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IlpeaucaoBue

Obwuti npuHyun PacnpocmpaHerus 3HaHUl: HOB0E
nobeostcdaem He NOMOMY, YMO CMAPUKU €20 BBLYHU-
8a10M, G MOMOMY 4MO NPUTOOAM HOBHLE NOKOAEHUS,
KOmopuwle €20 3Harom.

Ksxura sgBisgercsa yuaeOHBIM IOCOOHEM IO OCHOBAM IIPOIPAMMUPOBa-
HIS B TaK Ha3bIBaeMOM (PYHKIIMOHAJILHOM CTHIE. B KauecTBe OCHOBHO-
ro sI3bIKa IporpaMMupoBaHus ncmonab3yerca Haskell — coBpemenmbrit
SI3BIK, TTO3BOJISIONINI TPONLIIOCTPUPOBATH BCE OCHOBHBIE KOHIIEITIIAN
GYHKIHOHAIBHOTO CTHJIS IPOrPAMMUPOBAHMSI.

[IporpamvupoBanue B (pyHKIIMOHAJIHLHOM CTHJIE 3HAYUTETHHO OT-
JIMYAETCsT OT HOJIee MUPOKO PACIIPOCTPAHEHHOTO UMIIEPATUBHOTO (11~
PEKTUBHOIO) cTuJisi. [0 mCTOpHUYecKUM IPpUYMHAM — [epPBbIe TPOrPaM-
MBI COCTOSIN U3 MOCTeJ0BATEeIbHOCTA MAIITMHHBIX NHCTPYKIUA — MTPO-
rpaMMBbI Yallle BCEro IMPeIACTABISIOT cOoDOit HabDOp WHCTPYKIIUI JIJIs
paboThI ¢ sgUeiiKaMU KOMIIbIOTEpHON mamaTu. [IpucBamBanus, msme-
HEHWE COMEPKUMOTO sideeK, Tepejiava yIpaB/IeHus Ha JApyrue OJIOKH
MHCTPYKIUHA — BOT OCHOBHBIE YaCTH MPOTPaMM, HAITMCAHHBIX B ITPOIle-
AYPHOM CTHJIE.

[Iporpammbl, HamucaHHbIE B YUCTO (DYHKIIMOHAJIHLHOM CTHUJIE, CO-
CTOSAT JINIIb U3 00ObABIEHUI U ompeaeaeHnit pyHKINI, OHI HE comep-
JKaT OIepaTOPOB IPUCBANBAHUS U IIO3TOMY HE MOT'YT UMeTh ITODOTHBIX
3dPEKTOB, CBA3aHHBIX C M3MEHEHNEM 3HAUEeHNH mepeMeHHbIX. Pe3yib-
TATOM PabOThI TAKOW MPOrpaMMbI ABIAIOTCA BBIYUCIEHHBIE 3HAUCHUS
OJTHO# MM HECKOJbKUX (DYHKITHIA.

Haskell aBasercss s3bIKOM, TOAAEPIKUBAIOIINAM TOJIUMOP-
)\ ¢duU3M TUIIOB U JIEHUBBIE BBHIUUCICHNUSA, OH OTHOCUTCS K UUCTO
PYHKIMOHATBHBIM S3bIKaM IIPOTPAMMUPOBAHUS, OTINIASACH

IIPU 3TOM OT BCEX APYTUX (DYHKIIMOHAJIBHBIX SI3HIKOB.

Haskell 6asupyercst na asvbaa ncanciaenun (lambda calculus), mo-
STOMY rpedecKas OyKBa A BIFETCS ero SMOIeMOil.

6



IIpeducrosue 7

CBoe NMS 3TOT A3BIK IOIYYUI B 9eCTh MaTeMaTHKa U JOIIKa Xac-
kemta Bpyke Kappu (Haskell Brooks Curry), ubn paboThl 1m0 MaTe-
MATHYECKOH JIOTHKe ABUINCH (DYHIAMEHTOM i ceMeiicTBa (pyHKIN-
OHAJIBHBIX sI3bIKOB (Hampumep, Curry).

[Ipu u3M0OXKeHUU MaTepuasa MPEeNoaaraeTcs, 9TO YUTATeIb YiKe
00J1a1aeT HEKOTOPBIM OITBITOM PAOOThI HA KOMITBIOTEPE W UMEET MPE/I-
CTaBJIeHHE O COBPEMEHHBIX MH(OPMAIMOHHBIX TEXHOJIOIUsAX (B 9acT-
HOCTW, 3HAKOM C TTOHSATHEM WHMOPMAIINY U TPUHIINTIAMHI €€ KOTUPOBa-
HIsI, HA3HAUEHNEM OIEepPAIMOHHBIX CUCTEM W UX COBPEMEHHOM COCTOSI-
HIEM, yMeeT paboTaTh ¢ pemgakTopaMu HeOPMATHPOBAHHOTO TEKCTA
VT, L),

B KHWUTe UCIOIB3YIOTCSI HEKOTOpPble OOO3HAYEHUs, TOMOTAOIINE
CTPYKTYPUPOBATh M3JaraeMblii MarepuaJj. Tak, Ha4aJ 0 ynpaskKHeHU
MOMEYEeHO 3HAKOM P, a WX OKOHUYaHue 3HakoMm «. Hazmadenume mome-
Tok A u H Ha mossx KHUTM CBSI3aHO C ONPENEJICHUSIMI W BBI3bIBAMM
byHKIHIIT, OHO OYIeT YTOYHEHO B CJIeAYIOIIeil TIaBe.



I'maBa 1

DyHKIIMOHAJbHAadA IIapaaurMa B
IIpOorpaMMHAPOBaHUN

1. Ctuim mporpaMMUPOBAHUSI

B copokoBBIX romax IBaJIaTOr0 BeKa OBLIN IIOCTPOEHBI IIepBbIe
KoMITboTephbl. OHU YIPABISINCH C IIOMOIILIO OTPOMHBIX ILIAT IIepe-
KJIfo49aTeseif, Ho KaK TOJbKO CTaJa BO3MOYKHA 3alNCh MTPOTPaMMBbI B
MaMATh KOMMObIOTEPA, MOABUJINCH W TEePBbIe A3BIKN ITPOTPAMMUPOBA-
HIUS.

N3-3a TOro, 9TO B TO BpEMsi UCIIOJIb30BAaHUE KOMIIbIOTEPA OBLIO
BeCbMa, JIOPOTO, OYEBUIHBIM BBIXOOM OBLIO CO3JaHUE SI3bIKA ITPOTPAaM-
MUPOBAHUS C aPXUTEKTYPOii, HACTOJIBKO OJIM3KON K apXUTEKType KOM-
IbIOTEePa, HACKOIBKO BO3MOKHO. OCHOBHBIMU KOMITOHEHTAMU KOMITHIO-
Tepa ABJISIOTCS TPOIEeCCOp U maMsTh. [losTomMy mporpamMma cocTosiIa,
13 UHCTPYKINil, U3MEHAIONNX MaMATh U UCIOJHAEMBIX IIPOIECCOPOM.
Hactynumno BpeMsa umnepamusrozo cmuas npozpammuposari.a.

A B MaTemaTuke, y:Ke Ha IPOTSKEHUM HECKOJILKUX CTOJIETHIA,
aKTHBHO HCIIOJIL30BaJIOCh moHATHe PpyHKIuu. C nmoMmomnipo QyHKIi
MOYKHO BBIPDA3UTh CBSI3b MEXK/IY TTapaMeTpaMu (apryMeHTaMu, BXOIHbI-
MU JTAHHBIMHU) U PEe3YJIbTATOM (BBIBOJOM ) OIIPEJIETEHHOrOo Iporecca. B
KazKJOM BBIUKCICHUHU PE3yJIbTAT OIPeJeJeHHBIM 00pa3oM 3aBUCUT OT
napamMeTpoB. [losromy PYHKINM — XOPOMINii HHCTPYMEHT JIJIsl IIPOBe-
JleHus BurYuciIeHuit. 1Ix ncnosb3oBaHue U JIerjio B OCHOBY (PyHKUUO-
HAABHO20 CUAA TIPOTPAMMUPOBaHudA. [IporpaMMa, HallMCaHHASA B Ta-
KOM CTHJI€, COCTOUT U3 OIpedeIeHII OHO! NIN HECKOJIbKIX (DYHKITUIA.
[Tpu BBITONIHEHNN TPOrpaMMBbl (DYHKIUAM HepefaloTcs TapaMeTphl 1
BBIUNCISETCA UX Pe3YJIbTaT.

[Ipn mpomomskaromeiicss TEeHIEHIINN yIEIIeBIeHUsT KOMIIbIOTEPHO-
ro BpeMeHH U yBeJINUEeHU! PacXO0B Ha OILIATY TPyIa pa3padoTInKa

8



2. DyndamernmasrbHvle KOHUEnUUU 9

(mporpaMMmucTa) CTAHOBUTCS BCe HOJlee BasKHON BO3MOYKHOCTH OTIHCA-
HU$ BBIYUCTIEHNH B 3bIKE TPOIPAMMUPOBAHUS TePMUHAMU OOJTee OJII3-
KIMU K «9eJI0BEUYeCKOMY MUPY», YeM K MUPY KOMIbioTepoB. OyHKIIN-
OHAJIbHBIE S3BIKM COYETAIOT B cede TPAJUIINU MATEMATUKH U HE3aBU-
CUMOCTHU OT KOHKPETHOU apXUTEKTypbl KOMIbIOTEPA.

Teopernueckass OCHOBa UMIIEPATUBHBIX A3BIKOB ObLIa pa3paboTaHa
B TPUJLATHIX FOJIAX ABaANATOrO Beka Ananom Thopuarom (B AHrimm)
u JTzxkornom don Hetomanom (B CIITA). Teopusi dbynkimit, Kak Moeb
IJIs BBIYUCJICHNI, TaKKe MPUIILIA U3 ABAAIATHIX 1 TPUIAIATHIX TOI0B.
Cpenu ocuosaredeit 6bn M. [HTondunkens (B epmannu u Poccun),
Xackenn Kappu (B Auraun) u Anonco Yepu (8 CIIIA).

B nagaJjie maTuIecaThIX TOJIOB MOSIBUINCH UJIEN PEATHHOTO UCIIOTh-
30BaHUs ITOI TEOPUU B KAUECTBE OCHOBBI JJIsI SA3bIKA MIPOrPAMMUPOBa-
uust. f3pik Lisp /Ixxona MakKaptu Obi1 mepBbiM (DYyHKITMOHAIBHBIM
SI3BIKOM TTPOTPAMMUPOBAHUS W OH OCTABAJICS €IWHCTBEHHBIM OJITHE
ronbl. HecmoTpsa Ha To, uTo Lisp /10 cMX MOp HUCHOIB3yeTCs, OH He
YIOBJIETBOPSET MHOTUM COBPeMeHHBIX MoTpeOHOCTsaM. B 80-x mosgBu-
JIOCH DOJIBIIOE YNC/IO PYHKIMOHATIBHBIX S3BIKOB ITPOTPAMMUPOBAHMS:
ML, Scheme (momndunuposannsiii Lisp), Miranda — BoT HECKOIbKO
[IOJOOHBIX A3BIKOB.

[IpakTryeckn KarKJbIfi y4UeHBIT TONO BpPEMEHU TbITAaJICs pa3pado-
TaTh CBOI si3bIK. QObEeIUHUBINNICH BMECTE OOJIBINAs TPYIIa BbIIAI0-
IMUXCA YYEHBIX CO37Iajia HOBBIM S3BIK, COYETAIONIWH JydIne CTOPO-
HbI PA3JIMIHBIX A3BIKOB. [lepBble Bepcum 3TOTO g3bIKA, HA3BAHHOTO
Haskell, mosBumucy B Hagasae 90-x, u OH OBICTPO CTAJI MOIMYISTPHBIM.

2. OyHgaMeHTAJbHBbIE KOHIIEIIITINI

O yHKIMOHAJBHOE TPOTPAMMUPOBaHUE 00513aHO CBOUM HA3BaHUEM
TOMY (paKTy, UYTO TPOTPAMMBbI TOJHOCTBIO COCTOAT U3 (DyHKIHH. Xa-
pPaKTepHOI 4epToil (pYHKIIMOHAILHOTO MPOrPAMMUPOBAHUS ABJISETCS
TOT PaKT, 9TO, HECMOTPST HA OTCYTCTBUE 33 JaHHOTO TTOPSIIKA BHITHUCTIE-
HU, pe3yIbTaT ompejiesieH oaHo3HaYHo. JIpyrumu cioBaMu: 3HaveHne
BbIpazkeHus ((bYHKINN) — 9TO BeJIMUNHA U 3371298 KOMIbIOTEPA YIIPO-
CTUTH BbIPAyKEHNEe U BBIUYUCIUTDH €ro 3HAUYEHUE.

[IpoteaypHast mporpaMma COCTOUT U3 MTOC/IeI0BATETHHOCTH OTlepa-
TOPOB U TIPEJIOKEHU, YIPaBJISIONINX TOCAEI0BATE/IBHOCTHIO UX BbI-
MOJTHEeHNA. TUMUIHBIMI OIePATOPaMI SBJSIOTCA OIePaTOPhI IPUCBa-
VBAHWUA W TIePEIady yIPABJIEHNsI, OEPATOPhI BBOJA/BBIBOA U CIIEI-
aJIbHBIE MTPEJJIOYKEHNS JIJIs OpTraHu3aln IUKI0B. VI3 HUX MOXKHO CO-
CTaBJIATH (PParMeHThI IPOrpaMM U MOAIPOTrpaMMbl. B ocHOBe TaKOro
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IIPOTPaMMUPOBAHUS JIesKaT B3ATHE 3HAUYEHHe KAKOW-TO IepeMeHHOI,
COBepIIeHNe HaJl HUM JefiCTBHA U COXpaHeHHe HOBOIO 3HAUEHH C II0-
MOIIBIO OMepaTopa MPHUCBAMBAaHUA. DTOT MPOLECC MPOMOIKACTCA JI0
TeX MOp MOKa He OyneT noydeHo (M, BO3MOXKHO, HalledaTaHO) JKesae-
MOe OKOHYATEILHOe 3HAUCHHE.

OyHKIMOHAIbHAS TPOrPAMMa, COCTOUT U3 COBOKYITHOCTH OITPeIe-
nenuit pyuknuit. QyHKINN, B CBOIO OYepe/b, MPEICTABISIOT CO0Oit
BBI3OBBI APYTuX (DYHKIINH U MPEII0KEHN , YIIPABIAIONINX TOCTeT0Ba-
TeTbHOCTHIO BHI30BOB. BhIUncIeHnss HAYNHAIOTCS ¢ BI30Ba HEKOTOPOit
¢dyHKIMU, KOTOpasi B CBOIO OY€PEIb BBHI3bIBAET (DYHKITUU, BXOIAIIINE
B ee ollpeJiesieHne M T. JI. B COOTBETCTBUM C MepapxXueil olpeieseHnin
U CTPYKTYPO#l YCTOBHBIX TpeiokeHuit. OyHKIIMT YacTO JTUOO MPIMO,
700 OMOCPEIOBAHHO BBI3BIBAIOT caMu cebsi (PEKypCHst).

Kaxxap1it BbI30B BO3BpaIllaeT HEKOTOPOE 3HAYEHUE B BBHI3BABIIYIO
ero (PyHKIINIO, BEIYUCIEHIE KOTOPOI MTOCIe 3TOTO MPOIOIKAETCA; STOT
IIPOIIeCC TIOBTOPSAETCA [0 TeX TOP, TMOKa 3aIyCTUBINAs BBITUCTIEHUS
pyHKIMS He BepHET KOHEUHBIN Pe3y/bTaT MOJIh30BaTeN 0. «ducroes
pyHKIMOHAIBHOE TTPOrPAMMUPOBAHNE He TPU3HAET MPUCBAWMBAHUN 1
mepegad yIrpaBIeHU .

YacTo omnpenensiorT (pyHKIMOHAJIHLHOE MPOrpaMMUpPOBaHIE Yepe3
OTpHIIAHNE, TOBOPS, UTO (PYHKIIMOHAJIHLHOE TPOTPAMMUPOBAHUE — JTO:

e [Ipozpammuposarue, 6 KOmopom wem nobounux sgpermos (side
effects), & mom wucae mpaduyuonnozo npuceausanus. FEdun-
CMBEHHBIM «IPPeKMOM> BbINOAHEHUA A1000T PYHKUUY ABAAEMCA
BHUUCAEHHDIT PE3YALMAM.

BriBaloT pejikue WCKJIIOUEHUs, HAIPUMEDP, OMepallii BBO/Ia-BbIBO/IA,
KOTOPBIE, €CTECTBEHHO, M3MEHSIOT (PU3UIECKOe COCTOSHUE BHEITHUX
YCTPOMCTB.

L4 HOC?COJLb%y HEM nNpuceausaHusd, NEPEMEHHDBIE, NOAYHYUES 3HAYEHUE
8 Hauane baoka SbL%UC,/LBHU’lj, boave HuKo20a €20 HE MEHAIOM.

DTO MOXOXKe Ha POJIb MEePEMEHHON B MaTeMaTHdecKux (popMyJax u
B MareMaTuke BoobIe. TakuMm oOpa3oM, mepeMeHHbIe — 3TO IIPOCTO
COKpallleHHas 3alliCh NX 3HAYEHUH, U Ha MeCTO IIepEeMEHHBIX B IIPO-
rpaMme BCeria MOXKHO BCTABUTH CAMU 3HAYEHUS ).

o Hem sasno020 ynpasienua nocaedosamesvbHOCbIO SUNONHEHUA
onepayuti (flow control).
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OTcyTcTBre MOOOYHBIX (M PEKTOB BEIET K TOMY, UTO IMOPAIOK IIPOBE-
JIeHUsT BBIYUCIEHNI CTAHOBUTCA HECYIEeCTBEHHBIM: IIOCKOIBKY Ha BbI-
YUCASIeMbI Pe3yaIbTaT He BJIUSIOT HUKaKWe Mo0OYHBbIe 3(DMEKThI, He
BasKHO, KOI'Ia, BBIYUCISATH 3TOT PE3YJIbTAT.

[IpakTrueckn Bcerma IporpaMma, HaIUCaHHAA B (PYHKIIHOHAIb-
HOM CTHJIEe, ObIBaeT Ha IOPSI0K KOpOUe IIPOrpaMMbI B CTHUJIE HMIIE-
PaATUBHOM.

2.1. BeanumHbl

B ¢yuknmonabHOM TPOrpaMMUPOBAHNH, KaK B MaTeMaTHUKe, BbI-
parKeHue UCTONb3YeTCs TOMBKO JJIsl OMUCAHUS (MU OOO3HAUEHUST) Be-
auaubbl. Cpeay TUIOB BEIUYUH B BBIPAXKEHUAX MOTYT BCTPEUATHCS
CJIeYIOIMe: YNCIa PA3JINYHbIX TUIOB, JOTUYECKNe BEJINYUHDI (truth
values), cuMmBoOJIBI, yTOpsimoueHHble MHOKecTBa (tuples), dyHKIMM 1
cuucku. Bce oHm OyayT ommcaHbl B HajjerkalleM MecTe Kypca. Kak
MBI JTajiee YBUANM, BO3MOXKHO CO3JJaHUEe HOBBIX TUMOB BEJIMYUH U OTIpe-
JieJIeHne onepanuii Jyid reHepalnui U MaHUITY AN STUMUA TUITAMU.

MozkeT OBITH HECKOIBKO IPEICTABICHNN OTHOI 1 TOH K€ BeJIMYN-
uHbl. Hampumep abcTpakTHOE UHCIO COPOK JAEBATH MOXKET ObITH IIpejl-
CTaBJIEHO JeCATUIHBIM uncioMm 49 nian BbipazkenueMm 7* 7. KommboTep
0OBIYHO OlepUpPYyeT € IBOMIHBIM TpeacTaBaerneM dncesn (110001).

2.2. OyHKINN

Hawnbosee BaKHBIM THUIIOM JAHHBIX B (DYHKIIMOHAJIHHOM IIPOrDaM-
MUPOBAHUU ABIAIOTCA PYHKIUNA. MbI MOKeM MPUMEHUTH (DYHKIINIO K
KaKMM-JIMO0 apryMeHTaM U BBIBECTH PE3YJILTAThI (B MPEIIIOI0KEHNUH,
9TO PE3yJbTAT MOMKET ObITh MOKa3aH). [0BOPs sI3bIKOM MaTeMaTHKH,
dyuKIMST f — 9TO 3aKOH COOTBETCTBUsI, KOTOPBIl COMOCTABJISET Ka-
JKJIOMY SJIEMEHTY U3 JAHHOIO MHOKecTBa A odun edumncmeerHbill
3JIeMeHT n3 MHOXKecTBa B. Twum sneMenToB 3 MHOXKecTBa A Ha3bIBa-
eTcsl UCXOJIHBIM (Source) THIIOM, THIl JIEMEHTOB U3 MHOXKeCTBa B —
mesieBbiM (target) Tunom dyukmun. COKpaIeHHO Mbl GyIeM 3aluchl-
BaTh 3Ty nHpopmammio kKak f :: A — B. Hanpumep, dbyukmusa square,
ACCOLMUPYIOIIAs ¢ KayKJIbIM IIeJIBIM YHUCJIOM €ro KBaJIpaT, UMeeT CJie-
AOYIOMIUI TUII:

square :: Integer -> Integer

O dyukmun f :: A — B rosopsT, 9TO OHa OepeT aprymMeHT u3 A u
BO3Bpalaer pe3yabraT u3 B. Ecan x ecTh s1eMeHT u3 MHOXKeCTBa A,
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Torga Mbl nuteM f(z) uin mpocTo f x AJisl yKa3aHUs pe3yibTaTa MpH-
MeHeHnd pyakunu f K x. Bropas dopma 3ammcu He UCIOIb3yeTcs, KO-
r7a apryMeHT He SIBJISeTCs MPOCTOW KOHCTAHTON miu BeanauHoit. Tak,
ciaeayer 3anucarh square (3 + 4), moromy uro square 3 + 4 o3Hauaer
(square 3) +4. D10 cBA3aHO ¢ HOJIEE BBICOKUM MTPUOPUTETOM TPUMEHE-
HUs (PYHKIINNA K BBIPAKEHUIO IO CPABHEHUIO C OTepallueil CI0KeHNs.

JIBe (byHKIIMM paBHBI, €CJIN OHU JAIOT PaBHbIE PE3YIbTATHI HA PaB-
HBIX aprymenTax. Tak f = ¢, Torga u TOJBKO TOrJa, Korma f © =g «
IJIs JTI0O60TO . DTO OIpeJIesieHe PABEHCTBA (9KCTeHCHOHATIHLHOCTH,
extensionality) dyHKIMI CBUIETEILCTBYET O TAKOI BayKHOM BeIn, Kak
COOTBETCTBUE MEXK/y apryMeHTaMUu U pe3yJbTaTaMU, HO HU4ero He ro-
BOPUT O TOM, KaK 3TO COOTBETCTBUE ONMNCHLIBACTCH.

B kauecTBe mpuMepa MpPUBEIEM JBa PA3IUUHBIX CIOCODA OIpee-
JIeHusi (PYHKIINHU, YBEJIUIUBAIOIIYIO CBOM apryMeHT B TpU pa3a:

three_times’ x = x + x + X
three_times’’ x = 3 * x

2.3. Komnosunus dyHKOIi

st monmyuennst pe3yabTaTa TPOrPaMMbl TPUXOAUTCS TPUMEHSTH
GyHKIIMM K pe3yabTaTaM BBIUYHC/IEHUS APyrux (pyHKIui. B marema-
TUKEe 3TOT MPOIECC HAa3bIBAIOT KoMmmosunuei (yuknmii. KoMmmosurms
nByxX byHKmuit f n g obo3nauaercs f - g M ONpemgeaseTcs: Tak

(f-9)z=f(g97)

Puc. 1. Komnosurus dyHKIuit
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pyrumu crnoBamu, f - g TpUMeHEHHAas K X OIpeHesseTcs Kak
mpuMeHeHne cHadaJia (PYHKIUU ¢ K &, U 3aTeM IpuMeHeHune [ K pe-
3yabTary. He Kaxkmas mapa QyHKIU MOXKET COCTaBUTH KOMTIO3UIIAIO
pyHKINI, HY?KHO COOTBETCTBUE TUIIOB: MbI TPeOyeM, 4TOOBI § UMEJIO
tun g :: X — Y, naa HekoTrophIx TumoB X u Y, um 4T0OBI [ mMme-
go tun f 1 Y — Z, nig HekoToporo tuma /. Torma Mbl MOTYyYuM
frg:X —Z.

Kommozunus (GpyHKIUiT — acconumaTuBHAs OMepaIusa. ITO O3HATA-
eT, 9TO TOPSAIOK PaCCTAHOBKM CKOOOK It Bcex pyHKumit f, g u h,
UMEIONINX COOTBETCTBYIOIINI TUII, HE BayKEH U UX MOYKHO OMYCTHUTh:

(f-9)-h=f-(g-h)=Ff-g-h
st Bcex yHKImit f, ¢ m h, nMmeromux coorBercTByfomuit Tum. Ilo-

9TOMY He HYZKHO J00aBJIATH CKOOKHI IIPU 3aIIUCH IOCIEI0BATEIHLHOCTH
KOMITO3UIINIA.

B a3bike Haskell, rome xommosumnus ¢pyHKIuit BcTpedaeTcs mpak-
TUYECKHU B JIFOOOI Iporpamme, IJIs YKa3aHHS OMepPalui KOMIIO3UIIII
dbyHKIMi ynorpebisiercss cUMBOI . (TOYKA).

3. Bunabr BbrumncieHmii

B wuMmnepaTuBHBIX (JE€KJIAPATUBHBIX) SA3bIKAX MPU TIPUMEHEHWUN
pyHKIMU K apryMeHTy MOCIeIHUN CHaYaJjIa BBIYUCISIETCS, a 3aTeM
yKe mepemaercs (PyHKIUU. B 3ToM ciaydae ToBOpST, 9TO apryMeHT
nepegaeTcd MO 3HAYEHUIO, MoJpa3yMeBas IIPU ITOM, YTO TOJIBKO €ro
3HaUeHre repejaeTcsd PyHKINN. Takoe MpaBUIO BIYUCIEHUN UM Me-
XaHU3M BbI30Ba HA3bIBAETCH BBI30OBOM II0 3HAYEHWUIO.

[IpeumyItecTBO BBI30BA 1O 3HAUYEHUIO 3aKIIOYAETCS B TOM, UTO
s dekTrBHAS peaan3alis MPOCTa: CHAYAJIa BBIYNUCISIETCS apryMeHT,
a 3aTeM BbI3bIBaeTcd pyHKINA. HemocTtaTKoM gB/IsIeTCS U30BITOTHOE
BBIYHUCJIEHNE, KOT/Ia 3HaUYeHWe apryMeHTa He TpeOyeTcs BbI3bIBaeMOi
dbyurIUN. ATbTEpHATUBOI BHI30BY 10 3HAYEHUIO SBJISETCS BHI3OB II0
He0DXO0MMOCTH, B KOTOPOM BCe apTyMEHTHI IepeialoTcs PyHKIUN B
HEBBIYUCIEHHOM BUJI€ W BBIYUC/ISIOTCS TOJIHKO TOT/IA, KOT/Ia B HUX BO3-
HUKAET HeOOXOAMMOCTH BHYTpH Tejia pyHKIiuu. [[penmyiiecTBo 3TOr0
BBI30Ba, COCTOUT B TOM, UTO HUKAKNE 3aTPAThl HE MPOMAIyT MOMYCTY
B C/Iydae, ec/ii 3HAUEeHHe apTyMeHTa, B KOHIe KOHIIOB, He TMOTpedyeT-
cs1. A HeTOCTATOK — B TOM, UTO IO CPABHEHMIO C BBI3OBOM II0 3HAUe-
HUIO BBI30B 110 HEOOXOIMMOCTHU SIBJISIETCS OOJiee JTOPOTUM, TTOCKOTIBKY
byHKIMIM TepegaroTcs He 3HAYeH!WsT TeX WIN WHBIX TMapaMeTpoB, a
HEBBIYNCIEHHBIE BbIPAKEHUSI.
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B koHTekcTe (DYHKIIMOHAIBHBIX A3BIKOB MOXKHO TOBOPHUTH O JIBYX
BUJaX BBIYUCJIECHUS, SHEPTUYHOM U JIEHUBOM, XOTS BO3MOXKHBI U JIPY-
rue BapuaHThl. B TepMuHax TpaIUIIMOHHOTO TPOrPAMMUPOBAHUS SHEP-
I'IYHOE BBIYHUCIEHNE MOKHO MPUOIU3UTETHHO COOTHECTH C BHI30BOM TIO
3HAYEHUIO, a JIEHHBOE — C MEXaHU3MOM BbI30Ba IO HEOOXOIMMOCTH.
OnHAKO MEXKy STUMU MOHITUSIMU HET TOXKIECTBEHHOTO DABEHCTBA.

3.1. JleHuBble U 3HEePTrUIYHbIE BHIYUCJICHUSI

Crparerusi Bbraucienuii (T. e. crnocod BBIUUCIEHUsS BbIParKeHHil),
npumensiemasi B Haskell, nazbiBaercs crparerueit senusur sviuucie-
Hull, TaKXKe Ha3bIBAEMBIX O0MA0HCEHHbLMU BbIYUCIeHuIMu. Ilpu e-
HUBOM BBIUUCJICHUN BBIPDAYKEHUS (MU €ro YaCTh) OHO MPOU3BOIUTCSI
TOJILKO TOTJa, KOTJa €ro pe3yabTaT JAeficTBuTe/IhbHO Heobxoaum. [TpuH-
IIUTT JIEHWBBIX BBIYUCIEHUN — «He deaatli Huve20, noka amo He nompe-
byemcay». IIpoTUBOMOIOKHOCTHIO 3TOI CTPATErNH SIBISIOTCSI dHEP2UYU-
note (JKAIHBIE) 6uyuUcAeHUA. [[PUHIUI SHEPTUIHOTO BBLIYUCTICHUST —
«deaati ece, wmo mootcewnvs. Ipyrumum cioBaMu, He HAI0 3aD0TUTCS O
TOM, IPUTOIUTCS JII B KOHEYHOM CIydae IIOJIyUIeHHBI pe3y/IbTaT.

S3bIKN, peasu3yolue CTPaTerio SHEPIrUYHBIX BhIYUCIeHNH (a Ta-
KOBBIMHU SIBJISIOTCS OOIBIITNHCTBO UMIIEPATUBHBIX SI3BbIKOB M HEKOTOPLIE
M3 S3BIKOB (DYHKIIMOHAJIBHOTO MPOrPAMMUPOBAHNS ), HE MOTYT OIE€PH-
poBaTh DECKOHEYHBIMH CTPYKTYPaMU JAHHBIX, KOTOPbBIE ITUPOKO ITPHU-
MeHa0TCa B a3bike Haskell.

YT10o0bI MOXKHO OBLIO TOBOPUTH BCE-
B asvwe Haskell 6 wa- ria, 6e3 NCKJIFOUEeHNiT O BEIYUCIEHNN Ipa-
wecmee  seAunMuNYL L | gyanpo ompeneneHHBIX BRIpAsKEHMi, BBO-
UCnOAL3YEMes  PYNKYUA | nures cumson L (bottom, ocHoamme),
undefined. I 0003HAYEHUS HEONPEeIeJIeHHON Beu-

YHHBI JTI000r0 Tuma. B wacTHOCTH YMCIIO
00 (6ECKOHETHOCTH) eCTh HeolpenesieHHas BeJIMYnHa Tumha Integer,
1/0 ectb HeonpeenenHas BennanHa Tuna Float, 1. e. 1/0 = L. Jlenu-
BoCThb s13biKa Haskell mpuBoguT K ToMy, 94TO BCe TUIIBI JaHHBIX 3TOTO
SI3bIKa, BKJIIOYAIOT 3HAaUeHMre | .

3.2. Crporue byHKIUM

ToBopsT, uTO (byHKIIMST, KOTOPast BCErga TpedyeT 3HAUYEHUe OJIHO-
I'0 U3 CBOUX apTyMEHTOB, sIBJIsIETCS CTPOTOM 110 OTHOIIEHUIO K STOMY
aprymenty. Apyrumu crnoBamu, eciu f 1 = |, To roBopdr, uTo f ecTh
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cTporasi, TOYHO OIpeae/eHHas (YHKINS, B IPOTUBHOM CIydae T'OBO-
PSAT O HECTPOro OIpeaeTeHHON (hyHKIINH.

HeBo3MOKHO TTPUMEHNUTH OMEpaInio +, MOKa 00a ee dJIeMeHTa He
OyIyT BBIUKUCJIEHBI, II0O9TOMY OHA SIBJISETCSA CTPOrOii 110 OTHOIIEHUIO K
oboum aprymenTam. OgHAKO HEKOTOpbIe (OYHKIIMU MOTYT BO3BPAIATh
pe3y/IbTaT, U He 3Has 3HAYEHU OIHOTO WM HECKOJIBKUX CBOMX apry-
MeHTOB. Hampumep, onpemesieHHas moab3oBareieM (pyHKIIIS BUAIA

f (x, y) = if x < 10 then x else y

He Bceryia TpedyeT, 4ToObI OblIa N3BEeCTHA BeJMYNHA y. B To Ke BpeMs
BEJIMYNHY X 3HATHh HEOOXOINMO, ITOCKOJIBKY TPEOyeTcs ONpeae/InTh NC-
TUHHOCTH HepaBeHcTBa X < 10. [losTomy dbyuKIus f aBisgercs cTpo-
IOl 10 OTHOIIIEHUIO K X U He CTPOr'Oi 110 OTHOIIIEHUIO K Y; 9TO O3HAYaeT,
YTO BeJIMYNHA X TpedyeTcs 00s3aTeTbHO, & BEJIUYNHA § — HeT.

Tak, eciin B TOYKE BHI30BA BHIYUCIISIFOTCS BCE APTyMEHTHI (T. €. OHU
nepegarnTCd MO 3HAYEHUO, YTO COOTBETCTBYET SHEPTUYHOMY BbIUYUCTIE-
HUIO), TO HEKOTOPBIE U3 MPOJIEJAHHBIX BBIUYMCIEHUH MOTYT OKa3aThCs
auiHuMEA. Eime 007bItas HeIPUSTHOCTh MOYKET CIYIUThCS B CAydae,
eCcJIu mMporpaMMa He CMOZKeT BBIUHUC/INTh 3HAUeHNe TOrO apryMeHTa, 110
OTHOIIIEHUIO K KOTOPOMY (DYHKIIUsT He siBiasgeTcsa crporoit. Hampuwmep,
MPU BBIYUCIEHUH TOJI00HOTO apryMeHTa MOYKeT MPOU30UTHU 3alUKJIH-
BaHIE U OKayKeTCd HEeBO3MOZKHBIM BBIUYNCIUTH ApPIyMEHT 3a KOHEYHOe
BpeMs, TOrJa KaK ecJu Obl 3HaUeHHUs IepeaaBajIlicCh II0 HEOOXOIMMO-
CTH, TO apPTyMeHT, KOTOPbhIii HEBO3MOKHO BBIUYUCINTH, MOI' Obl U He
moTPedOBATHCsI, U TOTJA MPOTrPAMMa, OJIArOTIOIYYHO 3aBEPIINIACH OB
3a KOHEYHOE BpeM4:

f (4, <zauukineHHOe BhHpaxeHue>) = 4

KonedHno, 3T0 He 03HAYAET, UTO MIPU JEHUBOM BBIUUCIEHUN MOYKHO
Bcerna m30eKaTh 3alUKJIUBAHUS: IPUMEPOM 3TOTO MOXKET CIyKUTH
BbIpaKeHue

f (<3anuknenHoe BHpaxeHue>, 4)

KOTOpPOE He MOYKET 3aBePIINThCA 38 KOHEYHOE BpeMs He 3aBUCHUMO OT
CITI0CO0a BHIYNCJIECHUS.

PaccMoTpum omnpeesieHnst HeCKOIbKUX (OYHKITHIL:

infinity = infinity + 1
three x =3
square x = X*X
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Omnpenenenne dyukmun infinity (6eCKOHEYHOCTD) HE SIBJISETCS JIO-
CTATOYHO KOPPEKTHHIM. Ho KOMIbIOTED MOXKET, TEM He MeHee, UCIIOIhb-
30BaTh ero. Paccmorpum Beipazkenne three infinity. B ciayuae xau-
HBIX BBIYUCIEHUI MpeaBapuTeIbHO TPEOYeTCsS BBIYMUCINTH apryMeHT
dyHKINN three, IpUMeHNB MIPABUIO €0 BHIYUCICHUS:

infinity = infinity + 1 =

6 suipasicenuu scmpemunacy Gynryua infinity,
cAe0d08aAMENDHO CHOBA NPUMEHAEM NPABUAD €€ BHIUUCAEHUS,

(infinity + 1) +1 =
((infinity + 1) + 1) + 1 =

[Ipormecc BhIunCHIeHNs aprymMeHTa (QpyHKINK three He cymeeT 3aBep-
IIIATHCsI, TIO9TOMY M CaM BBI30B (PYHKINN HE 3aBEPITUTHCH.

[Ipu crTpaTernu OTJIOKEHHBIX BBIYUC/IEHUIT TpU BhI30Be three
infinity He moTpebyeTcs BBIUUCAATH apryMeHT, TaK KaK B JIOOOM
caydae oTBeT OyzeT paBeH 3. Ho mpu mombITKe BBIYUCIEHUS square
infinity mazke jieHUBag cTpaTerud He CyMeeT IIOMOYb B BbIYUC/ICHUN
BbIpayKeHMs, TaK KaK JIJIT TOTO, YTOOBI BO3BECTU apTyMEHT (DYHKITUN
B KBaJIPaT, €ro HeOOXOIUMO TIPeIBAPUTENTHHO BBIUUCIUT.

B mamem mpumepe square — CTPOTO OIpejesieHHasd (DYHKITHS,
a three — mecrporas. JleHuBble BBIYUCIEHUS JIOMYCKAIOT HECTPOIOe
ompejiesienne (PyHKINH, IPyTrue CTPpaTerun — HeT.

4. Haskell kak a3bik @PI1

JlanbHeiiliee U3/I0KeHne MaTepuaJga OCHOBAHO Ha, MCIOTb30BAHUH
s3bika mporpammupoBanusi Haskell. Haskell ects dmcro dynkimo-
HAJIbHBIN SI3bIK TPOrpaMMUpOBaHus. Pe3yrbraT BHIYUCIEHUS JTF0O0T0
BBbIPayKeHNSI €CTh WHBAPUAHT, HE 3aBUCAIINN OT TOPSIKA BBIUHCIIE-
HUs €ro TOJABBIPAKeHU, YTO BeChbMa, YIIPOIIaeT 0OCYKIeHe CBOWCTB
nporpaMM. JIaHHBIH s3BIK UCIOIbB3YEeT CTPATETHIO JIEHUBBIX BbIUHCIE-
HUM — TOJIBbIPAYKEHUsI He BBIYUC/ISIOTCS IO T€X MOpP, MTOKAa OHU SIBHO
HEe ITOTPEeOYIOTCS.

Haskell sBuica pe3ybTaToM MOMBITOK BBITIOJHEHNUS 0053aTETHCTB
o pa3paboTKe CBOOOIHO-PACIPOCTPAHAEMOTO HE CTPOrOro, YHCTO
P YHKIIMOHAIBLHOTO si3bIKa TTporpamMMmupoBanusi. Haskell ouens momyis-
peH B aKaJIeMUIecKnX Kpyrax. MHOTHe CTaTbi U KHUTH, TIOCBSIIEHHbIE



4. Haskell xax asvix DI 17

pobJieMaM MeTOIOJOTHH Pa3pabOTKN IPOrpaMM, IPeIoIaraoT 3Ha-
HIe 3TOro A3blKa. TeM He MeHee, OH MaJIO PAcIPOCTPaHeH B IPOU3BOJI-
cTBe (XOTsI €CTh NMPOMBIIIIEHHBIE SKCIIEPTHBIE CHCTEMbI, HAINCAHHBIE
na Haskell). OxHoit n3 npnans siBisiercst mI0xast OCBEJIOMIEHHOCTH 00
3TOM 3bIKe I (PYHKINOHAIBHOI MEeTOL0IOTUN CPEIH IPOTPAMMUICTOB-
IPaKTUKOB 1 HAYMHAIONUINX IPOIPAMMEICTOB. DTOT IIPodeJI U IPU3BAHO
UCITPABUThH JAaHHOE yueOHOe mocooue.

Cospemennoe cocrosiame sizbika Haskell omucwiBaercst ctanmaprom
Haskell 98. BosabIoe KoaudecTBO MaTepUaJioB, MOCBAMIEHHBIX 3TOMY
A3BIKY, MOYKHO HaiiTu Ha cafiTe http://www.haskell.org.

lapHeliee n3107KeHe MaTepraJia B OCHOBHOM OPUEHTHPOBAHHO
Ha uCrob30Banne nareprnperaropa Hugs 98 (cokpamienne or Haskell
User’s Gofer System) B cpege OC Linux. Hugs aBmsiercst camoii mpo-
croit peammzanmeit s3bika Haskell m moeanpHO momxomut miis meseit
00y UYeHMsI.

[Topter Hugs 98 obecneunBatoT pabory Haskell-koma Ha Bcex ocHoB-
HbIX I1aTdopmax, B ToMm uncie u g OC Windows u Linux. Mcnonb-
30BaHMe 3TOro mHTepnperaropa B Windows mpakTudeckn HIUYEM He
orandaercs oT paborsr ¢ HuUM B OC Linux.

