH Ha BcexX IIaTgopmax:

file.access JTOCTYITHOCTH (paiiia

file.append COCIMHUTH (haiiIbl

file.choose OKa3aTh MOJIb30BaTEN 0 UM (haiina
file.copy KOITHUPOBATH (ailibl

file.create CO3J1aTh WM OTCEYb (haii

file.exists IpOBEpPKa Ha CYIIECTBOBAHUE

file.info JOMOJTHUTEIbHAS HHpopMaLus o (daiire
file.remove yaanuTh Gaitn

file.rename MEePEUMEHOBATH (paii

file.show oKa3aTh TEKCTOBBIH (haii

unlink OTCOEIMHHTH (haiil HIIH TUPEKTOPHUIO.

Ectb Taxxke QyHKIUM U1 yIpaBieHUs UMEHaMu (ailiia U MyTsIMH HE3aBUCHUMBIM OT
1aT(OPMBI CIIOCOOOM.

bazoeoe ums nMs (aitma 6e3 kaTaiora
dirname UMsI KaTajora

file.path co3naiite myTh K Qaiiny
path.expand pasBepHHUTE ~ B IyTh UNIX

7.2. NuTepeiichl BHENTHUX SI3LIKOB
Cwm. paznen “Cucrema u uHTepdeicel BHENTHETO s3bIka” B Hanucanuu pacmupenuii R
TUTSE ieTaieit nobasieHus (pyHKIMOHAIBHOCTH A yepe3 CKOMITUIUPOBAHHBINA KOJI.

@ynkmun  .C  wm .Fortran oOecmeunBarOT CTaHIApTHBIA  UHTepdeic  ams
CKOMITHJIMPOBAHHOTO KOJIa, KOTOPBIN ObLT cBs3aH ¢ R, mrbo Bo BpeMs co3maHusi, MO0 depe3
dyn.load. Onm, mnpexnae Bcero, mNpeAHa3HAUCHBI ISl CKOMIMIHpOBaHHOro koxma C wu
®OOPTPAHA, cootBeTcTBeHHO, HO (QyHKITHA .C MOKET UCIIOIB30BATHCS C APYTHMH SI3bIKAMH,
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KOTOpbIE MOTYT TreHepupoBath uHTEepdeiicsl C, Hanpumep C++.

@ynkiun .C u .Fortran obecneunBaioT HHTEPQEHCH TSI CKOMIMIMPOBAHHOTO KOJA
(mpesk e Bcero, KOMIUIMpoBaHHoro koaa C) uis yrpaBieHust ooObektamu R.

7.3. .Internal u .Primitive
Wuatepodeiicer  .Internal u  .Primitive wucnosns3ytorcss mist  BbizoBa koma C
KOMITWJIMPOBaHHOTO B R Bo Bpemst moctpoenus. Cmotpu pazzen “.Internal vs .Primitive” B R.

8. 06paboTKa IpepbIBaHUMI

Yenyru o0OpaboTku mpepeiBaHUN B A TPENOCTaBIEHBI 4Yepe3 JBa MEXaHH3MA.
OyHKIMU, Takke Kak OcTaHOBKa (StOp) mim mpeaynpexiaeHue (warning), Moryt ObITh
BBI3BaHbl HEMOCPEIACTBEHHO, MM MOTYT HCIOJIb30BaThCs OILMH, Takue Kak ' warn', nns
yIpaBieHus: 00pabOTKOM MpooIeM.

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

8.2. llpenynpexaenune
Gdynkums warning (mpeaynpexaeHusi) OepeT eIMHCTBEHHBIH apryMeHT, KOTOPBIH
ABJISIETCA CUMBOJIBHOM cTpokoil. [loBeneHne BbI30Ba MPENyNpPEXKACHUS 3aBUCUT OT 3HAYCHMS
onuuu "warn". Eciu "warn" sBisieTcst OTpuLaTeabHbIM, TO PEAYIPEKACHUE UTHOPUPYIOTCS.
Ecnu oHO paBHO HyII0, TO OHM COXpaHATCA W IIeYaTaroTcsd IOCIE 3aBEpLICHHUs
BBICOKOYPOBHEBOW (QyHKIMHU. Ecnu 3TO eauHMIIA, TO OHU MEYaTaIOTCS MPHU COBEPLICHHUH, U
€CJIM paBHBI 2 (UK OOJIBIIE), IPEAYIPEKACHUS TPEBPAILICHBI B OIIUOKH.

Ecmu "warn" paBHo Hy10 (IT0 YMOJIYaHHUIO), TO CO3JACTCs TIEpeMeHHas /ast warning,
n COO6H_[€HI/I}I, CBA3aHHLIC C KAXKABIM BbBI3OBOM MPCAYIPCIKIACHUA TOCICAOBATCIIBHO XPAaHATCA
B ero Bektope. Ecnu mmeercss menHee 10 mpemynpexIeHHil, TO OHM I€YaTAlOTCAd IOCIe
okoH4aHus oueHku G(yHkuuu. Ecim umeercs Oonee 10, To mewaraercs cooOlueHHe,
yKa3bIBaKOIIEe KOJMYECTBO MPOU3OLICIIINX TpeaynpexacHuil. B qrodom cityuae /ast.warning
COJICPKUT BEKTOP COOOIICHHWA, W TPEIYNPEKICHUS OOCCIEYMBAIOT CIOCOO TOIYYCHUS
AO0CTYyIIa K UX IeYaTu.

8.3. on.exit
B mo6oii Touke B Tene QpyHKIHMM MOXKHO BCTaBHUThH BBI3OB ON.exit. JleiicTBue BhI30oBa
on.exit cocTouT B COXpaHEHUH 3HAYCHHUE TENa TaK, YTOObI OHO OBLIO BBIMOJIHEHO TP BBIXOJIE
3 QyHKIMH. OTO MO3BOJISAET (PYHKIUM U3MEHATh HEKOTOPBIE CHCTEMHBIC apryMEHTHl U
rapaHTHPOBAaTh HMX COpPOC, YTOOBI MPHUCIOCOOUTH 3HAUYCHHE TPU 3aBEPIICHUH (YHKIIHH.
on.exit Oyaer rapaHTUPOBAHHO BBINOJIHEH MPH BBIXOJE U3 (DYHKUUU MM HEIOCPEICTBEHHO,
WIM KaK pe3yibTaT MpeaynpexaeHUs.

OmmbOKka B OleHKE Koja ON.exit BHI3bIBACT HEMOCPEICTBEHHBIH MEPEX01 K BEPXHEMY
YpOBHIO 0e3 JanbHeiieir 00padboTku Kona 0/1.exit.

on.exit OepeT eIMHCTBEHHBI apryMEHT, KOTOPBIH SIBISICTCS BBIPAKEHUEM, KOTOPOE
OyJIeT OIICHEHO MPH BBIXOJIE U3 (PYHKITUH.

8.4. Onuuu omudoK
CymectByeT HaOOp ONIMH, KOTOPhIE MOTYT HCIIOJIB30BaThcs B A Ui yIpaBICHUS
00paboTKoil ook U npeaynpexaeHuit. [lepednciner B Ta0uIe HAKE.

‘warn’ VYIpaBieHue 1e4aToro NpeaynpexacHuN.
‘warning.expression’

VYcraHaBnuMBaeT MONIEKAIIEE OLECHKE BBIPAXKEHHE MPU BO3HUKHOBEHHHU
omnOku. [lomaBnsercs HOpMalibHAs MedyaTh NPEAYNPEKICHHUN MpH
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BKJIFOUCHHHU OIIIIMH.

‘error’ YcraHaBIMBaeT MOJIEKAIEE OLICHKE BBIPAXKEHUE IIPH BO3HUKHOBECHUH
omuOku. HopmanpHas medarp cooOmeHuid 00 ommbOKax w
MIPEIYIPERKTAOIMUX COOOIICHHUI MPEANIECTBYET OIICHKE BBIPAKEHUS.

Beipaxkenusi, ycraHoBieHHbie Options(“error"), omeHuBaroTCs 10
BBITIOJTHEHUS! BEI3OBOB O/1.EXIL:

MoxHo ucmonb3oBath Options(error = expression(q(yes™))), 4roObr
3actaBuTh R BBIMTH TOcHe cooOmieHus o0 ommbke. B 3tom cmyuae
ommuOKa 3acTtaBuT R 3aBepmiath padoTy, W TJIOOAIbHAS OKPY’KaroIas
cpena Oymer coxpaHeHa.

9. OTaaaka

Otnagka kojga Bcerja ObLIa YeM-TO BpOJE MCKyccTBa. R obecreurmBaeT HECKOJIBKO
HHCTPYMEHTOB, KOTOPBIC ITOMOTAIOT IOJb30BATEISIM HAWTH MPOOJIEMBI B CBOEM KoJie. DTH
WHCTPYMEHTHl OCTAHABIIMBAIOT BBHITIOJHEHHE B OMPENEICHHBIX TOYKAaX B KOJE, U TEKYIIee
COCTOSTHUE BBIYMCIICHUH MOKET OBITh OCMOTPEHO.

BonsnmmHcTBO CpCACTB OTJAAKHW BBI3BIBACTCSA WM IMOCPCACTBOM BLI3ZOBOB 6pay3epa
(browser), niau nmocpeacrsom otinaaku (debug). Obe 3Ti PyHKIMK OCHOBAaHBI HA OJUHAKOBOM
BHYTPEHHEM MEXaHHU3Me, U 00€ MPeI0CTaBISIOT MOJIB30BATENI0 CIIeNUAIbHBIN 3ampoc. Jlrobas
KOMaHia MOeT ObITh BBeleHa B 3ampoce. OKpysKarolias cpefa OIEHKH JUIs KOMaHIbl - B
HACTOSIIMHA MOMEHT aKTHBHAs OKpYXaromias cpejia. JTO MO3BOJSIET MCCIIEAOBATh TEKYIIEEe
COCTOSIHHE JTFOOBIX TIEPEMEHHBIX H T.I.

EcTb nath crienmanbHbBIX KOMaH[, KOTOpble A MHTEPIPETUPYET MO-pa3HOMY. DTO:

‘RET [lepexon H©Ha craemyromuii omeparop TMpU  OTJIaaAKe (PYHKIUH.
[TpomomKUTH BBITIOIHEHUE MIPH BBI30BE Opaysepa.

‘e’

‘cont’ [IponOmKUTH BBIIOJIHEHUE.

‘n’ Bemmonuute crnegyrommii onepatop B ¢yHkuumu. Takke paboraer B
Opaysepa.

‘where’ [Toka3aTh CTEK BBI30BOB

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

Ecnu cymectByer JioKajdbHas MEpEMEHHasi ¢ TEM K€ CaMblM MMEHEM, KaK OJHa W3
CIIELIMATIbHBIX KOMaH/, YIOMSHYTBIX BBIIIE, TO K €€ 3HAYEHUIO MOKHO MOJIYYUTh JOCTYI IIPU
ucnojp3oBaHnu get. Boi3oB get ¢ nMeHeM B KaBbIUKax IMOJIYYUT 3HAYEHUE B TEKYIIEH
OKpYKarolle cpere.

Otnaguuk obecreynBaeT JAOCTYI TONBKO K MHTEPIPETUPYEMBIM BhIpaxeHUsM. Ecmu
BBI3BIBAIOTCS (DYHKIIMK BHEIIHErO s3bIKa (Takoro kak C), TO HE MPEAOCTaBISIETCS JTOCTYI K
omnepaTopam Ha 3TOM S3bIKe. BbINOIIHEHNE OCTAaHOBUTCS Ha CIEAYIOLIEM OIEpATOpe, KOTOPBIN
ornieHeH B AR, MOXHO HCIIOJIb30BaTh CUMBOJIBHBIN OTJIaM4YUK, TaKOW Kak Qdb, mius OTIaakKu
CKOMIIUJIMPOBAHHOTO KOJA.

9.1. Bpay3ep
BeoB ¢yHkumum Opay3epa 3actaBiseT R ocTaHaBIMBaTh BBIMOJHEHHWE B TOYKE U
MPEIOCTABIISIET MOIB30BATENIO CIICUATBHBIN 3apoc. APryMeHThI Opay3epy UTHOPUPYIOTCSI.

> foo <- function(s) {
+c<-3
+ browser()

+}
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> foo(4)

Called from: foo(4) Browse[1]> s
[1] 4

Browse[1]> get("c") [1] 3
Browse[1]>

9.2 Oraaaka/Heor aaka
OTnaguuK MOXeET ObITh BBI3BAH s JIF000M (DYHKIMM MPHU MCIOJIH30BAHUU KOMAHJIbI
debug(fun). BrmociencTBum, KakIaplii pa3 Npu OIEHKE (YHKIIMH, BBI3BIBACTCS OTJIAIUYHK.
OTnaauuK MO3BOJISCT YIPABJIATH OIEHKOH omnepaTopoB B Teiie GyHKIHMU. J[0 BBIMOJHCHHUS
KaXX/IOTO OIeparopa, 3TOT OMEpaTop pacleyaThiBacTCs, W MPEIOCTABISACTCS CIIEIHATbHBIN
3ampoc. MoxeT ObITh JnaHa Jito0as KOMaHAa, HO MEPEUMCICHHBIE B TAOJNHIIC BBIIIE WMEIOT
0co00¢ 3HaYCHHE.