OTKpPBITOCTH CTaHIAPTA U BO3MOKHOCTH CKaYaTh MCXOMIHBIE KOJIbI
SI3BIKA, TPUBEJIN K TTOSABIEHUIO OOJIBIIIOTO YUCIa KOMITUISITOPOB C 3TOTO
s3bika. Cpenn Hux HBC (Haskell B) — komnussitop n naTEpIipeTaTop,
IIO3BOJIFET BBIMOJIHATH IIPOrpaMMbl 3HAUNTEIbHO ObicTpee, 1 GHC —
ONTUMU3UPYIOIINA KOMINIITOP B MamuHHbIH Kog u C. lomoaHnuTe /b-
Hyro nadopmaInio o sa3bike Haskell n pasnoodbpaszHnoe mporpaMmmHOe
obecrieuenne fjisi pabOThl C HUM MOXKHO HAfTH B CeTU WHTEPHET IO
CEIYIOIIUM aIpecaM:

http://haskell.org/hugs/,
http://haskell.org/ghc/,
http://www.cs.york.ac.uk/fp/nhc98/,
http://www.cs.chalmers.se/~augustss/hbc/hbc.html,
http://www.cs.chalmers.se/~augustss/hbc/hbc.html,
fpt://ftp.cs.chalmers.se/pub/haskell,
fpt://ftp.dcs.glasgow.ac.uk/pub/haskell,
fpt://ftp.nebula.cs.yale.edu/pub/haskell.
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SHaKOMCTBO C sa3bIKoM Haskell

1. Haugamo padorer ¢ Hugs

1.1. KomaHapl nHTEpHIpeTaTopa

g 3amycka mHTepIpeTaTopa BBITOTHATE KoMaHay hugs. aTep-
mpeTtaTop B Hadaje pabOThl aBTOMATUYECKN 3arPyrKaeT OIIPeIeIeHNs]
HanboIee YacTO MCIOIb3YEeMbIX (QYHKINM, pa3MelleHHble B daiine
Prelude.hs, 1 Ha3bIBAEMOM IIOITOMY Npestoduet.

[Ipu cTapTe BHIBOAUTCS HEKOTOPAsI CIIpaBOYHAasI NH(MOPMAIUI O CH-
cTeMe W TOSABJIAeTCA TPUTJIAIeHne /I BBOIa KOMaHI, 3HAYeHUEM IO
YMOJTIQHUIO KOTOPOTO ABJIAETCS MM 3aTPYKEHHOTO MOIYId U 3HAK >.

Prelude>

[Tocme mosgBIeHNST TPUTTAIIIEHNST MOYKHO TTPUCTYMATh K BBOMY KO-
MaH. JL719 BeIYmC/IeHns TOTO MJINM WHOTO BBIPAKEHUs JOCTATOIHO BBeE-
CTU €ro CTaHIApPTHYIO MaTeMaTU4YeCKYIO 3alllCh, IIOCIEe Yero HaxkKaTb
Ha KJjaBully Enter:

Prelude> 2+3%4
14

Prelude> (2+3)x*4
20

Prelude> 2.5%4

18
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10.0
Prelude>

Kak Buanm, mHTEpIpeTaTOp pa3ndaeT Iejible YNCIa U YUCIa, Tpe-
CTaBUMbIe B BUJE JeCATUUHON apodu. /s oTaenenns 1pobHOI YacTu
OT IeJION MCIOIb3YyeTCs AecaTuYHasi Touka. Kpyriblie CKOOKU MCITO/b-
3yIOTCs JIjIsi U3MEHEeHUsi TOPsiKa BbhIYucaeHuit. Ecim xoTs Obl 0aHO
YUCIIO B BBIPAXKEHUU He SBJIAETCS IEJBbIM, TO U pe3yJIbTaT OyIeT mpe/i-
CTaBJIEH B BUJE JTeCATUIHON mpobu. B ciemyrorieit riaBe Mbl paccMoO-
TPUM pa3/IUYHbIE BUIbI JAHHBIX, NCTOIb3yeMbIX B s3bike Haskell.

st 3aBepiiierHusi padOThl ¢ WHTEpIperaTropoM Hugs ciykuT Ko-
MaHIa :quit (a Takke ee cokpaieHHas (opMa :q), KOTOpas TaKKe
BBOJIUTCS TIOCJI€ TIPUTJIAIIIEHNS CUCTEMBI:

Prelude>:quit

Bung cumBosia mpuriaiieHnss MOXKHO MEHSITh, 3aJaBasi IPU CTapTe
KJII04Y -P, HAIIpUMep,

hugs -p’---> "~

3amycK HHTepIpeTaTopa ¢ YKa3aHHBIM KJIIOUOM IPUBEIET K YCTAHOBKE
NpUTJIANIeHAd —-->:

Hugs session for:
/usr/share/hugs/1ib/Prelude.hs
Type :7 for help

-—->

B nmanbHeiineM n3710KeHUN MbI OyJIeM KCIOJIb30BATh IIPUTJIAIIEHIE
---> | 9TO MO3BOJIUT OTJINYATh BBIBOJ] UHTEpPHpeTaTOpa OT COMIEPIKU-
MOT'O TIPOTPAMM.

1.2. Ceccun m CKPUNOTHI

[TocnegoBaTeIbHOCTH MHTEPAKTUBHBIX B3aNMOIEHCTBHI IIOIb30Ba-
TeJisl U KOMIIbIOTEpa Ha3bIBaeTCss ceccueit (session). [list Bbimeienust
B TEKCTe KHUT'U 3JIEMEHTOB MHTEPAKTHUBHBIX CECCHUIl Ha, MOJIAX 100aBIs-
ercst 3HaK H, CUTHAIM3UPYIONMINIT O BBOJE U BHIBOJE MHTEPIPETATOPA
Hugs.

Habop obbasiennit u onpepenennii (GyHKINM, pa3MeIleHHbIId B OT-
nenbHOM (baiisie, HaszbiBaeTcsi CKpunToMm (script). Hugs we mossoss-
eT OIpele/aATh HOBble (DYHKIINKA B MHTEPAKTUBHOM PEXKUMeE, a TOJILKO
paspelraeT BBOAUTDH BbIPAyKEHUsl, UCIOIb3YIOIINE yKe OIpPeaeIeHHbBIE

byHKIIIN.
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Kazxknast mporpamma (ckpunr) Ha s3bike Haskell, HaspiBaemast Tak-
JKe MOJyJIeM, pa3MellaeTcs B OTOeJIbHOM baiisie, IMeIeM pacIInpe-
ae hs. CuMBOT A Ha TONAX KHUTH O3HAYAT HAYAJIO TEKCTA po-
rpaMmMbl Ha s3bike Haskell, KoTopast moa:KHa co3maBaThCs C IIOMOIIIHIO
pemakTopa plain-Tekcra.

» Vnpaosrcnenue I11.1.1

CospgaiiTe ¢ TOMOIIBIO JTI0OOI'0 TEKCTOBOI'O pemakTopa aiii, comeprKa-
AN CaeyIolne JIBe CTPOKU:

square :: Integer -> Integer
square X = X * X

Coxpanure daiis o7 nMeHeM myprog.hs.
<

Hamr mepBbiit cCKpunT comepkut obssasaenue (TepBas CTPOKa) u
onpedesenue (Bropasi ctpoka) dbyHkimn square. O6bsBienne QyHK-
MM YKa3bIBAeT, OTKYyJa U KyJa JeiicTByeT (DYHKIHUS, a OIPEeIeIeHIe
3aJaeT crocod mpeodbpa3oBaHus apryMenTa X. CUMBOI :: YUTAETCI KaK
«IMeeT THII».

st o3HakoMmIeHust mHTEpIperaropa Hugs ¢ comepkumbiM daiia,
MCIOJIb3yeTcss KoMaHaa :load (u ee cokparennas ¢popma :1), Hapu-
Mep,

---> :load myprog.hs
Reading file "myprog.hs":

Hugs session for:
/usr/share/hugs/1ib/Prelude.hs
myprog.hs

---> square 15

225

---> :1 myprog.hs

Reading file "myprog.hs":

Hugs session for:
/usr/share/hugs/1ib/Prelude.hs
myprog.hs

---> square 11

121

HamomumM, 9T0 KOMaHIbI TIOJIH30BATEIST BBOIATCS MTOCTIE CUMBOJIA
npuriamennus (ganee --->). B daiiie, npeiokeHHOM HHTEPIIPETATO-
py, OMMOOK He 0OHAPYKEHO U CAeIyIoNIas KOMaH I a OblIa yKa3aHueM
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BBIULC/INTH 3HAUEHNEe omIpeaeaeHHoi HamMu yHKiun. [locie Bbraucie-
HUS pe3yJabTaTa WHTEPIPEeTaTOP CHOBA BBIAAJ IIPUTJIAIIIEHUE K BBOIY
KOMAaHI.

[Ipu BBI3OBe KOMaHILI :load 6e3 apryMeHTa MHTEPIpPeTaTop <3a-
OymeT» Bce paHee BBeIeHHBIE OIpeHeleHHs, KpoMe 3arpy:KeHHBIX 13
daitma Prelude.hs.

---> :load

Hugs session for:
/usr/share/hugs/1ib/Prelude.hs

---> square 15

ERROR - Undefined variable '"square"

Tak kak omnpejesieHusi BceX (PYHKINUH U3 MPETIOINN OKa3bIBAIOTCS
BCerJla 3arpYKEeHHBIMU IO YMOJYAHWIO, TO UX MOXKHO MCIIOJb30BATDH
KaK B JIIOOOM MecTe MPOTPaMMbl (CKPHIITA), TaK W BO BPeMsl CECCUH.
OHako WHOTIA BO3HWKAET HEOOXOMMMOCTH OMPEIETNTh (DYHKIHIO C
TeM Ke WMeHeM, 4TO U NpuBejeHHas B (aiiie Prelude.hs. B sTtom
cIydae cjaeyeT B HAa4YaJ0 CKPHUITA BCTABUTH CTPOKY, KOTOpAas JIeIaeT
«aeBuuMoii» (hide — ckpbIBaTh) Ty WiIn HHYIO (DYHKIUIO, HATIPAMED,
dyHKIIMYT map u even:

import Prelude hiding (map, even)

Eciu B Havasio gaiina ¢ mporpaMmoil TOMeCTUTh BBITIENTPUBEIEHHY IO
CTPOKY, TO Jlajiee MOYKHO JaBaTh CBOU COOCTBEHHBIE OMPEIETEHUS ITUX
dyukuit. O6bITHO HEOOXOTUMOCTH B 9TOM BO3HUKAET TOJHKO B yUeh-
HBIX IeJIAX, KOIJa HAUMHAIOIIUN TPOrPAMMUCT MIPOOYeT CBOU CUJIBI B
HANMCAHUN CTaHZAPTHBHIX GyHKInit. Onpenenenus: GyHKINA, pa3ne-
IIIEHHBIE B TMPEJIIOINN, MOKHO CINTATH dTAJOHAMU (DYHKIIMOHATIHHOTO
CTUJIS TMPOTPAMMUPOBAHUS U TOITOMY OHU PEKOMEHIYIOTCS JJisi BHU-
MAaTe/TbHOTO U3yUeHUSI.

st Toro 4To0OBI He MO00ABJSTH MOJOOHYIO CTPOKY B CKPUIIT, HO
OCTAaBHUTh <«y3HaBaeMoOe» HMs y MPOEKTHUPyeMOil (DYHKINH, YacTO K
UMEHU CTAHIAPTHOH (DyHKIUU T06aBIAIOT CUMBOMI ° (amocTpod, Ko-
TOPBIN HE CIedyeT MyTaTh C CHUMBOJIOM OOpaTHOTO amocTpoda ¢, mme-
forero B si3bike Haskell crienmanbhoe Hasnauenue).

Komanga :reload ucnoab3lyercs 6e3 aprymMeHTa u 3arpyrKaet TOT
ke aiis, 9To u rnoceHsas Komanaa : load. Ee mone3no ucmoib3oBaTh
IIOCJIe BHECEHUs M3MeHeHuit B (baily ¢ mporpaMMoii.

Komana : type mo3BoJisieT y3HATH TUI BbIPAYKEHUS WM (DYHKITUH:

---> :type square

H
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square :: Integer -> Integer

[To ymomgaHWi0 WHTEPIPETATOP BHIBOAWT MUHUMAJIBHOE KOJIMTE-
CTBO WH(OPMAIIUU O TPOIECCe BBIUUCIEHUS U ero pelyabraTax. Ko-
MaHJIa :set UCIoIb3yeMas BCeTia C JOTOJTHUTETLHBIMU apTyMeHTaMI
TO3BOJISIET U3MEHUTH BBIBOJ, 10 yMOTIaHn0. CHMBOJI + yCTaHABINBAET
TY WJIN WHYIO OMIINIO, & CUMBOJI - OTMeHseT ee. Hanbosee mosie3ubr u3
ONIWK S W t, MepBasi U3 KOTOPBIX 3aJ1aeT BBIBOJ, CTATUCTUIECKON WH-
dopmarmu mocse KazKJI0ro BEIYUCIEHN, & BTOPasd OTBEYAET 3a BBIBO/I
THUTa Pe3yJabTaTa BbIYNCICHUS, HATPUMED,

---> :set +t

---> square 15

225 :: Integer

---> :!set +s

---> square 15

225 :: Integer

(15 reductions, 24 cells)
---> :set -t

---> square 15

225

(15 reductions, 24 cells)

B kauecTBe mMeHU aprymMeHTa B (PYHKIUSIX MOXKHO HCIIOIH30BATH
He TOJIBKO X (UTO SIBJISIETCS JTAHBIO MaTEeMATHIECKUM TPAIUIIUSIM ), HO 1
700y 0 KOMOMHAIMIO JIATHHCKUX OYKB, CUMBOJIOB TIO{4epKuBanus (_),
aroctpodos (?) u uudp, Mpu TOM TEPBHI CAMBOJ B UMEHH apr'yMeH-
Ta 00s13aH OBITH IPOINCHOM JaTHHCKOM OyKBOoii. [Indphl n anmocTpodbl
UCIIOTB3YIOT JIJIS TOTO, YTOOBI YKa3aTh Ha UCIOTb30BAHNIE PA3TUIHBIX
mepeMeHHbIX WU (PYHKIU, HUKAKOW APYToil CHHTAKCUYECKOW HATPY3-
Ki OHM He HecyT. CHMBOJI TIOIYEPKUBAHNS B OCHOBHOM HCITOJIb3YETCS
JIJIST OTAEJIEHUS OJHOTO CJIOBa OT JIPYTOrO B MMEHAX, COCTOAIINX W3
HECKOJIbKUX CJIOB. /Ipyroit crmocob chenaTbh 9TO — KayKJoe CJIOBO, Ha-
YUHASA CO BTOPOT'O, 3aMKUCHIBATH C 3aIJIaBHOW OYKBBI, HATIPUMED:

three oneTwoThree’’ = 3

MpsI onpeie TuIM KOHCTAHTHYO (PYHKITUIO, KOTOPas M5 JITIOOOTO ap-
rymMeHTa Bo3BparlraeT uncio 3. Haskell mo3Bossier onyctuth 00bsIBIIE-
Hre (DYHKIINY, OJHAKO MAEOJOTHS (PYHKIIMOHAJIHHOTO MTPOTPAMMUPO-
BaHUSA TAKOBa, UYTO OObABIEHNE TUIA (DYHKITUU CUUTAETCS YaCThIO MH-
TeIEKTYAJTbHOTO MPOIEeCcca MPOTPAMMUPOBAHUS U MTOTOMY CUUTAETCS
obsizarebHbIM. [[puHIIUNIIMAIEHOE TPENMYIIIECTBO CTPOTON TUTTU3AIIAN
3aKJIF0YAeTCAd B TOM, YTO MHOTHE MPOrPaMMHbIE ONTMOKU MOT'YT OBITh
yCTpaHeHbI TIpeKie, 9eM IporpamMMa OyIeT 3amyIieHa Ha, BBITOTHEeHHe.



1. Hawano pabomw. ¢ Hugs 23

OrpomMHOe KOJUYEeCTBO MPOTPAMMHBIX OITUOOK TTPOUCXOIUT U3-33
TOTO, UTO B (PYHKIUAX YKA3aHbI HEMPABUJIbHBIE THUIBI apryMeHTOB.
Ecnn xe ucnonb3yercst 00ObsBIeHNE TUIIOB, TO TPU MPOBEPKE THUIIOB
MPOrPAMMUCTY BbIJJAaeTCs CO0DIeHne 00 ommOKax, u JI0boe HecooT-
BETCTBHUE TUIIOB B Iporpamme OymeT cpaly obHapyzKeHo. Takas op-
raHU3aIus MIPeCTaB/IsgeTcsa Oosee yI00HO#, TOCKOIbKY B TPOTUBHOM
CIIydae OIMMOKa MPOSIBIISIETCS Y7Ke BO BPEMSsI BBITTOTHEHUST TTPOTPAMMBbI
1 ee aHAJIU3 W JIOKAJIN3AINsA TPeOyeT 3HAYNTEIbHBIX 3aTPAT BPEMEHT.

Emie ogauM GOJIBITNM JOCTOMHCTBOM CTPOTOI TUITHU3AINN STBJISET-
cs TO, 9TO ITO 3aCTABJSIET MPOrPAMMUCTA OOJiee TUCIIUILIMHUDPOBAH-
HO MBICJIUTB, & UMEHHO NPUAYMBIBATH MOAXOAANINNA TUI BeJINYNHAM
B UX OINpeJleJIeHNSAX paHee OINpeesleHns nx caMuX. pyruvm cioBa-
MU, TPUBEPKEHHOCTh JIMCIUTIINHE CTPOroil TUNMU3AIUUA MOXKET CYyIIle-
CTBEHHO MOMOYb B HAIMCAHUU SCHBIX W XOPOIIO CTPYKTYPUPOBAHHBIX
IpOrpaMM.

BynbTe BHUMATEIBHBI I cO3AaHNN CKpunToB: a3biK Haskell mme-
eT IBYMEPHBI CHHTAKCHC! DTO O03HAYAET, UYTO MHTEPIPETATOD Pearu-
pyer He TOJILKO Ha CHHTAKCHYECKNE OIIMOKHU, COAEPIKAIlUecs B IIPO-
rpamMMe, HO W Ha PaCIoJIOyKeHne TeKcTa B (aitre.

OObsiBiIeHne U onpeeaeHre (PYHKIMH Pa3MEIaioTCsa Ha OTIesIb-
HBIX CTPOKaX ([P JKeJaHUU UX MOYKHO Pa3MelaTh U Ha OJHON CTPOKe,
OTIeJIsII UX TOYKOH ¢ 3aIsaToil, UTO, OMHAKO, 3HAUNTEJIHLHO YXYIIIAeT
«auTabeIbHOCTh» TOMO00HOTO cKpunTa). Eciu onpenenenne dbyHKIUN
pa3MeIeHo Ha HeCKOJIbKUX CTPOKaX, TO BCE MOC/IEMyIOIne, HadnHas
CO BTOPOIi, JOMKHBI CIEIOBATH C OTCTYIIOM B HaYaJje CTPOKM.

Kak u B smobom gpyrom sizbike, B Haskell mmeercss nHeckonbko 3a-
PEe3ePBUPOBAHHBIX JJIsI CIYKEOHBIX IIeJieil CJI0B, KOTOpPbIe HEeIb3s MC-
MOJTb30BATh B KauecTBe UMeH (DYHKIWI WU TmepeMeHHbIX:

case class data else 1if n nfix infixl
infixr instance let of primitive then type where

1.3. «Literate style»

C0XHO JaTh aJIeKBATHBIN MepPeBO 3TOTO TEePMUHA, MPEII0KEH-
Horo Jlomanbpmom KuyTom, Ha pyccknit s3bIK. OCHOBHAsS KOHIIEIIIIHS
9TOr0 MOHATHSA — CaMOJOKYMEHTHPOBAHHOCTH IporpaMm. OHEI TOIXK-
HbI OBITH TTOHATHBI JTIOOOMY YUTATEII0, YTO JIOCTUTAETCS BHEIPEHUEM
B TeJIO TPOrPpaMMBbI JJOCTATOYHOTO KOJIUYECTBA KOMMEHTApUEB.

st BKIIOYeHUsT B Te10 mporpammbl Ha s3bike Haskell ognocTpou-
HBIX KOMMEHTAPHUEB UCIIOJIb3YeTCsd KOMOWHAIMS CUMBOJOB --. TekcT,
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PACIIOIOZKEHHBIN MeXKJ1y HUMHU W KOHIIOM CTPOKH, CUUTAETCI KOMMEH-
TapueM.

Kombunanuamu cuMBoJIOB { - ... -} OrpaHHMYMBAIOT MHOT'OC-
TPOYHBIE KOMMEHTapuu. TeKCT, 3aKIIOYEeHHBIH MeXK Iy HUMN, UTHOPU-
pyercs. Takoit KomMmeHTapuit MOKeT ObITh BCTaBJIEH HA MECTO JIFOOOTO
nmpobesa B mporpamme. JlomyckaroTcs n BIOXKEHHbIE KOMMEHTAPUM:

{_
f x = {- hello -} 2*x
-}

B npuBenentnoM Bhillle (pparMeHTe MTPOrpaMMbl He OonpejeieHa (PyHK-
s £, TaK KaK Bech (pparMeHT sIBJSIeTCST KOMMEHTapueM.

» Vnpaosrcnenue 11.1.2

U3zmenute daiin myprog.hs, 106aBUB B HETO KOMMEHTAPUU U HOBbIE
dyHKINN:

Insa monyyeHus QYHKINKM, BO3BOLMAIEN IjeI0€ YUCIJIO B YETBEPTYD
CTEeNeHb, BOCIOIb3yeMCd KOMIO3ULIMel QYHKIUE square

-}

square, quad :: Integer -> Integer -- oObaBIeHH IBe QYHKIUU
square X = X*X
quad x = (square . square) X

-- [llpyroe omnpeneneHue
quad’ :: Integer -> Integer
quad’ x = square (square x)

<

MHuorme coBpeMeHHBIE SI3BIKM IO3BOJISIOT BHEJIPUTH B TEJIO IPO-
rpaMMbl KOMMEHTAPUNM TAKIM 00Pa30M, YTO IIPU COOTBETCTBYIOMIEH 00-
paboTKe ee TeKCTa MOJIYUYUTh UCUEPIBIBAIOIIYIO JOKYMEHTAIINIO K Heli.
HamomunM, HampuMep, 0 KOMMEHTApUAX BHIA /** ... */ B sa3bIKe
Java 1 coorBercTBytoIIeit mporpamme javadoc, obpabaThiBaoIelh nX.

YdaurbiBas TOT (paKT, UTO IPOTPAMMbI, HAITUCAHHBIE (DYHKITNOHAIb-
HOM CTHJIe, OUeHb KOMIAKTHBI, HO JTAJIEKO He BCEeTIa SICHbI HEMCKYIIeH-
HOMY YHUTATENIO B MIEPBOTO B3TJIAIA, MTOHATHO, YTO OUYEeHDb JKeJIATETHHO
yMeTh MPaBUJIbHO JOKYMEHTHPOBATH IPOTPAMMY.

[Iporpammbr Ha s3bike Haskell, nanucanubie B TakoM cTuiie, JT0IK-
HBbI COXpaHATbCd B (aitax ¢ pacmupenueM lhs. OHu mpeacTaBIgOT
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co0oit 1000i TEKCT, KOTOPBIt MOKET KaK COAep:KaTh, TaK U HE COMep-
’)KaThb aneMeHThl pa3dMmerku. Kom wa Haskell, pasmerniaembrit B TakoMm
(aitsre, MOMKEH OTIEIATHCST OT OCTAJIHBHOIO TEKCTa MYCTHIMUA CTPOKA-
MU ¥ B TIEPBOH MMO3UIMU CTPOKH COIEPKATh CHUMBOJI >, TIOCIE KOTOPOTO
00A3aMeALHO CTIEIYET TIPOOe.

» Vnpaorcnernue 11.1.5

[TomecTure ciemyroruii TekcT B paita sq.1lhs, BHUMATETIHHO CJIeIA 33
pa3MelleHrneM JIBYX CTPOK KOJIa:

dyuknusa squarelNew, omnpeneneHHas Ha MHOXECTBE ;X
IlebX 4YuCej, BO3BpamaeT KBazpaT CBOEro apryMeHTa.

> squareNew :: Integer -> Integer
> squareNew(x) = x*x

3Iech UCIOJNb30BaHa Apyras ¢opMa BH30Ba QYHKIIUU:
apryMeHT 3aKJoYeH B KPYTJee CKOOku. [na OyHKIUI,
3aBUCANUX OT ONHON IepeMeHHOH, NOmyCTUMH 06e (OpPMEH
BH30Ba, HampuMmep, squareNew(123) u squareNew 123.

<

Taxkoit daitn 3arpykaeTcs cTaHIaPTHBIM CIIOCOOOM 1 0OpabaThIBa-
eTCsl THTEePIPETATOPOM aHAJJOTHYHO (paiijgaM ¢ paciiuperueM hs:

H

---> :load sq.lhs
Reading file "sq.lhs":

Hugs session for:
/usr/share/hugs/1ib/Prelude.hs
sq.lhs

---> squareNew(123)

15129

---> squareNew 123

15129

[ pyroit cmocod MOATrOTOBKU CaAMOJOKYMEHTHPOBAHHBIX ITPOTPAMM
Ha s3bike Haskell mpennasnaden fjist mosb3oBaTeseil, NCIOIb3YOMUX
CUCTEMY KOMITBIOTEPHOI BepcTKM TekcTa TEX. DTa cucrema MIHPOKO
UCIIOTb3YEeTCs HAYIHBIME U NHXKeHePHBIMI PAOOTHUKAMU, TaK KaK OHA
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IIO3BOJIFET MOIUrpadudeckn 0e3yIPedHo MOATOTOBUTH 000 CII0XK-
HBI MHOT'OSA3BIYHBII TEKCT U JI00YI0 MaTeMaTndeckyo dpopmyry. Ha-
el meIbio He STBJISETCS 3HAKOMCTBO C 9TUM SI3BIKOM Pa3METKU TeK-
cta. OTMETHM TOJBKO, 9TO €C/IN B TEKCTE COMEPKUTCS (DpArMeHT MIPo-
IrpaMMbI, HAIIMCAHHON Ha TOM WM MHOM S3BIKEe IIPOrPaMMHPOBAHHU,
TO €ro PeKOMEHIyeTCsd 3aKJI0vaTh MexK Iy crpokamu \begin{code} n
\end{code}.

Hugs mpu mpocMoTpe moI00HOTO TeKCTa UTHOPUPYET BCe, UTO Pac-
II0JIO’KEHO BHE OKPYzKeHUd code, a TeKCT, pa3MellleHHbIIl BHYyTPU HEro,
cunTaeT mporpaMmmoit Hanucanuoit va Haskell.

[IycTs daitsr, cComep:KUT CIeLyIoNnii TeKCT:

\centerline{MakcumMmym u3s mByx uucemn}

®YHKIWD, ONpefendolyld MaKCUMAIbHOE U3 OBYX YHCEI,
MOXHO 3aJaTh C IIOMOLBIN KOHCTPYKLUU

{\tt if \ldots then \ldots else}:

\begin{code}

myMax :: Int -> Int -> Int

myMax x y = if x >= y then x else y
\end{code}

3arpy3uB QyHKIWD, MOXHO HCIOJIb30BATh €€ BMECTO
dyuxuun {\tt max}, ompemeneHHO# B IpeNOIUN.

Kak u B npegbiayiem ciaydae, daila JI0MKeH UMeTh PacliupeHne
lhs, Hanpumep max. lhs:

---> :1 max.lhs
Reading file '"max.lhs":

Hugs session for:
/usr/share/hugs/1ib/Prelude.hs
max.lhs

---> myMax 100 200

200

Bonpocwvt u 3adarnus
I1.1.1

[IpuBeuTE IPUYUUHBI, IO KOTOPHIM CIEAYET MIPUIAEPKUBATHCS TPUHIIH-
[IOB CTPOTOM TUITU3AIUN.
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I11'1.2

KakoBo nasnauenne ¢aiiia Prelude.hs?

1.3

Onpenenure byHKINIO cube, BO3BOALAIILYIO B KyO umcia Tuma Float.

2. Bbaz3oBbie Tuner g3bika Haskell

B dpyHKIIMOHAIBHOM TPOrpaMMUPOBAHAN BCE MHOYKECTBO BEJIUIUH
pasesgaeTcsa Ha OpraHn30BaHHbIE TPYIIILI, Ha3bIBaeMble Munam. Mbl
y2Ke CTAJKUBAJUCH C TeabiMu (Integer) unciavu. g paborsl ¢ qpob-
HBIMK YHCJIAME Yallle BCero ncnoiab3yercd tuil Float. Kpowme Hux cy-
IECTBYIOT ellle Apyrue Tumbl dncen (Hanpumep Int u Double), soru-
YecKue BeJUYNHbI (JeMeHThl MHOKecTBa Bool), cuMBOMIbI (3/1eMeHTHI
muOkecTBa Char), CiucKu, nepeBbs U T. 1. [lajiee MbI TO3HAKOMUMCS
C STUMU THUIAMH, a TaKyKe y3HaeM, KaK OIPeIesIaTh HOBbIE THUIILL.

O gHoit n3 0coOEHHOCTEH A3BIKOB (PYHKIIMOHAJILHOTO TPOrPAMMUIPO-
BaHUs ABJISIETCS TO, YTO (PYHKIIUN YACTO BBICTYIIAIOT B POIN JaHHBIX.
Tak yHKIUST MOXKET SBIITHCSI apryMeHTOM APYroil (PyHKINN HJIN
OBITH PEe3yJIbTATOM BBITOIHEHU (DYHKIIIN.

Kaxk1plit TUIT aCCOIUUPYETCS ¢ ONpe e IeHHBIM HaDOPOM OTIEPAITHit,
KOTOpbIE MOTYT He MMeTh CMBIC]A JJIg JAPYTUX TUMOB. lak, HeIb3d,
HaIpuMep, Pa3leJInTh OJHY JOTMYEeCKYI0 BeJINYUHY Ha JIPYTYIO UJIN He
MePEMHOXKUTH JBe (DYHKINU.

BaxKubIM TPUHITUTIOM MHOTHUX SI3BIKOB TPOTPAMMUPOBAHUS TBJISTET-
CsT TO, UTO KarKJi0€e MPABUIbHO COCTABIEHHOE BhIParyKeHNe MOYKET ObITh
COOTHECEHO C HEKOTOPBIM THUIIOM. Kpome TOro, STOT TUI MOYKET ObITh
BBIBEJIEH WMCKIIOYNTETHHO W3 THUIMOB COCTABHBIX YaCTell BBIPAKEHU.
Jpyrumu cimoBaMu, 3HaYEHNE BbIPAYKEHUsI MOJTHOCTHIO OMPEIe/AeTC s
BEJINIMHAMM, COCTABJISIIONINMU JaHHOE BbhIParKeHNe.

E1re pa3 orMeTHM BaKHOCTH CTPOrOil THIIM3AIINN: KazK I0€ BbIpazKe-
HIIe, KOTOPOe He MOXKET ObITh aCCOIMUPOBAHO C IIPUEMIEMBIM TUIIOM,
cunTaeTcs HeBepHO COPMHUPOBAHHBIM M OTBEPraeTCs KOMIIBIOTEPOM
1o BbIUmMCcIeHus. Hampumep, BeIpakeHue square square 3 OyzeT OT-
BEPrHYTO UHTEPIIPETATOPOM, IIOTOMY UTO OHO He SIBJISIETCS IPaBUILHO
chOpPMUPOBAHHBIM.

AmnajorndHo, ecn K HAIIEMY CKPHUITY T00aBUTH (DYHKIIAIO

quad :: Integer -> Integer
quad x = square square X
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TO OH OyZeT OTBEPIHYT KOMIIBIOTEPOM, IIOTOMY UTO BbIparKeHHe
square square X He sBJISIeTCS IPABUIBLHO CHOPMUPOBAHHBIM (171
MCIIPABJIEHNsI ONIMOKK JTOCTATOYHO 3aK/IIOYUTh B CKOOKH BBIDasKEHUE
square x).

Jpyrum OOJBIINM JOCTOMHCTBOM CTPOrOMl THUMMU3AINU SBJISETCS
TO, 9TO OOJBINON AUAITa30H OIMNOOK — OT MIPOCTOH opdorpadrnaecKoi
OIIMOKM 0 HAIMCAHHOI'O KOe-KaK ONPeIe/IeHIs] — BBISIBISIETCS 10 BbI-
YUCJICHUSI.

MozKHO BBIAEINTDH ABE CTAIUN aHAJIN3a BhIParKeHUsI, KOTOPIi IIpOo-
BOANTCS Tiepen BbrancienueM. CHadaja MpPOBEpPsieTcss KOPPEKTHOCTH
BBIPAyKEHWST C TOYKW 3PEHWS CUHTAKCHUCA. FCIu BbIpaykeHWe He KOp-
PEKTHO, TO BBIJAETCS CUTHAI O CUHMAKCUYECKOT owubke (sintar
error). Ecin cunTakcuyeckux ommbOK He OOHAPYIKEHO, TO TIPOU3BO-
IUTCS KOHTPOJIb Ha Pa3yMHOCTh COOTBETCTBYIOIMNX TUIMOB. Kcim BBI-
pazkeHne He IPOIILIO 3TY CTaIUI0, TO BBIIAETCS COODIeHne 00 owubke
muna (type error). ToNbKO eciu BbIpaXKeHUe MPOILIO 00e ITU CTaIUN
aHaJIM3a, MOKEeT HAYNHATHCS MTPOIECC BBIUNCIeHUs. AHATOTUIHOE 3a-
MeJaHWe OTHOCUTCS W K OIPEIeTIeHNSIM, CO3TaHHBIM B CKPUIITAX.

2.1. ®OyHKOIUNM

Hamomunm maremaruueckoe omnpejesieHne yHKIIIN.

Dynxyus — 2mo npasu.no, obecnevusarou,ee omobpastce-
HUe 00BEKMOB U3 MHONHCECTNEA BEAUNUH, HA3DLBAEMO20 00AO-
cmwvio onpedeserus GYHKUUL, 6 006eKMbL HEKOMOPO20 UeNe-
8020 MHOHCECTNBA, UMEHYEMO20 0DAGCMDBIO 3HAMEHUT PYHK-
yut usu Quanaszonom 3Ha%eHUL GYHKUUL.

Jpyrumu cjioBamu, TIpU onpezeseHnn (pYHKINU CIeyer 3a1aTh Ciie-
nytomyto mpotky: otkyna (X), kyna (Y) u kak (f). OcroBrHOe Tpebo-
BaHIeE [IPY 33JaHUN TIPABUIIA: KAZKIbIi 9IEMEHT MCXOIHOTO MHOXKECTBA
0TOOpaKAETCsl B €JIMHCTBEHHBIN JIEMEHT I[EJIEBOI0 MHOYKECTBA.

[Tomesno mpepacTaBieHne o0 GYHKINI KaK O «IePHOM SIIUKE»: Ha
BXOJ, IIOJAETCs dJIeMEHT U3 O0JACTH OIpeIe/ieHus, Ha BBIXOHE IOIY-
JaeTcs JIeMEHT U3 00JIACTH 3HAYeHUi, ompenessseMblil MO MPaBUIY,
3aaoIeMy (pyHKIIO.

Paznnuaror ciemyromire Cocoobl 3aaHus hyHKITHI:

® TaOJINYHBIA — TPOMO3IKHNI, TPEOYIOMINiI IBHOIO YKa3aHUS pe-
3yJAbTaTa /15 JTI000TO d/IeMEHTa U3 00JIACTH OIpeie/ieHus , (pak-
TUYECKU TpedyeTcs 3ajJaHrue MHOYKEeCTBa COOTHOIIEHU BUJIA

y = f(z),Vr € X.
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® C IIOMOIIBIO IPABUJI, 33 JAI0NINX CIIOCOD TPeodPA30BAHNI NCXOI-
HOTO MHOZKECTBA.

Paccvorpum dyHKIMIO Stgn, onpeae/IeHHYI0 Ha MHOYKECTBE IEeIbIX
quces CleAyomuM crocobom: sign(xr) = 1 mas MONOKUTENTbHBIX T,
sign(x) = —1 mag OTpUIATENBHBIX T, B HyJe (DYHKINS TPUHUMAET
3HavYeHWe paBHOe HyJt0. Jljsi Hee 0DJIACTBHIO ONPEIEJICHNUS SIBJISIeTCS
MHOKECTBO IEJIbIX YHCeJI, 00JIACThI0 3HAUEHU — MHOXKECTBO, COCTO-
smee n3 tpex gucen: {—1;0;1}. s moboro mesoro uncia sign(x)
OJTHO3HAYTHO OIPEIeTeHEHHO.

[Ipu TabauaHOM criocobe 3ajaHus HAM MPUILIOCH Obl 33/1aTh Oec-
KOHEYHOEe YMUCJIO YPaBHEHUN BUJA:

szgn( 3) —1
sign(—=2) = -1
sign(—1) = -1
sign(0) =0
sign(l) =1
sign(2) =1
szgn(?)) =1

Nuade 3Ty GYHKIIMIO MOXKHO 33JaTh C IOMOIIBIO CJIeIYIOMINX IPABIIIL:

—1, ecm z <0,
sign(z) = 0, ecmz =0,
1, ecmm x > 0.

Kak ompenenuts Takyio ¢gpyukiuio B ga3bike Haskell, Mbr y3naem ayTh
O32Ke.

B coorBeTcTBUM ¢ MaTemaTuueckoii Teopueit B si3bike Haskell pas-
JMAYAI0T 006A6A€HUE T onpedeseHue (DYHKITNU: TePBOe YKA3hIBAET, OT-
KyJa U KyJa JIeficTByeT (DYHKIIUS, & BTOPOe — IO KAKOMY MPaBUIY.

[lepen m3ydeHneM croco0OB 3aIaHusd (DYHKIWI, TO3HAKOMUAMCS C
MHOZKECTBAMU BEJIMYNH, KOTOPBIMI Yallle BCETO ONEPUPYIOT IPOrpaM-
MBI (stBsttonecs: Habopom dyukuuit) Ha s3bike Haskell.

2.2. Yucaa

B a3pike Haskell uncia 3annchiBaroTcst B CTaHIaPTHON JTeCATHIHOM
cucreme cunciaernnss. OHEM MOTYT OBITh KaK IOJOKUTEIbHBIMU, TaK W
oTpunaTeJbHbIME. [Ipu3HAKOM OTpPHUITATEILHOIO YNC/IA SIBJIAETCS 3HAK
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MUHYC, PaCIOJOXKEHHBIN Iepe] ducaoM. s mpeacTaBaeHns Hebix
HCesT UCIOMB3YIOTCS 9JIeMEHThI IBYX 6a30BBIX TUMOB: Integer u Int.
Yucna tuna Integer momo0HbI OOBIKHOBEHHBIM I1€JIBIM, 3HAKOMBIM HAM
3 MaremMaTuku. VX MOXKHO CKiIaapiBaTh (+), BbrYuTaTh (—), yMHO-
KaTh (%), menuTh Hamenao (div), HAXOMUTH OCTATOK OT JEJICHUS Ha
napyroe yncso (rem u mod ) ¥ BO3BOIUTH B IEIYIO cTemeHb (7). Yucma
tuna Int ornmuaiorces or Integer TOIBKO TEM, UTO OHU MOTYT TIPEICTA-
BJISATH YHCJIa TOJBKO M3 HEKOTOPOIO OIPAHMYEHHOrO jnana3oHa (Kak
npasmio, or —23' mo 231 — 1),

---> 12345678-123

12345555

---> 234+123456
123690

---> 234x567
132678

---> 2710

1024

---> 120 ‘div‘ 7
17

---> 120 ‘mod*‘ 7
1

-——=> T*x17+1

120

Ob6parure BHUMaHNE, UYTO eCau (PYHKIUS HCIOIb3yeTCs B KadeCTBe
oreparopa (T. e. pa3sMenaeTcs MKy CBOUMHU JIByMsi apryMeHTaMHu),
TO ee UMs TpeOyeTcs 3aK/II0UYNTh B 00OPATHBIE allOCTPOdHI.

--->div 120 7
17

---> 120 ‘div‘ 7
17

Pesynbrar oneparyn jgesenust (/) AByX IEJIBIX YUCET HE SIBIISIETCS
1eJIbIM uncjioM B a3bike Haskell.

-—-> 4/2
2.0

Tak Kak 3HAK MUHYC HCIIOJB3yeTCsI U KaK yKa3aTe/lb OTPUIATE b
HOCTH YHUCJIa U KaK Olepanusd BbIUYUTAHUSA, TO WHOTAA TPUXOIUTCA 3a-
KJIIOYaTh OTPUIATEIbHbIE Yncia B cKOOKU. Hampumep, nmpu Bbraucie-
HUW OCTATKA OT JIeJIEHUS YNCa { Ha OTPUTIATETHHOE YUCIO —5H CIeTyeT
3aInCaTh
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---> mod 7 (-5)
-3

Eciu onyctuth ckobku (3amuca mod 7 — 5), TO MHTEpIpETATOpP UC-
TOJIKYeT 3Ty 3anuch Kak (mod 7) — 5, 94TO He UMeeT CMbICTA.

Ucnomp30Banme 3TUX ABYX TUTIOB IIETBIX YHUCEN TTO3BOIAET CAeTaTh
nporiecc BhruncieHuit 6osee apdekTuBHbIM. Pabora ¢ duciamMu THIIA,
Integer mpoucxonuT B COTHU pa3 MejjIeHHel, YeM ¢ auciaamu Tutma Int,
MIO3TOMY WX CJeIyeT MCIOIb30BATh TOJBKO TaM, TJe TeHCTBUTETHHO
HY>KHBI JIOCTATOYHO OOJIBININE YUCTA.