Ortnaaka BBIKJIIOYAETCs BbI30BOM UNdebug ¢ dyHKIneid 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/HeTpaccHpPOBKAa
Jpyroii crmoco0 KOHTpOIMPOBAaTh MOBEAECHHE R COCTOMT B MEXaHHM3ME TPAaCCHPOBKH.
Bb3piBatoT traceé ¢ eAMHCTBEHHBIM apryMEHTOM, KOTOPBIH fBISETCS MMEHeM (yHKIUH,
NOJNIeKAIEH OTciexuBaHuio. VM He MOMKHO OBITH 3aKIIOYEHO B KaBBIYKH, HO IS
HEKOTOPBIX (YHKIUHN CIEAYET 3aKIIOUUTh UM B KaBBIYKH, YTOOBI N30€KaTh CHHTaKCHYECKOU
OLIMOKH.

Ecnu TtpaccupoBka Oblia BbI3BaHA Ui (YHKIIMHM, TO KaXAbIH pa3 MpH OLEHKE
(GyHKLINU ee BBI30B pacredyarbiBaeTcs. ITOT MEXaHU3M yaajseTcs mpu untrace ¢ ¢pyHkuuei B
KAaueCTBE apryMEHTa:

> trace("[<-")
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>x<- 1:10
>X[3] <- 4
trace: "[<-"(*tmp*, 3, value =4)

9.4. Ob6paTHas TpaccUPOBKa
Korna ommOka BbI3Baia mepexoj] K BEpXHEMY YPOBHIO, ClieliMaibHas IepeMeHHas,
Ha3BaHHas .Traceback, momermmaeTcs B OCHOBHYIO OKpYy’Karomlyio cpemy. .Traceback -
CHUMBOJIBHBII BEKTOp C OJHOM 3alUChIO JUISI KaXJOTO BBI30Ba (DYHKIIMHM, KOTOPBIH ObLI
aKTUBHBIM BO BpeMsl BO3HHUKHOBeHHs ommOku. Mcciaemoanue .Traceback mosker ObITh

BBITIOJTHEHO BBI30BOM traceback.

10. CMHTaKCU4YeCKHMI aHa/Iu3aTop

CUHTaKCHUYECKUI aHAIM3aTOp MPeoOpa3OBhIBAET TEKCTOBOE MpECTaBIeHHE Koma R
BO BHYTPEHHIOIO (OpPMY, KOTOPYIO 3aT€M IepefaeTcsi K CPeACTBY OLEHKH B A, KOoTopoe
BBITIOJIHSICT YKa3aHHbIE MHCTPYKUMHU. BHyTpeHHSs Qopma sBISETCS CaMOCTOSTENbHBIM
00bekTOM A ¥ MOXKET OBITh COXPaHEHA U YIIPABJIATHCS B MPEEIax CUCTEMbI A,

10.1. IIpouecc CHHTAKCUYECKOT0 AHAJIM3A

10.1.1. PexMMBI CHHTAKCHYECKOI'0 AaHAJIN3A
CuHTakcuueckuil aHau3 B /A BBITIOJIHACTCS B TPEX PA3INYHBIX PA3HOBUIHOCTSX:

e [lukn "cumran-onecHUI-HAICYaTan' .
o CHUHTAKCHUYECKHI aHaTN3 TEKCTOBBIX (hailyioB.
e (CHHTaKCUYECKUU aHAJU3 CUMBOJIBHBIX CTPOK.

[Mukn "cumran-oneHuI-HaneyaTan (OpMHUPYET OCHOBHON wuHTepdeiic KoMaHIHOU
ctpoku KA. Uuraercs TEKCTOBBIM BBOJ, IMOKa HE JOCTYIHO  TOJHOE BbIpaxeHue K.
BeipaxeHuss MOryT ObITh pa3/ieleHbl Ha HECKOJIBKO BXOAHBIX cTpoK. OCHOBHOM 3ampoc (1o
YMOJIYaHHUIO > ’) yKa3bIBa€T, YTO CUHTAKCUYECKUI aHAIU3aTOP TOTOB K HOBOMY BBIPaKEHUIO,
a 3ampoc MpoAoKeHUs (M0 yMOS4aHUIO '+') yKa3bIBaeT, YTO CHHTAKCUYECKUM aHAIN3aTOpP
OKH/IaET OCTAaTOK OT HEMOJHOTO BhIpakeHus. BeipaxkeHue mpeoOpasyeTcst BO BHYTPEHHIOIO
(GopMy BO BpeMs BBOJA, U NMPOAHAIN3UPOBAHHOE BBIPAXKEHUE NIEPEJACTCA CPEACTBY OLIEHKH,
a pe3ynbTaTr nevaraercs (eciy ClenUalbHO HEe ClieNaH HeBHIUMBIM). Eciin cuHTakcndeckuit
aHaAJIM3aTOP OKAa3bIBACTCS B COCTOSHUH, KOTOPOE SIBJISETCS HECOBMECTUMBIM C CHHTAKCHCOM
a3bIKa, TO oTMevaercss "CHUHTakcuueckas ommOKka", ¥ CHHTaKCHUYECKHI aHaInu3aTop
cOpacbIBaeTcsi M1 BO30OHOBIISIET BBOJI B HavaJle CICAYIOIIEH BXOAHOM CTPOKH.

MoxxHO  MpoaHaJIM3UpOBaTh  TEKCTOBble  (aliabl,  HCMONB3yd  (QYHKIUIO
CUHTAKCHUYECKOT0 aHaln3a. B 9acTHOCTH 3TO Nenaercs BO BpeMs BBOAA (YHKIIUHU, KOTOpas
COXpaHsieT KOMaH/Ibl BO BHEIIHEM (haiiiie, U BBIOJHAET UX, KaK OyJTO OHU ObUIM BBEJCHHI Ha
KIIaBUaType. 3aMeTHM, TeM HE MeHee, Bech (Qaill aHaIM3WpyeTcs W TPOBEpsieTCS Ha
CHUHTAKCHC JI0 BBIITOJIHEHUS 000N OLIEHKH.

CHUMBOJIbHBIE CTPOKH, WM BEKTOPBI, MOTYT OBITh IpPOAHAIM3UPOBAHBI, UCIOIB3YS

CUHTaKCHUYecKuil aHanm3aTop s text= argument. Ctpoku 06pabaThIBalOTCS Tak, Kak OyATO
OHM OBLIM CTPOKaMH BXOJHOTO aiina.