» Vnpaorcnenue 11.2.1

CozmaiiTe CKPUNT, ComepsKallnii ONMpegeeHnst IBYX TOKIECTBEHHBIX
dbyukuii (1. e. Takux yHkumit, uro f(z) = x mag mwbdoro r u3
obsactu onpesenenns GyHkmuu f): idInt, onpeseseHHY0 HA YAUCTAX
tuna Int, n idInteger, onpenesieHHyo Ha MHOXKeCTBe Integer:

idInt :: Int -> Int
idInt x = x

idInteger :: Integer -> Integer
idInteger x = x

3arpysuB CKPUIIT, BHIITOJIHUTE CIEIYIOIINE BhIYNCICHUS:

--->idInteger (2731 -1)
2147483647

--->idInteger (2°31)

2147483648

--->idInteger (-(2°31))
-2147483648

--->idInteger (-(2°31)-1)
-2147483649

--->idInteger 27100
1267650600228229401496703205376
--->idInteger (-27100)
-1267650600228229401496703205376
--->idInt (2°31 -1)

2147483647

--->idInt (2°31)

-2147483648

--->idInt (-(2°31))
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-2147483648
--->idInt (-(2"31)-1)
2147483647

Kak Bumum, GyHKIN, OmpeeeHHas Ha MHOXKeCcTBe Integer, cro-
cOOHA MPOBOIUTDH BLIYUCICHUS Ha JTIOOBIX HEIbIX YUCIaX, B TO BPEMI
Kak (DYHKIUS, ONpefeeHHas Ha Ha MHOKECTBe Int, MHOTZA BbIIA-
eT <«HeOXMIAHHBIE» Pe3yJbTaThl. JIJId TOro 4robbl MOHATH, MOYEMY
MOJIyYeHbl TAKHIE PE3YIbTATHI, CIeIyeT MPEACTABIATE cebe MHOKECTBO
BEJIMYMH THUIIA Int B BUJE 3aMKHYTOI'O KOJbIIa, B KOTOPOM CaMOe 6OJIb-
moe suadenne (231 — 1 = 2147483647) «npuxsienBaercss» K HANMEHb-
memy (—231 = —2147483648). Oneparus cl0KeHUs! TTPUBOJUT K Tie-
PeMeIIeHNIO BI0JIb KOJIbIIA BIIPABO, & BBIUMTAHUASI — BJIEBO. [103TOMY,
npubaBigsa 1 K HaubOIbIIeMy YUCIY, MbI IOIyYaeM HanMeHbIIee.

<

B npentogun onpeneneHbl (DYHKIAN A1t PAOOTHI C HEJbIMU UHCIaMA.

D yHKIUS HaznaueHnue
ged Haxoxxmenne HamOOILIIEro OOIIEro JIeJIUTENIS
JABYX YHUCeJI
even [IpoBepKa YeTHOCTU UHUCTIA,
odd [IpoBepka HEUYETHOCTH YHUCIIA
fromInt [IpeobpazoBanme B 4MUCJIO C TIIABAOIIEH TOIKOM

fromInteger | [IpeobpazoBanme B 4UCIO ¢ TIABAIOINIEH TOUKOI

Bce dyHKIIMN U3 Tpeioguu 3arpyKalTcs MPU CTapTe WHTePIIpeTa-
TOpa, MO3TOMY UMHU MOYKHO TTOJB30BaThCs 03 3arpy3KHu KaKoro-JTu00
daitna. Bor mpumepbr paboThl 3TUX (OYHKITHIL:

---> gcd 45 5
5

---> even 3
False

---> even 34
True

---> odd 3
True

Pesymnbrarsl, Bo3Bpamtaemble (hyHKIUIMI even n odd, — JIOTHYeCKue
BesimanHbl True (uctuna) u False (J710Kb), ¢ KOTOPBIMU Mbl TIO3HAKO-
MUMCS 9yTh [TO3KeE.
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s mpejicTaBieHnsi APOOHBIX YHCENT (TaK HA3BIBAEMBIX UHCEN C
mTaBaoIeil TouKoit) ncmob3ytorcsa tunbl Float u Double. Huco Tu-
ma Float He MoKkeT comep:kaTh Oosee 7 1midp mociie 3amsToii, B TO Bpe-
Ms Kak Tum Double mo3BoJIgeT onepmpoBaTh yrkKe 16 3HAKaM®W TTOCTe
3ansaToii. JlomycTuMmbl ABe OPMBI 3aIIUCH TaKUX UHCET: C UCIOIb30Ba-
HUEeM JIeCITUIHON TOUKH, Hanmpumep, 2.3, 0.5984, u 3ammch B SKCIIOHEH-
nraabHoOM dopme, Hampumep, 1.2e3, 0.5e-2. CumBoI € B Takoii 3a-
MICU O3HAYAET «YMHOXKUTH Ha JECITh B cTerneHu». Tak 1.2e3 =1200,
a 0.5e-2 = 0.005.

Cpenu dyHKIuil, ONpeIe/IeHHbIX B IPEIIOJAUNH, OTMETHM eIle
HECKOJILKO, NTPeIHA3HAYEHHBIX /I PA0OTHI C IUCIAMA.

DyHKIINSA Haznauenne
abs Haxoxktenne abCcoOTOTHON BETUUUHBI YUCTA
signum Haxoxnenne 3naka aucia
round Oxpyrienue 10 MeJI0r0 YnuCaa

OyHKIINNT, HA3BIBAEMbBIE NPUMUMUBAMU, TIHATATHHO BCTPOEHBI B
uHTeprperarop. B ux uucie ecth n PyHKINN /1710 PAOOTHI C IPOOHBIMUT
YUCJIAMU.

DyukIUS Haznauenne
sqrt OyHKIMS W3BIEUEHUS KBAIPATHOTO KOPHS
sin Cunyc uncia
cos Kocunyc uncna
tan Tanrenc uncia
asin Apkcunyc uncia
acos Apxkocunyc 9ucia
atan ApkTanrenc uncia
log Harypaabubrit morapudm
exp DkcronenTa ((byHKIWs BO3BEIEHNs YUC/Ia € B CTEleHb )

JIioOble aBa YKMCIa WM YHACIOBBIX BBIPDAYKEHHS MOYKHO CPABHUTD
MeK Iy coboit ¢ moMOIIbIo onepanuii > (6osbire), >= (6oJbIie nian pas-
HO), < (MeHbINe), <= (MeHbIIle UM PaBHO), == (paBHbI) U /= (He pas-
Hbl). Pesysnbrarom momobHOl omepaly Tak:Ke SBJSIOTCs True (ucTu-
Ha) min False (J10XKb).

-—=> 1 >= 0.5
True
-——-> 2 4+ 3 > 09
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False

-——=> 2 4+ 3 ==

True

--->1/3 == 0.3333
False

2.3. Jlormueckmue BeJIMYMHDBI

Cy1iecTByIOT BCEro JiBe JIOTMYeCcKnX BeJndnHbl True n False. 9tu
JIBE€ BEJIMYUHBI MCUEPIIBIBAIOT COOO# BeCh THUI JaHHBIX Bool mmm Oy-
JIEBCKUX BeJIMYNH (HA3BAHHBIX TaK 110 MMEHU KUBIero B 19 cronerun
noruka [Txxopmxa Byms). 3amerum, uro st umena — True, False,
Bool — muImyTcst ¢ OOJIBINTON OYKBHI.

Ha muokecTBe BemmumH Tuiia Bool ompemesieHbl CTaHIAPTHBIE JIO-
rudecKue orlepalun: OTPUIlaHue, 3a/aBaeMoe (DYHKIMeH not, KOHb-
FOHKITUS (JIOTMYecKoe yMHOYKEHWeE), 3a/aBaeMasi OmepaTopoMm &&, u
T3 BIOHKIMS (JIOTHIecKoe cioxkenne) — | |. DTu onepanuu mepednciie-
HbI B TIOPsijiKe yObIBaHUs mpuopuTeTa. Kak 0OBIYHO, JIsi U3MEHEHUS
MOPSIJIKA BBIYUCIEHUN MCHOIB3YIOTCA CKOOKHU. [laBaiiTe mocmoTpum,
KaK MHTEePIPETATOP OIEePUPYET C JIOTMYECKUMU BeININHAMMU:

---> True && False

False

---> False || True

True

---> not False

True

---> not False && False
False

---> not (False && False)
True

» Vnpaostcnenue 11.2.2

Omnpenennm dyukimo myNot, Koropast Oy/1eT SKBUBAJIEHTHA CTAHIAPT-
Homy otpunanmio. Co3maiite daitan bool.hs, B KOTOpHIi momecTuTe
cJIeAyIoIe CTPOKU:

myNot :: Bool -> Bool
myNot True = False
myNot False = True
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Tax Kak MHOXKeCTBO 3HaUeHUil Tuma Bool cOCTOUT TOMBKO M3 JABYX
9JIEMEHTOB, TO HaM JIETKO ObLIO OMpeIenuTh (BYHKIINIO, 33/1aB BCETO
IIBa YpaBHEHMUSI.

3arpy3uTe CKpHUIT U MPOBepbTe, KaK padoTaeT 3aJaHHAs HaMU
byHKIIMS.

---> :load bool.hs
Reading file "bool.hs":

Hugs session for:
/usr/share/hugs/1ib/Prelude.hs

bool.hs

---> 3 == 56-53

True

---> myNot (3 == 56-53)
False

OTcyTcTBHEe CKOOOK B IIOCJIEeTHEM IIPUMepe IpUBEIeT K OIIHOKe: TaK
KaK NPUMEHEHUE PYHKUUY uMeem HAUOOALWUT Npuopumem, To oy-
JeT TPEANPUHSATA MOTBITKA BBIYUCIUTL GyHKIUIO myNot ¢ aprymen-
TOM HETOJIXOJSIIEro TUIA (YHCIO BMECTO JIOTHIECKON BEJTMINHBI).

<

Bce paccmarpuBaemble HaMU paHee (OYHKIIUN 3aBUCEIN JIUIIb OT
omroro aprymenTta. Omupemennm (DyHKIUIO, 3aBUCSIILYIO OT Taphl apry-
MEHTOB U Ha3bIBaeMyio «uckaounTeabroe NJIN», pesyabraT KoTOpOii
paBeH True, ecau OAUWH U3 apryMeHTOB paBeH True, a apyroi False,
u False BO BCeX OCTaJIbHBIX CIIyYadX:

exOr :: (Bool, Bool) -> Bool
exOr (x, y) = (x || y) && not (x && y)

KoneuHno, MbI MOV, TaK?Ke KaK 1 B IPEIbIAYIIEM CIydae, 3a1aTh
ee C TTOMOIIbIO OT/IETBHOTO ypaBHEHUS /i KayKJIO0W U3 YeThbIpeX BO3-
MOXKHBIX TIap apryMeHTOB, HO MPUBEJAEeHHOE pelleHrue BBITJISIAT 3Ha-
YUTEJIbHO U3SIIIHEE.

» Vnpaosrcnenue 11.2.3

CospmaiiTe ckpunt ex0r .hs, B KOTOPbIil TOMeCTUTE ompeaeeHne PyHK-
mru ex0r. Yoeanrech B TOM, UTO OHA pabOTaeT KOPPEKTHO.

---> :load ex0Or.hs
Reading file "exOr.hs":

Hugs session for:
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/usr/share/hugs/1ib/Prelude.hs
ex0r.hs

---> ex0r (True, False)

True

---> ex0r (True, True)

False

---> ex0r (False, True)

True

---> ex0r (False, False)

False

<

Ha mMHOXKecTBe jIormyecKux BeJIUYNH TaKzKe oIpeaejaeHbl OTHOIIIe-
HUA IIOPAdJKa 1M paBE€HCTBa.:

---> True > False
True

---> True < False
False

---> True == False
False

---> False >= False
True

2.4. CuMBOJIBI

Benmmunnsl, Bxongamuye B crangaprayio Tabamy ASCII-komnos u Ha-
3bIBaeMbIe CUMB0AAMU, OTHOCATCS K Tuny Char. Cpean HuX:

e ai(hbaBUTHBIE CUMBOJIBI
o 1udpsl

® 3HAKU IIyHKTYaIllN

e cIenuaJjabHbIe CUMBOJIbI

[Ipu 3amnucu 110060 CUMBOJI JOIYKEH OBITH 3aKII0YEH B alTOCTPOdDbI
(He caemyeT myTaTh ¢ OOPATHBIMHU AOCTPOMAMHE, UCIIOIb3YEMbIMU JIJIsT
npeBpalenns GYHKIUA IBYX apryMeHTOB B OMepaIuio, cM. ¢Tp.71).

HekoTopble cMBOJIBI, TaKie KaK JIBOWHBbIE KaBBIYKM, ariocTpod u
cumBon \ (backslash), menb3s 3anucars 06braEBIM criocobom. Ux ce-
TyeT 9Kpanupo6amy Py TOMOI CHUMBOIA \:

KaBHYKHI I\
anocTpod AN
backslash M\
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BripazkeHue Tun SHauyeHue
& Char | CumBoa 'x’
X . Nmst aprymenTa (mapamerpa)
32 Char | CumBona mudpsr '3’
3 Int Yucmno 3

0 Char | CumBOJ 3HAKA MyHKTYaIlUK (TOYKA)

. . Oneparusg KOMIO3UIINN (DYHKITHIMA
V) Char | Cumsoua 'f’

f . Nms dyukoun f
‘f¢ - Oyukiug f, npuMeHeHHasT KaK OIepaTop

OTMeTHM elre HECKOIBKO CIENNATbHBIX CHMBOJIOB, HCIIOIb3yeMbIX
11t 0bOPMIIEHUST BBIBOJMMOrO Ha 9KPaH TEKCTa: ’\n’ — CUMBOJI Mepe-
X0Jla Ha HOBYIO cTPOKY (newline) u >\t’ — cumBou tabyssnuu (tab).
J71s 3aMaHus STUX CUMBOJIOB TaKKe UCIOJIb3YeTCsl SKPAHUPOBAHUE C
IIOMOIIIBIO \.

JIBe BCcTpoeHHBIE CTaHIAPTHBIE PYHKIMU YCTAHABINBAIOT COOTBET-
crBue Mexk 1y cumBosiom u ero ASCII-komowm:

ord :: Char -> Int
chr :: Int -> Char

[TocMoTpuM Ha IpPUMEPHI UX UCHOJTb30BAHUSI:

---> ord ’A’

65

---> ord ’a’

97

---> ord ’A’ - ord ’a’
-32

---> chr 51

)3)

---> ord ’3?

51

CuMBOJIBI MOYKHO CPaBHUBATH MEXKJY COOON — OHU YIOPSIOYEHBI
B coorBercTBuu ¢ ux ASCII-xomom.

——=> g7 == [\
False

——=> 'p? < 23?
False

> ,C, >)A)

H
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» Vnpaosrcnenue I11.2.4

Omnpenennm dpyHKIIIO capitalize, MepeBOISIILYIO TPOITUCHBIE OYKBbI
B 3aryiaBHble. CHaYa I OMPeIe UM Pa3HUILY B KOTAX MEXK Y 3araBHOMN
u mponucHoit bykBamu. OHa MocTossHHA M1 BceX OyKB. B mpenbimy-
IeM IIpuMepe Mbl BUAEJU, YTO JJI MCIOJIb3yeMOit HaMU KOJIMPOBKU
CHMBOJIOB 3Ta Pa3HUIla paBHa OoTpuUIareabHOMy dnciay —32. OmgHako,
BKJIIOUEHNE B TeJIO MPOTrPaMMbl TAKUX «MarM4eCKUX YUCeJ» dBJIgeT-
cd TIJIOXWM CTHUJIeM TporpaMMupoBanusd. l[Ipeamoururesnbree MCIomb-
30BaTh CJAEIYIONINe CTPOKU, OObACHAIONINE Ha3HAUYEHUE STON BEJTUYIN-
HBI:

offset :: Int
offset = ord ’A’ - ord ’a’

[lesoe gmcno offset (cMmernenne) MOMYyUIEHO MyTEM BBIYUTAHUS KOJA
cuMBOJIa 'a’ u3 Koma cuMBosa A’. Temeph MOKHO OIPEIE/INTE U CaMy

pyHKITHIO:

capitalize :: Char -> Char
capitalize ch = chr (ord ch + offset)

[Ipumenum 31y OYHKIUIO:

---> capitalize ’d’
)D)

<

A Tenepnb monpobyeM TPUMEHUTH 3Ty (DYHKIINIO He K ITPOMUCHOI
OyKBe, a K KAKOMY JTUOO UHOMY CUMBOJIY:

---> capitalize ’Q’
)1)
---> capitalize ’%’
)\n)

st Toro uToObI M30aBUTCS OT MOMOOHBIX HEOKMIAHHOCTEH, cie-
JIyeT MpeIBAPUTEIBHO YOS TUTHCS, UTO aPTyMEHTOM SBJIETCS UMEHHO
IpomnucHas OyKBa.

B daiine Prelude.hs yKe onpeaeneHbl HECKOIbKO (DYHKIUI, TIPO-
BEPSIONINX IPUHAIIEKAT TOT WA HHOM CUMBOJI K OIIpeIeIeHHOM IpyII-
e cuMBOsIOB. Haznauenne stux OyHKIUNE SICHO M3 UX HA3BAHWUIA, BCe
OHU B Ka4eCcTBe MCXOIHOTO THIla MMeioT Tull Char, a B KayecTBe IeJje-
BOro — tum Bool.
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dyukiug | Haznauenue
isDigit Asnsercs nmudpoit
isAlpha fABnsercsa OykBoi
isUpper fABngerca 3armaBHON OYKBOI
isLower dABnsiercst mporucHOt OYKBOIT
isSpace dAsnsiercss npobenbHbIM cumBoioM (’ 7, ’\n’,
’ \t ’ )
isAlphaNum | fIBasiercs medaTHBIM CHUMBOJIOM (OYKBBI, UMPHI,
IpoGesIhbHbIE CUMBOJIBI)

Eciin mosib30BaTe 0 X09eTCs JaTh CBOE OIpe/ie/IeHre TOMW UIu WHOI
dbyHKIUN (TIPEIIOIOKNAM, UTO 9TO HeKas PYHKIHA XXX ), BMECTO OIpe-
nejleHns, npuBeaeHHoro B ¢aitme Prelude.hs, To ciemyeT B Hadaje
CKpUNTAa Pa3MeCTUTh CTPOKY BHIA

import Prelude hiding (xxx)

[TomoOHast HCTPYKIINS cAeIaeT “HeBUIUMBIM 3arpyrkeHHoe u3 daiiia
Prelude.hs omnpepenenne (pyHKIINT XXX.

[laBaiiTe ompemenuMm cBou (DYHKIUK IjIsI PabOTHI C CHMBOJIAMH,
aHaJIOTMYHbIE 33JJaHHBIM B (paitie Prelude.hs.

» Vnpaosrcnenue 11.2.5

[TomecTnTe B TekcToBBIN daitn char.hs ciaemyromme omnpeneTeHns
dyHKIMIT:

import Prelude hiding A
(isDigit, isUpper, isLower, isAlpha)

isDigit, isUpper, isLower, isAlpha :: Char -> Bool

isDigit ¢ = ¢ >= ?0’ && c <=9’
isUpper ¢ = ¢c >= A’ && c <= ’Z?
isLower ¢ = ¢ >= ’a’ && c <= 'z’
isAlpha ¢ = isUpper c || isLower c

3arpy3nre CKpUNT u yOeauTech, 9TO BCe PYHKIMN OIPEIeIeHbI KOP-
PEKTHO.

<

Bepuemcsa Temepb K ¢yHKInUn capitalize. [logmpaBum ee Tak,
9TOOBI OHA M3MEHsIJTa aPTYMEHT TOTA W TOJIBKO TOTIA, KOTIa OH SBJIS-
eTcsi IPONuCHO# OykBoit. s 3TOro MCrmoabp3yeM crenuaabHYI KOH-
crpykiuio s3bika Haskell, ouenb moxozkyio Ha cTaH apTHBIN YCIOBHBIH
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OTIepaTop B MPOIEIYPHBIX A3bIKaxX. OOMIMit BU 9TOH KOHCTPYKIIUN Ta-
KOB:
dyukims apryment = if yciosue then 3nagennel else snauenne?

B namewm ciaydae GyHKINUSA OYIeT BBITJISAIETh TaK:

capitalize ch = if isLower ch
then chr (ord ch + offset) else ch

Ob6paTuTe BHUMaHIE HA OTCTYII BO BTOPOi CTPOKE, SIBJISIONINANCS CJTe]I-
CTBHEM JBYMEPHOTO CHHTAKCHCA SA3BbIKA (MBI pasMeCTHn (hyHKITHIO
capitalize Ha aByXx crpokax). [TogpobHee 0 nByMEPHOM CHHTAKCHCE
qymuTaiiTe HA cTpanuie 61.

2.5. Cnuckm

Croucku sSBISIOTCS KOJLIEKIUSAME 3JIEMEHTOB, OTHOCSIINXCS K 00-
HOMY U momy Ke TUIy. Tak, FOBOPSAT O CIIUCKAX IEJIbIX YUCET, CITUCKAX
JIOTUYEeCKUX BEJIMYNH, CIUCKaX MYHKIUR u T. 1. Tum cumcka 3agaioT
KaK THII €r0 9JIeMEeHTOB, 3aKJ/IIOUYeHHbIH B KBaJApaTHbie CKOOKH. Crmc-
KII B CBOIO OYepeIh TaKKe MOTYT ObITh dJ€MEHTAMU IPYTUX CINUCKOB.
DJIEMEHTHI CIIMCKA IIPHU 3alIUCH 3aKJII0Yai0T B KBaJpaTHbIe CKOOKHU M,
Mepedncyisgsa UX, OTAEJIIOT IPYT OT ApyTra 3amaToil.

B obriem caydae, CIICOK MOXKET COIEePrKaTh U HYJI€BOE UHCIO dIe-
MeHTOB. Takoil CIMCOK Ha3bIBAIOT ITYCTBIM CIIMCKOM M ODO3HAYAIOT
Tak [].

[lepBBIit 971€MeHT CIHCKa Ha3blBaeTCs roJioBoi crmcka (head).
Tonbko 1ycToil crmcok He mmeer T0yoBbl. OcrajbHasi 4acTh CIHCKA,
Ha3bIBAETCS XBOCTOM. B OT/IMYMe OT roJIoBbI CIIUCKA, €r0 XBOCT TOXKE
SIBJISIETCST CIICKOM.

Cnucok Tun SHaueHne

[1, 3, 5] [Int] Caumcok u3 Tpex Iie-
JIBIX 9UCeJI

[1, 34, 5, 2345, 1] | [Int] Crnucok us maru 1e-
JIBIX 4UCeI

[True, False, True] | [Booll] CHnucoxk JIorm4ecKkux
BEJINUNH

[sin, cos, tan] [Float -> Float] | Coucox dbyHKImMI

(1, 2, 3], [4, 5]] | [[Int]] Craumcok, comeprKa-

Uil JaBa  CIIUCKA
eJIbIX YHucesI
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Kpowme nepeunciaennst 3JieMeHTOB, CYIIECTBYIOT JIPYyTrue CIIOCOObI 3a1a-
HU4 CIIMCKOB, C KOTOPBIMU MbI TO3HAKOMUMCS TIO3JIHEE.

B draiine Prelude . hs onpeesieHbl HECKOIBKO CTAHIAPTHBIX (DYHK-
it 11 paboThl co cruckamu. OTMeTuM HEKOTOPBIE U3 HUX:

DyukIUS PesyabraT

head OuH 37€eMeHT, TOJIOBa CIIICKA,

tail XBOCTOBO#l CIIMCOK 3JIEMEHTOB

length [lemoe uncao, KOIUIECTBO IJIEMEHTOB CIIHCKA
reverse Crmcok, 3anncaHHbIl B 00PATHOM HMOPSIIKE

[TocmoTpum Ha paboTy 3Tux (PYyHKINE HA TPUMeEpPaXx.

---> head [1, 2, 3] H
1

---> tail [1, 2, 3]

[2,3]

---> head [[1, 2, 3], [3, 4]]

[1,2,3]

---> length [True, False, Truel

3

---> reverse [[1, 2, 3], [3, 4]]
[[3,4],[1,2,3]]

Omnepanust : 100aBJIIET SJIEMEHT B HAYAJIO CIUICKA:

o> 1: (] H
[1]

--->1:2:3:[]
[1,2,3]
--->1:(2:(3:[1))
[1,2,3]

» Vnpaorcnenue 11.2.6

Omnpenenum (PyHKINIO TOCTPOEHUST CIUCKA IEJBIX YNUCEsI, aHAJOTUd-
HYIO TpeablayIeit onepanun. Hara yHKIUs 100aBIseT 371eMeHT B
HaJas0 cnucka (T. e. cesa). [lomecture B daitn caeayomme cTpoKu:

myBuildLeft :: Int -> [Int] -> [Int] )\
myBuildLeft x 1s = x : 1s

3arpysure (QyHKIUIO W IPOBEPHTE €€ PabOTOCIIOCOOHOCT.
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g obbeanHeHnsa ABYX CIHCKOB OJHOTO M TOTO YK€ THIIA MCIIOJb-
3yeTcd olepaTop ++, Halpumep,

---> [1, 4, 3] ++ [1, 56, 234]
[1,4,3,1,56,234]

» Vnpaotcnenue 11.2.7

Onpenenum Apyryo pyHKINIO NOCTPOCHUS CIIMCKa HEJIbIX YHUCes, KO-
Topasi J00aBJIsSIeT HOBBIH djeMeHT (epBbIil apryMeHT (DYHKINKI) B KO-
HeIl CIIMCKa (BTOPOH apryMeHT), T. €. cnpasa.

myBuildRight :: Int -> [Int] -> [Int]
myBuildRight x 1s = 1ls ++ [x]

3arpysure (OYHKINIO U IPOBEPbTE ee PabOTOCIOCOOHOCTD.

<

17151 TOTO YTOOBI CIUTH B OJIMH CIIUCOK JIEMEHTHI CIIUCKA CIUCKOB,
UCIIOTb3yeTcs (pYHKIUs concat:

---> concat [[1, 2, 31, [ 1, [3,4]]
[1,2,3,3,4]

Crmckn CMMBOJIOB Ha3bIBAIOT TakykKe CTpoKaMu. [lis nx 3ammcu
OOBITHO TIPUMEHSIOT JIPYTYIO0 (DOPMY: 3aIUCHIBAIOT BCE CUMBOJIBI MO/
pAI, OIWH 3a APYTUM, HUYEM He pa3aends, U 3aKJI0YaloT MOy YUBITY-
I0CS CTPOKY B JIBOMHBIE KaBbIUKU, HAIIPUMeED,

——> [)a) , ’b’]
Ilabll

---> head "abcd"
)a)

---> reverse "abcd"
lldCball

Paccymorpum Heckoabko PyHKIMH 17151 paOOTHI CO CTPOKAMME, OIIPe-
JIeleHHbIX B daitae Prelude.hs.
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D yHKIUS Tun PesyabTaT

words [Char] -> [[Charl] | Pazumenser cTpoky Ha CITHCOK
CJIOB, yIaJisis BCe TMPpoOeIbHbIE
cumBostel (7 7 ’\n’, ’\t?)

lines [Char] -> [[Charl]] | Pazmenser cTpoKy Ha MOACTPO-
KI

unwords [[Char]] -> [Char] | ®yukuus, obOparHas words,

00beIMHAET CIHUCOK CTPOK B
OJIHY CTPOKY, pa3iesis UX IPo-
OejtaMu

unlines [[Char]] -> [Char] | ®yukuus, obOparHas lines,
00beIHSAET CIUCOK CTPOK B
OIHY CTPOKY, HOOABJISIS B KOH-
e KarKJIO0Tr0 JIeMEHTa CUMBOJI
HOBOW CTPOKU

[TocMmoTpuTe Ha IpUMepPhI UCIOIB30BAHNA STUX (DYHKITHIA:

---> words "this is \n a string"
["thiS" , "iS" , uan , "string"]
---> lines "this is \n a string"

["this is "," a String"]

---> unwords ["this", "are", "the", "words']
"this are the words"

---> unlines ["this are", "the words"]

"this are\nthe words\n"

Boitee moapobHO cnimcku u QYHKIUU I PabOThl ¢ HUMU OYIyT
PacCCMOTPEHBI B CJIEIYIOIINX TJIaBaX.

2.6. YnopsimoueHHble MHOXKecTBa (tuples)

Bce syieMeHTBI B CHUCKE JIOMZKHBI OBITH OJHOTO U TOTO K€ THIIA.
HeBo3MOXKHO mOMECTUTH Iei0oe YUHCI0, HAIPUMEpP, B CIHCOK CTPOK.
Oprako B Tmporecce MPOrpaMMHUPOBAHNST BO3HUKAET HEOOXOINMOCTH
CTPYIIIIPOBATH 3JIEMEHTHI PA3JINYHBIX TUIIOB. B 3TUX ciIydasx nCmoIb-
3yIOT CIIOCOD OpraHu3aInl KOMOMHIPOBAHHBIX TUIIOB: JaHHBIE T'PYIIIH-
PYIOTCSI B THIOIJIBI (tuples) — ymopsiToueHHbIe MHOYKECTBA, BEJTMYNH,
Ha3bIBa€Mble TaKKe KOPTEeXKaMU. DJIEeMEHTHI ThIOIIA 3aK/JII0Ya0T B
Kpye.avie CKOOKU U pa3/iessioT 3anaThiMu. Hiuxke mpuBeieHbI TpUMePhI
TaKUX YIOPSIA0UYEHHBIX MHOXKECTB.
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Teromnia Tun S3HaueHue

(2.4, "cat") (Float, [Charl]) Throm1 U3 IBYyX 3JI€MeH-
ToB (mapa), cocrosiuii
n3 uymcia 2.4 W CTPOKHU
(Ccat”

(’a’,True, 1) (Char, Bool, Int)| Thromr m3 Tpex 3jaeMeH-
TOB: CUMBOJIa 'a’, JIOTAYe-
CKOIl BeJIMYMHBI 1rue u
1eJoro vucia 1

([1, 2], sqrt) | ([Int], [Tapa, cocrosmas u3
Float -> Float) CIIICKa IeJbIX YHcea U
dyHKIINN sqrt nMerorei
tun Float — Float

(1, (2,3)) (Int, (Int, Int))| Thromr u3 OBYyX 3JIeMeH-
TOB: IIeJIOe YUCJIO U IIapa
[IeJIBIX YHCeJI

C TpiOmIaMM MBI yKe BCTPedYa/NCh IIPU CO3MAHUN (DYHKIIUU <HC-
KJIIOInTebHOrO win» ex0r (crp. 35).

B koprexke BakeH MOPSIOK 3JIEMEHTOB. THUI KOpTexKa OIpele-
JIZeTCA THUIOM KasKIOro ero sjieMeHra. lak Teiomabl (1, (2,3)) u
((1,2), 3) ecTh pa3aIUYHbBIE THIOILIbI, IMEIOIINE COOTBETCTBEHHO CJIe-
nytomme tunbl: (Int, (Int, Int)) mw ((Int, Int), Int).

JL1st KopTeka U3 IBYX JIEMEHTOB YaCTO UCIIOIb3YIOT TEPMUH Napa,
st THIOILIA W3 TPeX JIEMEHTOB — mpotika Wan 3-ThIOWI u T. 1. He
ObiBaeT 1-THIOMIOB: BhipazkeHue (7) €CTh MPOCTO IEJI0e UUCIO, BEIb
MbI BCErJa MOXKeM 3aKJ/II0UUTh J000€e BbIparKeHne B KPYIJIble CKOOKH.
Tem me menee, cymectByer O-rhiomn: Beanaunaa () mmeer Tum ( ).

®Daiin Prelude.hs (WacTo Ha3bIBaeMBbIii TpETIONNeEii) COMEPIKUT
dyuKIIMM 1715 paboThl ¢ mapaMmu: £st BO3BpAIaeT MEPBBIN JJIEMEHT
napsl, a snd — BTOPOI, HaIIpuUMep,
_—> fSt ("Cat", "dOg")
“Cat"

—_—— > snd (”cat", "dOg")
"dOg"

» Vnpaorcnenue 11.2.8

Paccvorpum dyukuio smaller, koTopasi OepeT KOPTeXK U3 JIBYX Ie-
JIBIX YUCEeI W BO3BpaIaeT MeHbIiee w3 HuX. CoXpaHuUTe CJIeLyonnii
KoJI B (paiise smaller.hs.



2. Baszosewvie munv aswxa Haskell 45

smaller :: (Integer, Integer) -> Integer /X
smaller (x, y) = if x <= y then x else y

Huzke nmpuBeneHb! mpuMephbl BbI30BaA ONpeaeeHHON HaMu (DYHKITUN.

---> :load smaller.hs }{
Reading file '"smaller.hs":

Hugs session for:
/usr/share/hugs/1ib/Prelude.hs
smaller.hs

---> smaller (8,3)

3

---> smaller (8,38)

8

» Vnpaosrcnenue 11.2.9

Onpenenum GYHKIUO, KOTOpas OepeT mapy MeablX YNces] U YIOPSI0-
YnBaeT UX Mo Bo3pacTtanuio. Co3matite daiin smallBig.hs, B KOTOPBI
IMIOMECTUTE CJCJLYIOIIUNA KOJI.

smallBig :: (Int, Int) -> (Int, Int) /X
smallBig (x, y) = if x <= y then (x, y) else (y, x)
Sarpysure GyHKIIO U IPUMEHATE ee K HeCKOJIbKUM ITapaM YUCeJI.

<

Kpowme nepeuncienubIx TUIIOB TporpamMa Ha sizbike Haskell moxker
COJIEPKATH MHOYKECTBO JIPYTUX (KAaK CTAHIAPTHBIX, TAK U OIPeIeisie-
MBIX TIOJIb30BATEJIEM ) THIIOB U KJIACCOB JAHHBIX. MbI MO3HAKOMUMCS C
HUMU B CJIEIYIONINX TJIABaX.

Bonpocwvt u 3adanus
I1.2.1

[Iycrs 3nauenue x papHo 5. KakoBo 3HaueHne BbIpakKeHuit x == 3 u
x /= 37

I11.2.2
Beramcnure: a) 4e3 + 2e-2; 06) 4e3 * 2e-2; B) 4e3 / 2e-2.
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I11.2.3

[obasbre B ckpunt char.hs onpenenenne ¢gpyukiuit isAlphaNum n
isSpace.

11.2.)

YKa:KuTe TUMDI CJICAYIOIMMUX CIIMCKOB:

a) [[True, Falsel, [True, True, Truel, [ ], [Falsell;
6) ["alpha", "beta", "gamma"];
B) [["alpha", "beta", "gamma"], ["psi", "omega"l].

I1.2.5

YKazKuTe BbIPAYKEHUsI, UMEIOIIHE CJIeIYIONIIe TUIIbL:
a) (Bool, [Char]), 6) ([Booll, Char), B) [(Bool, Char)].

I1.2.6

Econ dyskimusa £ nveer Tun String -> String, To KAKOB THUII CJIE/Ty-
forero Thomna (2.4, £, 2s?)?

I1.2.7

Omnpenenute GyHKINoO greater, 0epyIIyio B Ka4eCTBe apTyMeHTa KOp-
TeXK M3 JIBYX IEJIbIX YKCe U BO3BPAIIAOILYIO OOIbIIEe U3 HUX.

3. 3amaaue pyHKIONII

Kak yxke ormeuasioch, unreprnperarop Hugs He mo3BosisieT nHTEp-
aKTUBHO OIPEIeIITh (DYHKIINH, TIO3TOMY UX OIPEIeeHNS ITOMEeIaioT
B (bailsl, KOTOPHIit 3aTeM 00padaTHIBAETCS HHTEPIPETATOPOM.

B a3bike Haskell pasgeneno oobsaBiieHne GyHKIUN, T. €. yKa3a-
HIIe ee 0DJIACTU OIpeeeHns U 00JaCTH 3HAUYEHUI, OT ee OMpeaeie-
HUS — 33aHNs TTPABUIA, T0 KOTOPOMY OCYIIECTBIISETCS TTPeodpas3o-
BaHMe BXOJTHON MHMOPMAINN B BBHIXOTHYIO.

OObsiBnenne QYHKIWU €CTh OINCAHWe ee muna, Tak, dpas3a
(Integer, Integer) — Integer onmchiBaeT TUN (PYHKIINN, KOTOPAS
OepeT mapy HesbIX (THIOIJI) B KAYeCTBE apryMeHTa W BbIPA0ATHIBAET
1eJI0e B KadecTBe pe3yJsibTaTa. lakKoe OlMcaHWe THUIa TaKyKe Ha3bIBa-
ercss Haznavenuem muna (type assignment) wau cuenamypotl muna
(type signature).

CunTakcuc oObIBJIEHUI TAKOB:

nMa_QyHKIuM :: objacTh_ompenesieHus -> o6jacTh_3HaYeHUH
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[To HEKOTOPBIM JaHHBIM YKa3aHUe 00bsIBIEHNN (DYHKITUN TO3BOJIS-
eT HaXoauTh 10 99% ommboK, MMEOUINXCA B IPOrpaMMe, eIle Ha, Tale
CUHTAKCUYECKOTO aHaJN3a WHTEPIPETATOPOM.

Onpenensiss GyHKINIO, MBI J0OABISIEM K OObSIBJIEHUIO TTPABIIIO €€
BBIYUCJIEHUsI, HATIPUMeED,

cube :: Integer -> Integer
cube n = n*n*n

31ech ompeneneHa (GyHKINS, IefcTByOas n3 MHOKecTBa Integer B
MHOKeCTBO Integer u Bbruncisionias Kyo aucia. B onpenenennn yHk-
MY UCIIOTB30BAJICI BCTPOEHHBIN OepaTop YMHOXKEHUSI.

3.1. Kombomaamum dyHKIMIii

3a4acTyio Ipu OMpeJeIeHUN TOW MM WHOW (PYHKITUU UCIOIB3YIOT
VJIN BCTPOEHHbIE (DYHKIIUK W OePaTOPhI (HAIPUMED, OlepaTop yMHO-
JKEHUsT * B IIPEIbIIYIINEeM IIPUMepe) WM paHee onpejeneHHbie (hyHK-
n (6o B MPEJTIOANH, JTHOO CAMUM TPOTPAMMUCTOM ).

[TomoOubIe onpeeenns MYHKIINN UMEIOT CJIEIYIOIIYI0 CTPYKTYPY:

nMsi QYHKIIAH;

nMsi(eHa) HeoOA3aTebHOrO(BIX) mapamMerpa(oB);

3HaK = (paBHO);

BbIDAYKEHNE, KOTOPOE MOYKET COJIEPKATh MapamMeTphl, CTaHIapT-
Hble (DYHKIMN U ONPEJIeIeHHbIE TPOrPAMMUCTOM (DYHKIIUH.

OyHKIINNT ¢ HYJIEBHIM KOJIUIECTBOM apryMEHTOB HA3bIBAIOTCS KOH-
CTaHTaMU, HAIIpUMeED,

e Float
e =exp 1.0

B a3wike Haskell BoamozkHO onpenenenne pyHKINNE ¢ HECKOIbKIMI
mmapaMeTpaMu:

abcFormula :: Float -> Float -> Float -> [Float]
abcFormula a b ¢ = [(-b + sqrt(b*b - 4.0%axc))/(2.0%a),
(-b - sqrt(bxb - 4.0%axc))/(2.0%a)
]

Oyuknusa abcFormula BbIIAeT COUCOK KOpHEH KBaJApaTHOIO ypaBHe-
g az? 4+ bx + ¢ = 0.

---> abcFormula 1.0 2.0 1.0
[-1.0,-1.0]



48 II. Bnaxomemeso ¢ aszwxom Haskell

QyHKINN, BO3BPAIIaoIie OyIeBCKIe 3HAUEHN, CIIpaBa OT 3HAKA
paBEeHCTBa JOJIZKHBI COMEPZKATH JOTMUYECKOe BhIparkKeHne, HallpUMep,

negative, pozitive, isZero :: Integer -> Bool
negative x = x < 0

pozitive x = x > 0

isZero x =x =0

Ob6paruTre BHEMaHIE HA Pa3IHYINS
Ecau dea onpedenenus pasmeuse-| g yenompzopanmm OMHAPHOTO (=)

oL Ha 00ROt CMpOoKe, MO WL PA3-| y npoiiroro (==) 3HaKa paBeHCTBA:
deasrom cumeosom ; (mouka c

IIePBBIA O3Ha4aeT, 4TO Jlajiee Cle-
sanamoti): nyeT ompeneaenne (pyHKIUNA, B TO
BpeMsd KaK BTOpPOW — oleparop
IPOBEPKMN Ha PABEHCTBO.

answer = 42 ; facSix = 720

3.2. HacTHble onpeaeieHnsd

B omnpenenennn paccmorpenHoit Boinre pyHKINT abcFormula BbI-
paxkenus sqrt (bxb - 4.0%a*c) u (2.0%a) UCIOIB3YIOTCH JTBAKIbI.
HeymobcTBO Takoii 3ammucu 3aKI09aeTCs He TOJIHKO BO BBOIE IIOBTO-
psoInXcst (pparMeHTOB PYHKIINU, HO U B TOM, UTO TPU BBIYUCICHUN
TaKIX BbIPAYKEHUIT TepsieTCss BPeMsl: UAeHTUIHbIE TOABhIPAKEHNS BbI-
YUCAAIOTCA ABaKIbl. C IeIbI0 IPeI0TBPAIeHNns ITO00HBIX BeIleil Ipu
3aJaHun (pOPMYJI UCIOAb3YIOTCs, TaK Ha3bIBaeMbIe, 4acmHvie onpede-
AEHUA, TIO3BOJISOIINE IaBaTh MUMEHa MOIBBIPAKEHUAM B (POPMYyIax.
VaydienHoe onpeneaeHne OyaeT CAeLyOMIIM:

abcFormula’ :: Float -> Float -> Float -> [Float]
abcFormula’ a b ¢ = [ (-b+d)/n, (-b-d)/n]
where d = sqrt (b*b-4.0%*axc)
n 2.0xa

ObOparure BHUMaHNWE Ha JABYMEDPHBI CHHTAKCHUC YaCTHBIX OIIPeIelIe-
HU: UX UMeHa JOJKHBbI HAUMHATHCA C OJJHOW W TOW Ke IMO3UINUN pas3-
HBIX CTPOK. MOXKHO pacHoI0KUTD OIPeIeTeHN HECKOIbKIX YaCTHBIX
[epeMeHHBIX Ha OIHOI CTpPOKe, pa3[AeuB UX B 9TOM CIIydae CUMBOJIOM
; (Touka ¢ 3amATO).

Co craTHCTHYECKUMU ONIUSAMHU WHTeprnperaropa (KOMaHa
:set +s) pasHUIA B UCIOJIB30BAHUY OTYETINBO BHIHA:

---> abcFormula 1.0 2.0 1.0
[-1.0,-1.0]

(80 reductions, 137 cells)
---> abcFormula’ 1.0 2.0 1.0
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[-1.0,-1.0]
(64 reductions, 108 cells)

KiroueBoe ciioBo where (re) — 910 He uMst QYHKIUN, & OTHO U3 3a-
Pe3epBUPOBAHHBIX KJIOUEBBIX CJI0B (cM. cTp. 23). [Tocsie where mpuso-
IATCA HECKOJIBKO OIIPeJleJIeHNi, B JAaHHOM CJIy4dae OIPeIesIaoTCa KOH-
crauThbl d 1 n. Takme KOHCTAHTHI MOT'YT MCIIOJIH30BAThHCS B BHIPAYKEHI,
IIOCJIe KOTOPOrO yKa3bIBaeTCA KIoueBoe cioBo where. OHU He MOI'yT
HCIIOJIB30BAThCA BHE 9TOH (PYHKINU — OTCIONA U Ha3BAaHUE: 4aACMHbLE
onpedesenus. MoxkeT moKa3aThCsd CTPAHHBIM, 9TO d ¥ . HA3bIBAIOT KOH-
CTaHTaM¥, B€Ib UX 3HAYEHUd B Pa3HbIX BbI30Bax abcFormula’ moxker
OBITH pasubiM. Ho B MOMeHT BhI30Ba abcFormula’ ¢ 3agaHHBIME a, b
U C OHU BBIYUCIAIOTCA JIUIIb OAUH Pa3, IIOCJe Yero yxKe He U3MEeHdI0T-
Cd; IPYTUMU CJIOBAMU, OHU ABJIAIOTCH KOHCTAHTHBIMU BbIPAaKEHUAMN
B IPOIIECCE BHIYNCIECHUS PYHKIIAN.

Hpyras ¢bopMma JacTHBIX OMPeIeTeHI NCIOIb3yeT KIUEBbIe CI0-
Balet ... in (mycTh ... B). B Heit cHavasa BBOATCS YacTHBIE OpeIe-
JIEHVs, & 3aTeM Pe3yJIbTaT BbIPDaKaeTcs Yepe3 HuX. BoT Kak BBITVISINT
3aJlaHHas B TAaKOM cruiie GopMyIia JIJIs HAXOXKIeHNsT KOPHel KBaapaT-
HOTO yDABHEHUS:

abcFormula’’ :: Float -> Float -> Float -> [Float]
abcFormula’’ a b c =
let d = sqrt (b*b-4.0%ax*c)
n = 2.0xa
in [(-b+d)/n, (-b-d)/n]

[Ipu ucnonb30BaHUM KOHCTPYKIUK let ...in TakzKe HEOOXOINMO
BHUMATE/ILHO CJIEJINTH 33 BhIPABHUBAHUSIMU CTPOK; BCE OTPEIEIEHUS,
OTHOCATIINECT K OJHOMY W TOMY K€ yYPOBHIO, JIOKHBI UMETh OMHa-
KOBBINt oTcTyt. CUMBOJI, CJIEIYIONIN 338 KJIIOUYEBBIMU CJIOBAMU where
nin let 3a7aeT HAYAJbHYIO TTO3UIINIO JIJI YaCTHBIX ONpEeIeTeHnit, 3a-
JIaBAaEMbIX B 3TUX KOHCTPYKIMAX. FC/IU B CIEAYIONINX CTPOKAX OTCTYTI
TAKOM »Ke, TO YaCTHBIE OMpPeJe/IeHNsT PAaCCMAaTPUBAIOTCI KaK MPOIOJ-
JKEHUS 3TUX KOHCTPYKIWi. Eemm ke OTCTyn yMEHbBITHICS, TO 9TO Pac-
CMaTPUBAETCH KaK OKOHYAHWE KOHCTPYKINUA. TaKuM 00Opa3oM yUUTHI-
BaeTCsl «OKpyxKeHue» (layout) Kazxk a0l KOHCTPYKIMU. ATbTepHATHBOI
9TOMY SABJISIETCS HUCIOJb30BaHUE (PUTYPHBIX CKOOOK W CUMBOJA ; JIJIS
BbIJIe/IEHUsI. TaK, C/IeIyIolIe /IBe KOHCTPYKIIUN SKBUBAJIEHTHDI:

let y = axb

fx = (x+ty)/y
in f c+ f d

A
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a*xb
(x+y)/y

let {y =
; £ x
+

inf c+fd

OOmuit B 9YaCTHBIX OIPEIe/IeHII TAKOB:

let una = BrHpaxeHuel in BHpaxeHue?2

njaim

BHpaxeHune?2 where uma = BhpaxeHuel

Boeipaxkennel WHOTIA HA3BIBAIOT KEAAUDUUUPYIOULUM SHLPAAHCEHU-
em, W K8aAAUPUKAMOPOM, & BEIpaKeHue2 — peaysvmanmom. Ode STu
KOHCTPYKIIMU UMEIOT KBAJN(MUKATOD, HA KOTOPHIT MOYKHO CChLIAThHCS
C TIOMOIIBIO UMEHU B pe3yJIbTaHTe.

Konnenmus HCIIOJIb30BAHUSI
Heinommo YACMHBLT — onpedene- qacTHbIX  (private)  mepeemn-
rull Mo2ym pasmewyamocs na 00- HBIX B3aMeH OOIIeJOCTYITHBIX
HOU cmpore, pasdessemuvle CuMBo- (public)  sBaseTcs  crmocoBom

Aaom 5 (mouka ¢ sanamot). MHKATICYIANUN  (COKPBITUS) Ya-

fx=1leta=1; b =2
g y = exp2
in expl

CTeil mporpaMMbI, YTO MO3BOJIIET
CKPbIBATh BHYTPEHHUE IeTaJiu
peajin3anuu  TOW WU  WHOU

GyHKIIMM OT JApyrux dacreit
nporpaMMbl. VHKANCYIdIus SBIAeTCS OMHONW U3 HamboJiee BaryKHBIX
ujeil mporpaMMHON WHKeHepuu. be3 WUCMOoAb30BaHUS MOTOOHBIX
TeXHOJIOTUH pa3pabdoTKa OOJBIIMNX MTPOTPAMMHBIX CUCTEM ObLIa ObI
HEBO3MOKHA.

» Vnpaotcnenue 11.3.1

OmnpenenmnM GYHKIUO, TOACUYUTHIBAIONIYI0 CYMMYy OBYX IOCJIEIHUX
mudp IMeI0ro Yucaa, MUCIOIb3YI IBa BHIA YACTHBIX OIIPeIe/IeHUI.
CraugaJjia BOCIOJIB3yeMCsl KOHCTPYKIIHeil where:

sumOfLastTwoDigits Int -> Int
sumOfLastTwoDigits x = d1 + dO
where dO = x ‘mod‘ 10

d1 = shift ‘mod‘ 10
shift = x ‘div‘ 10

3aech npu BeraucaeHnu d0 UCIoIb3yeTcs mapamMeTp MYHKINT X, a IpH
BbIuncjieHnn dl1 yactHasa nepeMenHad shift.

Jaanm anbTepHATHBHOE OMpeiesieHne 3Toi (DyHKINN, UCTIOIh3YI0-
[ee KOHCTPYKIUIO let .in:
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sumOfLastTwoDigits’  :: Int -> Int A
sumOfLastTwoDigits’ x =
let 4O = x ‘mod‘ 10
d1 = shift ‘mod‘ 10
shift = x ‘div‘ 10
in d1 + dO

Pe3ynbTaThl mpuMeHeHnsa STUX (DYHKIUH COBIAIAIOT:

—--> sumOfLastTwoDigits 5555555 H
10

—--> sumOfLastTwoDigits’ 5555555

10

3.3. OnpeneseHnnd c ajdbTepHATUBAMMU

Nuorma ObiBaeT HEOOXOAWMO TpU 3aJaHuM (PYHKIUN YKa3aTh, B
KaKOM CJIydae MCTIOIb3YeTCsd Ta WIW WHad JacTh OmpeneneHud. B mo-
TMOOHBIX CIyYasdgX HMCIONB3YIOTCA TaK Ha3biBaeMble OIIPEIeJIEeHUs C
agbpTepHaTuBaMu. PaccMoTpuM B KauecTBe TTOJO0OHOTO OTIPEIeIeHTS
GYHKIINIO, BHIYUCISIONIYIO aOCOTIOTHYIO BEJINUNHY YncCa. B cooTBeT-
CTBUM C MAaTeMAaTUIECKUM OITpeieIeHueM

r, ecmx >0,
abs(x) =
—x, ecmz <0

MIPUXOTUTHCS BHIOPATH OJTHO MIPABUJIO U3 JIBYX B 3aBUCUMOCTH OT 3HAKA
aprymenTa. B sa3bike Haskell sty dyHKINIO MOXKHO ONpenesinTsh C
IIOMOIITHIO KOHCTPYKInK if . . . then ... else (ecau... mo... unaue).
Mg OyneM mo6aBIATH CUMBOJ ’ K UMeHaM (DYHKIUi, KOTOPBIE yiKe
OTIpeJie/IeHbl B IIPETIOINN:

abs’ x = if x >= 0 then x else -x )\

[pyras dopma onpemeneHns ¢ aJlbTepHATHBAMU HCIOIb3yeT KOH-
CTpYKIIMIO case ... of:

abs’ x = case x >= 0 of )\
True -> x
False -> -x

BaMeTI/IM, 9TO KOJINYECTBO aJIbTEPHATUB B KOHCTPYKIIMN CasS€ He 00s1-
3aHO PaBHATHCA ABYM.
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» Vnpaotcnenue 11.3.2

Omnpenennm napy dyukunii: digitChar — M0O3BOJIOIILYIO TTePEBECTH
mudpy B CUMBOJI, ee obo3Hadaromunii, n charValue — oOCyIIeCTB/ISAIO-
nIyto obparHyto oneparuio. J[j1g 3Toro HaM MOTPedYIOTCs OIpe e eH-
Hble B npesoann GyHkiun ord, Bo3spamaiomas ASCII-kox cumBoa,
u chr, KoTopas 1Mo KOy OTMpeIe/IsieT COOTBETCTBYIOIINI €My CHMBOJL.
Hamomunwm, aro B Tabimme ASCII-xkomoB Koab!r ndp pacrosokeHbl B
OPSIIKEe BO3PACTAHUS.

digitChar :: Int -> Char
digitChar n = case n >= 0 & n < 10 of
True -> chr (n +ord ’07)

charValue :: Char -> Int
charValue ¢ = case isDigit c of
True -> ord ¢ - ord ’0’

---> digitChar 5
)5)

---> charValue ’5?
5

3.4. OxpaHHBIE BbIpaKEeHUHA

PaccMmoTpeHHYTO BbIIIe (DYHKITUIO HAXOXKIEHUS aOCOIOTHON BeJIN-
YUHBI YUCJIa, MOYKHO OIPEIE/TUTh TaKKe CAEIYIONINM 00pa30M:

abs’ x | x >= 0= x
| x < 0 = -x

Taxkas dpopma 3anucu IpeAnouTuTeIbHee KOHCTPYKIUN 1f, ecIu 9ucyio
Pa3IMYHBIX ciiydaeB Oosee aByxX. Hampumep, dyHKINS sign, KoTopas
yKe YIIOMHUHAJIACh Ha CTP. 29, MOXKeT ObITh 3a/aHa TaK:

sign x

| x>0 =1

| x =0

| x <0 = -1
Br130B 110100HBIM 00pa30M OmIpeae eHHOl (DYHKIUNA OCYIITeCTBISIETCS
CTaHIAPTHBIM CIIOCODOM:

---> sign (-6)
-1
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Onpenenenns pa3IUYIHBIX CIYYa€B «OXPAHAIOTCSI» OYJIEBBIMU BbI-
parkeHuAMU, KOTOPbIE IIO3TOMY HA3bIBAIOTCH OLPAHHBIMU S8blpadice-
nuamu. [Ipu Bbramciaenun Takoit (PyHKIIUNU OXPAHHbIE BbIPDAYKEHUS
IIPOBEPAIOTCA IOCTIEeIOBATE/IBHO OJHO 33 APYTUM 0 TeX IIOpP, MOKa O/I-
HO W3 HUX He mpuMmeT 3HadeHme True. B sToMm cirydae BbIpakeHwme,
CTOsIIee CIIpaBa OT 3HAKA = U OyJeT ABIATbCS 3HaYeHueM (PYyHKITUN.
[Tocrennee B cnmcke OXpaHHOE BhIpakKeHWE MOYKHO 3aMEHUTHh Ha, Be-
JmynHy True miam Ha CHenuajJbHYIO KOHCTaHTY otherwise (I/IHaHe, B
IPOTUBHOM CJIy4ae), HAIPUMeDp,

sign’’ x
| x >0 = 1
| x == 0 = 0
| otherwise = -1

Temepb MBI MOXKeM J1aTh OoJiee TOMHOE omucaHue (OPMbI OMpeIe-
nenus dyuknuu. [Ipu onpenenenun GpyHKIUN caeayeT yKa3aTh

e M (pYHKINNT,

e IMeHa HYJIsl WIn Oojiee apaMeTpoB;

e 3HAK = (PaBHO) W BBIPAKEHUs, U.AU OIHO WM HECKOJBHKO
OXPaHHBIX BbIPayKeHMIA;

e Ipu HEOOXOIMMOCTH CJIOBO Where, 3a KOTOPBHIM CJIELYIOT JIO-
KaJIbHBIE OITPEIeIeHNSI.

31ech Mo OXpaHHBIM BbIparKeHHEM MMOHMMAEeTCs 3HaK |, JIOrm4eckoe
BbIpazKeHNe, 3HaK = U HEKOTOPOe BbIpaKeHUe.

Tem He MeHee U 9TO ONUCAHNE eIle He NCUYEPIBIBAET MHOIOOOPa3Hs
dopm npeacrapienus ¢yuknun B ga3bike Haskell .. .

» Vnpaosrcnenue 11.3.3

OnpenenuM (pYHKIINNA, BBIYUCSIONINE MAKCUMYM U3 JIBYX U U3 TPeEX
ne1bix uncesr. OyHKIWS max, mpegHa3HadeHHasT IJIsT HAXOKIEHWST MaK-
CUMyMa U3 JIByX YHUCeJ, y7Ke OlpeeseHa B MIPETIOINN, TTOITOMY HAIITY
dyHKIINIO Ha30BeM max’:

max’ :: Int -> Int -> Int
max’ x y

| x >=y = x

| otherwise =1y

-- MaxcuMyM u3 Tpex dYucen
maxThree :: Int -> Int -> Int -> Int
maxThree x y z
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| x >=y && x >= z = x
'y >=z =y
| otherwise =z

CospaiiTe CKpUIT, COMepKAIINil 3TU OIpeaeeHNsI, 3arpy3uTe ero u
IpUMEHHUTe K Pa3IndHbIM 4nciaM. /lobaBbTe B HErO aJIbTEePHATHUBHOE
omnpeneieHne (DYHKIINN, OMPEIEIIONel MAKCUMYM U3 IBYX UHCEJI:

max’’ :: Int -> Int -> Int
max’’ x y
= if x >= y then x else y

Onpenennre pyukmmio maxThree’, TakyKe BHIYUCISIIONLYI0 MAKCIMYM
u3 TPeX Yuces, HO yZKe C MOMOIIbI0 (DYHKIINN, HAXOMSIIEH MaKCUMYyM
JBYX YHCEJI:

maxThree’ :: Int -> Int -> Int -> Int
maxThree’ x y z = max (max x y) z

DTO ompesieieHre MOXKET OBITH 3AIMCAHO C WCIOI30BAHUEM OITe-
paTopHO#t (GopMbI (DYHKIINYT max:

maxThree?’’ :: Int -> Int -> Int -> Int

maxThree’’ x y z = (x ‘max‘ y) ‘max‘ z

BxirounB oTobparkeHmne CTaTUCTHIECKON MHPOPMAIINA B HHTEPIIPE-
TaToOpe, BBISCHUTE, KAKOEe M3 OIMpeHeIeHn MaKCUMyMa TPexX Ynces 00-
Jiee SKOHOMHUYIHO.

<

3.5. ComocraByienue ¢ oopa3rom

[TapameTpsl (aprymMenTbl) (DYHKIUYE B €€ ONPeeaeHIr, MOJ00HbIE
nepeMeHHBbIM X Uy B onpefieieHnn £ X y = x * y, Ha3bIBAOTCA Hop-
MaavHoLMY TTapaMeTpaMu GyHKInn. [Ipu 3ampocax GyHKIINN mepeia-
I0TCs pakmuyeckue mapamerpbl. Hampusmep, B OyHKIIMOHAIBHOM 3a-
poce

f 17 (1 + g 6)

17 — dbakTuyeckunit mapameTp, COrIacoBaHHbIl ¢ X, u (1 + g 6) dak-
THYeCKuil mapamMerp, coryiacoBanublii ¢ y. [Ipu 3ampoce bynkmum dak-
THYECKHE TapaMeTphl 3aMeHIIn coboii (bopMasIbHBIE TTapaMeTphl W3
onpenenenus. [losromy pesynbrar 3ampoca — 17 * (1+ g 6).
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Urak, daxTudeckue mapamMeTpbl — 3TO 6wvipasicenus. Popmab-
HbIE TapaMeTpPbl ObLIH HA36aHUAMU (IMEHAME) MepeMeHHBIX. B 6071
IITTHCTBE SI3bIKOB MPOrPpAMMUPOBaHUS (DOPMaJIbHBIE TapaAMETPhI 0K~
HbI BCerjia ObITh MMeHaMu mepeMeHHBbIX. B s3bike Haskell nmerorcs
HECKOJILKO JIPYTUX BO3MOXKHOCTei: (hopMaJbHBIN MapaMerp MOMKeT
Tak:Ke OBITh 00pa3UoM.

Paccymorpum cirenyroriee hyHKIIMOHAIBHOE OIIpeaeIeHne, rue odpa-
3€Il UCIIOJIb3YeTCs KaK (POPMaJIbHBIN TapaMeTp:

f [1, x, y] = xty

Takasi HyHKINA TpUMeHsieTCs JUIIb K CIIHCKaM, COJepyKallliM Tpu
3JIeMeHTa, TpUYeM HepBhIi 3JIeMeHT 1oJI7KeH ObITh pasen 1. Bropoii n
TpeTnii 37eMeHT B HeM MOTYT OBITh NPOM3BOILHBIMEU. Ho 3Ta dyHK-
U5l He oNpejleieHa /i 6ojlee KOPOTKNUX MM JIMHHBIX CIUCKOB, MJIN
CITNCKOB, y KOTOPBIX IepBbIit 31eMeHT He pasen 1. To, uto dyHKINH
He OIpeJesIeHbl IIPH HEKOTOPBIX (DAKTHYECKHUX IapaMeTpax, aBJIdeTca
BIIOJTHE HOPMAJIBbHBIM gBJIeHHeM. Tak (PyHKIMA Sqrt He OIpeeseHa
IJisi OTPUIATESIbHBIX YUCeN, a oneparop / (meseHue) He OmpejesieH
IpY HYJIEBOM BTODOM IHapaMeTpe.

Moo ompenensaTh MYHKIUN ¢ pa3JIndHbIMI OOpa3llaMi B Kade-
cTBe (pOpPMaJIbHOIO IMapaMeTpa, HallpuMep,

sum’ [] =0

sum’ [x] = x

sum’ [x, y] = x+y
sum’ [x, y, z] = x+ty+z

DTa QYyHKIUS MOKET TPUMEHSIThCs K crirckam ¢ 0, 1, 2 uan 3 s1emen-
Tamu (B masbHedinemM sra byHKIUs 6y IeT omnpeieeHa Ha CIIICKAX MTPO-
M3BOJILHOM JynHHbI ). [Ipn BbI30Be (DYHKIMN HHTEPIIPETATOD CONOCMa-
sasem (pakTuIecknit ¢ popMaabHBIM TapaMETPOM; HATTPUMED 3AITPOC
sum’ [3, 4] cooTBeTCTBYyeT TpeTheil CTpOKe ompeneneHus. Tpoiika
OyIeT cOOTBETCTBOBATH X B OINpejesieHnn, a 4 — .

AHaJIOrm4HO TOMY, KaK B OIpeAeIeHrnn (PYHKIMT HEBO3MOYKHO I10-
sIBJIEHUE OHOTO M TOTO YK€ TTapaMeTpa IABayKIbl, B 00pa3Iax He JOIyC-
KaeTCsI MCII0Ib30BaHme MoBTOpsomuxca nMmed. Cremyrolee omnpeiee-
Hite PYHKINH HEpabOTOCIOCOOHO, TaK KaK MMs IIepEeMEeHHOI X BCTpe-
JaeTCs JIBaKIbI:

member x [] = False
member x (x:ys) = True -- Ommbka: OBaXOi HUCIOIbB3YETCHA X
member x (y:ys) = member x ys

A
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Bot mpumepbl KOHCTPYKIIHi, HOIMYCTUMBIX B KadeCTBe 0OPAa3I0OB
COOTBETCTBUL:

uncia (Hampumep, 3);

koHCcTaHTHI True m False;

Ha3BaHWUs MapaMeTpoB (MMeHa) (Hampumep, x);

CIIUCKU, B KOTOPBIX JIEMEHTHI SBJISIIOTCS TaKyKe obpasmamu (Ha-
npumep, [1, x, yl);

e orneparop : ¢ obpasinaMu cjeBa U crpaBa (Hampumep a:b);

e omepaTop +, cJIeBa OT KOTOPOTrO PACHOIOKeH ob0pasell, a Crpasa
HATYPaJbHOE YUCTIO (HAmpuMep, n+l).

OTMmernM, 9TO B 00pa3Iax, CoIePKAIIUX OIepaTop +, IepeMeHHbIE BCe-
r7a CYUTAIOTCI HATYPAJIbHBIMU YUCJIAMU.

» Vnpaosrcnenue I11.3.4

CospgaiiTe CKpPUIT, B KOTOPBII TOMECTUTE CJIEILYIOMINIA KOJI

qq :: Int -> Int
qq (x + 4) = x - 3

3arpysure CKpUOT B HMHTEPIPETATOP W BLI30BUTE (QYHKIUIO qq C
HECKOJIBKUME (PaKTHIeCKIMHU ITapaMeTpaMi (CKOOKU B ITOC/IETHEM BbI-
30Be 00si3aTesIbHBI!):

--->qq 34

27

---> qq (34+4)
31

[IpuBeauTe mpumMep BbI30Ba (DYHKIINM, B pe3yJbTaTe KOTOPOTO OyIeT
BbIBeJeHO uncao 100.

<

C momomipio 00pa3moB coorBeTcTBUA B a3bike Haskell ompeneneno
MHOKecTBO (byHKIn. Hampumep, omepaTop KoHbIOHKIINY && B (baiiie
Prelude.hs omnpegenen Tak:

False && False = False
False && True = False
True && False = False
True && True = True

MB&I y2Ke MO3HAKOMUJINCH C BCTPOEHHBIM OIIEPATOPOM :, KOTOPBIil
UCTIO/Ib3YeTCsT TIPU TIOCTPOEHNN CIUCKOB. BbIpaskeHue x:y, 03HATAIO-
Iee «dJeMEHT X, Pa3MeIIeHHbINH Mepej CIUCKOM Y», UCIOIb3yeTCs B
KauecTBe oOpa3Ka IpH 3aJaHnu (PYHKIUNE IJIT pabOThI CO CIUCKAMIUI.
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[Ipu ncmonb30BaHUU OllepaTopa : B 0Opa3sile, IePBBIN 3JIEMEHT CIINCKA
IOJIZKEeH pa3Meniarbcs mnepBbiM. C HCIOIb30BAHIEM TaKUX 00Pa3IOB
MOKHO OIPEIEINTh IBE OYeHb IOJe3HbIe CTaHIAPTHBIE (DYHKIUN:

head (x:y)
tail (x:y)

X
y

Dyukiusa head BO3BpaIaeT MePBbIil 37eMeHT crucka (roiosy, “head”);
a tail — Bce Kpome mepBoro siemenTa (xBoct, “tail”). Dru GyHkMM
MOTYT IIPUMEHSITHCS K JTFOOOMY CIIUCKY 32 UCKJIIOUYEHUEM MyCTOro (CIIu-
COK 6€3 3JIEMEHTOB): y MYCTOrO CIUCKA HET HU TIEPBOTO HJIEMEHTA, HU
XBOCTA.

B HekoTOpbhIX ciy4asx yJIOOHO WCIOJIH30BAaTH JIPYTyI0 GopMy
00pa3IoB, TaK Ha3bIBaeMble «as-00pas3ibly. OHa IpUMEHSEeTCs, eCIn
nMs 0Opa3slia MpeanoaaraeTcsa HCIOJb30BaTh B MIPaBOil YacTH ypaB-
HeHus, 3agamolero GyHkinio. Hampumep, dyHKINsS, IyOaupyromast
IIepPBBI JIEMEHT CIIHCKA, MOYKET OBITH 3aIllCaHa TaK:

f (x:xs) = xX:x:X8

Hamomunwm, urto omepamust : mpaBoaccomuaruBHa. ObOpaTrnTe BHEMA-
HIIe, 9TO BBIPAYKEHHUE X :XS BXOIUT B 3TO ONpPEJeIeHNe IBaKIbl: KaK
obpaszern (as-pattern) B JIeBOW CTOPOHE ONpeNEJIEHNs] U B BbIPAXKEHUN
cupaBa. Jaga yiaydineHns 4uTabeIbHOCTH IPOTPAMMbI XOTEJIOCH ObI
BKJ/IIOYATh X:XS B IOJOOHOE OIpeje/leHne JINIIh OJWH Pa3. JTUM Iie-
JIIM U CIIYKAT IIPUMEHEHUe as-06pa3uo8 B cilemyroleii dpopme:

f s@(x:xs) = x:8

B apyrux, moBOJIBHO 9aCTO BCTPEUAOIINXCS CUTYAIINAX, B IIPABOA
CTOPOHE OIpeeeHnst PYHKINU UCIOAb3YIOTCA JINIIh HEKOTOPhIE Ta-
cTu oOpa3la cooOTBeTCTBHA. TaK, B PACCMOTPEHHBIX BBIIIE OIpeIesIe-
Huax ¢yHknuit head m tail TOIbKO OJHA M3 ABYX dYacTeil oOpa3Ia
yJaCTBYyeT B BBIYUCIEHUAX. B MOIOOHBIX Caydasdx I OOO3HATEHUS
Tex JacTeil o0pasma, KOTOphIe He MCIOJIb3YIOTCS, TPUMEHSIeTCS CHM-
BOJI _ (MOMUepKUBaHUE), HA3BIBAEMBIN aHOHUMHOT nepementot:

head (x:_.)
tail (_:y)

X

y

B sleBocTOpOHHEH YacTH Ompejie/ieHus MOJ00HbIe 00pa3Ilbl MOTYT
BCTPeYaThCs HECKOJIbKO pa3. Kaxkablit u3 Hux obpabarbiBaeTcs He3a-
BUCHMO, ITO9TOMY, B IIPOTUBOIMOJIOKHOCTH (POPMAJIbHBIM ITapaMeTpaM,
OHU HUKAK He CBA3aHBI MEXKJIy CODOI.
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» Vnpaorcnenue 11.3.5

Omnpenenmum ¢dyuknno middle, BO3BpPAIMAONIYIO CPEIHHUI SIE€MEHT
KOpTeXKa M3 TPpexX BeINYMH. TaK KaK HaC HEe MHTEPECyIOT 3HAYEeHUs
MEPBOTO U MOCJEIHErO 3JIeMEeHTOB, TO Mbl U HE BBOJIUM WX NMEHA:

A\ middle (_,x, ) = x

HpI/IMeHI/ITe ITY d)yHKILI/IIO K Pa3JIN9YHBIM JaHHBIM.
<
OXp&HHbIe BbIPpazKE€HUAd MOI'YT OTHOCHUTLCA K JIFOOBIM IIepeMeHHbIM
B o6pa3uax coorBeTcTBUA. Ecam HeT OXPaHHOT'O BbIpazKEHNA, COOTBET-

CTBYIOIIEro MCTUHHOMY 3HAQYEHHNIO, TO ITOUCK o6pa3ua COOTBETCTBUA
BO30OHOBJIFETCH CO CJIEAYIOIETrO YPpaBHEHMA.

» Vnpaotcnenue I11.3.6
Onpenennm (HyHKINIO, COYETAIOILYIO B cebe 00pa3Ibl COOTBETCTBUS 1

oxpanHbie Bbipazkenus. Oyukius isO0rder mpoBepsieT, yIOpsI0UeHbI
JIN TIepBbIe IBa JIEMEHTa CIUCKA YUCe:

)\ isOrder :: [Int] -> Bool
isOrder (x1:x2:xs) | x1 <= x2 = True
isOrder False

[Ipumennre pyuknuio isOrder K pa3JUIHBIM CIIHCKAM:

H ---> isorder [1,2,3]
True
---> isOrder [2,1]
False

3.6. Onpenenenune pekypcueii 1an MHAYKITAA

Kak y»Kke oTMedaaoch, B onpeneaeHnn (PYHKIUH MOYKHO HCIIOIb-
30BaTh pas3/n4Hble (DYHKINN, KAK CTAHIapTHBIE, TAaK U paHee OIpeme-
JIEHHBIE IIPOrpaMMHICTOM. Kpome 3Toro, pyHKIMS MOXKET BHIPAXKAThHCS
gepe3 camy cebst! Takoe ompeesierne Ha3bIBACTCST PEKYPCUBHBILM ONPE-
deseruem (CIOBO «pEKypPCHsi» OYKBAJIHHO MEPEBOIUTCS KaK «IIPUXOJIsI-
I CHOBa» ; UM (PYHKIUN (PUTYPUPYET B ee COOCTBEHHOM OIIpeiese-
HUN).

[Ipocreiituit mpuMep PeKypCUBHON (DYHKIIMYU BBITJISIUT TaK:

/X fx=1fx
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31ech ums ompezenseMoit GyHkiun (f) BCTpedaeTcss B BhIPDAYKEHUH,
PAaCIIOIOKEHHOM CIIpaBa OT 3HaKa paBeHcTBa. OIHAKO OTMETHM, UTO
Takoe oIpejie/ieHne JJOBOJIbHO 0€CCMBICIEHHO: YTOObI BHIYUCIUTH 3Ha~
gyeHnne f 3, ciieayer BbIYUCIUTH 3HaYeHUe £ 3, N9 BBIUUCTIEHUS KOTO-
poro TakxKe CaeayeT BbIYUCAUTH f 3, 1 Tak Jajee 10 OECKOHEYHOCTH.

PexkypcuBHo ormpesesieatble (DyHKIUNA OyayT TOJIE3HBI JIUITH TTPU
BBITIOJTHEHNY CAEAYIONINX ABYX YCJAOBUNA:

® naApamMemp pexypcusHo20 6vi308a 00ANCEH Obimb bosee npocm
(Hanpumep, wucaenno menvwul, uiu bosee Kopomrud cnucox),
wem napamemp onpedeanemoti GyHruu,

® UMEETNCA HEPEKYPCUBHOE onpedesenue 0 0CHO8H020 (6a306020)
CAYHAA.

XopoluM IPUMEePOM PEeKYPCUBHON (DYHKIUN SABJIAETCSI CIEIYIO-
1ee orpejiesenne pakTopuaa;

fact :: Integer -> Integer
factn | n==0 =1
| n > 0 =n * fact (n-1)

Yenosue n == 0 gBigeTca 6a30BBIM; B 9TOM CIIy9ae Pe3yJIbTaT MOXKET
OBITH OIpEJIE/IEH HETOCPEJICTBEHHO (T. €. 63 PEeKyPCUBHOTO BHI30BA).
Omnpenenenne ajg caydag n > 0 COIEP:KUT PeKypPCUBHOE oDpalleHne,
a mMenHo Bbi3oB fact (n-1). [Tapamerp sToro Bb3oBa (n-1), Kak u
TpedyeTcsi, MEHbIIEe UeM 1.

JpyrumM crmocoboM OTIUYUTH STH JBa ciaydast (6a30BBI U PeKyp-
CUBHBII) SIBJISIETCS COIOCTABJIEHUE MDY TIOMOIIM 0OPa3IOB:

fact? O = 1
fact’ (n+1) (n+1) * fact’ n

B sToM mpumepe mapaMeTp peKypCHBHOTO BbI30Ba (N) MeHbIIE, 4em
napamMeTp onpejesnsemoi dyskmyun (n+1).

Vcnonp30BaHne 00pPa3IoB COOTBETCTBUS MTEPEKINKALTCA C MaTeMa-
TUYIECKON MPaKTUKON «OompeneneHns M0 WHAYKIUN». HKCIn peKkypcuB-
HOe OlpesiesieHne pa3/iesigeTcsd Ha HeCKOJIbKO PA3JUYHBIX CJIIydaeB CO-
MOCTaBJIeHNs ¢ OOpa3naMu (BMECTO WMCIOJIb30BAHUS OXPAHHBIX JIOTHU-
YEeCKUX BBIPAYKEHHT), TO ero HA3bIBAIOT UHOYKMUBHM ONPEJEACHUEM

byHrUULU.

» Vnpaorcnenue 11.3.7

Hammm pekypcuBHOe ornpejeseHne (QyHKIUN PoOwer2, sSBJIAIONIECS
aHAJIOTOM MaTeMaTu4deckoi pyHkum 2":
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power2 :: Int -> Int

power2 n
| n>0 = 2 * power2 (n-1)

<

OyHKIMM Ha CIIUCKAX TaKyKe MOTYT OBITh 3aJlaHbl PEKYPCUBHO.
Crmcok CTaHOBUTCS «MEHBITIE» YeM JIPYTOil, €CIU OH COIEPKUT MeHb-
1mee KOJIMYECTBO JI€MEHTOB (eciu oH Kopoue). V3merum (yHKIHO
sum’ W3 TpeNbIAYIIero pas3zesta TakK, 9TOObI OHA TMO3BOJIANIA CKJIAIbI-
BaTh JIEMEHTHI CITUCKA, TTPOU3BOIBHOM IIMHBI. DTOI0 MOYKHO JOOUTHCS
pazauaHbIME criocobanmu. OObIYHY0 PEKYPCUBHYIO DYHKIMIO (MCITOIb-
3YIOIIYI0 OXPAHHbBIE BBIPAYKEHNUs) MOXKHO OIPEIETUTh TaK:

sum’ list | list == [] =0
| otherwize head list + sum’ (tail list)

NunykruBnaas dpopma (comeprKalias COMOCTABIEHIe ¢ 00Pa3IaMu )
TaKOi PYHKIINT MOYKET BBITVIAAETH CIELYIONM 00Pa30M:

sum’ [] =0
sum’ (hd:tl) = hd + sum’ tl

B stom onpenenennu nepementas hd (or ciosa head) coorsercrByer
roJIoBe CIHCKa, a t1 (or tail) — xBocTroBoMy crucky. IIpu BeIGOpe nmen
IEPEMEHHBIX, BXOJSIINX B 00PA3Ibl, Mbl PYKOBOICTBOBAJIICH IIPHHIIN-
IIOM <«TOBODSIIIAX UMEH», TO3BOJISIFOIINM MTOJIHEE OTPA3UTh CMBICI OIIPe-
JI€JICHUSI.

B OonbmnHCTBE ClIy4yaeB OIpejeseHne, HCIOAb3YIONe 00pas3Ilbl
COOTBETCTBU, TIOHITHee W sICHee, TaK KaK KayKJIoe IIPABUJIO, OIpeje-
JIieMoe OT/IeIbHBIM 00pa3IOM, UCIOIB3YEeT JEMEHTHI 00pa3Ia cpasy
MOCJIe ero yKa3aHUs.

» Vnpaotcnenue 11.3.8

aBaiiTe onpenennm GyHKINO length’, aHAJIOTMYHYIO CTAHIAPTHON
dpyHKIMU OonpeeneHus JIINHbI CIUCKa. J[JTMHa MycTOro Crmcka, ecre-
cTBeHHO, paBHa 0, a JJMHA JIFOOOTO CITHCKA, § KOTOPOTO €CTh XBOCT
(T. e. HemycTOro) Ha eAUHMUILY DOJIBIIE JJIMHBI XBOCTOBOIO CIIUCKA:

length’ [] =0
length’ (hd:tl) = 1 + length’ tl

OTMmeTuB, 9TO B BBIPAYKEHNUH, CTOSIIEM CIIpaBa OT 3HAKa =, HE MCIOIh-
3yercs mepemenHass hd (OHa JIMIIb yKAa3bIBAET HA TO, YTO y CIHCKA
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eCTb TOJIOBHOM 3JIEMEHT), 3aMEHNM ee Ha aHOHUMHYIO nepemenHy. C
ee UCIOoJIb30BaHueM (DYHKIIUSA TPUMep BUI:

length’ [] =0
length’ (_:tl) =1 + length’ tl

3.7. CHOBa 0 ABYMEPHOM CHHTAKCHCE

Ucnonp30Banue JOMOTHUTE/IHLHBIX MTPOOETOB U TMYCTHIX CTPOK TI0-
3BOJIET OOBIYHO CJe/IaTh TEKCT MPOrPpAMMbl, HAIMCAHHON Ha JIFOOOM
sI3bIKe, 0oJIee TMTOHATHBIM I UTeHus U aHaau3a. [louru B mr060e Me-
CTO TporpaMMbI, HamncaHHoil Ha sa3bike Haskell, moxker OBITH moba-
BJIEHO TTPOW3BOJIHLHOE YUCJIO TPODOEIoB. TaK, B TOCIEIHEM TPUMEPE MbI
JI00aBUJIN HECKOJIHKO TPODOEIOB, B/ IsIs U BbIpaBHUBas 3HaK =. Fcre-
CTBEHHO, HEJIb3s BCTABJATH IIPOOEJIBI B UUCIA, UMeHa (PYHKIWH 1 1Ie-
PEMEHHBIX, B KJIIOUEBbIe CJIOBa: 3amuch 1 7, KOHEYHO ¥Ke, O3HAUAET
HEYTO OTJIMYHOe OT 17.

Kpowme 3Toro, MoxKHO, UCXOS U3 STUX Ke IIPUHIIUIIOB, pPa3pbIBATh
CTPOKHU M J00aBJSATH B TEKCT IPOrpaMMbI IycTbie cTpoku. OmHaKO
JABYMEPHBIA CUHTAKCUC A3bIKa HAKJJIAAbIBAET JOMOJHUTEIbHBbIE OrPAHU-
YeHUs Ha Pa3PhIBhI CTPOK. TaK CIemyIOmne JIOKAIbHBIE OIpeaeTeHns
UMEIOT COBCEM Pa3JINYHBbIN CMBICII:

where where
a=fxy a=1x
b=gz yb=gz

Onpenenss GyHKIUNI, PYKOBOACTBYHTECH C/IeAYIOMIMMI TPUHITATIAMU:

® CTPOKA, PACIOJOKEHHAS C MOYHO MAKUM dHCe OTCTYTIOM, KakK
U IpeAbIAyIast, pacCMaTPUBAETCs KaK HOBOE OIpeIe/IeHUE;

® CTPOKa, UMeroIas 60Abwuti OTCTYI, YeM IpedbIayInas, pac-
cMaTpUBaeTCcd KaK MPOIOIKEeHNe TpeIblayIeil CTPOKY;

® CTPOKa, MMEIasad MeHbW UL OTCTYII, O3HAYAET, YTO MPOIO0J-
JKeHUe TIPEJIBIIYIINX CTPOK 3aBEPIIEHO.

Haunbonbmuit mHETEpEC IpeICcTaBIAI0T CTPOKM, B KOTOPBIX ppa3a ¢
HCIIOJIb30BaHUEM KJIIOUEBOI'O CJIOBA Where MCIOIb3yeTcsd BHYTPH IPY-
roit where-cdpas3bl, HAIPUMED,

fxy=g (x+ w
where gu =u + v
where v = u * u

A

A
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w=2+y

3/1ech w ecTh JOKaJbHas nepeMeHHas s GyHkiun £, HO He I g.
DTO celyeT U3 TOro, UYTO OTCTYI CTPOKHU, B KOTOPOil OIpeiesigeTcs w
MeHbIIe, YeM B CTPOKe, Oolpejessdioneir v. Ecan XKe caemath OTCTYI
P ONpeJieIeHNN W MeHbIIle, YeM B CTPOKE, OIPEeJIeNsIoNiell g, TO NH-
TepIpPeTaTop BhIIacT coobinenne ob ommoke. CaemayiiTe mpaBuIy:

areueaneHIMHbBLE onpede./LeHu.ﬂ AONIAHCHDL UMEMD pasHbvlLE OTMCIMYTNBL.

DTO 03HaYAET TaK’Ke, ITO BCe TJI0DAIbHBIE ONpeaeaeHnsT (DyHKITII
JOJIZKHBI UMETh OJIH U TOT K€ OTCTYI (HAIPUMED, BCe TOJZKHBI HAUN-
HATBHCS C HYJIEBON MO3UIIAHT).

Bonpocwvt u 3adanus

I1.3.1

OO0bsicHuTe, B 9eM pa3/ndue B MCIOIb30BAHUN KOHCTPYKINH X = 3 u
x == 3.

I1.3.2

3amaiiTe GyHKINIO greater, BO3BPAIIAIONLYIO OOTBIINIT U3 IBYX apry-
MEHTOB.

I11.3.3

Omnpenenure GYHKINIO, BO3BPAIIAOINIYIO IIOMAIbL KPYra € PaIiy-
coM r (Mcrosnb3yiiTe BMeCTO yucia m aucio 22/7).

11.3.)

Hanwumure npe Bepcun dyHKIUN numberSol, KoTopas OepeT TpHU Un-
c7a a, b U ¢ 1 BEIYHCALET YNCIO0 PelleHuit ypasHerns ar? +bx +c =0
(1) ucronb3yst oxpaHHbIe BbIpaXKeHust; (2) KOMOMHUDYs CTaHIAPTHbIE

byaxmun’.