10.1.2. BHyTpeHHee npeacTaBjieHUe

[Ipoananu3upoBaHHbIe BBIPAXKEHUSI COXpaHITCS B 00bekTe R, comepxaiieM aepeBo
CUHTAKCHUYECKOTro aHau3a. boiee moiHoe onucaHne Takux 00bEKTOB MOXKET OBITh HallICHO
B pazzgene 2.1.3 [O0bekTh! s3b1ka] u pazaene 2.1.4 [O0bekThl BeipaxkeHus |. Kpartko, kaxmoe
aJeMEeHTapHOe BhIpakeHne A XpaHutcs B opme BbI30Ba (PYHKIIMU KaK CITHCOK C TEPBBIM
DIIEMEHTOM, COJEPKaIINM UMs (YHKIIUU, U OCTATOK, COEPIKAIIUN apryMEHThI, KOTOPHIE B
JMAIBHEWUIIEM MOTYT OBITh BBIpaXeHUSMU A, DIIEMEHThl CHHCKAa MOXHO Ha3BaTh,
COOTBETCTBYSI TErOBOMY COOTBETCTBHUIO (OpMaNbHBIX U (PAaKTUYECKHMX apryMEHTOB.
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3amMeTuM, 4TO BCE JIEMEHTHI CUHTaKcuca A 00paboTaHbl CICIYIONIUM 00pa3oM, HaIlpuMeD,
NPUCBOCHUE X <-I 3aKOUpOBaHO Kak ' <-"(X 1).

10.1.3. O6paTHOe nmpeoOpa3oBaHue

JIr060i1 00bekT R MOXeT ObITH IPeoOpa3oBaH B BeIpaxkeHue A, UCTIONb3ys oOpaTHoe
npeobpazoBanue (deparse). DTo0 YacTO HCIONB3YETCS B COCAUHCHHH C BBIBOJOM
pe3yabTaToOB, HANpUMeEp, UII MAapKUPOBKH PHCYHKOB. 3aMETHM, YTO TOJBKO OOBEKTHI
pexuma "BbIpaxkeHue'", KaK MOXXHO OXHJaTh, OyAyT HEHM3MEHHBI, IIOBTOPHO aHATU3UPYS
BBIBOJ oOpaTHOTO mpeoOpa3zoBanus. Hampumep, uncinoBoit BekTop 1:5 OyaeT BHITIAIETH
npu obpatHoM mpeoOpa3oBanuu kak "C(1,2,3,4,5)", KoTopblli TOBTOPHO MPOAHATU3UPYET
Kak BbI30B (GYyHKIUU C B MakcuManibHO BO3MOXKHOI CTENeHU OIeHKa OOpaTHOTo
npeoOpa3oBaHrs U TMOBTOPHO MPOAHAJIM3UPOBAHHOTO BBIPAKEHUS JAeT OJAMHAKOBBIN
pe3yabTaT Kak OLIEHKAa OPUTHHAJIA, HO €CTh HECKOJIIBKO HEYKITIOXKHUX UCKIIOUEHUH, TIIaBHBIM
o0pa3oM BKJIIOYash BBIPAKEHMS, KOTOpbIE HE TIE€HEPUPOBAIUCH U3 TEKCTOBOTO
IpEeJCTaBICHUS Ha IEPBOM JTalle.

10.2. KommenTapuu
KommeHnTapun B A IpOMYyCKAIOTCsl CHHTaKCHYECKUM aHanu3aTopoM. JI100oi TekcT,
HauMHas ¢ CUMBOJIA #, U 1O KOHIIA CTPOKU NPUHUMAETCS 32 KOMMEHTApH, €ClIi CUMBOJI # He
3aKJIF0YEH B KaBBIYKHU B cTpoke. Hanpumep:

>x<-1 # 3Omo xommenmapui...
>y<-" #.. aosmommnem."

10.3. CranmapTHble 6J10ku - Tokens
Mapkepbl - 37IeMEHTapHbBIE CTaHIApPTHBIE OJIOKU s3bIKa MporpammupoBanus. OHU
PAaCIIO3HAIOTCST BO BpeMsl JIGKCHYECKOTO aHAJIN3a, KOTOPBIM (KOHIENTYyalbHO, MO KpaiHEeH
MEpe) UMEET MECTO JO CHHTAaKCHYECKOTO aHajiu3a, HEMOCPEJICTBEHHO BBIMOIHSIEMOIO
CUHTAKCUYECKUM aHAJIU3aTOPOM.

10.3.1. KoucTaHThI
Ectp nsate TumoB kouctauT: integer, logical, numeric, complex u string. Kpome Toro,
€CThb YeThIpe crieruanbubie Kouctautel: NULL, NA Infu NaN.

NULL wucmone3yercss mns ykazanuss Ha myctod oObekT. NA wucmomp3yercs st
orcyrcTBymomero (“He moctymHoro”) 3Hauenust gaHHbix. Inf 0003HauaeT OECKOHEYHOCTbD, U
NaN - He-uucno B wucuucieHuu tuiaBaronieii touku I[EEE (pe3ympTaThl omepanmii
cootBercTBeHHO 1/0 1 0/0, Hanpumep).

Jlornueckue konctantel — 1100 TRUE (MICTUHA), nu6o FALSE (JIOXD).

UrcnoBble KOHCTAHTHI CIEAYIOT 32 MOJOOHBIM CUHTaKCUCOM H3 si3bika C. OHU COCTOST
U3 1CJION YacTH, COCTOSIIEH W3 HYJIS WIM OOJBIIEr0 KOJMHYECTBA UMD, COMPOBOXKIACMBIX
JMOTIONHUTENBHO !, ® JApoOHOW dYacTH W3 HYJAS WM OOJBIIET0 KOIWYecTBa IHD,
JIONTOJTHUTEIILHO COMPOBOXKAAEMBIX CHUMBOJIOM SKCIIOHEHTHI, cocrosimed u3 ‘E’ wim ‘e’
JIOTIOJTHUTEILHOTO 3HAKa U CTPOKH OJHOM miu Oonee nudp. nmu npobHas wim necstuyHas

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

UwucioBble KOHCTAaHTHI MOTYT Tak)Ke OBITh IIECTHAIATCPUIHBIMK, HAUUHAACH ¢ ‘0X’,
wim ‘0X’, compoBOXKIaeMOro HyjieM Wid OonbimuM KomuuectBoM mudpp ‘a-f wmm ‘A-F’.
[TomnepkuBarOTCsS IMIECTHAAMATEPUYHBIC KOHCTAHTHI C IUIABAIOMICH TOYKOM, HCIOIB3YS
cuntakcuc C99, t.e. ‘Ox1.1pl’.