I1.3.5

[Iycts onpenenenne pyukmnun middleNumber, naxosiieit cpegHee 1o
BeJINYMHE U3 TPEX YNCEN, TAKOBO:

1B0cnon53y171Tec1> OTIpe/ieJIeHHONW B Tpermtoanu (yHKIMeil signum, KOTOpas
ABJIFETCA aHAJOTOM PACCMOTPEHHOUW HaM! (DyHKIMH sign.
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middleNumber :: Int -> Int -> Int -> Int
middleNumber x y z

| between y x z = x
| between x y z =y
| otherwise =z
between :: Int -> Int -> Int -> Bool

between = between

3aMeHnTe TPUBEIEHHOE B IOCJIEIHE CTPOKe CKPHUITa (DUKTUB-
HOe ompeneneHne (QYHKIUN between Ha Takoe, YTOOBI (DYHKIIHS
middleNumber ObLa KOPPEKTHO OIIPEIeIeHA.
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Oyakiun B ga3bike Haskell

1. ITomumopdusMm u neperpy3ka pyHKIINIT

HexkoTopsle byHKINKI U OmepaTopbl MOTYT pabOTAaTh C Pa3/IMYHbI-
MU TUIIAMU JaHHBLIX. /|71 GonbInHCTBA QYHKIMI HA CIIUCKAX (HATIPHU-
Mep, length) He BayKHO, KAKOB THUII JIEMEHTOB CIIHCKa. Bemh MOKHO
rOBOPUTH O JJINHE CIUCKA, COCTOSAIIETO U3 IEJIBIX YUCETT, OYIEBBIX IIepe-
MEHHBIX WM mazke n3 pyukmuit. Tun sToit pyrknnn B a3bike Haskell
TaKOB:

length :: [a] -> Int

DTa 3aliCh TOBOPUT O TOM, UTO apryMeHTOM (PYHKIINHU SBJISETCS CIIH-
COK, IpAYeM He BaKHO, K KAKOMY TUMNY NPUHAIJIEZKAT €ro 3JIEMEeHTHI.
Tun mepeMeHHBIX YKa3bIBAaE€TCsS C TOMOIIHIO TMEPEMEHHON TUMa, B
JTAHHOM CJIydae IepeMeHHoi a. VMg mepeMeHHOIT THUMA, B OTJINYNE OT
Ha3BaHUI caMUX TUIOB, TAKUX KaK Int nin Bool MO/IZKHO HAUMHATBHCA
c nponucroti OYKBHI.

Oyukins head, KoTopasi BO3BPAIIAET MEPBbIM 3JIEMEHT HEITYCTOTO
CHUCKa, UMeeT TUIl

head :: [a] -> a

OTa QYHKIMS TaKyKe OMePUpyeT CIUCKAMU W TUIl JIEMEHTOB CITHC-
Ka JJId Hee He BaykKeH. TeM He MeHee, pe3yJbTaT IpUMeHeHHs (pyHK-
IIIM UMeeT TOT K€ THUIl, YTO U BCe dJeMeHThI cruucka. [lomumopdHbie
GyHKINN, aHAJTOTUIHBIE BBIIIE PACCMOTPEHHBIM, UCIOIB3YIOT TOJBKO
CMpyKmypy CIUCKA.

Tum, comep:almmuii mepeMeHHbIe TUIA HA3BIBAETCS NOAUMOPHHBIM,
T. €. IPUMEHSIeMbIil K pa3JudHbIM TuIaM. OyHKINSA, 00bsIBICHHAI C
TOTUMOP(HBIM THIIOM, HA3bIBAETC N0AUMOPPHOU dynryuel. g
CaMOTO 3TOTO SIBJIEHUsT UCIOIB3YETCST TEPMUH NOAUMOPPHUM.

[Tosmmvopdubie GYHKIINE BCTPEUAIOTCSI OYE€HB YacTO. DOIbIMH-
CcTBO (DYHKIINI B IPETIOANN SIBISETCS MOJIUMOP(MHBIMUA (DYHKITUIMA.

64
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He Tonpko (byHKINKM Ha CIOHCKAaX MOTYT 00JIagaTh CBOWCTBOM IIO-
numopduoctu. Ilpocreiimas momumopdHas GYHKINA eCcTh (DYHKIIIS
«TOXKJECTBEHHOCTH» (TOBODsI sI3bIKOM MaTEMAaTHKH, 3TO Takas (DyHK-
nust £, aro f(x) = x qus aoboro x). Hazosem ee id’ (or identify —
YCTAHABJINBATH TOXKIECTBO, (DYHKIUS id OmpeiesieHa B PEJTO/IIHT ):

id’ i a -> a )\
id? x = x
QyHKIUA 1d’ MOXKET OIIeprupoBaTh dJIeMeHTaMu J1000ro Tumna. e Mox-

HO TPUMEHATH K YUCJIaM, JIOTUYECKNM BeJIMYNHAM, CIIUCKAM, CIUCKAM
CIUCKOB W T. ]I.

---> id’ 456789 H
456789

---> 1id’ 3.4

3.4

---> id’ [1,2]

[1,2]

---> 1id?’ [[True, True], [], [False]l
[[True,Truel, [], [Falsel]

Bcmomunm marmoe Ha cTp. 59 onpenenenne pyukimm fact:

fact :: Integer -> Integer )\
factn | n==0 =1
| n> 0 =n *x fact (n-1)

[Ipu BBI3OBE C HEOTPUIATEJIHLHBIMU apTyMeHTaMHU 3Ta (PYHKIUS pado-

TaeT 3aMeYaTe/IbHO, OJHAKO €CJIU BhI3BATH €€ C aPTyMEHTOM, MEHBIITUM
HyJ1s1, TO Hugs BhIIacT He OUYeHb siCHOe COOOIeHne 00 ONHIOKe:

---> fact 30 }{
265252859812191058636308480000000

---> fact O

1

---> fact (-4)

Program error: {fact (-4)7}

eno B ToM, 9TO 3Ta (PYHKIINS He ONpeiesieHa /)i OTPUIIATETbHBIX ap-
r'yMeHTOB. B mogo0HBIX cUTyannsx MpUTroanTcs moauMopdgHas QyHK-
IUsI error, 3aJaHHasi B MPEJIIOINN, KOTOPas UCIOJIb3YeT B KadeCTBE
mapaMeTpa CTPOKY TEKCTa, C MOSCHEHUSIMU:

fact :: Integer -> Integer )\
factn | n == =1
| n > 0 =n * fact (n-1)



66 . Qynxuyuu 6 azwke Haskell

| n < 0 = error "oTpuuaTenbHHiI apryMmeHT!"
Tenepb BBIBOJI CTAHOBUTCA OOJIee MOHATHBIM:

---> fact (-4)
Program error: oTpulaTeJbHbHN apryMeHT !

Obcymum tun yuknnn error. OHa MCIOIB3yeT CTPOKY B Kade-
CTBe apryMeHTa, MOITOMY ee Tul String -> A id KaKOro-TO THIIA
A. U3 ontmcanusa mporpaMMbl CHO, YTO A = Integer, TaKk KaK TOJIBHKO
aCCOIMUPOBAHHAS C 3TUM THIIOM JaHHBIX (DyHKINS fact aBIseTCs XO-
POILIIO OIIPEeAEJIEHHO: IePBLII 1 BTOPOIl IYHKTHI ONEPUPYIOT C I[EJILIMUA,
IIOSTOMY TPeTHil MYyHKT, JTOJKeH cjegoBaTh ToMmy ke. Ho 3To HeBO3-
MOYKHO, TaK Kak (QPYHKIIMS €rror BO3BpAIaeT CTPOKY. Ecam ke Mbr
OTPAHUYMMCsT TOJTHKO BBIBOJIOM YHUCE]I, 3AITU(MPOBBIBAIOIINX HAIIE CO-
obrieHne 06 OMMbKe, T. €. OIPeIe/INM ee TUI Kak String -> Integer,
TO MbI CUJIBHO OTPAHUYNM HAIIU BO3MOYKHOCTH B BBIBOIE COOOIIEHMUIA.
Kpowme sToro, Mmoxker moTpedoBaThCs BO3BpallleHue (PyHKIMEH error
3HAYEHU 1 KAaKNX-JIN00 APYTUX TUIIOB, HATPUMED, B CIEAYIOMIEM TTPH-
Mepe BO3BPAIIAEeTCs JOTUUEeCKOe 3HAUYEHIE:

el :: Bool
el = error "el"

Berancium 3uauenne el u yoeanmMcess B KOPPEKTHOCTU OIPEIEIEHUS:

---> el
Program error: el

[TomoOHbIe ompee/ieHrs BO3MOXKHBI TOJBKO MOTOMY, YTO (DYHKITUS
error siBjsieTcss mouMopdHoit pyHKImel. B ee 00bsABIEHUN HCTIOTH-
3yeTcs TmepeMeHHasT THIIA:

error :: String -> a

Ha npaxTuke GpyHKIMSA error 4acTo UCIOIb3YETCS B POJIA HEOIPE-
nesenHoro 3uavdenus (L) s3wika Haskell. Beizos error npusogur
PEKPAIIEHUIO BLITIOJTHEHN U TeYaTH COOTBETCTBYIOMIETO COOOIICHMS.
DyHKIMA error TakKe IPUMEHSeTCa IS CO3JAHUS «3arIylIeK» —
IIPOrpaMMHBIX KOMIIOHEHT, KOTOPBIE IIOKa ellle He HAIMCAHbI, NI Be-
JINYWH, BXOIAIINX B Pa3JIMYHbIE CTPYKTYPHI JTaHHBIX, e BEJNYNHA,
JOJIZKHA, IIPUCYTCTBOBATD, HO HUKOI/IA HE MOYKET OBITH MCIIOJb30BAHA.

» Vnpaotcnenue I111.1.1

Onpenennm KOHCTAHTHYIO QPYHKIINIO, KOTOPas JIJIsT JTI0OOTO CBOETO ap-
ryMeHTa BO3BpalaeT 1:
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constl :: a -> Int )\
constl x =1

e2 :: Int

e2 = constl (error "e2")

Temeps monpobyeM BHIYUCINTH 3HAUYEHUE e2:

> e H

1

Kak Bugum, pyaknus constl sB/IsieTCss HECTPOrOil 110 OTHOIIEHUIO K
CBOEMY apryMeHTy, T. e. constl 1 = 1

<
[Ipumepom momumopdHOR (DYHKINN C HYJI€BBIM YHUCIOM apryMeH-
TOB MOXKeT CJIyKUTh (pyHKIN undef ined, KoTopas mog00HO (DYHKIIAN

error ymorpedJisieTcs Ajisi 0003HAYEHUsT HEOIPEeIeJIeHHON BeIMInHbI
moboro Tuma (L):

---> length [undefined, 3] H
2

---> True || undefined

True

Muorue (GyHKIUE OT HECKOJIBKUX TMEPEMEHHBIX SBJISIIOTCS ITOJIU-
MopdubiMu. HamoMauM, 9T0 nipu yKazaHuum Tuia (PyHKIUNA, 3aBUCS-
11e OT HECKOIBKUX apryMEeHTOB, Pa3MeIaloT CUMBOJIBI —> KaK MEXK Ly
THIAMU [apaMeTPoOB, TaK W Tepel TUIOM pe3yabTaTa. lak, PyHKINI
abcFormula, nmpuBenenHas Ha cTp. 47, Oepylas B KadecTBe apaMe-
TPOB TPU YUC/Ia U BO3BPAIIAIONIAS CIIUCOK YUCEI, UMEET TUIL:

abcFormula :: Float -> Float -> Float -> [Float] )\

OpmauM u3 mpuMepoB MOIUMOPGHON (DYHKIINK OT ABYX apryMeH-
TOB SIBJIAeTCS (DYHKIUS map, onpeeseHHas B Mpeaoann. Fe mepBbIit
apryMeHT siBjisieTcs (pyHKImel, a BTopoit — crnuckom. OyHKIUs map
npuMeHsieT PYHKIUIO (MepPBbIi apryMeHT) K KazKIOMY JIEMEHTY CIIUC-
Ka 1 pa3MeIaeT pe3yabTaThl TAKKe B CIIMCKE, HAIIPpUMED,

---> map sqrt [1.0, 4.0, 9.0] H
[1.0,2.0,3.0]

---> map even [2, 4, 3, 6, 78]

[True,True,False,True, True]

B mepBom mpumepe u3 KazKIOro JIEMeHTa, CIICKa OBbLI M3BJIeUYeH KBa-
JIPaTHBI KOPEHb, & BO BTOPOM 3JIEMEHTHI CIINCKA OBLIN IPOBEPEHBI Ha,
qeTHOCTh. OObsABIeHNe TuMa (PYHKIIUN map BBITJISIUT TaK:
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map :: (a -> b) -> [a] -> [b]

Ee mepsbiii aprymeHT (B cKOOKax) Mpou3BOJbHAs (DYHKIUS, PO KO-
TOPYIO U3BECTHO JINIITH TO, UTO €€ apTyMeHT JIOJKEH UMeTb TUI, 000-
3Ha4YaeMbIil IepeMeHHON THUIla a, a BO3BpalllaeT OHa BEJIMYNHY TUIIA b.
[Tosromy BTOpOIi aprymMeHT (CIMCOK) JOJIZKEH COJEpPKATH BEJIMYUHbI
THUTIA &, & Pe3YJIbTaT — CIUCOK BeJUYuH Tuna b. OTMeTuM, 9T0 CKOO-
KI, B KOTOpbIe 3aK/JII0UeH TUI (DYHKINH, He0OXOauMbI. IIxX oTcyTcTBIE
Oy/eT o3HAYATh, 9YTO y (DYHKIIMHU HE JBa, a MPU mapamMeTpa.

[TompobyeMm ompeneanTh THI KOMIO3UIun GyHKIuit. Paccmorpum
nBe PYHKIUN, 00bSIBIEHHbBIE CIEAYIOMIIM 00pa30M:

square :: Int -> Int
sqrt :: Int -> Float

Breipaxkenus square . square u sqrt . square OCMbBICIEHHBI I MMe-
IOT C/IeJyIoIue TUIIbI

square . square :: Int -> Int
sqrt . square :: Int -> Float

Oprako kommo3unns (pyHKIUNH UMeeT B ITUX ABYX CAydasX Pas3jInd-
HbI€ TUNbI, & UMEHHO

(.) :: (Int ->Int) -> (Int -> Int) -> (Int -> Int)
"
(.) :: (Int -> Float) -> (Int -> Int) -> (Int -> Float)

Kak BumnMm, omepaliys KOMIO3UIUN (DYHKIINH TaKKe ABJISIeTCS TTOJIU-
Mopduoii. [Ipu o0bsBIEHUN ee TUIa UCHOIB3YIOTCA MUNOSHLE NePe-
MEHHDLE:

(.) :: b ->¢c) > (a->b) -> (a -> <)

31ech a, b ¢ 337a10T TUT ITepeMeHHbIX. [[pn 3amucu TUIOBBIE mepe-
MeHHbIe OOBIYHO 0003HAYAIOTCH TPOMUCHBIMU JIATHHCKUMU OyKBaMU.

PacmpocTpaneHHOl TPaKTUKOW dABJsieTCd OOO3HAUYEHUEe OIHUM U
TeM ke mMeHeM (QYHKINN, OJIMHAKOBBIE IO CYTH, HO TPUMEHseMble
K BeJIMYUHAM PA3JIMIHOIO THUTA. TaK, omepaTop + MOKeT TPUMEHSATh-
csl Kak K mesibiM unciaaMm (tuna Int wim Integer), Tak u K 9mciaMm
¢ mraBaromieit Toukoii (Float). Pesymbrar sT0i omepanum nmeer ToT
ZKe TUII, YTO U mapaMeTphl onepanuu, HanpuMmep, Int -> Int -> Int
nnn Float -> Float -> Float. Ho Henn3sa cumraTh + IeiiCTBUTEIIb-
HO TTOIUMOPMHBIM ommepaTopoM. Ecam ObI Tum ero 6bL1 2 -> a -> a,
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TO 3TO O3HAYAJIO ObI BO3SMOMKHOCTH CKJIAILIBATH, HAIIPUMEp, JOrmde-
CKI€ BeJIMYNHBI NN (PYHKINAN, 9TO HEBO3MOKHO. D yHKINN, ABJIAIONIN-
ecst «OTPAHWYEHHO MOMUMOP(MHBIMIY HAZBIBAIOTCH NEPE2PYHCEHHbLMU
(overloaded) dyukuusivu.

[11st TOrO YTOOBI UMETH BO3MOYKHOCTD YKa3bIBATh TUII TIEPETPY KeH-
HBIX (DYHKIINI, BCe TUIILI PAa3IeadioT Ha kaacco. Kaacc — smo mHo-
DHCECTNBO MUNOE € HEKOMOPLLMU 00U UMY Tapakmepucmukramu. B mpe-
JIFOJINU OTIPEe/IeIEHHO MHOT'O PAa3JIMYHBIX KJIACCOB, CPEJIN KOTOPBIX

e Num — kJjacc, 3JleMeHThl KOTOPOTO MOTYT CKJIaIbIBATHCSI, BHIUM-
TAThCsI, YMHOYKATHCSI U IEJIUThCS IPYT Ha JApyTa (YUCTOBbBIE TUIIHI);

e Ord — xkiacc, 371eMeHThI KOTOPOI'O MOI'YT OBbITH YIIOPSIOUEHBI
(ymopsioyeHHbIe THIIBI);

e Eq — kutacc, 3/1eMeHThI KOTOPOTO JIOMYCKAIOT MTPOBEPKY Ha PaBEH-
CTBO (CpaBHUBAEMbIE THUIIBI).

Omneparop + umeer Turm Num a => a -> a -> a. JTa 3aIUCh YNTa-
erca Tak: «OmepaTop + UMeeT TUII a -> a -> a, rje a u3 Kjaacca Num».
OTmeTnM, 9TO B TAKO# 3alIUCH UCTIOIB3YeTCsl CTPEIKa BUa => (MHOTIA
B JINTEpAType UCHosb3yeTcst 0bo3Hauenne = ). He ciemyer myrarh ee ¢
OIMHAPHOI CTPEJIKOI: TaKad JIBONHAA CTPEJIKAa MOZKET UCIOIb30BaThCA
B OOBSIBJIEHUM THUIIA JINAIIL OAUH pa3. BoT ere HECKOIHBKO IPUMEPOB
IeperpyzKeHHbIX OepaTOPOB:

(<) :: 0rd a =>a -> a -> Bool
(==) :: Eg a =>a ->a -> Bool

[Ieperpy:KeHHBIMI MOTYT OBITH U (PYHKIINHU, OIpereseMble IIPo-
rPAMMUCTOM, HaIIpuMep, PyHKINA

square :: Num a => a -> a
square X = X*X

ABJIgeTCd KOPPEKTHO OMpelleIeHHOI, TaK KaK OHa HUCIOJb3yeT Ollepa-
TOP *, KOTOPBIil B CBOIO OUepelb TaKxKe MeperpyzKeH.

» Vnpaosrcnenue I111.1.2

Omnpenennm nmonnMopduyo OYHKINIO, aHaJorndHyio smallBig, pac-
cMOTpeHHO# Ha cTpanune 45. Ha sToT pa3 ¢ yuKIius Oeper aBa ducia
1 BBIJIAET KOPTEXK, COMEPIKAIINI UX B HEYyOBIBAOIIEM MOpsaKe. Apry-
MEeHTbhI (PYHKIIUU CPABHUBAIOTCS MEXKy CODOil, TO3TOMY OHU JOIKHBI
npuHa/IekaTh Kaaccy 0rd.

Onpenensis (PYHKINIO, BOCIOJIB3YEMCS OXPAHHBIMHU BbIPAYKEHUSI-
MU:
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newSmallBig :: Ord a => a -> a -> (a, a)
newSmallBig x y | x <=y = (x, y)
| otherwise = (y, x)

Bonpocwvt u 3adanus

1.1

YKakuTe TUI CIeAyIomnii BequyunH: 3, even u even 3; head, [1, 2,
3] mhead [1, 2, 3]. Yro mpousoiifer, ecan IPUMEHUTD ITOIUMOPd-
HYI0 QYHKINIO K (DAKTUIECKOMY mapamMerpy’

I11.1.2

BribepuTe mpaBUIbHBIN OTBET CPeIN YKa3aHHBIX:

1) Monumopduas dyHKIMs

a) W3MeHsieT THUIbI CBOMX apryMeHTOB;

6) KOMOMHUDYeT JaHHbIE PA3TUYHBIX THUIIOB;

B) MOXKET IPUMEHSIThCS K PA3IUIHBIM TUIIAM apryMeHTOB;
I') TOCTEMEeHHO U3MeHsIeT CBOil BUJ B IIPOIECCE BBIUUC/ICHUS.

2) Oyukiys, obbsapaenHas Kak [a] -> [[all,

a) mpeobpa3yer CUMBOJ B CTPOKY;

6) BBIIENsIET TIOACTPOKY U3 JAHHON CTPOKM;

B) BO3BDAIIAET TIOJYUYEHHYIO B KauecTBe apryMeHTa CTPOKY, W3-
MeHSd TOPSAIOK CUMBOJIOB B Heil;

r) TpaHcGHOPMUPYET CTPOKY B MOCTIEI0BATENBHOCTD MOJCTPOK.

3) @yukius, nmeromasi Tuit Eq a => a -> Bool,

a) TpebyeT apryMeHT ¢ UMEHEM a;

6) mpeobpasyer True B apryMeHThI THUIIA &;
B) siBJIsieTCs TTIOMMMODPQHOI dyHKIMeH;

r) no7KHA OBITH paBHa a.

4) Eciu B o0bsaBiennn dbyHKIUU £ COMEPIKUTCS TPU CTPETOUKH, TO
tun £ x Oyzer cojeprKaTh
a) OJTHY CTPEJIKY:; 0) IBe CTpeNKH;
B) TPU CTPEJIKH; T') 9eThIpe CTPEJIKH.
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2. OnepaTopsl

2.1. IIpedunkcuag n mHPUKCHAT HOTAIINNI

Bb130BBI (DyHKINIT, KOTOPbIE MBI PACCMATPUBAJIH BBIIIE, UCIIOIb30-
BaJII TaK Ha3bIBaeMyi0 Mped@UKCHYIO HoTaluo. B sTom ciydae numsa
byHKIMM mpeaIecTByeT ee apryMeHTy uian aprymenTam. OmHako u3
7IEMEHTAPHON MaTeMaTHKN HAM XOPOITO 3HAKOMbBI BhIPAYKEHUT BUIA,
1 + 3. B HUX QYHKIIMOHATBLHBI CUMBOJ PACIIOOXKEH MEXKIy OIepaH-
navu. OyHKIWIO, NCTIOIB3YIONLY 0 TAaKYIO 3alUCh, HA3bIBAIOT MH(PUKC-
HOU (PYyHKIIMEN 1 OTIePaTOPOM.

B a3wike Haskell moxkHO /1100y10 (DyHKIINIO, 3aBUCAIILYIO OT ABYX ap-
I'YMEHTOB, 3alucaTh B WHMUKCHOI (omeparoproii) dopme. [diasg sToro
ee UMs 3aKJII0YAETCSI B 0Opammvie anocmpodv, U TTOMEITAeTCS MEK Iy
apryMeHTaMu, HallpUMeD, BbI30B (pyHKINN newSmallBig MokeT ObITH
cJesaH Kak B peUKCHOM, TaK 1 B nHMUKCHON (popme

---> newSmallBig 31 4 H
(4,31)

---> 31 ‘newSmallBig‘ 4

(4,31)

Cunrakcuc s3bika Haskell mo3BossieT onpenensaTs omepaTopsl, T. €.
Takue (pyHKIUH OT JBYX apryMeHTOB, IIPU BBI30BE KOTOPBIX (DYHKIIN-
OHAJILHBIN CHMBOJI pa3MeIaeTcs MexK Iy apryMmeHnTamu. Vms omeparo-
pa MOXKeT COCTOSATh KaK U3 OJHOrO (HampuMep, +), Tak U U3 IBYX WA
6osee cumMBosioB (&&). [lpu mocTpoeHUN UMEHHU omepaTopa MOTYT HC-
MOJTB30BATHCS TOJIBKO CIEIYIONIe 3HAKMU:

# $ % & * + - = . / \ < > ? ] Q ~ |
ﬂOHYCTI/IMbI, HaIlIlpuMep, CIeAYIomne NMEeHa OIIepaTOPOB:
+ ++ && | | <= == /= . // $
h Q@ -x- \/ /\ ... <07 o>

OmnepaTopbl, pacIoI0oKeHHbIe B IEPBOil CTPOKe, yrKe OIpeleseHbl B
npesoguu. OmepaTopsl U3 BTOPOit CTPOKK MOYKHO onpeaeanThb. Omepa-
TOP, HAYMHAIONIUICS ¢ qBOeTOUns (:) O3HAYaeT (PYHKIUIO-KOHCTPYK-
Top (moapobHee Takue GYHKIUE OYIyT PACCMOTPEHBI B OJHON U3 CJie-
TYIOIINX TJIAB).

VmeeTcss oquHHAAIATH KOMOMHAIUN CIMBOJIOB, KOTOPbIE HE MOTYT
HCIIO/Ih30BAThCSA B KaUeCTBE NMEH OIepaTOPOB, TaK KaK OHU yrKe Halle-
JIEHBI criernrnaecKkuM cMbIcIoM B si3bike Haskell:

= .. - 0 \ | < > 7 =
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OmnepaTop ompeessieTcss TaK Ke, KaK 1 npeduKCHbIe (DYHKIINH, C
yIeTOM TOTO, UTO €ro UMs B OObSIBJICHUHN TUMA U IIPU OIpedeTeHNN
ero B Buje npedukcHoit dyHKImM (T. €. TIOMeIasi ero uMs Iepe; ap-
IYMEHTAMU) UMSA ONEPAMOPG CALOYEM 3AKAOUUMD 8 KPY2Avie CKOOKU.
Ecnu ke B ompeneaeHNN UCIOAb3yeTca MH(MUKCHAS HOTAIMS, TO UMS
omeparopa He CIeayeT 3aK/JI0YaTh B CKOOKH.

» Vnpaotcnenue I111.2.1

OmnpenennMm omepaTop, KOTOPBIH JJI ABYX IEJIbIX YHCEJ BBIIAET Ia-
Py, COCTOANIYIO U3 YHCJIa, TOJIYyYeHHOT'O TIPU JeJIEHUN HalleJI0 TTepPBOro
YucJia Ha BTOPOe, U OCTaTKA OT JIeJIEHUS:

%%) :: Int -> Int -> (Int, Int)
(W% xy = (div x y, rem X y)

C ucnonp3oBanneM WHMUKCHON HOTAIIMK IIOCIEAHEe OIpeIe/eHne 3a-
ITUTIIETCS TaK:

x hhy=(Cdiv x y, rem x y)

[Ipu BBI30OBe orepaTopa MOYKHO HCIOJIb30BAaTh KaK MPe(PUKCHYIO, TaK
" MHMUKCHYIO HOTAIUIO:

-—=> 23 %% 4
(5,3)

---> (%h) 23 4
(5,3)

<

Kpowme ompenenenns oneparopa, aHAJOTUIHOTO OIPEJIEIEHUIO TTpe-
puKCcHOI PYHKINN, 9aCTO YKA3bIBAETCS IIPUOPUTET OllepaTOPa U TUTI
ero aCCOIMNaTUBHOCTMH.

2.2. IIpuopurer onepaTopoB

JI1s OMHO3HAYHOrO OMpeleseHns TOPSIKA BBIUUCICHUS BbIparKe-
HUSI, COMEPIKAIero HEeCKOIBKO PA3JINYHBIX OIEPATOPOB, YUUTHIBAIOT
IPUOPUTET OIEPATOPOB. B mepByo ouepensh BBIMOIHSIOTCS Te Olepa-
TOpPBI, KOTOPbIe UMEIOT OOJBIINI TpuopuTeT. B dacTHOCTH, B A3BIKe
Haskell, kak u MmaTemaTunke, BO3BeIeHIE B CTEIIEHb NMeeT DoJiee BBICO-
KU TIPUOPUTET, YeM YMHOMKEHIEe, KOTOPOe B CBOIO OYepPedh BBIOJIHSI-
eTCsl PaHbIIE CIOKEHUSI.

---=>1+3 "4 % 2
163
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IIpuopurer OmnepaTopsbI
9 ;!
8 S, 7T mokk
7 * /ity hy ‘dive, ‘quot®, ‘rem‘ m ‘mod®
6 +u -
5) : U+t
4 == /= <, <= > >= ‘elem‘ n ‘notElem*
3 &&
2 | |
1 >> >>=p =<<
0 $, 8! u ‘seq’

DTOT BHI30B IKBUBaAJIEHTEH BbI30By 1 + ((3 ~ 4) x 2).

HamomuanMm, uro omepaTop npuMeHeHUs (PyHKIIUM MMeeT Ca-
MBI cTapiuuii npuoputeT. Tak, 3amuck square 3 + 4 TpakTyeTcd
kKak (square 3) + 4.

B ga3wike Haskell mpuopurer oneparopa 3a1aeTcs 1MeJTbIM TUCIOM.
Yem OOJIBITIE YHUCIO, TEM BBIIIE IPUOPUTET OMEPATOPA U TEM PaHbIIe OH
BBITIOJIHSAETCA. HuKe mpuBemeHa TabIUIA TPUOPUTETOB OMEPATOPOB,
OTIPEJIeJIEHHBIX B TIPETIOINH.

2.3. AcconmmaTnBHOCTDH OIIEPATOPOB

Korma B BbhIpakeHUHN HUCIOJIb3YIOTCS OMEPATOPbI C PABHBIM TPHUO-
PUTETOM, TO TIOPSIIOK BBIYUCIEHUH 33/1a€TCsI C TTOMOIIBIO CKODOK WJIH,
IIpU UX OTCYTCTBHUH, TUIIOM aCCOIMATHBHOCTHU omepaTopoB. OmepaTo-
PbI MOT'YT OBITH aCCOIUATHBHBI, 00,1/ 1aTh TOJIHKO CBONHCTBOM aCCOIH-
ATUBHOCTH CJIEBA WM aCCOIMATHBHOCTHU crpaBa. OQmepaTopbl MOTYT
OBITH U HeacconMaTuBHLI. HamoMHUM ompeie/ieHne acCOIUaTUBHOCTH.

[IycTh @ Hekmii oneparop. Ecin Beipazkenue @y @ 2 BEIYUCIIETCA
Kak (x@®y)®z miis ar00bIX 3HAUEHU X, Y U 2 COOTBETCTBYOIIUX THIIOB,
TO TaKOH omepaTop Ha3bIBAETCS accouuamusehum ciesa. Omeparms
BBIUNTAHUA ABJIAETCA onepaleil acCCONaTUBHON ClIeBa:

——>8 -4 -1
3

CradaJjia OBILIO BBIUKMCIEHO BhIpaykenume 8 — 4, paBHoe 4, a 3aTeM yiKe
4 —1.
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Ecin npu Bbrunciaennn Buipakenune © Gy Hz = v @ (y © z) mua
JIIOOBIX 3HAUYEHU T, Yy U Z COOTBETCTBYIOIINX TUIIOB, TO TaKOil oIepa-
TOpP Ha3bIBAETCS ACCOUUAMUSHBIM cnpasa. IIpuvepom accornmaTuBHO-
CTU CHpaBa dBJIFETCA Ollepallid BO3BEeJeHUd B CTeneHb ~: 2 =~ 2 = 3
paBHO 2° = 256 Kak 3TO U IPHHATO B MaTeMaTHKe, a He 4% = 64.

Jpyrumu mprMepaMu IIpaBoacCOMUATABHBIX OIEPATOPOB SABJISIOT-
st OnepaTopshI : (TIOMECTUTH JIEMEHT B HAYAJIO CTIMCKA) W OMEePaTop ->
(ykazanme tuna pyukmun): A -> B -> C ozmagaer A -> (B -> C).

OmnepaTop @ HA3BIBAETCSI GCCOUUAMUSHDLM, €CIIH
(@Y Bz=2®yYB:)—r Y-

[IpumepamMu accONIMATHBHBIX ONEPATOPOB ABJIAIOTCI + u *. Jlma
TaKIX OIePaTOPOB BHIOOP MOPsAIKA BBIYUCICHUN He MMeeT 3HAYEHMUSI.

N, nakowrerr, onepaTop ¢ HA3BIBAETCS HEACCOUUAMUBHBLM, ECITA BbI-
pazkenne r @ y P z He UMeeT CMBICIA U Bceraa Tpedyercsa modaBIeHne
CKOOOK IS 3a/IaHMs IOPSIKA BBIUNCIEHUS IOJI00HOIO BbIPAYKEHU.
HeaccommaTuBHbI Bce orepaTopbl CpaBHEHUsI, HAIIpUMep,

---> True == False == False

ERROR - Ambiguous use of operator "(==)" with "(==)"
---> True == (False == False)

True

---> (True == False) == False

True

JLj1t TOro 94To6OhI IPOBEPUT, TIPUHAIJICIKUT JIU BEJINYNHA X WHTEPBAJLY
(2;6), me cremyer mucarh 2 < x < 6, MIPABUIBHO CJIEIYIOIEe CpaBHEe-
Hue: 2 < x && x <6.

OrMmernm, uTo mMpuUMeHeHne (PYHKIUI Bcerja acColuaTUuBHO
cieBa, 3amuch £ x y o3Havgaer (f x) y (IPUYUHBI 3TOTO OOCYIKITAIOT-
cs magtee).

2.4. Onpenesenue orepaTopoB

[Ipropurer 1 accomUaTUBHOCTD OMEPATOPOB 3aJAI0TCsT C TTIOMOIIHIO
OJTHOTO W3 CJEIYIOMINX KJIYEBbIX CJIOB: 1nfixr g omepaTtopa acco-
[IUATUBHOIO clpaBa, infixl ayg omeparopa acCOMUATUBHOIO CJIeBa
n infix ma HeaccommaTuBHOTrO omeparopa. [locae KaoueBOro ciaoBa
YKa3bIBAETCH YUCJIO, 33Jal0lNee MTPUOPUTET, a 3aTeM UMH OlepaTopa.
Cmpoxa, 3adarowas accoyuamueHoCmsd U NPUOPUMemM, JoAHCHA Pac-
noaazamuves 0o onpedeserus onepamopa.
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Bot kak, Hampumep, 3a1aeTcd B MPEJIOINN IIPABOACCOINATUBHbII
omeparop ~ (BO3BeJeHNE B CTEIEHDb) C IPUOPUTETOM DABHBIM 8:

infixr 8 ~

» Vnpaosrcnenue I111.2.2

Omnpenenum omeparop !-!, aHATOrMYHBI BHIYUTAHUIO, HO aCCOIMATHB-
HbIil cripaBa. Bbizo 7—3 — 1 moszken obpabarThiBaThest Kak 7 — (3 —1).
[t aToro momectum B aita sub.hs ciaeayrommuit TeKCT:

infixr 6 1-! A

(!-1) :: Num a => a -> a -> a
(-1 xy=x-y

3arpy3mB CKPUIT, MOKHO MPUCTYTIATh K MCIOJIH30BAHNIO HOBOTO OITe-
paropa:

> 7 1o 3 1ot H
5

<

Ecimu Ty wian mHyio (QYHKINWIO, OMPEIeIseMy0 MTPOrPaMMUCTOM,
IJIAHIPYETCs UCIIOIb30BaTh B KAUeCTBe OIepaTopa, TO IOJ00HBIM 00pa-
30M MOKHO 33JaTh €€ aCCOIMATUBHOCTH U NMIPUOPUTET.

» Vnpaorcnenue I111.2.3

M3 Kypca MaTeMaTUKN U3BECTHO MOHATHE UHCIa, COUETAHUIMA C’,’,f, JacTo
obo3HaUaeMoe TaKkKe, KaK (Z) U BBIYUC/ITIEMOE TI0 (DOPMYJIe

n n!

k) k- (n— k)

Onpenennm dyHKINO choose M 3KBUBAJEHTHBIN eif omeparop !~!,
HaXOIAINMNNA 9YUCJIO COYETaHUA.

Tak KaK WHOTTA MPUXOJINTCS BBIYUCIATH BBIPAYKEHUS, aHAJIOTTY-
HbIE (ajb), TO, YTOOBI HE MCIIOJIH30BATh JOTOJTHUTEIbHbIE CKOOKM, XO-
TEeJIOCh ObI UMETh TTPUOPUTET y OIPEIEIIEMOT0O OMePATOPA MEHBIINIH,
yeM y cioxkenus (pasubiii 6). C apyroit cTOpOHBI, JOBOJBHO YaCTO
HCIIOJIB3YIOTCA BbIpaKeHUd BUIA (Z) < (2), U TO3TOMY HPUOPUTET
JIOJIZKEeH OBITH DOJIbIIIE IPUOPUTETA OTEPATOPOB CPABHEHUSI, KOTOPBIH
paBern 4. CiieqoBaTe/bHO, CAMBIM MOIXOISIIAM TTPUOPUTETOM OyAeT

3HaUYCHUE ).
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Tak Kak cMmbIca BbIpaxkeHnsd a ‘choose b ‘choose‘ ¢ He OoUeHbB
IIOHATEH, TO CAeJIaeM HaIll OIepaTop HeacconunaTuBHBIM. [lomecTuTe
caemytomuii ckpunT B daits choose . hs:

infix 5 ‘choose‘, !"! )\
factn | n==0 =1

| n > 0 =n x fact (n-1)

| n < 0 = error "oTpuuaTenbHHiI apryMmeHT!"

choose x y = fact x / (fact y * fact (x-y))
x 171y = fact x / (fact y * fact (x-y))

3arpysure CKpHUIIT, ITOCIE Yero IPUMEHUTE OIIePATOPHI MOICUETa THCIA
coueTaHUit K TeM UJIU UHBIM JaHHBIM:

-—-> 4 ‘choose‘ 3

4.0

--=> 4 1'~1 3

4.0

--—->4 + 2 11 3

20.0

-——=> 4 171 3 <5 1712
True

--->5 171 2

10.0

Bonpocwv u 3adanus

II1.2.1

YKaxKuTe, KaKue U3 MPUBEICHHBIX HUKe KOMOWHAIIUH CUMBOJIOB, €C/TN
OHU BCTpedaloTcs B mporpamme Ha si3bike Haskell, sBisttorcs

® 3ape3epPBUPOBAHHBIM CJIOBOM UJU CUMBOJIOM;
e nMeHeM (DYHKIIUM WX ITapaMeTpa;

® OIIePaTOpPOM;

® HIYEeM U3 BBIIIE TTEPEUNCTIEHHOTO.

=> 3a a3a D 1= ) X 1 <=>

a’a X %ok ok ’a? A in 1 =<
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3. Kappwuur (currying)

3.1. HacTtuuyHaga mapaMeTpu3aiud

OOBIYHO B OCHOBE TIPOIECCA YIIPOIIEHUS BhIPAYKEHUS JIEKUT WA
3aMEHBI CJI0’KHOTO, CTPYKTYPHUPOBAHHOTO apryMeHTa, MOC/IeI0BATE /b
HOCTBIO 00JIee TTPOCTHIX.

st miLIrocTpanun pacCMOTPUM CHOBa (PYHKIHNO smaller, ompe-
JeJeHHYIO CIeIYIOMNM 00pa30M

smaller :: (Integer, Integer) -> Integer )\
smaller (x, y) = if x <= y then x else y

Oyuknusa smaller GepeT MPOCTOil apryMeHT, cOAepKalllnii mapy Ie-
JIBIX YWCeJI, U BO3BpAIAeT Iesioe. /lammm npyroe onpejiesieHne Toi xKe
caMoil o CyIIecTBY (pyHKIIUU

smallerc :: Integer -> Integer -> Integer )\
smallerc x y = if x <= y then x else y

Oyukims smallerc 6eper iBa apryMeHTa, OJUH 3a APyruM. bosiee To4-
HO, smallerc — (pyHKIINSA, KOTOpas OepeT IeI0e X KaK apryMeHT 1 BO3-
BpariaeT pyHKIuo smallerc x. B cBoo ouepenb dyHKIUS smallerc
x OepeT Iesioe y B Ka4eCTBe apryMeHTa W BO3BPAIIAET IIeJI0e, SBJISTIO-
Ieecst MEHBIITNM U3 X U Y.

Hpyroit npumep. Ilycts dyHKIMA plus CKIaIbIBAET JABa apryMeH-
Ta:

plus ::  (Integer, Integer) -> Integer ,X
plus (x, y) = x+y

plusc :: Integer -> Integer -> Integer

plusc x y = x +y

g kaxoro menoro x GyHKINA plusc x 106aBIgeT X K CBOEMY Iie-
oMy aprymeHTty. B wactaOocTH, plusc 1 — ¢yHKIUsS, KOTOpas yBe-
JUYUBaeT apryMeHT Ha 1, plusc 0 — ToXKIecTBeHHas (DYHKINUSA HA
MHOYKECTBE IEJIbIX YnCel.

DTOT TMPOCTOI TpHUeM 3aMeHBI CTPYKTYPUPOBAHHBIX BbIParKeHUH
TTOCTIETOBATETHHOCTHIO HECKOJIBKUX TTPOCTHIX HA3BIBAETCI KAPPUH20M
(currying), nau YaCTUYHBIM TpUMeHeHueM (YHKIUH, IO BTOPOI da-
ctn mmenn amepnkanckoro jgoruka Haskell B. Curry, ube umst HOCHT
n 1361k Haskell. Takzke ncob3y0TCst TEDMUHBI %ACTMUYHOE 8bLUUCAE-
Hue GYHKUUYL 1 wacmuywHas napamempusayus. [IpuMeHUB KappuHT,
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MbI 130aBUJINCH OT COCTABHOTO O0ObEKTA — MHaphl, MOIYUNB (DYHKIIIIO,
3aBHCAILYIO OT JBYX MPOCTBIX 00BHEKTOB (UHCET).

Kak y»ke ynmomuHaJ0Ch, oniepalus TpuMeHeHusi (DyHKIIUNA aCCOIN-
aTUBHA CJIeBa, IIO3TOMY 3aluCh

smallerc 3 4 O3HAYAET (smallerc 3) 4
plusc x y O3HAYaeT (plusc x) y
square square 3 O3HAYAeT (square square) 3

Kak BuguM, B moc/eiHeM IpuMepe HeoOXOAuMO T06aBUThH CKOOKH (3a-
nmucaB square (square x)), Tak Kak BbIpayKeHHe square square He
HMeeT CMBICIA IIOTOMY.

Aswik Haskell mosBossier nepemgaTh npu BbI30Be (DYHKIIUU JIATITH
JacTh ee mapaMeTpoB. Ecmu ¢yHKIUn plusc mOIyYUT TOTBKO OIUH
nmapaMmeTp, Hampumep, plusc 1, To OHA OCTAHETCS B COCTOSHUU OYKU-
JIAHWUS OCTABIIUXCS TMapaMeTpoB. Takas (PYHKINS MOYXKET HUCIOJIb30-
BAThCs JIJIsI ONPeJIeJIeHNsT HOBBIX (DYHKITMI:

successor :: Integer -> Integer
successor = plusc 1

BbI30B 9acTUYHO TpPUMEHEHHON (DYHKIIUU HUYEM He OTJIMYAeTCS OT
BBI3OBOB JIPYTHUX (DYHKITHIL:

---> successor 4
5

Ob6paTuTe BHUMaHIEe Ha OpeJie/ienre (DYHKIINU: B HEM He YIaCTBY-
eT mapameTp. Takas (popma 3amnucu siBjasieTcss 0osiee «(PyHKIINOHAIb-
HOIT», YeM C UCIIOTb30BAHNEM apryMeHTa:

successor x = plusc 1 x

OrmeruM [Ba MPEMMYIIECTBA YACTUIHO TMPUMEHEHHBIX (DYHKIIWA.
Bo-1m1epBBIX, KADPUHT TOMOTAeT YMEHBITUTH YUCJIO CKOOOK MPH 3AITUCH
BbIpazkKeHnsI. Bo-BTOPBIX, ymoTpeb/ieHne KappPUHTOBBIX (DYHKIUN TO-
3BOJIIET CHeJaTh MporpamMmy eine «dyHKInoHaabHeey». [losgcHuM 1mo-
clesiHee yTBepXKaeHne npumMepoMm. PaccmMorpum yHKIUIO twice, KO-
TOpas TMO3BOJIAET MPUMEHUTh OJIHY U TY Ke (DYHKITUIO JTBAZKIbI

twice :: (Integer -> Integer) -> (Integer -> Integer)
twice f x = £ (f x)

Takoe ompemenenne TOTHOCTHIO COOTBETCTBYET CHUHTAKCHUCY SI3BIKA,
Haskell. Tlepsbiit aprymenT ¢pyHkun twice sBisercsa (pyHKIHel c
oObsIBIeHNeM Thma Integer -> Integer, BTOPOil apryMeHT — IIejI0e
qncsio. [IpumennB twice nummb K mepBoMy apryMeHTy f, MbI IOy IUM
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dyuknmio twice f, nBakanl npuMmensoIyo Gyukmuo £f. C ee momo-
ITHIO MOYKHO OTNPeIeTuTh (PYHKINIO quad, BO3BOISIIYIO CBOI apTyMeHT
B YeTBEPTYIO CTEIIeHb, HAIIPUMeED, TaK

quad :: Integer -> Integer )\
quad = twice square

Mpsbr monyuniu omnpejienenne (PyHKIIUNA, B KOTOPOM He 33]1eiCTBOBAHbI
HUKaKNe IapaMeTphl.

C apyroit CTOPOHBI, IPKU OINPEIe/IeHNN tWwice B HEKApPPUHTOBOIX
dopme

twice :: (Integer -> Integer, Integer) -> Integer )\
twice (f, x) = f (f x)

yzKe HEeBO3MOKHO BBI3BATH (DYHKIMIO O€3 yKa3aHUs apryMeHTa, K KO-
TopoMy QYHKIINS MpUMeHseTcss. BmecTo cioB «quad, 2de quad = twice
square», Mbl JIOJIZKHBI TOBOPUTH «quad, 20e quad © = twice (square, )
s Ar06020 T». BTopoit cTuab 601ee TPOMO3IKMIL.

B ciryuae He0OXOIUMOCTH BCET[a MOYKHO TPeodPa3oBaTh PyHKIIHIO
K BUJIy YACTUYHO TTPUMEHEHHON C MTOMOIIBIO (DYHKIUMH CUrry, KOTOpas
OepeT He KappUHIOBYIO (PYHKIUIO U Ipeodpa3yeT ee K YaCTUIHO IPU-
MeHeHHO dopme. BoT ee ompemenenne, comeprKalieecss B MPEIOINN

curry ;0 ((a,b) ->¢c) ->(a->b ->c) A
curry f x y = f (x,y)

Twun 3arosoBKa B (yHKIINK Curry OyIeT pacCMOTPEH jajee. 3aMeTHM,
YTO CUrry caMa IpeJCTaBIgeT cO0OM YaCTUIHO MPUMEHEHHYIO (DyHK-
IIAIO: OHA TOJIYYaeT TPU apryMeHTa, OAWH 3a JAPYTruM. Temepb MbI MO-
JKeM UCIIO/IH30BaTh curry f Jjist MoydeHus YaCTUIHO TPUMEHEHHOTO
BapuaHTa Jo0oit pyuknun £f. Hampumep, plusc = curry plus.

QyHKIMS UNCurry oOcCyliecTBjsgeT obpaTHOe mpeoOpa3oBaHUE —
OHa TIpeBpalaeT (pYHKIUIO C IBYyMs IIapaMeTpaMH B ee HeKappPUHIO-

BYIO popMy:
uncurry :: (a->b ->c¢c) -> ((a,b) -> ¢) )\

uncurry f (x, y) =f xy
3.2. Ckobku B (pyHKIMOHAJIHHOI 3aIINCH

Bo3MoKHOCTH YaCTHYIHON MapaMeTPU3allui MO3BOJISET 1T0 HOBOMY
B3TJIAHYTh Ha Tul GyHKINM plusc. Oyakiumg plusc 1 uMeeT TOT XKe
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THI, 9TO 1 successor: Integer -> Integer. CienoBarenbHo, PyHK-
s plusc, KOTopas B KauecTBe MapaMeTpa MOIydaeT OJHO IejIoe -
CJ10, JOJKHA uMerh Tun Integer -> (Integer -> Integer) (Bemb
ee pe3yabrar — (QYHKIMs, aHAJOTHYHAsI SUCCESSOT).

[IpenmonoxkuM, 94TO -> accomuaTHBHA CIPaBa U OMYCTUM CKOOKH:
plusc :: Integer -> Integer -> Integer

9DTO 00bsIBJIEHNE B TOYHOCTHU COBIAIAET C 00bABIeHHEM (DYHKITUN, 3a-
BUCSIIIN OT ABYX apryMeHTOB, OOCY:KIaBIIYIOCS Ha cTpaHuie 77.

B peficTBUTEILHOCTH 9TO HE €CTh (DYHKIINUS C ABYMsI ITapaMeTPaMu.
9710 (YHKIHU, 3aBUCAIIas OT OJHOIO IIapaMeTpa U BO3BPAIIAOIIAI
GyHKIMIO, KOTOpas TakKyKe OepeT TOJbKO OJUH MapaMeTp, U BBITOJ-
HsIeT JKeJlaeMoe JeiicTBre. A Bce BMeCTe CO3aeT MILITIO3UI0 TOTO, UTO
nCXo/iHas (PYHKIUS 3aBUCUT OT JIBYX apryMeHTOB.

IIpuem npedcmasienus GYHKUUL OM HECKOALKUT NAPAMEMPOS, 6
sude PYHKUUL 0OMm 00H020 AP2YMEHMA, HA3DIBAEMC A KAPPUHT.

«HeBumumblit» omepaTop HpuMeHEHUs (PYHKIUU GCCOUUATMUBEH
cae6a. ITO O3HAYAET, UTO BhIpaxkeHnme plusc 1 2 BBIYHCISIETCS Kak
(plusc 1) 2, 9TO B TOYHOCTH COOTBETCTBYET TUIY (PYHKIINKA plusc —
OHa OGeper OIWH apryMeHT (HampuMmep, 9ucyio 1) u Bo3Bparmaer (hbyHK-
U0, KOTOpasi MPUMEHSIETCsI K CJIEAYIOMEMY apryMeHTy (2 B Halmem
npuMepe).

[IpeamnomoKup, 9TO IMpuUMeHeHHe (DYHKIIUKM acCOIUATUBHO CJEBa,
To mosryuusn 6wl plusc (1 2), uTo o3HaYaeT MpuMeHeHUe ynciaa 1 K
aucity 2 (COBEpIIEHHO HEMOHSATHO, KaK 9TO MOXKHO ObLIO ObI cliesarh!),
a 3aTeM K pe3yJbTaTy mpuMeHsieTcs GpyHKIUg plusc.

Orcroma moaydaeM CiieyIolire MpaBuia PacCTaAaHOBKNA CKOOOK. Ec-
JIM UMEEeTCsI TIOCIeI0BATEIHHOCTh HEKOTOPHIX BEJIMYNH B BhIPaKEHUN,
rnepBag U3 KOTOPBIX MpUMeHdeTcd K JIpyruM, HanpuMmep, £ a b ¢ d,
To oHa mHTepnperupyerca Kak ((((f a) b) c) d). Eciu Beauuunna

a nmeer Tun A, BenmuuuHa b — Tun B u Tak jajiee, TO TUM (PYHK-
mun £ B 3TOoM cayvae TakoB £ :: A -> B -> C -> D -> E, wau, no-
O6aByss Bce ckooku, f :: A -> (B -> (C -> (D -> E))). Koneuno,

3annch 0e3 CKOOOK HaMHOTO yaoOHee M MOHSATHee. AcCCOIMaTUBHOCTH
-> U npuMeHeHus (PYHKIINU, BHIOpAHHBIE TAKUM 0OPA30M, MO3BOJISET
IPUMEHSITh KapPUHT' COBEPINEHHO He3aMeTHO: MpuMeHeHue (pyHKIUN
acCOIMATUBHO CJIEBA, a Olepallis -> acColMaTuBHA cipaBa. JIerko 3a-
MMOMHUTH CJIE/IyIOIee TPaBUIIO:

ecau 20e-mo omecymemeyrom ckobku, mo onu JoAHCHDL
PABMEWAMBCA MAK, YMOOVL ObLA BO3MOIAHCEH KAPPUH2.
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CKOOKH peKOMEHIyeTcsI CTABUTh TOJbKO TaM, I'le OHU AeiiCTBUTEIbHO
HeoOxomuMbl. [IpuBegeM HECKOIBKO IPUMEPOB.

CkoOKM TPeOYIOTCsT IPK YKa3aHWH TUTIA (DYHKIIAN, €CJIN OHA Hepem,
Pynryuro 8 Kavecmsee napamempa (pu KappuHre (QYHKIUSA BBIIAET
byHKIMIO B KauecTBe pesysbrara). Hampumep, B mpesoaun onncana
byukIMST map, KoTopasi IPUMEHSIET TY WU WHYIO (DYHKIINIO KO BCEM
9JIeMeHTaM CIUCKA!

---> map sqrt [1, 4, 9, 16] H
[1.0,2.0,3.0,4.0]

---> map even [1, 2, 3, 4]

[False,True,False, Truel

---> map (plusc 1) [1, 2, 3, 4]

[2,3,4,5]

Tun dysKIIMM map TaKoB:
map :: (a -> b) -> [a] -> [b]

CkoOku B BeIpakenun (a -> b) HeOOXOAUMBI, TAK KaK MHAUE IOy Ya-
JIOCH OBI, UYTO (DYHKIIUS map 3aBUCUT OT TPeX MapaMeTpPOB.

CkoOKM HEOOXOIUMBI TAKZKe, €CIN B BHIPAYKEHUN PE3YIbTAT BHIIOJI-
HEHUS OJHOM (PYHKIUN MepeJaeTcsa APYToii, HallpuMep, ecanu TpedyeT-
Cd BBIYMC/IUTH KOPEeHb KBaIPATHBIN U3 CUHYCA YHUCTIA:

-—-> sin (pi/2) H
1.0

---> sqrt (sin (pi/2))

1.0

B niepBoM ciiydae CKOOKHM HEOOXO/IMMBbI, TAK KaK MPUOPUTET OTEPAIINN
npuMeHeHnsa (DYHKIIMHU BbINIe TPUOPUTETA, JEJIE€HUI, a BO BTOPOM CJIy-
yae 0e3 CKOOOK TOJYUUIOCh ObI BOOOIE OECCMBICIEHHOE BbIpaskKeHue
sqrt sin (pi/2) — MOMBITKA M3BJIEYh KBAJIPATHBIN KOPEHDb U3 (PYHK-
AN,

3.3. OmepaTopHbIe CEeKIINNI

YacTrnuHo mapaMeTpu30BaHHBIE OIEPATOPHI JOMYCKAIOT HCIIOIb30-
BaHWeE JABYX CIENNAJHLHBIX HOTAIIMI TTPU WX 3aINCH:

e (Pr) — omepaTop @ YACTUIHO TTAPAMETPU30BAH TEPEMEHHOT
T B Ka4eCTBe MPaBOTO apryMeHTa;

e (@) — omepaTop @ YACTUIHO TTAPAMETPU30BAH MEePEMEHHO
T B Ka4eCTBe JIeBOTO apryMeHTa.
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Takme HOoTaUM HOCAT Ha3BaHUE ONEPAMOPHBLE CEKUUU. alle BCEero
olepaTopHbIe CEKIIMU HCIIOAb3YIOTCs, eCcan TpedyeTcs mepegaTh da-
CTUYHO TTapaMeTPU30BAHHYIO (DYHKIINIO B KadyeCcTBe mapaMeTpa:

> map (2*) [1, 2, 3]
[2,4,6]

» Vnpaorcnenue I11.5.1

PaccMoTpuM HECKOIBKO TPUMEPOB (PYHKIIHI, 3aMCAHHBIX B BUJIE OITe-
paropubix ceximii. Co3maiiTe ckpunt sections.hs, B KOTOpBI moMe-
CTUTE CJIeAYIOIINIT KOMI:

successor = (+1) -- yBeJIMYMTb uYucyuo Ha 1
double = (2%) -- YMHOXWTB YHCJIO Ha 2

half = (/2.0) -- monmoBmHa Yuciua

reverse’ = (1.0/) -- obpaTHasd BeJIUYUHA

square = (~2) -- KBajpaT 4Yucia

twoPower = (27) -- BO3BEIEHUEe IgBa B CTEIeHb
oneDigit = (<=9) -- YHCJIO U3 ONHON IudpH
isZero = (==0) -- 4ucno pasBHO O

3arpysure CKpUIT 1 mopabdoTraiiTe ¢ PyHKIUIME, OIIPeae/IeHHbBIMI
B BHUJIE OIIEPATOPHBIX CEKIIHI:

---> successor 100000
100001

---> double 256
512

---> half 512
256.0

---> reverse’ 2
0.5

---> square 8

64

---> twoPower 8
256

---> oneDigit 23
False

---> oneDigit 2
True

---> isZero O
True
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Bonpocwv u 3adanus
I11.5.1

Omnpenenure HYHKIINIO UNCUrTy, KOTOpas OCYIIECTBJIsIET Mpeodpa3o-
BaHIe, 0OpaTHOEe K JIeicTBUIO (DYHKIIUU CUrTY.

I11.3.2

Kakune ckOOKU ABIAAIOTCS JINIITHUMU B CJICY IOIITUX Bpr&)KGHPIHX?

(plusc 3) (plusc 4 5)
sqrt (3.0) + (sqrt 4.0)
(+) (3) (4

(2%3) +(4%5)

(2+3) *(4+5)

(a ->b) -> (¢c ->d)

I11.53.3

aiiTe ompenenerus Tpex PYHKINHN CO CAEAYIOMNMHI O00bIABICHUAMN
THUIIA:

e (Float -> Float) -> Float
e Float -> (Float -> Float)
e (Float -> Float) -> (Float -> Float)

I11.3.]

B a3wike Pascal omepaTop && mmeer TOT Ke IpHOPUTET, UTO U *, a | |
TOT Ke, UYTO U +. fABjsgerca i 3TO IPaBUIbHBIM 7



I'maBa 1V
OyHKINN BbICHIETO ITOPAIKA

B sToit raBe OyaeT pacCMOTPEHO ellle OJHO BarykKHOe CBOMCTBO
PYHKITMOHATBHBIX SA3BIKOB, a UMEHHO, — BO3MOYKHOCTH TPUMEHEHUS
¢yHKIUI BBICITIEro TOPsiaKa. B paHee TPUBEIEHHBIX MPUMepax Ka-
Kaast (DYHKIUS pacCMaTpUBaIach Kak CTaTudeckas (HeM3MeHHas )
JacTh KOJIa JIJI TpeoOpa30BaHNs BXOIHBIX BEJIUUNH B BBIXOTHBIE. DTO
— TaK Ha3bIBaeMble (DYHKIIUU MEPBOTO OpsaKa. Koumenus GyHKITnit
BBICITIETO TIOPSIJIKA BO3HUKAET U3 WIAEU O TOM, YTO (DYHKIIUU JTOIKHBI
UMeTh TOT YK€ CTaTyC, 9TO U JIF0O0W MHOM 0ObEKT: OJHU (DYHKIIMU MO-
I'YT OBITH BXOJHBIMU W BBIXOJHBIMU JAHHBIMU JIPYTHX.

B 3T0it r1aBe MbI MO3HAKOMHUMCS CO CTUJISME IPUMEHEHUs dyHK-
Ui BBICIIIETO MOPAAKAa U PACCMOTPUM PsJ MPUMEPOB UX UCIOIb30Ba-
HUs Ha MTPaKTUKe.

1. dyHKINUM HA CIHCKAX

B ¢dysKknnona pHOM TpPOrpaMMUPOBAHUY (DYHKIIMU BO MHOTUX
aCIleKTax BeJyT ceOsl TakK »Ke, KaK U JPyTrue TUTIbI JAHHBIX, HAIIPUMED,
YHUCIa WA CIUCKU. Tax,

e (hyHKINKM UMEOT mun;

e (GpYHKIIUU MOTYT OBITH pPE3y/JbTATOM pPabOThI ApYTruX (YyHK-
I

e (DyHKIMM MOTYT MCIIOIH30BATHLCS B KauyecTBe mapamerpa (ap-
I'yMeHTa) IpYruX (byHKIUIA.

O yHKINN, UCTIOIB3YIOIINE IPYyTHe (DYHKIINKT B KAUECTBE ITapaMeTpa
JacTO HA3BbIBAIOT (PYHKIUSAMU BBICIIETO IOPSAIKA, TOIUYePKUBas
TaKUM Ha3BaHUEM WX OTJINYHME OT OOBIKHOBEHHBIX (DYHKITHUIA.

BerpeuaBiiasics HaM paHee (DYHKIMS map SBJIAETCS TPUMEPOM
G YHKIIMU BBICIITETO TIOPsijiKa. 10, KaK OyIyT mpeoOpa30BhIBATHCS e~
MEHTBI CITUCKA, OTpeessieTcss (DYHKIINeH, TBIISIONIecs TepBbhIiM apry-
MEHTOM map.

84
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QOyHKINS map MOXKeT ObITh OIpeJie/IeHa CIeLYIONIIM 00Pa30M:

map :: (a ->b) -> [a] -> [b] A
map £ [ ] = []
map f (x:xs) =f x : map f xs

DTO ompee/ieHre MCIOIb3yeT CPaBHEHWE ¢ 00pa3moM: (hyHKIUs
OTIpeJieIIeTCs OTIETBHO M CIydast, KOT/Ia BTOPOil apryMeHT SIBJIsIeT-
CsI IMYCTBIM CITUCKOM, U JIjIs CJIydasl CIUCKA, COCTOSIIETO U3 MepPBOTO
3JeMeHTa X U ocTaTKa (xBocra) xs. OyHKINS PEKypCHBHA: B CIIydae
HEITyCTOT'O CIUCKa (DYHKIIMS map BBI3bIBaeTCS CHOBa. [Ipm sToM ee ma-
paMeTp CTAHOBUTCS KOpOUe (XS KOpOUe, UeM X:XS), TaK UTO B KOHIIE
KOHIIOB OyIeT MCIO/Ihb30BaHa HEPEKYPCUBHA YaCTh OMPEIEIeHUS.

Jpyroit YacTo HCIOAb3yeMOit (pYHKIME BBICIIIErO MOpAIKa, MIpPH-
MeHsIeMOii K cIuckaM, sBjasgerca ¢yukmnus filter. Oma Bo3BpalaeT
Te 3JeMEeHThI CIUCKa, KOTOPbhIE YJIOBJIETBOPAIOT HEKOTOPOMY YCJIOBUIO.
Yro 310 Oymer 3a ycioBue, onpenensercs (DYHKIUEH, sBIISIOMeiics
mepBbIM aprymerHToM dyuakimn filter. Caemayrormme CTPOKH JeMOH-
CTPUPYIOT €€ UCIOJIb30BaHNE:

---> filter even [1..10] H
[2,4,6,8,10]

---> filter (>10) [2, 17, 8, 12, 5]

[17,12]

Ecau aneMeHTHI cincka NMEIOT THUII &, TO (DYHKIHI-TTapaMeTp JOIKHA
uMeTh TUI a -> Bool. Omnpenenenne filter TakyKe peKypCHUBHO:

filter :: (a -> Bool) -> [a] -> [a] )\
filter p [ ] =[]
filter p (x:xs) | p x = x : filter p xs

| otherwise = filter p xs

B cayuae, Korjga cnmcok He myct (T. €. IPEJCTABUM B BHJIE X :XS), BO3-
MOZKHBI JBa BapUaHTa: JTUOO MEePBBIi 3JIeMEHT X YIOBJIETBOPSAET yCIIO-
BUIO p, MO0 HeT. Ecam ymoBaeTBOpseT, TO X MOMEIIEH B Pe3yIbTHPY-
IOIMIWIT CIIMCOK, a OCTABIIAACA 9aCTh CHUCKA TPH ITOMOIIM PEKYPCHN
Oymer 3aTeM TaKzKe IOABEPTrHYTa «(DUIbTPOBAHUIIO.

JlaBaiiTe ompeesuM eIe OIHYy OYeHb TOJEe3HYI0 (YHKIMIO BbIC-
Iero Mmopsijika, MpuMeHseMyto K crnuckam. CHadajga MOCMOTPUM Ha
OIpeJNIe/IeHnsT TPeX, Ka3aJ0Ch Obl, TAKAX DPA3HBIX (DYHKIMH, KAK Sum
(BBIUMCIASAIONIEH CyMMYy BCEX 9JI€MEHTOB CIIHCKA dncen), product (mpo-
M3BejIeHne CICKa yncest) n and (KoTopas Bo3Bpamaer True, ecin Bce
9JIEMEHTHI CIIUCKA, COJEPIKAIIETO JIOMMYeCKIe BeJIMINHbI, paBHbI True):
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sum [ ] =0
sum (x:xs8) = x + sum xS
product [ ] =1

product (x:xs) = x * product xs

and [ ]
and (x:x8)

True
x && and xs

CTpyKTypa BCex 3TUX Tpex onpeeseHnii 0IMHaKOBa. Pa3mudus JIuib
B 3HAYEHUAT, 6036pawaemux Ha nycmour cnuckaxr (1, 0, True) u
ONEPAMOPAT, UCTLONDIYEMBIT OAL NPUCOCOUHEHUA NEPEO20 INEMEHMNA
K Pe3yJIbTaTy PEeKyPCUBHOTO obpatenus (+, * uin &&).

[lepenaBasi 3T1 /1Be TepeMeHHbIe KaK MapaMeTpPhl, MOXKHO OTIPeIe-
JIUTH OJHY W3 CaMbIX MOJIE3HBIX (DYHKIIHIl BBICIIIETO MOPSIKA:

foldr :: (a->b->b) ->b -> [a] -> b
foldr £ e [ ] = e
foldr f e (x:xs8) = x ‘f¢ foldr f e xs

Teneps npeapbiayIue Tpu PYHKIIMUT MOTYT ObITH ONpEAeIeHbI TPU
MTOMOIIN YaCTUIHON MapaMeTpusalini OJHOW 1 TOH ke (pyHKINH:

sum = foldr (+) 0
product = foldr (%) 1
and = foldr (&&) True

Dyukuus foldr (mpousnocures kKak «fold right»), HaspiBaemast B pyc-
CKOSI3BIYHOI JInTepaType CBEPTKOUM CIIPaBa, MOXKET OBbITh MCIIOJIH30-
BaHa [IJIsI OIpee/IeHns MHOYKEeCTBA APYTrUX (DYHKIINM, OIepUPYIOIIITX
CIIICKAMMU, U II0O9TOMY ee OllpeJe/ieHne BKJII0UeHO B ¢aita Prelude. hs.

» Vnpaostcnenue 1V.1.1

[Tomecture omnpenenerne Gyuxmun foldr B ¢ OTHEIbHBIN CKPUNT U
3arpysure ero. He 3abyapre m0o0aBUTH B CKPHUIT CAEAYIOUIYIO CTPO-
Ky, JIeJAMOILYI0 «HeBUIUMBIM» KAHOHHYIECKOE OIpeleeHne (DYHKIIAN
foldr:

import Prelude hiding (foldr)

[TocmoTpuTe Ha pe3yabTaThbl TPpUMEHEHUsT (PYHKITUN:

---> foldr (+) 0 [1, 2, 3, 4]
10
—---> foldr (*) 1 [1, 2, 3, 4]
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24
---> foldr (&&) True [True, True, False, True]
False

lobaBbTe B CKPUNT OomnpeieieHus (pyHKIuit sum, product u and, mpu-
BeJeHHbIe BhIle. He 3a0yabTe CKPBITh UX CTaHIAPTHBIE OIIpeIeIeHNsd,
3arpyrKeHHble u3 npeaoanu. [IpuMennTe mosydeHabie (pyHKIIMT K Pa3-
JIMYHBIM CITHACKAM.

<

Haszsanme foldr mMoxkKHO 00BACHUTH ciaeayrommuMm obpaszom. [Ipen-
IIOJIOXKUM, 9TO y HaC eCTh CHUCOK [a, b, ¢, d]. DTOT Ke CIHCOK,
UCIIOTB3Ysl OTlepaIlnio JOOABIEHHS dJIeMeHTa B HAUaJ 0 CIIMCKA MOXKHO
samucarhb B Buje a: (b:(c:(d: [ 1))). Oynknua foldr 3amendger my-
cToit cimcok [ ] Ha Hekuil HaYaJIbHBIN JIEMEHT €, a OlepaIuio : Ha,
OWMHAPHBII OTIePATOP, KOTOPBIH MBI 0003HATNM CHUMBOJIOM @, 1 BO3Bpa-
maeT pe3yabTaT. T. e. oHa mpeodpa3yeT CIUCOK

a: Mm:(:@:LDH)
K BeJTMYNHE

adMdP(cddPe)))

Tak kak orepalusi : acCoOIUATHBHA CIIPaBa, TO CKOOKU B MEPBOM
BBbIPaKEHUHN MOYKHO OBITIO ObI OonycTuTh. MbI, 0qHAKO, OCTaB/IIEM UX B
Pe3yIBTUPYIONIEM BBIPAXKEHUN, TTOTOMY YUTO He YBEPEHBI B TOM, UTO P
aCcCOIMATUBHA, CIIPABA.

foldr (@) e [x1,22,...,2,] = 1P (2D (...(x,De)...))

rie ¢ OMHAPHBINA OmepaTop, a € — CTaPTOBOE 3HAUYEHHUE.

Hpyrumu crnoBamu, ¢pyukius foldr «cBopadmBaeT» CIUCOK B OIHO
3HaYEeHNe, BCTABJIAA MEYK Iy BCEMU dJIeMEeHTaMU CIIUCKA JTaHHbBIN omepa-
TOp, IPOJIBUTASCH IIPU TOM CIIPaBa HAJIEBO OT 33 JAHHOTO HAYATHLHOTO
3HAYEHUS.

MozkeT BO3HUKHYTH MOTPEOHOCTH B aHAJOTUIHON (DYHKITHHU, OCY-
IIEeCTBLIONIENl CBEPTKY CIUCKA cieBa. [l miamocTpaln, mpemnosIo-
JKUM, YTO MbI XOTUM TOJIYyYUTh (PyHKIUIO decimal, koTopas Oeper
cuncok mudp [xg, X1, X2, ..., X,] ¥ BO3BPAIIAET COOTBETCTBYIOIIEE
JeCATUYHOE YUCJIO, BBIUUCAIEMOe KaK

n
decimal [zg, X1, ..., T,] = g 2,107 F
k=0
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Omun u3 goctaTovHO 3(PHEKTUBHBIX CIIOCOOOB BhIUmMCIeHNA decimal
3aKJII0YaeTCAd B IIpoIlecce YMHOXKEHMS KaxKIoil mudpbl Ha IeCATh U
nobaBIeHNsT K pe3yabTaTy ciaemytormieil mudpbl. Hampumep,

decimal [xg, z1, 23] = 10 % (10 * (10 * 0 + xq) + x1) + @2

Takoit mpreM TeKOMIO3UINN CyMM CTeleHel n3BecTeH Kak crema [ op-
Hnepa. Oupenennm omeparop @ kak n @ x = 10 x n + z. Torma MoKHO
nmepenucaTh ypaBHEHUe, MPUBEJIEHHOE BBIIIE CIEIYIONINM 00pa30M

decimal [zg, x1, 23] = (0D z) B 1) D o

DTO BBIpasKE€HWE BBITVISANT TOYTH Kak (yHkimus foldr, 3a wuc-
KJIFOYEHUEM TOTO, YTO CKOOKM PaCCTABJEHBI MO APYTOMY U BBIUHCIIE-
HIS HAUYMHAIOTCA cJaeBa, a He crupaBa. PaKTUUecKH, 3TO JIBOHCTBEH-
HBII IIPOIECC: BMECTO 0OpabOTKHU CIIpaBa HAJEBO, 3/1€Ch BBIYUCIEHIE
IIPOU3BOJIUTCS CJIEBA HAIPaBO.

PaccMmoTpeHHBII TpuMep 00bsICHSAET TPUUNHBI TTOABIEHUS BTOPOI
dbyHuku cBepTky, HaszbiBaeMmoii foldl (ot fold left — cBeprka ciesa).

foldl (@) e [x1,2a,..., 2] = (...((e®x)Dx3)...) D,

rie @ OuHApPHBIN OmepaTop, a € — CTapPTOBOE 3HAYUEHHUE.

3aMeTnM, 9TO €CJIU € €CTh aCCOIMMATUBHA eINHAIA I OIlePAIluN
@, To foldr (®) e u foldl (P) e onpenensoT oaHy U Ty ke ByHK-
M0 Ha, KOHEYHBLIX CIIUCKAX.

» Vnpaorcnenue I1V.1.2

Cozmaiite ¢daitm m momecture B Hero omnpenenrenne pyukmun foldl.
Obparure BHEMaHIE Ha OObABJIEHUE €€ TUIIA.

import Prelude hiding (foldl)
foldl :: (b->a->b) ->b ->1[a]l ->b

foldl f e [ ] = e
foldl f e (x:xs) foldl f (e ‘f¢ x) xs

3arpys3nuTe CKpUIT B WHTEPIpeTaTop u mpuMenuTe GpyHKImoo foldl K
pas3InYHbIM OllepaTopaM U CIIHCKaM.

<

Pazbepem momnogpobHee mpoliecc TpUMeHeHUsi 3TOi (DYHKIUM K
CIIUCKY U3 TPeX 3JEeMEHTOB:
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foldl () e [ a, b, c]
= foldl (d) (e @& a) [b, cl
= foldl (d) ((e & a) & b) [c]
= foldl (@) (((e ® @)@ b) ® c) [ ]
= ((e ® a®b)dc

C momorpio foldl dhyuakmio decimal MOKHO ONPEAEINTh TaK:

op :: Integer -> Integer -> Integer A
opab=10%x a + Db

decimal :: [Integer] -> Integer
decimal = foldl op O

Mper ucnonb3zoBanan B 00bsaBIeHn THN Integer, a He Int s To-
ro, YTOOBI MOXKHO OBLJIO PabOTATh CO CIUCKAMU JTOCTATOYHO OOJIBITION
JIJINHBL.

» Vnpaosrcnenue IV.1.53

CozmaiiTe CKPUNT, MO3BOJAMONINN BBIYUCIUTH YHUCTO, IMPEICTaBIIEH-
HOe cruckoM cBoux 1udp. VMcnomb3yiiTe 11 BhIYUC/IeHUsT (DYHKIIAIO
decimal. /IobaBbTe B cKpunT ompeesneHne GyHkimn decimal’, or-
JITYAloIIeecss TOJBKO OObsSIBJIEHUEM THIA, IJId Yero 3aMeHUTe THUIl
Integer Ha Int. OObACHUTE OTBET, MOJTYUYEHHBIH B MTOCTETHEM U3 MIPU-
BEJIEHHBIX MTPUMEPOB BBIUMCICHUA:

---> decimal [1, 2, 3, 4, 5, 6, 7, 8, 9,0] H
1234567890

---> decimal [1,2,3,4,5,6,7,8,9,0,1,2,3,4,5,6,7,8,9,0]
12345678901234567890

---> decimal’ [1, 2, 3, 4, 5, 6, 7, 8, 9, 0]

1234567890

---> decimal’ [1,2,3,4,5,6,7,8,9,0,1,2,3,4,5,6,7,8,9,0]
-350287150

<

OyHKIMM BBICIIETO TMOPsAIKa, Takme Kak map u foldr, mrpaior
B (pYHKIIMOHAJIHHOM TPOTPAMMUPOBAHUHU POJIb, KOTOPYIO BBITIOJHSIIOT
YIIPaBJISIONIE CTPYKTYPhI (aHajorndubie for u while) B mpomemsyp-
HBIX g3bIKaX. OIHAKO, 3T YIPABJIAIOIINE CTPYKTYPbI SIBISIOTCI BCTPO-
€HHBIMU B S3bIK, B TO BpeMsi KaK (OYHKIINU MOYKHO OMPEHIEINTh CaMO-
CTOSAITEJILHO. DTO Jles1aeT PYHKINOHAIBHOE TPOrPAMMUPOBAHIE OUYeHb
IHOKKUM: MMEeeTCs JIMIIb HeDOIbIIOe YUCI0 BCTPOEHHBIX (DYHKINM, HO
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IIPOrPAMMUCT CAMOCTOSITEIbHO MOYKET CIIeJIaTh BCE, YTO €My IOTpedy-
eTcd.

Bonpocwvt u 3adanus

IV.1.1

O0bsicauTe paszanuns B 00bsiBaeHnsax Tuia Gyakmuit foldr m foldl.

IV.1.2

HOquy B MaTeMaTHuKe OoIlepalind BO3BECACHNA B CTCIIE€Hb UMEECT IIPaBYIO
aCCOIMaTUBHOCTD

2. Nreparns

[Ipomecc umepayuy, TOBOJBHO MIMPOKO MPUMEHAETCA B MaTeMaTH-
ke. OH 3aK/I0YaeTCa B CIEAYIOIIEeM: OepeTcsa HeKoe HavdabHOe 3Hade-
HIIe U K HeMy IIPUMEHSEeTCSd KaKas-TO OmpeaeneHHass PYHKIAS 10 TeX
1op, TOKa He OyIeT MoJydeH Pe3yJabTaT, yA0BJIETBOPSIONINI 38 aHHO-
MY YCJIOBHIO.

Hrepalus MoKeT ObITH JIETKO OIpeesieHa KaK (DYHKIUS BBICIIIETO
mopsiaka. B mpesognio BKIOUYEHA MOmo0HAs (YHKINS, Ha3bIBaeMas
until, co caemyommM 00bABIEHIEM TUIIA:

)\ until :: (a -> Bool) -> (a ->a) -> a ->a

Kak cremgyer u3 oOobapiaenns, (pyHKIUA UMeeT TPHU IIapaMeTpa: JIOTH-
YeCKOe YCIOBIE, KOTOPOMY JIOJIZKEH YAOBIE€TBOPUTH KOHEYHBIH Pe3yJIh-
tar (QyHKIMs, nMerIasi Tun a -> Bool), GyHKIMs, KOTOpas Iepu-
OINYECKU TIPUMEHSETCST K MPOMEKYTOYHOMY pe3ysbrary (a -> a), u
CTApTOBOE 3HAUYEHHe, NMEIOIIee TUI a. KOHEUHBIH pe3ysbTaT TaKzKe
umMeeT TUM a. Br3oB until p f x umTaercs Kak: «do mex nmop, noka
P He BLNOANEHO, NPUMEHAMD £ K dAeMEHMY X»>.

Omnpenenenne pynkium until — pexypcuBHo. PekypcuBHbIil 1 He
PEKYPCUBHBIN CJIydan BbI30Ba HA ITOT Pa3 HE UCIOIb3YIOT COTIOCTABJIE-
HIe ¢ obpasmnom (patterns, marrepHsl), a cojepKaT OXpaHHBIE BbIPa-
JKEHUS:

)\untilpfxlpx = X
| otherwise until p £ (f x)
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Ecmm mavanbHOe 3HAUEHNE X Cpa3y Ke YIOBJIETBOPSAET YCIOBUIO P, TO-
rJa OHO W SBJISIeTCS pe3yJbTaToM. B mpoTuBHOM ciydae pyHKIUsS f
OJlMH pa3 npumeHsieTcst K x. [Tomydenusiii pesysbrar (f x) ucnonb3y-
eTCcd B POJIM CTAPTOBOI'O 3HAUEHWs B PEKYPCHUBHOM BbI30Be until.

Kak u Bce (pyHKITUHU BBICIITErO MOPsIKa, GYHKINS until MOXKeT BbI-
3BIBATHCS C YACTUYHO TapaMeTPU30BAHHBIMU (DYHKIIUAMHI B KadeCTBe
napamMerpa. Hanpumep, BhIipakeHne, MpUBEJIeHHOE HUXKE, BHITUCIISIET
HAMMEHBIITYIO CTelleHb Ynciaa jBa, He npesbimaomnyo 1000 (Haunnas
C eIMHUIIbI W yJABanWBad pe3yJbTaT A0 TeX MOp, MOKa OH He CTaHeT

6ompire 1000):

-—-> until (>1000) (2%) 1
1024

B ornuume oT paHee pacCMOTPEHHBIX PEKYPCUBHBIX (DYHKITHH, mapa-
MeTpP PEeKypPCHUBHOTO BbI30Ba (PYHKIUU until we cmamnosumcsa mero-
we, 9eM nucxomubiit mapamerp. [lostomy-To dyrKIMsa until He Beerma
CTIOCODOHA 3aKOHYNTH BBIYMCAEHWE W BbIZATh pe3yabrar. [Ipu BbI30BeE
dyukmum until (<0) (+1) 1 ycroBue HUKOTIA He OYIET Y/IOBJIETBO-
peHo; pyHKIUS until OyAeT BBITOJHATHCA HEOTPAHMYEHHOE YHICIIO PA3
u pe3yabTar He Oymer mosrydeH. [Ipu sTom Ha 3KpaH KOMIbIOTEPa HE
BBIBOIUTCS HUKAKOW WHQMOPMAINU, TaK KaK BBITOJTHIETCS OECKOHEY-
HOe YnCI0 pekypcuii. /I octaHOBKY Bbramcyiennii (interrupt — mpe-
PBIBATh) B MOJOOHOM CiIydae CJIeIyeT HAyKaTh KOMOMHAIIUIO KJIABHUIII
Ctrl u C (Haxxmure Kaasunry Ctrl u, He OTIyCKas ee, HAXKMUTE KJla-
Buiry C):

---> until (<0) (+1) 1
naotcamue Ctrl + C

{Interrupted!’}

-—=>

3. Kommo3uinnsa dyHKImit

Mpu1 yke 00CyK1aau KOMITO3UIINIO (PYHKITNN ¢ TOYKU 3PEHUST MaTe-
MaTHUKW, TOCMOTPUM TeIeph Ha 3Ty ONEPAINIO C TOYKHU 3PeHusT (PYyHK-
U BBICIIETO TOPsi/iKa B (PYHKIIMOHAJIHHOM MTPOrPAMMUPOBAHNH.

Ecnu £ u g — dyuknuun, To £ - g ecTb MaTeMaTUIecKast 3aluchb TOTO
daxTa, uro pyHKIMA g 6vinosnsemca nocae £. Onpenennnm QyHKITTIO
after (1mocse), 3aBUCAIIYIO OT JABYX apryMeHTOB-GyHKIW £ 1 g, KOTO-
pasg mpumensier £ mepBoii, a 3aTeM, I IMOIYYEeHNS OKOHYATEIHLHOIO
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pe3yJsbTaTa, npuMenser g. Hamwume momoOHO#N (DYyHKIINNU TO3BOIIIO
ObI, HATIPUMED, JTABATH CJIEAYIONINe OMpeIe/IeHnsl (MbI UCIONb3YeM ee

orepaTopHyto hopmy):

odd = not ‘after‘ even
closeToZero = (<10) ‘after‘ abs

Omnepatop ‘after‘ mMoxKeT OBITH OIpeesieH, KaK OIepaTOp BBICIIIETO
OPsIIKA, CIIELYIOIAM 00Pa30M:

infixr 8 ‘after®

g ‘after f = h
where h x = g (f x)

Hamomuum, uto He nj1d Bcex (DYyHKIUN MOXKHO HAWTU UX KOMIIO-
sunmio. O6acTh 3HadeHuit pyHKIun f JOIKHA SBIITHCS 00JIACTHIO
ompesesierns (moMeHoM) s g. Jpyruvu cioBamu, ecin dbyHKus £
uMeeT TUI a -> b, TO (PYHKIIUSA g, COOTBETCTBEHHO, JTOJIZKHA MMETh
it b -> ¢. Kommosumueit atux aByx (pyHkmuit Oyaer pyHKINs, KO-
Topas JieficTByeT u3 a -> c. Bce 3TO OTparkeHO B CJIEAYIOIIEM O0b-
sBjeHnn Tuna GyHknun after:

after :: (b ->¢c) -> (a ->b) -> (a -> ¢)

Tak Kak -> accoIaTuUBHA CIIPaBa, TO TPETbU CKOOKM JUIIHUE, U THUII
after MokeT OBITH ONMCAH U TaK:

after :: (b ->¢c) -> (a ->b) ->a ->c¢

Oyuknus after MoxKeT OBITh paCCMOTPEHa KaK (DYHKIIMS C TPeMs
mapaMeTpaMu; B TO ¥Ke BpeMs, BCIIOMHUB O KappUHTe, ee MOKHO CUH-
TaTh (DYHKIIMEH ¢ AByMs ITapaMeTpaMiu, KOTOpas BO3BpaIlaeT (pyHK-
U0 (a TakzKe u KaK QYHKIMIO C OJHUM TapaMeTPOM, BO3BPAIIAOILY O
JaCTUIHO TTapaMeTPU30BaHHYIO0 (DYHKIINIO, 3aBUCIIILYIO0 OT OIHOTO ap-
ryMeHTa-(OyHKIINNI, KOTOpas B CBOIO OYepeIb BO3BpAIaeT (PYHKIIIIO C
OIHUM TapaMeTpoMm). Bce 310 maeT BO3MOKHOCTD OmnpeeanTs after,
KaK (pYHKIIMIO C TpeMsI mapaMeTpPaMu:

after g f x = g (f x)

[Ipu TakoM ompejieieHN HET HEOOXOANMOCTH B JIOKAJIHHOM OITpejIe Ie-
HUN (DYHKIUU h ¢ TOJIOIIBIO KITIOUEBOTO ¢JI0Ba where (XOTsl 9TO, KOHEU-
HO JKe, JOMyCTuMO). Bo3Bparmasch K onpenesenuto byHKun odd, Bu-
quM, 970 after pakTUIeCcKn ABISETCS YaCTUUHO TapaMeTPU30BaAHHOMN
nmapamMeTpamu not u even. Tperuit mapameTp Mpu TAKOM OTIPEIeIEHUN
He YKa3aH: OH OyIeT mepegaH Mpu BbI30Be GyHKIMKI odd.
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Ncmonb3oBanue omneparopa after MoXKeT MOKa3aThCsS M3JIAIIHIM,
BeIb (pYHKINH, 0g00HBIe 0dd MOKHO OBLIO ObI ONpPEeIeIUTh CIeIYI0-
M 00Pa30M:

odd x = not (even x)

Tem HE MeHee, KOMIO3UIINSA ABYX (PYHKIIUI MOXKET CIY:KHUTh IIapaMe-
TPOM /I KaKOi-HUOYIb (DYHKIIUNA BBICOKOTO MOPSIKA M B 9TOM CIIy-
Jae HeT HeOOXOAMMOCTH IIPUCBANBATH eif oTaeabHoe uMs. Ciieayomuii
MpuMep AeMOHCTPUPYET MOJIydYeHNe CIUCKA HeYeTHBIX YUCEeJI:

---> filter (not ‘after‘ even) [100,123,367,482,5,67]
[123,367,5,67]

B npentoaun kommo3uiiusi (pyHKIUN onpee/ieHa n3Havda bHo. Kak
yKe OTMEeYaJIoCh, OHA 0003HAYAETCS KAK CUMBOJIOM . (TOYKA), TAK Kak
CUMBOJIa - HeT Ha OOJBIIMHCTBE KaaBuaTyp. VTak, BBl MOMXKeTe BBIUU-
CTUTH

---> filter (not . even) [100,123,367,482,5,67]
[123,367,5,67]

DTOT omepaTop OCOOEHHO IOIE3eH B TeX CIyYasxX, KOrJaa HaIo Hali-
TH KOMIIO3UIIUIO TpeX u Oostee pyHKInmii. [I[porpamMucT MoxKeT mpocTo
yKa3aTh KOMIO3UIUIO (PYHKINH, 03 HEeOOXOAMMOCTH YIIOMUHAHUSA B
KaueCcTBe IapaMeTpPOB TaKUX BEJINUHNH, KaK UHUCJIa W CIUCKHU. ['opa3mo
IpUITHEee IHUCATh

f=g.h.i.j.k
BMECTO

fx =gt G G &x)))

Bonpocwvt u 3adanus
IV.3.1

JI71s KaxKI0ro MyHKTa IPUBEIUTE MOAXOMSIY0 (OYHKITIIO:

e (Float -> Float) -> Float
e Float -> (Float -> Float)
e (Float -> Float) -> (Float -> Float)

IV.53.2

Asnsercs au omeparop ‘after‘ (.) acconmaTUBHBIM?