Tenepb cyliecTBYeT OTACNIbHBIA Kiacc IEJIOYUCICHHBIX KOHCTaHT. OHHM CO3MAr0TCs
npu  WcCHojib3oBaHWM crnenudukatopa L B konme uwucna. Hanpumep, 123L  naer
IIEJIOUMCIIEHHOE 3HaUeHHe, a He JeHCTBUTENbHOE 3HaueHue. MOXHO HCIONb30BaTh Cy(hdukc
L nns xBamudukanuu J000ro HE KOMIUIEKCHOTO YHCIIa C HaMEPEHHWEM CO3JaHUs IIeJIOTO
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qucia. Taxum 06pa30M, 9TO MOXKET HCIIOJB30BAThHCA C YHCIIaMU, Hpe,Z[CTaBJIeHHBIMI/I B
HICCTHAIATCPUIHOM HITH SKCIIOHEHITHAIBHOM BHUe. OHAKO, €CIM 3HAYCHHUE HE JOITYCTHMOE
OeJao€ 4YucCiao, BBIAACTCA Hpezlynpen(;[eHHe, U CO31a€TCAa HeﬁCTBHTeHBHOG 3HAUYCHHUC.
Crnenyrone TpUMEPhl TMOKA3bIBAIOT JOMYCTUMBIC IICJIOYHCICHHBIC KOHCTAHTBI, 3HAYCHUE
KOTOpBIX 6y,Z[GT I‘eHepI/IpOBaTI: Hpe;[ynpen(;[eHI/Ie 1 AdaBaTb HeﬁCTBHTGHBHBIe KOHCTAHTHI U
CHHTAaKCHYECKHE OIITNOKH.

Jomyctumeie 1ienouncinennsie konctanTsl: 1L, 0x10L, 1000000L, 1e6L
Jlomyctumeble urciioBbie KoncTanTol:1.1L, 1e-3L, 0x1.1p-2
Cunrakcuueckas ommoOka:  12iL 0x1.1

[Ipenynpexaenue BbIIAOTCA JUIsL  3HAYEHUS, KOTOPOE COAEPKUT HEHYKHYIO
JNECATUYHYI0 TOuKy, Hampumep, 1.L. D10 - ommbka uMETh [OECATUYHYIO TOYKY B
IIECTHAAATCPHYHON KOHCTAHTE O€3 ABONYHO CTEIICHH.

3aMeTHM TaKke, YTO TNpEAbLAyIIMd 3Hak (+ win -) o0paboTaH Kak YHapHbBIN
omneparop, a He Kak 4acTb KOHCTAHTBI.

AKTyasnpHas Ha HACTOSIIMHA MOMEHT MH(pOpMAaUus MO MPUHATHIM (GopMaTaM MOXKET
obITh Haigena myrem ?NumericConstants.

Y KOMIUICKCHBIX KOHCTaHT €CThb (OpMa JECITUYHOM UYHUCIOBOM KOHCTAHTHI,
compoBoKaaeMoi '/. 3ameTuMm, dYTO TOJABKO MPOCTO MHHUMBIC 4YHCaa - (DaKTHYECKHE
KOHCTaHTBI, APYrHe KOMIUJICKCHBIC YHCIIAa TMPOAHAIM3UPOBAHBI YHApHBIE WM OWHApHBIC
OTEpalMK HA YUCTOBBIX U MHUMBIX YHCTIaX.

JlonyCTHUMbIE KOMIUIEKCHBIC KOHCTAHTBI: 21 411 1le-2i

£ 5

CTpOoKOBbIE KOHCTAHTBI pa3rpaHUYCHBI Mapoil onuHapHbIX (° * *) win nBovHbIX (‘" 7)
KaBBIYEK W MOTYT COJep)KaTh BCE JApPYrHe IedaraeMble CHUMBOJIBL. KaBblukm u apyrue
CIEIMAlIbHBIE CHMBOJIBI B TIpEleNax CTPOK CHeHU(PHUIHMPYIOTCS, WCIONB3ys escape-
MOCJIEI0BATEIBHOCTH:

|’ OJIMHapHAas KaBbIuKa

" NIBOMHAS KaBbIUKA

In HOBas CTPOKa

Ir BO3BpAT KapeTKH

It CHAMBOJI BKJIAJIKA

b knaBuina Backspace

la 3BOHOK

If nepeBo popmara

lv BepTUKaIbHAs BKJIAIKa

[l HaKJIOHHAs YepTa BJICBO HEMOCPEICTBEHHO

|nnn cuMBOA ¢ MaHHBIM BOCBMEPHUYHBIM KOIOM - TOCJIEIOBATCIILHOCTH OJWH, JIBE
win Tpu udpsbl B 1uana3oHe 0... 7 IPUHSTHL

XN cUMBOJ C JaHHBIM MIECTHAIIATEPUYHBIM KOJIOM - MOCIICAOBATEILHOCTH OTHOU
WK JBYX IIecTHaANATepUIHbIX 1udp (¢ 3amucsamu 0 ... 9A.. F... 1).

lunnnn lu {nnnn}
(rme MHOTO OalTOBBIC JIOKATH TMOJACPKUBAIOTCS, WHade ommoOka). CUMBOI
Unicode ¢ naHHBIM MIECTHAANATEPHYHBIM KOJOM - IMOCIEAOBATEIBHOCTH [0
YeThIpeX MIeCTHaANAaTepuuHbIX mudp. CUMBOI TOIDKEH OBITH AOMYCTUMBIM B
TEKYIIEH JOKaJu.

\Unnnnnnnn \U{nnnnnnnn}

(rme MHOrO OaiToOBBIC JIOKATW moaiepkuBaroTcs a He Ha Windows, mHaue
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omunbka). CumBon Unicode ¢ maHHBIM MICCTHAANATEPUYHBIM KOJIOM -
10CJIEI0BATEILHOCTH 70 BOCBMH MICCTHAAIATEPUYHBIX ADP.

OnvHapHass KaBblYKa MOXET TakXke ObITb BCTPOCHA HENOCPEACTBEHHO B
pasrpaHMYEHHOMN CTPOKE ABOMHON KaBBIYKM U HA0OOPOT.

Haumnas ¢ R 2.8.0, ‘nul’ (\0) He mo3BOJICH B CHUMBOJBHON CTpPOKE, TaK Kak
ucronp3oBanne \0 B CTPOKOBOM KOHCTaHTE 3aBepliaeT KOHCTaHTY (OOBIYHO C
OPEAYNpeXkKJACHUEM):  JaJbHEHIINE CHUMBOJBI J0 KaBBIUKM HAa MOMEHT 3aKpBITHS
OTCKaHUPOBAHbBI, HO UTHOPHPYIOTCH.