A

H

H
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IV.53.5

Ha ctp. 92 yTBepx)maercs, uTo after MoxKeT pacCMaTpPUBATbCSI KaK
yHKIMS ¢ OTHUM MapaMeTpoM. Kak 3To MOXKHO y3HATH U3 OMUCAHUS
trna mapamerpa? Jlaiire omucanme after B dpopme

after y = ---

4. JIamoma pyHKIUN

Yike ormedasoch (cM. crp. 82), 9To QyHKIMs, KOTOpasi mepeiaeT-
csl B Ka4eCcTBe mapaMeTpa APyroi (pyHKINN, 9acTO ABJISeTCI TaCTUIHO
apaMeTpU30BaHHON (DYHKIMEH, IPH 3TOM B €€ 3aIllCH MOYKET HCIIO/Ib-
30BaThCA WU HE MCIOIb30BATHCA HOTAIUSA OMEPATOPHBIX CEKIIHIA:

---> map (plusc 5) [1 .. 10]
6,7,8,9,10,11,12,13,14,15]
--->map (+2) [1 .. 10]
[3,4,5,6,7,8,9,10,11,12]

B npyrux caydasx ¢yHKINS, IepegaBaeMas B KadecTBe IIapaMe-

Tpa APyroit pyHKINU, MOKET ObITH MOy YeHa, Ty TeM KOMIIO3UITUN JIPY-
rux (QYHKITHIL:

-—--> filter (not . even) [1 .. 10]
[1,3,5,7,9]

Ho B HeKoTOpBIX ciryuasx
OYeHb HEIIPOCTO 33JaTh (PYHK-
M0 TTOZOOHBIM O0Opa3oM, Ha-
IpUMep, ecau TPedyeTCss BhIUN-
cauth 2 + 3x + 1 1714 Bcex x U3
HEKOTOPOTO CIHUCKa. KoHeudHO,
--> [1 .. 4] BCerjga OCTaeTCd BO3MOXKHOCTD
[1,2,3,4] omnpeneanTh PYHKINIO, 3a1aB ee

Sanucy [n .. m], 2de n u m —
UeAble YUCAA, ABAAEMCA COKPAULEH-
HOU hopMoTti 3anucu CNUCKA UEAbLT
yucen 6 duanasone [n; m], nanpu-
mep,

B BHJE JIOKAJIBHOTI'O IIapaMeTpPa C IIOMOIIbIO KOHCTPYKINU where:

ys = map £ [1 .. 100]
where f x = x*x + 3*%xx + 1

OpHako, ecanm MCIoIb3yeTcss OOIBIIIOEe KOIUIECTBO MOMOOHBIX (DYHK-
1, CTAHOBUTCSI COBCEM HEITPOCTO TPUIYyMbIBATH BCE HOBBIE U HOBBIE
nMeHa JJIT HUX. B TaKuX CUTyaIuii MCIOJIb3yeTcs CIeruaabHas HO-
TaIlys, TTO3BOJISIONIAS OMPEIEIATh (DYHKIINU 6e3 AGH020 YKA3AHUA UL
UMEH.

BonbmmHCTBO  PYHKIIMOHAJIBHBIX — S3BIKOB  MTPOTPAMMUDPOBAHUS
O3BOJIIET WCIOJb30BaTh, TaK Ha3bIBaeMble, JIAMOmIa-pyHKIINN
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(A-dbyuruun) — dbyurnun 6e3 HazBauusg. Tak Kak Ha KJIaBHATYPE HET
rpedeckoit OykBbI A B g3bike Haskell or rpedeckoit 6yKBbI A ocTasach
TOJBKO OJHA TAJIOUYKa — \. 3alllch \ X CIeayeT MOHWMATh KakK
dbyHKIMA OT X (Haauune pobesta MeKLy CHMBOJOM \ U apryMeHTOM
(DYHKIUU He SIBISETCS HEOOXOINMBIM ).

O6mmit Bug A\-dpyukmun B s36ike Haskell Takos
\ obpasern -> BHpaxeHHUE

QyHKINA U3 IPEIbIAYIIero IMpuMepa C HCIOAb30BAHHEM A-HOTAIAN
3alUIIeTcd Kak \x -> x*x + 3*xx + 1. Takad 3amuch, yuraercda cie-
NYVIOIIAM 00Pa3oM: «PyYHKUUSL OM X, B036PAULANOULAA 3HAUEHUE X*X
+ 3*x + 1». O0braHO JIMOIA-PYHKIINNA UCTOIB3YIOT, €CJIN TPedyeTcs
onHy (PYHKIHIO IIepeJaTh B KadecTBe apryMeHTa APyroit (pyHKINM,
HaIIpuMep,

—-—>map ( \ x -> x*x+3*x+1) [1 .. 10] H
[56,11,19,29,41,55,71,89,109,131]

Testo msaMbIa-BbIpaZKeHUsT MOYKET ObITH ITPOU3BOILHBIM BhIPaYKEHU-
eM, OJHAKO CJIeIyeT y4eCTb, UTO OHO He MOKeT OBITh PEeKYPCUBHBIM,
IIOCKOJIBKY He CYIIeCTBYeT TAaKOI'O CBSI3aHHOIO ¢ (pYHKIIMEeH nMMeHHU, Ha,
KOTOPOE MOYKHO OBLJIO ObI CChLIATHCH.

Bonpocwvt u 3adanus
IV.4.1

OnepaTop xKoMmo3uiuu PyHKIUAE UMeeT THII
(.) :: (a->b) -> (c -> a) -> (c -> b)
JpyruM KOppeKTHBIM 00bABICHIEM THUIIa 3TON (DYHKIUN SBJISETCS
a) (.) :: (b ->¢c) -> (a->b) -> (a -> c);
6) (.) (a->c) -> (b ->a -> (b ->c);
C.)

)
B) (c =>a) > (b ->c) -> (b -> a);
1_') BC€ BbIIIIE ITepednC/JICeHHbIC.

IV.4.2

Oyukiums, nmeorias Tun (a -> b) -> ¢ gaBiasgercs QyHKIUER

a) HU3IIEro MOPSJIKA;
0) CpeIHero TopsiIKa;
B) BBICIIIETO TIOPSIJIKA;
) HEBO3MOYKHO OIPEIENTb.



I'maBa V

HucaoBblie PyHKINNI

1. Pabora c meabIiMu 4mucjaaMu

[Ipu pabore C meNbIME YHCIAMHU JIOCTATOYHO PACIPOCTPAHEHHOM
oreparueii siBIsieTcs HaxXokKaeHne ocmameka (remainder) or geneHus
HAIEJI0 OJHOTO YHCIa Ha JApyroe. Tak TpW AeJIeHWN HAIEeJ0 YHUCIa
10 Ha uncao 3 ocrarok paBeH 1. OgHUM U3 CIIOCOOOB HAWTHU OCTATOK
SIBJISIETCSI TIpUEeM JIeJIeHUs CTOJOMKOM, XOPOIIO H3BECTHBIN M3 Kypca

cpenueit mkobl. K mpumepy npu genennn 345 Ha 12 gacTHOE paBHO
28 n octaTok — 9:

5112
28

34
24

1

o O

5
6
9

B mnpeambyite ompenenena (pyHKIUS rem, TpegHA3HAUYEHHAS s
HaXOXKIEHNS OCTATKA:

-—-> 345 ‘rem‘ 12
9

Omnpenesernne octaTka OT AEIEHUS MOYKET MOTPEOOBATHCS B TAKUX 3a-
Jadax, Kak

® BHIUKC/IEHNE PA3INYHBIX BPEMEHHBIX XapaKTEPUCTHUK: HAIPUMED,
ecau ceiiyac 9 gacoB, To depe3 33 yaca TeKylmee BpeMs OyIeT
paBHO (9+35) ‘rem‘ 24 = 20 yacos;

e ompejieieHNe WMeHU IHs Hemenu: 3akomupyeMm jguu (0 — BOC-
KpeceHbe, | — TOHENETBHUK, ..., 6 — cybbOTA), €ciau cerojiHs
cpena (meHb ¢ HOMepom 3), To uepe3 30 jHeil Oyzer MATHWIA
(33 ‘rem‘ 7 = 5);

96
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® BbIdCHEHMNE BO3SMOZKHOCTHU Pa3dE€JINTh HaIl€JIO OJHO 9YHCJIO Ha APY-

roe: 4ucJjio 6y,D;eT JEeJINTCA Ha 9YUCJIO 11, €CJIN OCTaTOK OT JeJICHUA

9TOTO YNCJa Ha N paBeH HYJIIO;
e olnpeleseHre KOAWYeCTBA IHUQPP B IECATUIHONW 3alnChH Uh-

cla: TMocaemHss Imdpa dYHCIa X HAXOAUTCA IO (opMmyae X
‘rem‘ 10, cienyromias mudpa paBHa (x/10) ‘rem‘ 10, TpeTbs

(x/100) ‘rem‘ 10 m Tak maJee.

Ormernum, uro B a3bike Haskell nmeerca eme oguna dyHKIUS 1715

HaXOXKJIEeHNSA OCTaTKa Ynuciaa — 3To pyHKud mod. Pe3syabrarsl hyHK-
nuit rem u mod COBITAJAIOT TPU HAXOXKJIEHNN OCTATKOB OT TTOJIOKUTETh-

HBIX YHCEJI, HO Pa3JnYalOTCd OJd OTPUIaTEJIbHBIX YUCEeJI: (bYHKI_[I/IH

mod Jijist JIIOH6OTO Yrcia (KaK IMOJMOKUTENLHOTO, TaK U OTPHUIIATETbHO-

1"0) HaXOJUT OCTAaTOK B COOTBETCTBHUU CO CJIEAYIOIIUM MaTeMaTUIE€CKUM

ompenejgacHueM OCTaTKa:

s 2106020 4eA020 YUCAG T U NOAOHCUMEADHO20 UEA020 I
CYULLCMBYIOM, U NPU MOM eOUHCMBEHHBIE U T, AKUE 4IMO
m=gq-n+r 2de ocmamox r ydosaemeopaem Ycio8u0

0<r<n.

Hpyrumu cioBamu, (m ‘div¢ n) * n + m ‘mod‘ n TOXKIECTBEHHO

paBHO m. [Ipu TakoM omnpeseieHrn OCTATOK JIIOOOTO IEJIOTO YUCIa, Hall-

JIeHHBIN TIpHU MOMOIIN (PYHKIUN mod ecTh YUCI0 HeOTpUIaTe/bHOe, B

OTJINYUU’ OT (bYHKI_[I/II/I rem, KOTOpad OIIepUupPYyeT IIOJIOXKUTECJIbHBIMUA YH-
CJlaMU, a JIUIIb 3aTE€M YYUTbhIBaCT 3HAK.

-—-> 34 ‘rem‘ 10

4

---> 34 ‘mod‘ 10
4

---> (-34) ‘renm‘
-4

---> (-34) ‘mod*
6

Paccymorpum emme nBe 3agadn, cBsI3aHHBIE ¢ 0OPAOOTKOI MEIbIX UK~
ces. B obenx 3amauax ncnonb3yercs (DyHKINS rem.

1.1. Ilony4deHue crnmcka MPOCTHIX YHCEJ

10

10

[oBOpsAT, 9TO IEI0€ YUCTO M AEJTUTCS Ha IEJI0e N, eCJIM OCTATOK OT
JeJeHns m Ha n paBeH Hy10. OyHkima divisible nmpoBepseTr geuTcs

JIX OAHO YHCJIO Ha APYyToe:

divisible

Int

-> Bool

H

A
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divisible m n =m ‘rem‘ n == 0

JlenuTensMu YKucaa HA3BIBAIOT TaKHUe IeJIble YICIa, Ha KOTOPhIEe UCXO/I-
HOE 9HUCJIO AesnTca 0e3 octarka. OyHkiug denominators ompegenser
CIINCOK BCEX JIeJInTes el 3aJaHHOr0 YMCJIa:

)\ denominators +: Int -> [Int]
denominators x = filter (divisible x) [1 .. x]

SameTnm, 9TO 31mech QYHKIM divisible 9acTHIHO TTapaMeTPU30Ba-
Ha riepeMeHHOl x; dyHkius filter «oTdUIHLTPOBBIBAET» U3 CIUCKA,
IeJTBIX Yucesl OT 1 J0 X TOJABKO Te, KOTOPble ABIAIOTCS AETUTETIMU
qucia X.

[estoe amcyio Ha3BIBAETCS NPOCMbLM, €CIIA OHO UMEET POS8HO 064, Jie-

JIATENs: euHuIy u camo cebs. OyHKINS prime mpoBepsieT, J1eiiCTBU-
TeJbHO JIN B CIUCKe JdeJnTesiell HaXOOdTCd TOJIbKO 3TH JBa YHUCIa.:

\ Pprime :: Int -> Bool
prime x = denominators x == [1, x]

U naxonerr, ¢pyHKINS primes HaAXOIUT BCE MPOCTBIE YKCIA, He TPEBbI-
IIafomnne JaHHOe:

\ Pprimes  :: Int -> [Int]
primes x = filter prime [1 ..x]

I x0Tst 5TOT cI10COO BBIUKMCIEHNS CIINCKA IPOCTBIX YKMCEI, He IIPEeBHIIIa-
IOIUX JTaHHOEe, He ABJIsgeTCsa Hambosee 3(hOEeKTUBHBIM, OH NMEET Heo-
CTIOPUMOE TIPENMYIIECTBO — BCe (DYHKIIUU B HEM SIBJISIIOTCS ITPOCTHIM
mepesioKeHneM MaTeMaTUuIecKux omnpeenennit Ha 36k Haskell.

1.2. Onpenenenue gHA HeIeN

Kaknum goeMm Hemean OymeT HMOCIeTHUI TeHb TeKyimero roma’ A B
KaKOil JIeHb Helean Bbl poanianuch?! s orBeTa Ha MOLOOHBIE BOIIPOCHI
JlaBaiiTe omnpejesnM (QYHKINIO day, KOTopas IO 33JIaHHOMY JTHIO Me-
csIa, MecsIy U Toay OyIeT BbIIaBaTh Je€Hb HEIe/H, Ha KOTOPBI OH
MIPUXOJIUTCH.

H ---> day 31 12 2002
"Tuesday"

Ecnn y:ke n3BecTeH HOMep JHS HEJIEJIN, TO, OCHOBBIBASACH Ha, IPE-
JIOZKEHHO{I BBIIIe cxeMe KOINPOBaHUS, (PYHKINIO day JerKO HAITNCATh:

\ day d m y = weekday (daynumber d m y)
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weekday 0 = "Sunday" -- Bockpecenne
weekday 1 = "Monday" -- llomenmenbuux
weekday 2 = "Tuesday"  -- BTopHEHK
weekday 3 = "Wednesday" -- Cpezma
weekday 4 = "Thursday" -- YeTsepr
weekday 5 = "Friday" -- llaTuuna
weekday 6 = "Saturday" -- Cyb66ora

Oyuknust weekday MCIOIb3yeT CceMb MTAOJIOHOB JJIs OTPeJeIeHns Ha-
NMEHOBaHUA JTHA Heﬂeﬂﬂi(pGSyHbTaTOMiHBHﬁeTCH CTPOKa, 3aKJIIOYCH-
Hasl B KABBIUKH).

Oyuknusa daynumber ompemenseT IUCIO JHEH, MPOIIEANINX C TIO-
CJIeIHETO BOCKPECEHbsI, 1 100aBIsgeT K HEMY:

® YICJIO MEJbIX JIET, yMHOYKeHHOe Ha 365;

® TIONPABKY HA YUCJIO MPOMIEAITNX BUCOKOCHBIX I'OJIOB;

® YICJI0 JAHeil BO BCeX yiKe MOJTHOCTBIO MPOIIEINX B TEKYIIEM
IOy MECSIIEB;

® YICJIO AHEM, MPOIIeAInX ¢ HavaJjia MeCsIa.

3areM HAXOAUTCS OCTATOK OT JIeJIeHUsT Ha 7 TI0JYYeHHOTrO (OrPOMHOIO)
YUCIa — 9TO U OyIeT HOMep JTHS HeIesu.

B mammem (rpuropmaHCKOM) KaJeHmape, BBeJIeHHOM mamoii ['puro-
pueMm B 1752 romy, meificTBYIOT ciIeAyIOIIe IMpaBuja ONpeeIeHus BU-
COKOCHBIX TOJIOB (JIJIMHA KOTOPBIX 366 jHeit):

® ecJIi HOMep I'oJia AeJINTCS Ha 4, TO TO, ABJIsIeTCsT BUCOKOCHBIM
(mampumep, 1972);

e HO: ecau HOMep rozxa menuTcda Ha 100, To rog He BHCOKOCHBIM
(marpumep, 1900);

e HO: ecau HoMmep roja aeantcd Ha 400, To Toxg A6.AAEMCA BUCO-
KOCHBIM (Hampumep, 2000).

Tenepnb, 3uasg, urto 1 guBaps 0 roma OBLTO BOCKpPECEHBEM, JIETKO
MIOJTHOCTHIO OTIpeIenTh (PyHKINIO daynumber:

daynumber d m y = ( (y-1)*365
+ (y-1) ‘div‘ 4
- (y-1) ‘div‘ 100
+ (y-1) ‘div‘ 400
+ sum (take (m-1) (months y))
+d
) ‘rem‘ 7
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Bri3oB take n xs BO3BpAaIaeT MMepPBbIE N JIEMEHTOB CIIHCKA XS. JTa
dbyHKIMST MOXKeT ObITH OIpe/esieHa, HAIpUMep, TaK (JaHHOEe OIpe/ie-
JIeHVe HEMHOTO OTJIMYAeTCs OT MIPUBEIEHHOTO B TIpeamoOyie):

take 0 xs = []
take (n+1) (x:xs) = x : take n xs

OyHKIrsa months BoO3BpAaIaeT YMCI0 AHEH B KarKIOM U3 MECSIEeB 3a-
JaHHOTO roja:

months y = [31,feb,31,30,31,30,31,31,30,31,30,31]
where feb | leap y = 29
| otherwise = 28

OyuKIMa leap MCMONB3YETCI B OXPAHHOM BBIPDAXKEHUN TPEIBbITYIIeH
dyHKIMN:

leap y = divisible y 4 &&
(not (divisible y 100)) || divisible y 400

Ee ke MOKHO ONpeIeInTh U TO-IPYyTOMY:

leap y | divisible y 100 = divisible y 400
| otherwise divisible y 4

[ 715t TOrO 9TOOBI CJIe/1aTh MTOJTHOCTHIO KOPPEKTHBIM OTpejie/ieHne (pyHK-
run day, 706aBUM OXpaHHOE BhIpazKeHue, He TIO3BOJISIONIee TPUMEHUTH
9Ty (PYHKIINIO K TTEPUOY O BBEIEHUsI TPUTOPUAHCKOTO KaJeHIAPS:

day d my | y >1752 = weekday (daynumber d m y)

Termeps BBI3OB 3TOM (PYHKIHUU C MOCJETHUM IIapaMeTPOM, MEHbIITHM
yeMm 1752, mpuBegeT K COODIIEHNIO 00 OIIIOKeE.

---> day 16 9 2002
"Monday"
—--> day 16 9 120

Program error: HomMep roza Mexnme 1752

1.3. Crparerum pa3paboTKu mIporpaMm

[Ipu npoekTUPOBAHUY IIPOTPAMM JIJISI 3TUX JABYX IPUMEDPOB MCIIOIb-
30BaJINCh JIB€ pa3/JIndHble CTpaTerun pa3padborku. Bo BropoMm nmpumepe
MBI TIEPBBIM JI€JIOM OIpeaeuIn GyHKINo day B TepMuHax OYHKITUT
weekday u daynumber. [Ipu pazpadborke dpynkinnm daynumber MbI MC-
MO/TH30BaIN (PYHKINIO months, KOTOpas B CBOIO OYepeb MCIOIb30Ba~
na ¢pyHkinio leap. Takasg cTrpaTerus HOCUT Ha3BAHUE «CEEPTY GHU3 '
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HaYMHAETCSI pa3paboTKa ¢ HanmboJiee BaXKHbBIX BEIleil U, 3aTeM, II0 Mepe
HaJOOHOCTH, ONPEIAeIAI0TCA TOMOJTHUTEeIbHbIE (DYHKITIH.

B mepBom ke mpuMepe TPUMEHANTACh CTPATETHUS «CHU3Y 68EPT»:
cHavaJja Oblaa HammcaHa (yHKIug divisible, ¢ ee TTOMOIIBIO OMpe-
nesmn pyHKINIO denominators, 3areM (OYHKIINIO prime u, HAKOHEII,
primes.

[Ipumenenne ToOM MM WHOM CTpATETWMN HUKAK He CKA3bIBAETCS HA
OKOHYATE/IhHOM Pe3yJbTaTe: Be/lb WHTEPIPETATOP HUIErO HE 3HAET O
TOM, B KAKOM TIOPsiJIKe pa3pabdbaTbiBanch QyHKIUN. TeM He MeHee, TIpH
pa3paboTKe IporpaMM CIeayeT oOpallaTh BHUMAaHUE Ha TO, KAKOW U3
CTHUJIEl UCIIONIb3YeTCH.

2. HucjeHHBbIEe BBIYUCJICHUS

2.1. Yuciaennoe muddpepeHnumpoBaHme

[Ipu BeIumCIEHNSAX, B KOTOPBIX yIacTBYIOT yucsia Tumna Float, To4-
HOE HAXOXKJEHWE pPe3yJibTaTa B OOJIBITMHCTBE CIy4aeB HEBO3MOXKHO.
PesynbraT BoIuCIeHNS OKPYTJIAETCS C TOYHOCTBHIO JI0 HECKOTBKUX Je-
CATUYHBIX UMD MOCTe 3aITOMH.

--->10.0/6.0
1.66667

[Ipu BBIYKMCIEHUN HEKOTOPHIX MAaTeMATHYECKUX (DYHKINH, TaKux
KaK sqrt, pe3yJbTaT TakxKe OKpyriasercd. [losTomy u mpu pa3zpador-
Ke CBOUX COOCTBEHHBIX (pYHKITU, OTIepUPYIONNX yncaamu tuna Float,
MOJIyYeHHBIN Pe3yIbTaT TaKzKe OyIIeT SBIAThCS alpoKcuMalneit «pe-
aJIbHOT'O» 3HAYEHUS.

[TprMepoM 3TOTO MOYKET CIIYKHUTh BBIYNCICHUE TTPOW3BOILHON TOM
I WHOM MaTemaTrudecKoit pyHkinn. MaTemaTndeckoe onpeiesieHne
npousBoaHoi f' or dyHKIUN f TaKOBO:

. fle+h)— f(z
o) — i L@ = 1)

h—0 h

TouHoe 3HAUEHME TIPeIeNIa He MOXKET OBbITh BBITUCIEHO HA KOMITHIO-
tepe. OgHAKO, TPUOINIKEHHOE 3HAYEHNE MOYKET TIOJIYIEHO C MCIIOIH30-
BaHUEM JIOCTATOYHO MAJIbIX 3HAYEHU h.

Omnepanuga nuddepeHnupoBaHus eCTh (DYHKIINS BBICIIETO ITOPSII-
Ka: PYHKIHUS OepeTcs B KadecTBe apryMeHTa U (DYHKIIAA SIBJISIETCS
pe3yabTaToM BhluncieHus. Oupeneaenrne MOKeT ObITh TAKHM:

diff :: (Float -> Float) -> (Float -> Float)

A
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diff £ = £°
where f2 x = (f (x+h) - fx)/h
h = 0.001

C menpio MOIyYeHWsT KappPUHTOBOW (HOPMBI (DYHKIIUU MOYKHO
yOpaTh BTOPYIO Mapy CKOOOK B OOBSIBJIEHHM TUIA, TaK KaK -> acco-
[IMaTUBHA CIIPaBa.

diff :: (Float -> Float) -> Float -> Float

Terntepy pyuknuio diff moxxHO cunTaTh QyHKIUENH OT ABYX MMapame-
TpoB: (1) dyHKIWMH, TPOU3BOIHYIO KOTOPOii ClIeAyeT BBIYUCTUTh, U (2)
TOYKH, B KOTOPOi 3HAYEHNe [IPOU3BOIHON JOIKHO OBIThH ITOJCUYNTAHO.
C 3TOli TOUYKN 3peHUs ONPEIEeIeHNe TelepPh BhITIAIUT TaK:

diff f = (f (x+h) -fx)/h
where h = 0.001

DTH ABa OIpeieeHnsa abCOMIOTHO SKBUBAJIEHTHBI. BTOpast Bepcus mpo-
rpaMMBbl TIPEANOYTHTEIhHEE, TaK KaK OHa TPOIIe U sicHee (B Hell oTcyT-
CTBYeT HEOODXOIMMOCTH BBOHA JomnoiaHuTe g bHOM dyukmun 2. C apy-
roif CTOPOHBI, IIepBOe ompenesieHue noxdepkupaeT, 4To diff moxker
OBITh PacCMOTpPEHa, KaK Ipeobpa3oBaHue (pyHKIIIH.

Oyukiuio diff oveHb ya00HO UCIIOIB30BATH TOCIE YaCTUIHOMN TTa-
paMeTpHu3aIun, KakK B CIEIYIONEM OMpeaeTeHnn:

derivative_of_sine_square = diff (square . sin)

Bennunna h B oboux onpenenennsx diff 3amaercsa B mpeaIo:KeHIN
where. Tem He MeHee, JIETKO IepeieaaTh IPOrPaMMy TaKHM 00pPa30oM,
YTOOBI €e MOXKHO OBLTO ObI B OyIyIeM JIeTKO n3MeHsTh. Hawmbostee
ruOKUM IIyTh — 9TO 3aJaTh h B KauecTBe mapamerpa diff:

flexDiff h f x = (f (x+h) - fx)/ h

3amaB h B kauecTBe mepBoro aprymenta (yakmun flexDiff, MokHO
UCIIOTb30BATh U €€ B YaCTUYHO MapaMeTpPU30BaHHON dopme, ITOObI
[MOJIYYUTH pa3jandnbie Bepcun diff:

roughDiff = flexDiff 0.01
fineDiff flexDiff 0.0001
superDiff flexDiff 0.000001

2.2. BprumcieHue KBaapaTHOTO KOPHS

B mpentogun onpenenena GyHKIUS SQrt s BBIYUCIEHUS KBa-
IPaTHOIO KOPHS M3 YKCIa. B 3ToM pasmerne OyaeT pacCMOTPEH IIPo-
1ecc pa3paboTKu ompeeseHns (pyHKIUN sqrt, B KOTOPOM He OymeT
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HCIIOb30BAThCA CTaHIApTHAS (DYHKIU, IpeIHa3HAUeHHAS IJIT STHX
1eJsieii. DTOT mpUMeEp MO3BOJUT IPOJAEMOHCTPUPOBATH TEXHUKY Pabo-
ThI ¢ yncaamu Trna Float. B caenyromux pa3smenax Oyzaer pacCMOTpeH
IIPOIIECC BBIYUCIEHNS 00paTHON (DYHKIIMH, YTO MO3BOIUT JATH IAPYTYIO
peann3anuio QYHKIUN BBIYUCIEHNIS KBAIPATHOTO KOPHSI.

g KBaJpaTHOTO KOPHSA W3 YNCAa & UMEeT MeCTO CJIeJyIoIee
yTBepZK/IeHUE:!

eCIIN I eCTh XOpoIiee NPUOIMKEHNe I /T,
1 T
o5(y+ 5) ABJIAETCA €IIe JIyYITuM IIPUOIAKEHIEM.

DTO CBONCTBO MOXKET OBITH WMCIOJB30BAHO JIT BBHIUYUCIEHUS KOP-
Hs U3 YUCIa T BO3bMeM | B KauecTBe TEPBOTO MPUOJIUKEHUS U OyIeM
MO/IITPABJIATH MMPUOIUKEHNE IO TeX MOP, MOKa, Pe3yIbTaT HAC He YCTPO-
ut. Bennmuuna y ABIfeTCs XOPOIMMM MPUOINKEHUeM /T, ecin y? He
OUeHb OTINYAETCS OT . JIJIs BeTHIWHbI \/3 TPUONIKEHHUST Yo, Y1 1
T.Jl. TAKOBBI:

Yo — =1
y1 = 0.5 % (yo + 3/yo) = 2
yo = 0.5% (y1 +3/y1) = 1.7
ys = 0.5 % (yo + 3/y2) = 1.732142857
ys = 0.5 % (y3 + 3/y3) = 1.732050810

ys = 0.5 % (yqs + 3/ys) = 1.732050807
Ksanpar mociegHeil anmpokcuManun Torbko Ha 107 ormmaaercs ot
Tpex.

st mporiecca «IIOAIpaBKA» HAYAJIbHOTO 3HAUYEHUS YHI00HO WHC-
IOIb30BaTh (PYHKIIMIO until, paccmMorpennyio Ha cTp. 90:

root x = until goodEnough improve 1.0 )\
where improve y = 0.5 x (y + x/y)
goodEnough y = y*y "= x

Omnepatop ~= (mpuOIU3UTETHLHO PABHO), MOKET OBITH OIPEJIE/IeH Clie-
NYIOIIIAM O00pPa30M:
infix 5 = A

a"=b=a-b<h&&Db-a<h
where h = 0.000001

B sTom onpenesnenun GpyHKIUsS BBICIIEro MOpaika until omepupyer
Pynryusmu improve (yiaydmarb) u goodEnough (10CTATOYHO XOPO-
I110), UCTIOB3YsT HadaabHOoe 3Hadenue 1.0.
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[Ipubamxenue merogom HrroToHa

Xorg B 3amucu (pyHKIUU root cpa3y 3a improve paclojaraeTcs
1.0, dyHKIINA improve He MPUMeHSIeTCs HeoCpeACTBEeHHO K uncay 1.0;
BMECTO 3TOr0 00a 3T 00bekTa mepemaoTcs Gyakimn until. C Toukn
3peHus MPoIlecca KappPUHTa, 3TO IKBUBAJEHTHO CJIEAYIONIEH PacCTaHOB-
ke ckOOOK (((until goodEnough) improve) 1.0).TombKo 3armgHyB
B ollpeeeHnn (PyHKIUU until MOXKHO YBUIeTh, KAK improve mpuMe-
HgeTcsa K 1.0.

2.3. Hynmm dbyukmun

Jpyroit BEIMUCINTEIBHOI IPO0JIeMOil, KOTOpasd MOXKET OBIThH pelle-
Ha, C TTIOMOIIHIO UTEPALNN, ABIIETCI HaXOXKIeHNEe HyJIeil OyHKINN.

Paccmorpum dyukmmio f, KopeHb o KOTOpPOH Tpedyercss HallTH.
BosbmMmem b B KadecTBe MepPBOTO MPUOIUMKEHUsT IJIsd HYJIsd (DYHKIUU.
Torma KacaTenlbHas, IpoBeJeHHasA K (DYHKINK [ B TOUKe b mepecekaer
OChb T B TOUKE, SIBJISTFOIIENCS JIIIITIM TPUOIUKEeHreM HyJist, ueM b (cM.
PUCYHOK).

Touka mepecedeHnsi KacaTe/JbHOW C OChIO & HAXOIUTCS Ha PaCCTO-
suru d oT repBoro npubmkenus b. Bennduna d MoxkeT ObITH BhIYH-
claeHa caeayrommM obpa3oM. TaHreHc yria HaKJIOHA KacaTelbHOU K

dbyukmun £ B Touke b pasen f'(b). C apyroii cTOPOHBI, TO 3HAYEHUE
pasuo f (b) /d, nosromy d = f(b)/f'(b).

JamHOe 3aMeuaHme MO3BOIIeT HaM CIeJIaTh CJIELyOIINil BEIBOI: €C-
mu b ectb mepBoe npubsmzkenne nyast dyuknun £, ro b— f(b)/f(b) —
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ecThb JIydlllee IPUOIMKeHNe. TOT METOJ, U3BECTeH, KaK «MeTol Huro-
TOHAa» (9TOT METOJ He Bcerma paboraeT s (DYHKIUN ¢ JTOKATHHBIMUA
SKCTPEMYMaMI: Bbl MOYKETE «XOJUTh BOKPYT» HYKHOIO KODHS U HH-
KOIJIa B HErO He TOMacTh).

st monyuenuss (DYHKIUW, BBIYUCISIONIEN HYJIU TOM METOIOM,
TaKKe MOXKHO MCIOJb30BaTh (pyHKINO until. B kauecTBe mapamerpa
Oy/ieM NCIIOIb30BaTh NPUOJIIZKeHre (improve), 3a1aBaeMoe IPUBE/IeH-
HOIt BhITIEe PpOpMYyJIOit (;:mﬁ 4ero BOCIIOJIB3YeMCd paHee OIpeleIeHHOMN
dyuknneit diff ) YciioBrueM OKOHYAHUS UTepalinii OyaeT CIyKUTh J0-
CTATOYHO MaJioe OTKJIOHEHUe (PYHKIIUU OT HYJIEBOI'O 3HAUEHUS.

zero f = until goodEnough improve 1.0 )\
where improve b =b-fb/diff £ b
goodEnough b = £ b "= 0.0

Mpsr BoiOpanu 1.0 B kauecTBe mepBOTO MPUOJIMKEHUST, HO C TAKUM JKe
YCIEeXOM, 3TO MOIJIO OBITH 1 uncyao 17.93. Boobime, 370 MoxKeT ObITh
nmobast ToUKa u3 obyacTu onpenenennsd GyHKiun f.

2.4. ObparHasa pyHKIAA

Honb dbyukmuu f, roe fr = x* — a, pasen y/a. C ygeTom aToro 3a-

MeYaHUsa Mbl MOYKEM BBIUUCIUTD /a KaK HOMb pyHKINK f. [Ipumenun
pyHKIINIO Zero, root MOXKHO ONPEIETUTh TaK:

root a = zero f )\
where f x = x*¥x - a

Kybuuecknit KOpeHb MOYKHO BBIYUCTUTH TaK:

cubic a = zero f )\
where f x = x*xX*x - a

Anamornuno, mgobas GyHKINS, oOpaTHas K 3aJaHHONE, MOKET OBIThH
BBIYUCIEHA C WCIOJIH30BaHUEM 3TOW (PYHKINKA B OMpeIeIeHUun (DyHK-
nuu £, Hanpumep,

arcsin a = zero f )\
where f x = sin x - a

arccos a = zero f
where f x = cos x - a
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Hanmune ob1iHOCTH B OIpeieIeHUAX STHX (PYHKIIHI ABISETCSI CUT-
HAJIOM 11 OIpeieseHnsa (DYHKIIMKM BBICIIErO MOpsIKa, KOTopas 0000-
IIAeT 3TU CIyvdan OK)aHaHOFHH(onpeﬂeﬂeHHeM(byHKuHMifoldr,Ko—
Topasi TOsIBUJIaCh KaK 00001eHne sum, product u and). B nansom ciy-
vae PyHKIU inverse aBisgeTcsa (pyHKINeH BBICIIEro Mopg Ka, IMero-
el JOIMOTHUTE/IbHBIN MapaMeTp — (QYHKIHNID ¢, HHBEPCUIO KOTOPOit
TpPedyeTcs BBIYUCINT:

inverse g a = zero f
where f x = g x - a

Ecnu BBI crygaiiHO 3aMeTHIN HEKYIO 3aKOHOMEPHOCTD, TO CJIeTyeT TI0-
MBITATHCS OMPEJETUTh (PYHKIIMIO BBICIIETO TMOPSIKA TaK, IYTOOBI JIPY-
rue PYHKIIUU CTAIU TPOCTO YaCTHBIMU CIydYasMu ee ipuMeHeHus. [Ipu
3TOM BCe YaCTHBIE CIydaml CJeIyeT ONpedesUTh Yepe3 IMOIydeHHYIO
dyHKIIO, KOTOpasg OyAeT YaCTUIHO IMapaMeTpPpU30Ba PA3INIHBIMUI T1a-
pamMeTpamu:

arcsin = inverse sin
arccos = inverse coS
1In inverse exp

DyHKINIO inverse MOXKHO PacCMaTPUBATh KaK (PYHKIIWIO C JIBYMsI
mapamerpamu (byuknus u Float) u Float B KadecTBe pe3yJsbrara,
WM Kak PYHKIWO ¢ 00num TapamerpoM (dyHKIwmst) u dbyHKIMeH Kax
pe3yabTaTOM. JTO CJIEAYeT U3 SKBUBATEHTHOCTH CJIELYIOIINX 00bsIBIIE-
HUi Tuma PYyHKIUN inverse:

inverse s (Float -> Float) -> Float -> Float
1
inverse D (Float -> Float) -> Float -> Float

(BCIIOMHUM O IPaBOii acCOUATHBHOCTH ->).
OyHKIMS HAXOXKIEHWs KOPHS, MCHONb3yiomas Meron Hprorona,

MOZKeT OBbITh TOJIyUeHa TMOJ00HBIM IyTeM. PaccMoTpuM ompeseneHne
dyHKIIIU root:

root a = zero f
where f x = xxx - a

3aMeHUB BbI30B (DYHKIMHU zero f ero omnpemeseHneM, MOy InM:

root a = until goodEnough improve 1.0
where improve b =b-fb/diff £ b
goodEnough b =f b "= 0.0
fx=x*x - a
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B nanmOM ciydae HET HEOOXOAUMOCTH onpenaeadaTh diff duciaeHHo:

npousBogHas f ectb (yHKIms (2%), mosTromy dopmyta B GyHKIUH
improve b MoKeT OBITH yIPOIIEHA:

=3+%
=0.5% (b4 a/b)

D710 1 ecTh (POPMYJIa, UCIOJb30BaHHAS HAMU elle Ha cTp. 103.

Bonpocwv u 3adanus
V.2.1

[aiiTe onpenenenne dyHKnu cubicRoot, KoTopast He UCIOIb3yeT Un-
crnennoe auddepeHmpoBaHne (Jake KOCBEHHOE, C MOMOIIBIO Zero).

V.2.2

Onpenennre GyHKIWIO inverse, UCIOIB3YS JIAMOIA HOTAIIHIO.

V.2.3

OObsicHITE paCIOIO)KeHe CKOOOK B BbIPAYKEHUN:
(f (x+h) - f x) / h.



I'maBa VI

CTpyKTYyphl JaHHBIX

1. Camuckn

Coucku gBIGIOTCA OJHOM M3 CaMbIX PacCIpPOCTPAHEHHBIX CTPYK-
TYP JAHHBIX, ICIOJIb3YEMbIX B (PYHKIIMOHAJILHOM IPOrPAMMUPOBAHNM.
Crimcok — KOJIIEKIUS 3JIEMEHTOB 0dno20 Tuma. Tum crnmcka 3amaercs
TUTIOM 3JIEMEHTOB, COIEPKAIINXCA B HEM.

1.1. OmpeneneHnue crmcka

Cy1ecTByIOT HECKOIBKO CIIOCODOB OMPEIeINTh CIUCOK: sIBHOE TIe-
pedncienne ero 3JIeMeHTOB, KOHCTPYHWPOBaHUE CHUCKa IMPU TOMOIIN
orepaTopa :, YKa3aHHe YUCJI0BbIX WHTEPBAJIOB.