10.3.2. Upnentuduxaropsl

WneHTudukaTopbl COCTOSAT M3 TOCIEIOBATEILHOCTH OYKB, udp, Touku (. ’) u
nonyepkuBaHus. OHU HE JOJDKHBI HaYMHATHCS HU € UU(DPBI, HU C MOTYEPKUBAHMS, HU C
TOYKH, COTPOBOKIaeMON P POH.

Omnpenenenre OYKBBI 3aBHCUT OT TEKYIIEH JIOKATH3AIMU: TOYHBII HA0OP JTOMYyCTUMBIX
CHUMBOJIOB JaeTcsi BeIpaxkenuem C(isalnum (c) // ¢ ==""// ¢ == ’_’) u Oyzmer 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 TaKXke, 4TO Yy OOBEKTOB MOTYT OBITh HMMEHA, KOTOpbIE HE SBISIOTCS
uneHtupukaropamu. K HUM 0OBIYHO MOJTyYarOT AOCTYI 4epe3 get u assign, XoTs OHU MOTYT
Takke OBITh TMPEICTAaBICHBl TEKCTOBBIMH CTPOKAMH TIPH HEKOTOPBIX OTPAaHUYCHHBIX
00CTOSATENHCTBAX, KOTJa HET HUKAKOW HEOMHO3HAuyHOCTH (Hampumep, X' <-I). Kak get u
assign, He OrpaHUYCHBI HMEHAM, KOTOpBIC SBISIOTCA WICHTH()UKATOpAMH, OHH HE
pacIo3HAIOT OINEepaTophl MPeoOpa3oBaHUs B HWKHHA HWHACKC WM 3aMEHSIOIINE (YHKIWU.
Crnenyronye 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 CJI0OBA

Crnenyronue uaeHTUPUKATOPHI UMEIOT 0CO00€ 3HAYCHHE M HE MOTYT HUCIOJIB30BaThCS
IUI 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. CnenuajJbHble ONIePaATOPbI

R mo3BoiisieT ompezenseMble MOJIb30BaTeIeM HH(HUKCHBIE OMEpaTophbl. Y HHUX BUJ
CTPOKH CHUMBOJIOB, pa3rpaHHUYEHHBIX CHMBOJIOM ‘%’. CTpoka MOXET coJepXaTb JII00on
neyaTaeMblii  cMMBOJI, Kpome ‘%’. [Escape-mocienoBaTeNbHOCTH ISl CTPOK 3/eCh HE
MPUMEHSIOTCS:

3aMeTHM, 4TO MpeoNpeAeIeHbI CIeIyIONUEe ONepaTOphL:
%%  %*% %/% %in% %0% %x%
10.3.5. Pa3zgeauTtenu

XOTsl HE CTPOro MapKephl, (parMeHThI MPOOEITHHBIX CUMBOJIOB (IMPOOEIIBI, TA0YISIIUH
u nepeoabl popmata B Windows u sokansix UTF-8 npyrue cumBoinsl npodenoB Unicode)
CILy’KaT JUJIsl pa3TpaHUyueHus MapKepoB B cllydae HEOJIHO3HAYHOCTH, (cpaBHUTE X<-51
X< -5).

VY HOBBIX CTPOK €CTh (DYHKIHS, KOTOpas SBISETCS KOMOWHAIMEH pa3JennTels
MapKepa U pa3fenuTens BoipakeHus. Eciiu BbpaskeHue MOXKET 3aBEPILINUTHCS B KOHIIE CTPOKH,
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CHUHTAKCUYECKHI aHaJIM3aToOp NPEAINOJIOKUT, YTO 3TO TaK M €CTh, MHA4Ye HOBas CTpOKa
obpabaTeiBaeTcs Kak mpoben. Touku ¢ 3amsaToit (;”) MOTYT MCIOJIBb30BATHCS IS pa3ACIICHHS
JJIEMEHTAPHBIX BBIPAKEHUW HA OJHOU CTPOKE.

CrenanpHble MpaBWja MPUMEHSIOTCS K KIOYEBOMY CIOBY €/S€. B COCTaBHOM
BBIPAKCHUU MPEXKIIE, YeM €/Se 3aBepIInTCs, Ha HauboJee ylaleHHOM YPOBHE, HOBask CTPOKa
3aBepIlacT KOHCTPYKIHUIO /f 1 mocieayroiee €/S€ BhI3bIBAIOT CHHTAKCHUYECKYIO OIIHOKY. ITO
HECKOJIbKO aHOMAJIbHOE MOBEJACHUE MPOMCXOAUT H3-3a MPUMEHEHHs AR B HHTEPAKTHBHOM
PEXUME, UTO TMO3BOJIET ONPEICINUTD, ABJISCTCS JIM BXOJAHOC BHIPAKCHHE MOJIHBIM, HETOJTHBIM
WM HEJIOMYCTUMBIM, KaK TOJIbKO MOJIb30BaTeNb HaxumaeT RET.

3anstas (°,)) HWCMONB3yeTCS I pa3ielieHus apryMeHTOB (YHKIMH W MHOTHX
WHJICKCOB.

10.3.6. OnepaTop-cumMBoOJI
Rucnonp3yeT ciaenyroume Mapkepbl OrepaTopoB:

+-*/%% " apHgpMeT HIecKHe
> >= <

<= == I= OT HOIIEHHH

!1&/ JIOTHYECKHE

~ @opMyibr MogeH
-> <- IIDHCBOCHHE

5 HHIEKCAIHA CITHCKA
,' [I0CTIEA0BAT EIBHOCT b
Y HEKOTOPBIX OTEPaTOPOB UMEETCS HHOE 3HaYeHHUe B pOpPMyIax MOJETH.

10.3.7. I'pynnupoBka
OObryHbIe Kpyriibie cKOOKH - ‘(" M ) * - MCHONB3YIOTCS VIS SIBHOM TPYIIIMPOBKU B
npesenax BRIPAKCHUH W pasTpaHWYCHUS CITMCKOB apryMEHTOB JUIS OINPEICTICHUI U BBI30BOB
byHKIMN.
@urypable ckoOku - {’ u‘} ’- pa3menstoT OJOKH BBIPAKEHUH B OMNpEAETICHUAX
(YHKIMIA, YCIIOBHBIX BBIPQKECHHUSX W UTEPATUBHBIX KOHCTPYKIUSX.
10.3.8. CumBoJ uHAEKCA
Wupekcaiusi MacCMBOB M BEKTOPOB BBIMOJIHSAETCS HCIIOJIB30BAaHUEM OTACIbHBIX U
nBoiHbIx ckoOok ‘f J u ‘[ J]. Kpome Toro, MHAEKCAIUS TErOBBIX CIIMCKOB MOKET OBITH
clieiaHa, UCIob3ys omneparop “§.

10.4. BeipaxeHus
[Iporpamma R COCTOMT W3 MOCIEAOBATEIIBHOCTU BhIpakeHUW K. BeIpakeHne MOKeT
OBITh TIPOCTHIM BBIPAYKEHHEM, COCTOSIIIIUM TOJIHKO M3 KOHCTAHTHI WU HIEHTU(PUKATOPA, WU
OHO MOKET OBITh COCTaBHBIM BBIpaXXEHHEM, CO3JaHHBIM U3 JIPYTMX YacTei (KOTOpble MOTYT
CaMOCTOSITENILHO OBITh BBIPAKECHUSIMH).

Crnenyromme pasfensl JACTAUIM3UPYIOT PpPas3iIUyYHbIe JOCTYIHBIE CHHTaKCHYECKUE
KOHCTPYKLIUU.
10.4.1. BbI30B QyHKIHUIA
BezoB ¢ynkmun npuHuMaer (GopMy (GyHKIMOHAIBHOM CCBUIKH, COMPOBOXKIAEMOM
CIIMCKOM pa3/IeJIEHHBIX 3aMATON 3HaYEeHUH psifia apryMEHTOB B Ipeieax KpyIiblX CKOOOK.

function_reference (argl, arg2, ...... ,argn )
Taxxe QpyHKIMOHANIBHAS CCHITKA MOXET OBITh!

® WUACHTUPUKATOPOM (MMeHeM (YHKIIMH);

® TEKCTOBOM CTPOKOH (Tak ke, HO ynoOHee, ecii y (YHKIMHU €CTh MM, KOTOPOE
HE SIBJIICTCS JOMTYCTUMBIM UACHTU(PUKATOPOM),

® BBIpaXEHHEM (KOTOPOE JTOJKEH OIEHUBATHCS K (DYHKIIMOHAILHOMY OOBEKTY),
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Kaxaplii apryMeHT MOKET OBbITh TErupoBaH (fag=expr), niu ObITh JHIIb MPOCTHIM
BbIpaxkeHHEeM. Takke OH MOXET ObITh IYCTBIM, UM OH MOKET OBITh OJHUM U3 CIEIUAIbHBIX
Mapkepos ...°, ‘.. 27, U T.1.

Ter Mmoxet ObITH UIAEHTH(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 . Cyddukc u npedukc onepaTopon
[Topsimok ouepenHocTr (CaMblii BEICOKHH TEPBBIii) OIIEPaTOPOB:

$@

N

-+ (unary)

%xyz%

*

+ - (binary)

S S=E < <= == =

!

& &&

Ll

~ (unary and binary)
> S>>

= (as assignment)
<- <<-

3ameTuM, YTO: MPEAIIECTBYEeT ABOWYHBIA +/-, HO He ~. CnemoBarenbHo, 1:3-1

pasusiercs 012, Ho 1:2”°3 paBusercs 1:8.

Oneparop BO3BEIECHUS B CTENEHD "’ U JIEBbIE OMEPATOPHI MPUCBAUBAHUS TTIOC-MUHYC
‘<-= <<-’ rpymnmna crnpaBa HaJ€BO, BCS Jpyras rpyllia olepaTopoB cjeBa HampaBo. Takum
obpazom, 2" 23 paBHO 28, a He 43, torna kak 1 - 1 - 1 paBao —1, a me 1.

3ameTuM, uto omeparopbl %% u  %/% AN 1EeTOYMCIEHHOTO OCTaTKa W JICJICHUS,
UMEIOT 00Jiee BBICOKUI MPUOPHUTET, YEM YMHOKEHUE U JIeJICHHE.

XOTs1 OH HE CTPOr0 OMNEpPaTOp, HO OH TAK)KE HYKJIAETCS B YINOMHHAHMM: 3HAK =’
UCTIONb3YyeTCsl JUIsl TETMPOBaHMS AapryMEHTOB B BBbI30BaX (QYHKUMU W AJs IPUCBOCHHUS
3HAYeHUS M0 YMOJYAHUIO B (DYHKIIMOHAIBHBIX OMPEACTICHUIX.

3nak  ‘$’ sBHseTC B HEKOTOPOM CMBICJIE ONEPATOPOM, HO HE IO3BOJISACT
MIPOU3BOJILHBIC MPaBble CTOPOHBI U 00CyxAeH B pazzaene 10.4.3 [MHIeKCHbIE KOHCTPYKIIUH].
Y Hero 6osiee BEICOKHI MPUOPUTET MO CPABHEHUIO C JIFOOBIM IPYTUM OMEPATOPOM.

[Ipoananu3upoBanHas ¢opmMa yHapHOH WM OMHAPHOM omepanuu abCOIIOTHO
SKBUBAJICHTHA BBI30BY (DYHKIIMH C ONIEPATOPOM Kak MMs (QYHKIIMU U OTIEpaH/IaMH B KaueCTBE
apryMeHTOB (yHKIIHH.

Kpyrible ckoOKu 3amucaHbl Kak SKBHBAJCHTHBIC YHApHOMY oriepaTopy ¢ umeHem ("
Jla)ke B CIIydasiX, IJle KpyIJyible CKOOKM MOINIM ObITh BBIBEJCHBI M3 IPUOPUTETA OINEpaTOpa,
Harpumep, a * (b + ¢).

3aMeTUM, 4YTO CHMBOJIBI TIPUCBOEHHMS - OIEpaTOpbl TOYHO TakKHE K€, Kak
apu(MeTHYECKUe, PENIALMOHHBIE U JOrMYeCKHe onepaTopbl. Takke pa3pelieHbl BhIpaXKeHUs
Ha I1€JIEBOM CTOPOHE NPUCBOEHHUS HACTOJIBKO, HACKOJIBKO CHUHTAKCHYECKOIO aHaJIU3aTopa
KacaeTcsl JOIMYCTHMOCTh BbIpakeHUs. (2 + 2 <-5 sBiseTcs IOMYCTUMBIM BBIPaKCHHEM
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HACTOJIBKO, HACKOJIBKO KAacaeTCs CHHTAKCHUYECKOrO aHaIM3aTopa. XOTs CPElICTBO aHaIn3a
AaBisieTcsl 00beKTOM). [lo00HBIE KOMMEHTAapUU TPHUMEHSIOTCS K omeparopy (hopmyiibl
MOJICTH.

10.4.3. KoHcTpyKIIMSI HHAEKCOB
Y R ecTb Tpu KOHCTPYKIMH MHJEKCALMH, IBE U3 KOTOPBIX CUHTAKCUYECKH MOJIO0HHBI,
XOTs1 C HECKOJIBKO Pa3JIMYHON CEMaHTUKOM:
object [ argl, ...... ,argn ]
object [[ argl, ...... ,argn 1]
®opmManbHO OOBEKT MOXKET OBITH JIFOOBIM JOMYCTUMBIM BBIPR)KEHHUEM, HO 3TO, Kak
IIOHUMAIOT, 0003HAYaeT MM OLIEHUBAET MOJYCTAHABIEHHBIH O0BEKTY. APryMEHThl OOBIYHO
OLIGHUBAIOT K JICHCTBUTEIIbHBIM WJIM CHMBOJIbHBIM MHJEKCaM, HO BO3MOXKHBI JIPyTH€ BH[IBI
aprymeHToB (ocooenno npu drop = FALSE).

BHyTpeHHUEe MHIEKCHBIE KOHCTPYKLIUU COXPAHATCS KakK BBI3OBbI (DYHKIIMHM C UMEHEM
¢byukuuu "[" wiun, coorBeTcTBeHHO, "[[".
TpeTbsi KOHCTPYKIMS UHAEKCOB UMEET BUA:
object $ tag
3nech, OOBEKT Kak BBIIIE, TOT/Ia KaK Ter - WIACHTU(DUKATOP UM TEKCTOBas CTPOKa.
BHyTpeHHe cCOXpaHHUTCs KaK BbI30B (QYHKIMH ¢ uMeHeM "$".
10.4.4. CocTaBHbIE BbIpAKEeHUS
CocTaBHOE BbIpaX€HUE UMEET BU/I!
{exprl ;expr2 ;... ; exprn }
ToukM C 3amATON MOYKHO 3aMEHMTH IIEPEBOJOM CTPOKU. BHYTpeHHE COXpaHUTCS Kak
BbI30B (pyHKIMU ¢ "{" KaK UMs (PYHKITUU U BBIpKEHUS KaK apryMEHTHI.
10.4.5. DaeMeHTHI yNpaBJjJeHUs MOTOKOM
R comepxuT  cienylolmue  CTPYKTYpbl — YIpaBICHUS  Kak  CIHEIHaJbHbIE
CUHTaKCHUYECKNE KOHCTPYKIUH:
if (cond ) expr
if (cond ) exprl else expr2
while (cond ) expr
repeat expr
for (var in list) expr
BbipakeHus: B 3TUX KOHCTPYKLHUSAX OOBIYHO OYAYT COCTAaBHBIMHU BBIPAKCHHUSIMHU.
B mpenenax konctpykumii mmkna (while, repeat, for) moxxHo mcnonb3oBaTh break
(m1st 3aBepiicHMs 1TUKIa) U Next (U1 mepexoaa K CIEAYIOIIeH HTEPaIlin).

BHytpenHe, KOHCTPYKITUU COXPAHSTCS KaK BBI3OBHI () YHKIIHH:
"if"(cond, expr) "if"(cond, exprl, expr2)

"while"(cond, expr) "repeat”(expr)

"for"(var, list, expr) "break"()

"next"()

10.4.6. Onpenenenne pyHKIuii
Omnpenenenue pyHKIIMU UMEET BU/T;
function (arglist ) body
Temo ¢yHKIHMU - BhIpa)KEHHE, YACTO COCTABHOE BBIpaXKeHHe. arglist - crmcok
pa3[eNeHHBIX 3alsITOM  3HAYCHHW DSJIEMEHTOB, KaXIbli M3 KOTOPBIX MOXKET OBITh
unentudukaropom, win Buma ‘identifier = default’, wiu cnenumaneueii mapkep “...°. ITo
YMOJTYaHUIO MOXKET OBITh JTFOOBIM JOMYCTUMBIM BBIPAKEHUEM.

3aMeTHM, 4TO y apryMeHTOB ()yHKIHUU B OTIMYME OT TErOB CIUCKA, U T.Md., HE MOXET
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OBITH “‘CTPaHHBIX UMEH ’, TPEJOCTABICHHBIX B BUJIE TEKCTOBBIX CTPOK.

Buyrpenne omnpenencHue (GYHKIMH XPAHUTCS KaK BbI30B (YHKIMH C HMEHEM
¢byuxuuu function u gByms aprymenramu: arglist v r eqom. arglist xpaHuTcsi Kak TErOBBIN
HapHBIi CIHCOK, II¢ TErH - UMEHA apryMEHTOB, a 3HAYEHHUE - BRIPAKEHHS 10 YMOTYAHHIO.

10.5. {upekTHBBI
CHHTaKCUYECKUH aHAIM3aTOp B HACTOSAINIMN MOMEHT MOJIEPKUBAET TOJIBKO OIHY
nupextuBy #/ine. Ona mogo6Ha aupekTrBe npenporeccopa C ¢ atum ke nmMeHeM. CHHTaKCHUC
UMEET BUJI:

#line nn [ "filename™ ]
rae /1 - UENOYHCICHHBI HOMEpP CTPOKH, M JOMOJHHUTEIbHOE #Msg ¢parna (pu
HEOOXOUMOCTHU B IBOWHBIX KaBBIYKAX):

names the source file.
B otnuune ot aupektusbl C, #/iné nomkHa MOSBUTHCS Kak MEPBbIC MSTh CHMBOJIOB
Ha crpoke. Kak B C, /n u 3anmcek "filename" moxer ObITh pasgencHa mpoOemnamu. M B
otiuume oT C, 9To-1100 MOCe TeKCcTa Ha CTpoKe OyaeT o0padaThiBaThCsl KaKk KOMMEHTapUl U
UTHOPUPOBATHCA.

DTa AUPEKTHBA TOBOPHUT CHHTAKCHYECKOMY aHAJIM3aTopy, YTO CIIEAYIOIAs CTPOKa
SBISICTCS CTPOKOHM /11 w3 (aiima ¢ wmenem filenane. Eciu ums ¢aiina He gaHO, TO
OpENoiaraeTcsi, 4ro HUMs CIEAYyeT B3ATh W3 Mpeablnymel ampekTuBbl. OObIUHO HE
UCIIOJIB3YETCS  MOJB30BATEIIAMH, HO MOXET HCIIONb30BaThCS IMPEMPOIIECCOPAMH IS
OTHECCHUS IMarHOCTHIECKUX COOOIIEHNH K UCXOMHOMY (aiiy.
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IIpnnoxenue A. CcbUIKH
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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