Ilepeuuncnenue >1eMeHTOB CIUCKA — CAMBbIH IPOCTOIT CIIOCOD ero
CO3MTAHUS. DJIEMEHTHI 3aKII0UYAI0OT B KBaJIpaTHbIe CKOOKU U pa3Ie/is-
0T 3aMATBIME. DJEeMEeHTaMU CIIICKA MOTYT ObITh KaK KOHCTAHTBI, TaK
U BBIPaKeHWsI, KOTOPbIe OyIyT ONpee/IeHbl B TPOIEeCCe BBIUYNCIEHU,
HaITpUMep,

[1 + 2, 3*x, length [1, 2]] :: [Int]
[3 <4, a==05, p&& ql :: [Booll]
[diff sin, inverse cos] :: [Float -> Float]

Orpannvenuit Ha JJUHY CIIICKA HET, OH MOXKET COIep:KaTh, HAIIPH-
Mep, JIIIb OJWH JeMeHT (Takue CHUCKW HOCAT Ha3BaHue singleton).
Tak, coumcox [[1, 2, 3]] sgBasieTcst CUHTIIETOHOM — OH COIEPIKUAT
OJUH 3JIEMEHT, SIBJISIONINICSI CIICKOM.

Crmcok, He cozepsKaluii 3JIeMeHTOB, UTPaeT 0COOYIO POJIb B OIpe-
neeHusX (PYHKINH 119 paboThI co cuckaMu. TaKoil CMCOK Ha3bIBa-
eTcs MyCcThIM. Ero o0bsaBaeHne MoInMOp(MHO — IIYCTOMH CIUCOK MOYKET
OBITH MTPEeICTAaBUTEIEM CIIUCKA JIFOOOTO THMa. HamoMuuM, 9T0O B 110100~
HBIX CJIy9asgX B OObSBJIEHUSX THIA UCIOIb3YIOTCs, TAaK Ha3bIBaeMbIe,
mepeMeHHble Tha (THIOBBIE mepeMenHble), Hampumep, [al. Ilycroii

108



1. Cnucku 109

CIIICOK MOYKET BCTPEYAThCS B JTIOOOM MecTe, IJie MOKHO pa3MeCTUTH
OOBIUHBIH ciucoK. Ero Tun onpemesnseTcs NCX0oIs U3 KOHTEKCTA: B 3a-
nucu sum [] mcnonw3yercs mycToit ciimcok ducest; B and [] — mycToit
crircok Tuma [Bool].

KoucTpynpoBaHue ¢ moMoHIbIO OepaTopa : — JIPYroi pac-
IIPOCTPAHEHHBIN CIIOCOD OIpeNeIeHns CIUCKOB. DTOT OIepaTop IOoMe-
IIIAeT 3JeMEeHT B HA4aJI0 CINCKA, Pe3YJIbTAT ero IPUMEeHeHHs eCTh CIIH-
COK OOJIbIIeil JIJINHBL.

(:) ::a -> [a] -> [a]

Tak, ecmm xs ectb cmomcok [2, 3, 4], To 1: XS eCcThb CIHCOK
[1, 2, 3, 4]. Ucnonb3ys MycToit CIUCOK U OTIEPATOP :, MOYKHO MOJTY-
quTh 10001 crimcok. Hampumep, 1 : (2 : (3 : [ 1)) ecthb crmcok
[1, 2, 3]. Yurg mpaByl acCOIMATHBHOCTH ITOTO OIlepaToOpa, OIy-
cruM ckoobkm 1 : 2 : 3 : [ ].

YKazaHne YMCJI0BBbIX MHTEPBAJIOB — TPeTHil CIIoco0, IO3BOJISI-
IOt ONpeae/NTh CIIMCOK Yrces. B 3ToM ciaydyae B KBaJpaTHBIX CKOO-
KaxX pa3MemialoTcs /IBa YNCia, Pa3aeJeHHble JBOETOINEM:

---> [1 .. 9]

[1, 2, 3, 4, 5, 6, 7, 8, 9]
--=> [2.6 .. 6.0]

[2.6, 3.6, 4.6, 5.6]

XoTrst CHMBOJI TOYKa M MOXKET HCIIOIb30BAThCS B MMEHHU OIEPATOpa,
KOMOWHAIWA CHMBOJIOB . . He fBJIFETCS OIepaTOPOM — 3TO 3ape3epBHU-
POBaHHAs MOCJIET0BATEILHOCTH cuMBONIOB s13bika Haskell (em. cTp. 71).

Boeipaxkenune [x .. y] Bberumciasgercsa myTeM BbI3oBa enumFromTo
x y. Oynknusa enumFromTo MCHONBb3yeT PEKYPCUBHBIN BBHI3OB CaMOi
cebst: J0OABUB JIEBYIO TPAHUILY K CIHUCKY, OHA BBI3HIBAETCS C apryMeH-
ToM OONBIUM Ha eTUHUILY. Ecam mpaBas TpaHUIa MeHbIIle JIeBOi, TO
cpabaThIBaeT TEPMUHAJIBHBIN C/Iydaii: BbIJAETCS MYCTOH CINUCOK.

» Vnpaosrcnenue VI.1.1

Cospmaiire daiin, B KOTOPHI TOMECTUTE HUYKEIPUBEIEHHbBI CKPUIIT.

import Prelude hiding (enumFromTo)

enumFromTo x y | y <x = [1]
| otherwise = x : enumFromTo (x+1) y

Sarpy3us omnpenenenne (GyHKIun enumFromTo, MpUMeHHUTE ee K pa3-
JIMYHBIM CIIICKAM.

<

H

A
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1.2. PyHKIUN HA CIIHCKaX

[Ipu onpenenennu GyHKIMT HA CIUCKAX YACTO MPUMEHSIETCS COTIO-
CTaBJIeHIe BXOMHBIX IMapaMeTpoB ¢ o0pa3mamu (marrepHaMn): (yHK-
Ut 33J[A€TCsT TP TIOMOIIH OTJIEIbHBIX TIPABUJL JIJIsT yCTOrO CIIMCKA 1
ISl CIIMCKA BUJIA X :XS. JIF00O# CIUCOK, OTIMYHBINA OT 1yCTOro, MpeJ-
CTABUM B BHJE IEPBOTO 3JI€MeHTa (TOJOBBI CIHMCKA) X U, BO3MOXKHO
IIyCTOTO, CIIUCKA XS (XBOCT CITHCKA).

Hexkotopsie byHKIINH, Ompeae/ieHHbIe Ha CIIMCKAX, y:Ke 00CYKIa-
JIUCH paHee (head, tail, sum, length, map, filter, foldr u foldl).
Haxke mas Tex PyHKIHIT, KOTOPhIE OMPeaeIeHbI B IPETIOANNA 1 JOCTYI-
HBI JIJISI BbI30Ba 0€3 oIpeeseHrns UX B IOJb30BATEILCKOM CKPUIITE,
TpedbyeTcs MOHUMAaHIE TOrO, KaK OHU PabOTal0T M KaKOBO UX OIIpeme-
snenne. [Ipexkme Bce moToMy, 9TO MX ONPEIEIEHUs SABISIOTCA 3aMeda-
TeJIbHBIMHU IpuMepamMu (DYHKIN, Ompeae/leHHBIX Ha CIHUCKAX, W WX
TEKCT ITIOMOTaeT IOHATh, KaK BCe yKe OHU PabOTAIOT.

B sTom naparpade MbI TO3HAKOMUMCS ¢ HEKOTOPBIMU U3 OIIpeeie-
Hut YHKINH 171 paboOThl €O CTUCKAMU. BOJBITUHCTBO U3 HUX ABJIS-
IOTCS PEKYPCUBHBIMHU, T. €. B IPABUJIE, COOTBETCTBYIOIIEM 00pa3ILy BU-
JIa X:XS, 00sg3aTe/IbHO OyJAeT MPUCYTCTBOBATH BBHIZOB C IMapaMeTPOM
XS.

CpaBHeHUEe U yIIOPAJ0YNBAHUE CIIMCKOB

JIBa crmcka paBHBI, €CJIN OHU COMEP:KaT OTHU U Te YKe dJIeMEHThI B
TOM 2Ke Topsnke. Bor onpenenenne yHKINE eq, TPOBepdOIIeil 1Ba
CIUCKa Ha PaBEHCTBO:

L] ‘eq¢ [ ] = True
L] ‘eq‘ (y:ys) = False
(x:xs) ‘eq‘ [ ] = False

(x:x8) ‘eq‘ (y:ys) (x == y) && xs ‘eq‘ ys

3/1ech KaK MEPBBIit TaK U BTOPOI MapaMeTpbl MOTYT OBITh KaK ITyCTbI-
MW CITUCKAMU, TaK W HE MYCTBIMHU, TIOITOMY JJIsS OnpeaeeHus (pyHK-
I TOTPeOOBAJIOCH 33/1aTh YeThIpe MPaBUIa: MO OJHOMY Ha KarKIyIO
13 BO3MOYKHBIX KOMOWHAIMI. PeKypcuBHBIH BHI30B IPUCYTCTBYET B TIO-
cJIeHEM MpaBuUjIe: ecau 06a CIIUCKA He MYCThI, TO UX TePBbIe JJIeMEHThI
CPaBHUBAIOTCS HA PABEHCTBO, TOCJIEe Yero (PyHKIUs BbI3HIBAETCS CHO-
Ba, HO apTYMEHTaMU yiKe SBJISIOTCI XBOCTHI NCXOHBIX CIUCKOB.

Tak Kak B ONpeJIeJIEHUN UCIOJIB3YETCS OIePaTop CpaBHEHUsS ==,
TO HeJIb3s MIPUMEHSTH 9TY (PYHKIUIO K CIIICKAM ITPOU3BOIBLHOTO THUTIA.
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Ucnonb3ys B 00bsaBIeHNN Kaacc Eq, MbI orpaHuduM 00JIACTh OIpe/Ie-
JIeHUs 3Toil (DYHKINKM TAKUMHU TUIIAMU JAHHBIX, KOTOPbIE HOIIYCKAIOT
MIPOBEPKY Ha PaBEHCTRBO:

eq :: Eq a => [a] -> [al] -> Bool

Oyukys eq He onpejeseHa B peaoann. s mpoBepKn CIIMCKOB Ha
pPaBEHCTBO MOYKHO HCIIOJh30BATh OIEpaTop ==. 3aMETUM, YTO JaJIeKO
He BCe COUCKU COIeprKaT 3JIEMEHTHI, JONYCKAIoIne MIPOBEePKYy Ha pa-
BEHCTBO, HAIIpUMep, HeJIb3sl CPaBHUTDH Ha PaBEHCTBO JIBa CINCKa (DYHK-
.

» Vnpaorcnenue VI.1.2

CozmaiiTe CKpUIT, B KOTOPBIH BKIOUNTE OMpeesieHne (pyHKIUN eq.
[IpoBepbTe, Kak BegeT cedsa 3Ta PYHKIUS Ha, CIUCKAX PA3INIHBIX TH-
TTOB:

---> [1, 2] ‘eq‘ [1, 2]

True

---> [1, 2] ‘eq‘ [2, 1]

False

---> [sin pi, 2.0] ‘eq‘ [sin pi, sqrt 4]
True

---> [ 2 > 1, False] ‘eq‘ [True, 1 > 2]
True

[TonpobyiiTe MpuUMeHUTH 3Ty QGYHKINIO K CIUCKAM, COJIEPIKAIIIM
dyHKINN.
<

Eciin 3/1eMeHTBI CIIMCKa, TOMYCKAIOT YIIOPSOYEHNE C IIOMOIIBIO OITe-
panuii cpaBHeHNsa <, < U T. II., TO TaKHe CIUCKHU TaK:Ke MOKHO CpaB-
HUTH, OIPeIeisds KaKOi M3 ABYX CIIMCKOB «He DOJbIe aApyroros. Ilpm
9TOM CpaBHEHNe TIPOU3BOIUTCS 6 AeKcukozpaduieckom nopadke (Kax B
CJIOBAPSIX ): CPABHUBAIOTCSI TIEPBbIE JIEMEHTBI CIIUCKA, €CJIN OHU DABHBI,
TOrZIa BTOPBIE U TaK JaJjee, ITOKa TeKYIINi 3J1eMeHT OJHOI'O CIIICKA He
OymeT OTIMYaThCSI OT COOTBETCTBYIOIIETO JIEMEHTA, JPYTrOro CIIHCKA.
Hanpuwmep, [2, 3] < [3,1] u [2, 1] < [2, 2]. Ecan ogun u3 crmuc-
KOB B IIPOIECCe CPAaBHEHUs JIEMEHTOB 3aKOHUMIJIC, a IPYToil ele HeT,
TO DOoJIee KOPOTKUI CIIUCOK « MeHbuLey» bosee IAnHHOTO. ToT daKT, 94T0
B TAKOM OIIPEJIEeJIEHNN TMPUCYTCTBYIOT CIOBa «HM TaK Jajiee» O3HATAeT
HaJIM49ue PEKYPCUU B TeJie Onpeae/ieHust OyHKIINI:

se :: Ord a => [a] -> [al] -> Bool
[] ‘se¢ [ ] = True
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[] ‘se‘ (y:ys) = False
(x:xs) ‘se‘ [ ] = False
(x:x8) ‘se‘ (y:ys) x <y |l (x=y & xs

¢ ¢

se‘ ys)

Temnepn, Korma (QyHKIUS Se 3a/aHa, HE COCTABUT TPYyJa OIpeJie-
JTUTH Apyrue GyHKIUN CpaBHeHUs: ne (He paBHbI), ge (bosbine uin
paBHBI), st (cTporo MenbIre) u gt (cTporo GosbIe).

¢ ¢

xs ‘ne‘ ys = not (xs ‘eq‘ ys)

xs ‘ge‘ ys = ys ‘se‘ xs

xs ‘st ys = xs ‘se‘ ys && xs ‘ne‘ ys
xs ‘gt’ ys = ys ‘st xs

¢ ¢

KomneuHno, n 3Tu (pYHKIIUU MOYKHO OINPeIeUTh PEKYyPCUBHO, MO aHa-
qgoruu ¢ pyaknueit se. B npemtoauio onpenenenust 3Tux QyHKINH He
BKJIIOUeHbBI. J[/1sT cpaBHEHUsT CIIMCKOB MOYKHO MCIIOIB30BATH CTAHIAPT-
HbIE OMEPATOPHI CpaBHeHus (>=, <= u T. 1.)

» Vnpaorcnenue VI1.8

JlobaBwTe onpenesenns GyHKIWI se, ne, ge, st u gt B ckpunt. [Ipn-
BeJIUTE MPUMEPHI UCIOTb30BAHUS STUX (DYHKITHIA.

<

Ob6bequHeHNE CIIVICKOB

JIBa cmmcka OJHOTO M TOTO K€ THUIIa MOI'YT ObITh OObEINHEHBI B
OJIH C TIOMOIIBIO OIlepaTopa ++. JTOT MPOIECC HOCUT HA3BAHUE KOH-
ramenayus (concatenation, cuertenne Bmecre). Hanpuwmep, [1, 2, 3]
++ [4, 5] mact cmmcok [1, 2, 3, 4, 5]. KoHkareHalusg ¢ IIyCTBIM
CIIICKOM He M3MeHdeT MCXONHBIN crumcok: [1, 2] ++ [ ] maer [1, 2].

OmnepaTop ++ sgBIETCS CTAHAAPTHONW (DYHKIINEH, ONpeIe/IeHne KO-
Topoit pa3merieHo B daiire Prelude.hs. Ee onpenenenune TakoBo:

(++) 0 [a]l ->[a] -> [a]
[ ] ++ ys = ys
(x:x8) ++ ys = x : (xs ++ ys)

B sTom ompejiesieHn MMEIOTCs JIBA TTPABUJIA COMOCTABJIEHNS ¢ 0Opa3-
IIOM /I JIEBOTO apryMeHTa. B ciydae HEmyCcTOro CIHCKa (DYHKIIAS
MIPUMEHSTIOTCS PEKYPCUBHO K MEHBITIEMY apryMeHTy — XBOCTY JIEBOTO
CITHCKA.

Uneercs eme omaa QyHKINS, 00bEeINHSIONAS CITUCKA. JTO (DYHK-
s concat, ¢ e IUHCTBEHHBIM apryMeHTOM — cnuckom ciuckoB. OHa
COeJIMHSIET BCe IeMEHThI BCeX CIMCKOB B OJUH CIUCOK, HAIIPUMeED,



1. Cnucku 113

---> concat [ [1, 2, 3], [4, 51, [1, [6] 1]
(1, 2, 3, 4, 5, 6]

Omnpenenenne GyHKIUN concat TaKOBO:

concat . [[al]l -> [a]
concat [] = [1
concat (xs:xss) = xs ++ concat xss

[IepBoiit obpaser, [ ], ecTh mycToit CIMCOK, B JAHHOM CIydae 9TO IIy-
CTOM CIMCOK CIIMCKOB. Pe3yabTaToM Tak:Ke sIBJISeTCS IIYCTON CIMCOK.
Bo BTOpOM cCilydyae CIOMCOK He MyCT, OH COIEP:KHUT IEPBBIA SIeMEHT
CIIUCOK XS U (BO3MOXKHO ITyCTOM) XBOCT XSS, SIBJSIOMIUNACS CIHCKOM
CIICKOB. VIMEHHO K 3TOMY CIHCKY MEHBIINEeHl IJIMHBI U IIPUMEHSIeTCS
cHOBa QPYHKIMs concat, pe3yabTaT MPUMeHeHHUsI KOTOPOit OymeT moba-
BJIEH IIPY TIOMOIIN OIepaTopa ++ K CIUCKY XS.

Ob6paTuTe BHEMaHUe Ha pa3andne MeXIy ++ 1 concat: omepaTop
++ paboTaeT c AByMs CIUCKaMU, B TO BpeMs Kak y (pyHKINHU concat
UMeeTCs JIUIIb OJNH apTyMeHT — CITUCOK CIUCKOB. Ho 00e 3tu pyHK-
MU B PAa3rOBOPHON pedr HA3BIBAIOT KOHKATCHAIINEH.

» Ynpaotcnenue VI.1.4

O6benuunm crmcku [1, 2, 3, 4] u [5, 6, 7] aBywms cmocobamvu (c
nomorbio GbyHKIuil ++ u concat):

---> [1, 2, 3, 4] ++ [5, 6, 7]

(1, 2, 3, 4, 5, 6, 7]

---> concat [ [1, 2, 3, 4], [5, 6, 7]]
[1, 2, 3, 4, 5, 6, 7]

Pa3bueHue crimcka Ha 4acTH

B npentoguu omnpeiesien nebliit psj pyHKIWH, TO3BOISIONINX BbI-
JIeJIATh TY WJIN WHYIO 9aCTh CIUCKa. Pe3ybTaToM paboThbl HEKOTOPHIX
SIBJISIETCs JIUITH OJINH 3JIEMEHT, Apyrue pyHKIINNA BO3BPAIIAIOT CIIUCOK.

[IpuBenem ermie pa3 onpeneseHns (pyHKIUN, BbIIEISIONINAX TOJIOBY
U XBOCT CITUCKA:

head o [a] -> a
head (x:xs8) = x
tail :: [a]l -> [al

tail (x:xs) xS

A
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B sTux omnpemeneHnax MpUCYTCTBYET comocTaBjaeHue ¢ oopasmom. O-
HAKO MBI He BHJIUM IIpaBUIa HJIs o0pas3ma []. 9To oObsICHSIETCS TeM,
YTO MOHSITUS TOJIOBBI M XBOCTA BBEIEHBI JINIH JJIsT HEITYCThIX CIHUCKOB.
[TosTomy mipu BBI3OBe JIFODOOM U3 3TUX (PYHKIUN C apTyMEHTOM, SABJIS-
IOIIIUMCST TTYCTBIM CITUCKOM, OYJIeT MOTydYeHO cOoOIIeHrne 00 OmmoKe.

Heckonbko cioxkuee 3anuchiBaeTcs (PYyHKIUsI, KOTOPas BbIIEISET
nocaednut SIEMEHT cucKa. B ee ompeieieHnN yKe MPUCYTCTBYET pe-
KYyPCHS:

last :: [a] -> a
last (x:[]) = x
last (x:xs) last xs

U croBa 3Ta (pyHKIUS HE ONpeaeseHa Ha IIyCTOM CIICKe, TaK KaK 3TOT
CcJIy4ail He BXOIWT HU B OJIMH W3 ABYX NATTEPHOB, NPUCYTCTBYIOIINX
31ech. Ilo anajorun ¢ mapoit pyukiumit head u tail, mapoit m1a last
aBigercda init. Ha pucyHKe cxeMaTHYHO TpeaCcTaBIeHBI BCe YEThIPE

dyHKIMN:

head tail
A ~ S ~
A ~ J/ v
init last

OyuKIns init BbIIEIsIeT BCce KPOMe IMOCTIeIHero daeMeHTa. B ee
OIIpPeJICJICHNN TaKzKe IIPUCYTCTBYET PEKYPCUIL:

init 0 [a]l -> [a]
init (x:[]) []

init (x:xs) X : init xs

O6pazen x: [1 MoxkeT OBITH 3anucaH (U OOBITHO 3AINCHIBAETCS) B BILIE

[x].

Ha crpannre 100 66110 paccMoTpeHo onpeaenerne pyHKIuN take.
Kpome camoro crnmcka sta pyHKIHS TpeOyeT yKasaHWs TapaMerpa,
OTIPEIENISIONIETO KOJINYECTBO JIEMEHTOB B MTONOBOM CITHCKe. B mpoTu-
BOIIOJIOZKHOCTD take, yHKINA drop yaaasgeT YKa3aHHOe UUCTIO dJie-
MEHTOB U3 HadaJia ciucka. Vimeercs u omepaTop !!, KOTOPHIit BbIIE/Is-
eT OJ[MH €JJMHCTBEHHBI JIEMEHT CIIICKA C yKa3aHHBIM HOMEPOM (HyMe-
palusi 3JIeMEeHTOB CIUCKa HaunHaercs ¢ Hyss). CxeMaTuaHO 3TH Tpu
GYHKIMT TpeacTaBIeHbI Ha CJIeAYIONeil cxemMe:
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~—

(113)

OmnpenesieHbl OHI CIEIYIONIUM 00Pa30M:

take, drop :: Int -> [a] -> [al A
take 0 XS =[]

take n [ ] =[]

take (n+1) (x:xs) = x : take n xs

drop O XS = X8

drop n [] =[]

drop (n+1) (x:xs) = drop n xs

B cnydae, ecnmn KOIndecTBO 3JIEMEHTOB B CIIHMCKE MEHBIIE IEeJTOYN-
CJIEHHOTO apryMeHTa 3TuX QyHKINH, PyHKINA take BEpHET BeCh CIIN-
COK TIEJTUKOM, a (PYHKIUS drop BO3BPATUT MYCTOM CIIMCOK. DTO CIEIy-
eT 13 BTOPOTO IpaBmJIa KaxKI0i u3 (pyHKITHIA.

Omnepatop !! BbIZIeNsIeT OJUH dJIEMEHT U3 CIUCKa. ['01oBa crumcka
nmeeT HOMeD 0, a BbI30B xs8 !'! 3 BepHET wemeepmaili SIeMeHT CIIUCKA
Xs. DTOT omepaTrop He IO0KEH MPUMEHSIThCS K KOPOTKUM CITUCKAM,
TaK KaK He yKa3aHO, 9TO JejJaTh B TaKOM ciaydae. [lozHakoMbTech C
oIpe/jieJIeHreM 3TOTO OllepaTopa:

infixl 9 !! A
(re) :: [a] -> Int -> a

(x:xs) 'V 0 =x

(x:x8) !'! (n+1) = xs !'!' n

» Vnpaorcnenue VI.1.5

CosmaiiTe CKpHUIT C OIpedeeHUSIMHI 3TUX Tpex (pyHKuuit. as Toro
4TOOBI CKPBITH OTIPEJIe/IeHNs, 3aTPYyKEHHbIE U3 TTPEJIIOANN, 100aBbTE B
Ha4aJI0 CKPUMTa CTPOKY

import Prelude hiding (take, drop, (!!)) H

[IpumenuTe 3Tu QYHKINT K PA3TUIHBIM CITUCKAM.
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C ucnonp3oBaHueM omepaTopa !! MOKHO OIpPeIeJnTh 0ojIee KOM-
nakTHyo Gyuknuio dayofweek, B3amen dbyukiun weekday, paccma-
TpuBaeMoit Ha cTp. 99:

dayofweek d = [ "Sunday", "Monday", "Tuesday",
"Wednesday", "Thursday", "Friday",
"Saturday"] !! d

» Vnpaotcnenue VI1.6

Omnpenenure dbyukrnuio day’, orandarrtytocs oT (yHkimun day (c.
crp. 180) BerzoBoM dbyukuun dayofweek Bmecto weekday.

<

ObpailrieHue crmcka

OyHKIN reverse, BKIOYEHHAs B IIPEJIIOIUI0, UHBEPTUPYET MTOPsi-
JIOK 9JIEMEHTOB B CIUCKE. JTa (DYHKIUS JIETKO OMPEIesIeTCst ¢ TOMO-
IIbI0 peKypcun. /s mycToro cmmcka pe3yabTaT COBIAIAET C MCXO/I-
HBIM — OH TaK:Ke SBJIsSIeTCs IyCTHIM CIHCKOM. B ciyuae HemycToro
CITUCKa CJIeJlyeT MHBEPTUPOBATh €ro XBOCT, a T'OJOBY NepPeMeCTUTh B
KOHEII;

reverse o [a] -> [a]
reverse [] L]
reverse (x:xs) reverse xs ++ [x]

IToryuyeHne xapakTepuUCTUK CITMCKA

OpHoi#t m3 HamboJiee YaCTO HCIOJb3YEMbBIX XapaKTEPUCTHK CIIHC-
Ka SIBJISIETCsI €r0 IJIMHA, BBIYKUCAIeMasl IIyTeM TpUMeHeHns (DYHKIIUN
length. B mpesfonnm oHa onpesiesieHa CJIeIyIOMINM 0OPa30M:

length :: [al -> Int
length [] 0
length (x:xs) 1 + length xs

Tam ke ompeneneHa (byHKINA elem, IPOBEPAIOIIAs, COIEPIKUTCA
JIN B COUCKE TOT WJIN WUHOU 3JIEMEHT:

elem :: Eq a => a -> [a] -> Bool

elem e xs = or (map (== e) xs)

Dra GYHKIWs CPABHUBAET BCE JIEMEHTHI CIHUCKa XS B € (HCIob-
3y YACTUYHO MAapaMeTPU30BaHHbIN omeparop ==). [IpomexyTounbrii
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pe3yJibTaT — COUCOK BeJNYUH Tuia Bool, K KOTOpOMY 3aTeM IIpuMe-
HgeTcsd (PYHKIUS Or, IbITAIONIAACT HAlTH XOTI ObI OJIMH SJI€MEHT, paB-
ublii True. C ncnosb30BaHIEM OllepaTopa KOMIO3UIINY (DYHKIINA Orrpe-
JeJIeHne MOKHO NepenuncaTh B BUJE:

elem e = or . (map (== e)) )\
B nporuBomnosioxkHoCcTh 310 pyHKIMM notElem ncTuHHa, €Ciin ee mep-

BBIil ITapaMeTp He COIEePKUTCSA B CIHUCKE:

notElem e xs = not (elem e xs) )\

» Vnpaosrcnenue VI.1.7

Paccvorpum dyukimio and, BKIOYeHHYO B (baits Prelude.hs u mpo-
BEPSIOILYIO, BCE JIN 3JEeMEHTBI CIUCKa UCTUHHBI. Onpenenenne (GpyHK-
1IN COMEPIKUT JIBA 00pa3Ia, ¢ KOTOPBIMEU COMOCTABJISIETCS CIIUCOK-ap-
rymenT. Kak oObI9HO, OAWMH W3 HUX — IIYCTOI CITUCOK, a BTOPOMH —
CIIMCOK, COIePIKaIlUil TOJOBY:

import Prelude hiding(and) A
and :: [Bool] -> Bool
and [ 1] = True

and (x : xs) = x && and xs

YoenuTech B KOppeKTHOI paboTe ompeneeHHON BaMu (DYHKIIAN:

---> and [ 1>2, 3<2] H
False
---> and [ 1<=2, 3<2]
False
---> and [ 1<=2, 3>2]
True
---> and [ 1<=2, 3>2, Truel
True
<

C ucnonb3oBanneMm pyuknun and GyHKIIO notElem MOXKHO mpe/I-
CTABUTH M B TAKOM BHJIE:

notElem e = and . (map (/= e)) )\

1.3. CopTupoBKa CONCKOB

CopTrpoBKa CIuCKa, T. €. Pa3MeIleHrne ero JIEMEHTOB B HEyObIBAO-
IIIEeM TOPSIIKE, MOYKET OCYIIECTBJIATHCS C TIOMOIIbIO (PYHKITUI, peaJiu-
3YIOIIUX PA3JIUIHBIE AA20PUMMDBL COPTHPOBKHU. B 3TOM pasmesne OyayT
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IpOAHAIN3UPOBAHBI ABa ajaropurMa. Oba aaropuTma IpeaIoIaraior,
YTO IJEMEHThI CIINCKA MOI'YT OBITh yIOpsiIOodeHeHbl. Tak, 3TO MOryT
OBITH CITUCKM IIEJIBIX YHCesI UJIN CITUCKU CIMCKOB unces Tuta Float, HO
HE MOTYT ObITh, HaITpuUMep, cnucku pyuknuit. Janubiit paxT ciemyro-
IIIIM 00pa30M OTpaskeH B OObSIBIEHNN THUIA (DYHKIINH, OCYIIECTBIIAIO-
el COpTUPOBKY:

sort :: 0rd a => [a] -> [a]

DTO o3HaYaeT, YTO PYHKINSA SOTrt MOKET MPUMEHSATHCS K CIICKAM,
3JIEMEHTHI KOTOPOTO OTHOCATCA K Kjaaccy 0rd, T. e. TOMyCKalOT cCpaBHe-
HUe.

CopTupoBKa BCTABKO

[Ipenmonoxkum, 9TO y HAC yKe IMEETCsT OTCOPTUPOBAHHBIN CITUCOK.
Torma HOBBIT 31eMEeHT MOXKET OBITH BCTaBJIEH Ha IOAXOISIIee MeCTO
IIPU TIOMOIIN TaKOM (DYHKITUN:

insert :: 0Ord a => a -> [a] -> [a]
insert e [ ] [e]l
insert e (x:xs)

| e <= x = e : X : XS

| otherwise = x : insert e xs

Ecnu crimcok OB IIyCT, TO HOBBIH CIIICOK COMEPKUT € TNHCTBEHHbIH
97eMeHT e. Ecam cnmmcok He mMyCT, U X — ero IepBbIi JIeMeHT, TO X
cpaBHHUBaeTcd ¢ e. B caydae, Korma 3J1eMeHT € MeHbIIe MU PaBeH X, OH
BCTaBJIIETCS B HA4aJIO CIIUCKA; B MMPOTUBHOM C/Iy4ae, TOJI0BOI CIUCKA
OCTaeTCSd X U OCYIIECTBJISAETCS PEKYPCUBHAS BCTaBKa € B CIIHUCOK XS:

---> insert 3 [1, 2, 4]
[1,2,3,4]

Hamomuanm, 9To 1715 mpuMeHeHuss (DYHKIIUKM insert Hy»KeH OTCOPTH-
POBaHHBIN CITUCOK, TOJBKO B 3TOM CIydae CIIUCOK C J0OABIEHHBIM dJTe-
MEHTOM, TaKKe OyIeT oTcopTupoBaH. TeMm He MeHee, pYHKINS insert
MOZKEeT MUCIOJIb30BaThCA JJIS CODTUPOBKU CIACKOB.

[IpeamnomoxkumM, 4TO TpedyeTcss OTCOPTUPOBATH CIUCOK [a, b, c,
d]. BosbMem mycTOl CIUCOK M TOMECTUM B Hero dmeMeHT d. Pe3ysb-
TaTOM Oy/IeT OTCOPTUPOBAHHBIN CIUCOK W3 OJHOTO dJIEeMeHTa. lermepn
J00aBUM B HErO JIEMEHT C, 3aTeM b n, HakoHell, a. Ha kaykgom mary
MBI TTOJTyYaIl OTCOPTUPOBAHHBIN CIIMUCOK U PE3YJIbTaT — TOXKe OTCOP-
TUpoOBaH. BhIparkeHue, BEIYUCIEHNE KOTOPOTO MTPUBEIO K COPTUPOBKE
CTINCKA, TAKOBO

a ‘insert® (b ‘insert‘ (c ‘insert® (d ‘imsert® [ 1)))
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CTpyKTypa 3TOro BBIParKEHUS IOJHOCTHIO COOTBETCTBYET IIpUMEHEe-
HUIO CBEPTKU ¢ (DYHKIMEH insert, pacCMOTPEHHOI BBIIIE, B KAUeCTBE
oTiepaTopa M MyCTOro CIUCKa B Ka9eCTBe CTapTOBOro 3HadeHmst. OTcro-
J1a TTOIydaeM OJINH U3 BO3MOXKHBIX aJITOPUTMOB COPTUPOBKU:

isort = foldr insert [ ] )\

DTOT aJTOPUTM HA3BIBAETCS COPMUPOBKG 8CMABKOT.

CopTupoBKa CIUIHUEM

JIpyroit aarTOpuT™M COPTUPOBKH MCIOTb3YeT BO3MOKHOCTD CTUSHUS
IIByX OTCOPTUPOBAHHBIX CITMCKOB B OAUH. DTO OCYIIECTBIISETCSA C IO~
MOIIIBIO (DYHKIINY merge:

merge :: Ord a => [a] -> [a] -> [a] /X
merge [1 ys = ys
merge xs  [] = Xxs
merge (x:xs) (y:ys)
| x <=y = x : merge xs (y:ys)
| otherwise =y : merge (x:xs) ys

B ciydae, Korjga oJMH M3 CIUCKOB IYCT, PE3YJIbTATOM SBJIAETCS JIPY-
roit cnimcok. Ecim oba crimcka He MyCThl, TO MEHbBINNH U3 JBYX T'OJIOB-
HBIX 3JIEMEHTOB CTAHOBUTCS T'OJIOBOM HOBOI'O CIHCKA, & OCTABIINECH
9JIEMEHTBI TPOJOIZKAIOT YIaCTBOBATH B PEKYPCUBHOM BbI3OBe (DYHK-
U1 merge.

Ananornuno insert, GbyHKINS merge MpeanosaraeT, 4YTo ee Ia-
paMeTphl yKe OTCOPTHPOBAHBI. TOMBKO B 9TOM CIydae MOYKHO OBITH
yBEPEHHBIM B TOM, YTO B pe3yjbTaTe CIAUSHUS OyIeT TMOJIyYeH OTCOP-
TUPOBAHHBIA CIUCOK.

Bocnonp3oBaBmuch (yHKIMEl merge, MOXKHO IMOCTPOUTH AaJIro-
PUTM COPTUPOBKH CITHCKA. JTOT AJITOPUTM OCHOBBIBAETCS Ha TOM (haK-
Te, YTO MyCTOMN CIMCOK W CHHIJIETOH (CIIMCOK, COAEPIKAIMI OJIMH JJ1e-
MEHT) y7Ke OTCOPTUPOBAHBI. JI1000i CUCOK GOJBINE JIUHBI MOYKET
OBITH pa3/esieH Ha /IBe JaCTH, KaKIasd M3 KOTOPBIX CONEPKUT MEHb-
Iee 9ucJIo 3J1eMeHTOB. [lomydeHHble 1Be TTOTOBUHKHM MOYKHO OTCOPTH-
poBaTh IIPU ITOMOIIY PEKYPCUBHOI'O BHI30Ba aJI'OPUTMa COPTUPOBKH,
TIOCTIE YeTr0 OTCOPTUPOBAHHBIE YaCTH CIUBAIOTCA B OIWH CIUCOK (DYHK-
el merge:

msort :: Ord a => [a] -> [a] A
msort Xxs
| len <= 1 = x8
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| otherwise = merge (msort ys) (msort zs)
where ys = take half xs

zs = drop half xs

half = len ‘div‘ 2

len = length xs

DToT AJITOPUTM HOCHUT Ha3BaHHUE COpmMupoera CAUAHUEM.

1.4. PyHKIIMU BBICHIETO MOPAAKa Ha COMCKAX

Opnoit m3 ocobeHHOCTEl (DYHKIMOHAJIHLHOTO IPOrPAMMUPOBAHU
SIBJISIETCST TO, YTO (DYHKIIUN MOT'YT BBICTYTIAThH B POJIU JAHHBIX LIS IPY-
rux pyaknmit. Muorune dpyakimu /118 pabOThI CO CITUCKAMU ABJISIOTCS
(PYHKIUSIME BBICIIETO TOPSAIKA: UX apTyMEHTAMU BBICTYIIAIOT IPyTHe

dyHKIHIN.

®yukiyu map u filter

Panee yxe obcyxmannch pyHknuu map u filter. OyHKIMg map
npuMeHsieT (PYHKIMIO-TIapaMeTp K KayKJIOMY SJIeMeHTY CITHCKA!

xs =[ 1, 2,3, 4 , 5 ]
4 3
map square xs =[ 1 , 4 , 9 | 16 , 25 1]
Oyukinsg filter ymaJisieT U3 CIUCKa BCE SJIEMEHTHI, He yI0BIETBOPSI-
IOIIINe YCJIOBUIO:

xs =[ 1,2, 3,4, 51

filter even xs = [ 2

PekypcuBHble omnpeiesieHus 3TUX (DYyHKINi, BKIOUYEHHBIE B (haill
Prelude.hs, oOcyx)anch Ha cTP. 85.

map :: (a -> b) -> [a]l -> [b]
map £ [ ] =[]

map f (x:xs) =f x : map f xs
filter :: (a -> Bool) -> [a] -> [a]
filter p [ ] [ ]

filter p (x:xs) | p x x : filter p xs
| otherwise = filter p xs

CBepTKknu

Cseprka crpaba foldr BcTaBjseT olmepaTop MKy BCEMU JIeMEH-
TaMW CIHUCKA, HAYWHASA C TPaBOl CTOPOHBI:
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xs =[ 1 , 2 , 3 , 4 ., 5 1]
] ] ] I I
foldr (+) 0xs = (1 + (2 + 3 + 4 + (5 +0)))))

Oyukins foldl BcTaB/seT OMepaTOp MEYKIy BCEMU dIEeMEHTaMU
CHUCKa, HAYMHAaA C JIEBOW CTOPOHBI:

xs = cr , 2 , 3 , 4 , 5]
} } 3 3 3
foldl (+) 0 xs = ((((0+ 1) + 2) + 3) + 4) + b5)

BenomunM nipuBosmMbie paHee onpeesernst 3tux dyHKiwii (crp. 85):

foldr c: (a->b->b) ->b ->[a] ->b )\
foldr f e [ ] = e

foldr f e (x:xs8) = x ‘f¢ foldr f e xs

foldl :: (b->a->b) ->b ->1[al] -> b

foldl f e [ ] = e

foldl f e (x:xs) foldl f (e ‘f¢ x) xs

C moMompo 3TUX CTAHIAPTHBIX (DYHKINH MOYKHO M30aBUTHCS OT
SIBHOI PEKYypPCUU B OTIpeIeIeHnsTX OOIbITUHCTRA ApyTrux dpyHukmuit. Ha-
npumep, PYHKIUs OF, BBISCHSIIONAsI, MMEETCS JIN B CIUCKE XOTsT ObI
OJIVH 3JIEMeHT, paBHbBIit True, MOXKeT OBITH OINpe/ieIeHa TaK:

or = foldr (|]|) False )\
BoT pekypcuBHOe ompejiesieHHe, B KOTOPOM He ydacTByeT CBepPTKa:

or [ ] = False )\
or (x:xs) =x || or xs

Mmuorue GyHKIUM MOTYT OBITH Iepenucanbl B TepmuHax foldr
7 map. XOPOIIUM TPUMEPOM IS WLITIOCTPAIINA TaKOH BO3MOMKHOCTHU
saBysgeTcs (pyHKIUS elem:

elem e = foldr (||) False . map (== e) A

Koneuno, u 3Ta QpyHKIMS MOXKeT ObIThH OIpejie/ieHa siBHO, 0€3 MCITO/b-
30BaHUsS CTaHIAPTHBIX (PyHKIUH. B 3TOM ciyuae omnpenenenne OyieT
PEKYPCUBHO:

elem e [ ] = False )\
elem e (x:x8) = x == || elem e xs

Oyukims foldr ucnoab3yeTcs: i ONpeae/eHus CaMbIX Pa3HbIX
dyuknmit Ha cruckax. Bor elne HECKOIBKO MTPUMEPOB:
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reverse o [a]l -> [a]
reverse = foldr snoc [ ]
where snoc x xs = xs ++ [x]

length ::[a] -> Int
length = foldr omneplus O
where oneplus x n =1 +n

sum, product :: Num a => [a] -> a
sum = foldr (+) O

product = foldr (x) 1

and :: [Bool]l -> Bool

and = foldr (&%) True

map :: (a ->b) -> [a] -> [b]
map f = foldr (cons . f) [ ]

where cons X XS = X : XS

He kaxkmas pyHKIHUS Ha CIHCKAaX MOXKeT ObITh OIpeesieHa dUe-
pe3 foldr. Hampuwmep, paccmarpuBaeMas j1aee (DyHKIUS Zip MOKeET
OBITH BbIparkeHa, TOJILKO Uepe3 CBEPTKY CJIeBa.

CBepTku 6e3 HaYAJIbHBIX 3HAYEHU

[Ipenrmomoxkum, 9T0 HAM TpedbyeTcs HallTH MaKCUMAJIbHBIN SJIeMEeHT
CIIUCKA, YnCesI. BCIIOMHUB MPO CBEPTKY, MbI MOIVIK ObI TOTPOOOBATH
HEYTO BPOJIE CIEYIOIIETO OIpee/TeHNs:

maxlist :: Num a => [a] -> a
maxlist = foldr max e

Ho uto BBIOpaTh B KayecTBe HadaJLHOrO 3jemMeHTa e? Eciam Obl ObI-
JIO U3BECTHO, UTO CIUCOK COAEPKUT HEOTPHUIATEIbHbIE 3HAUECHU, TO
MOKHO OBITO ObI CUMTATh € paBHBIM HYy/t0. Ho Hac He ycTpauBaer Ta-
Koe orpannuenue. MTak, yeMmy I0MKHO paBHATHCI maxlist [ 17 Bean
HaM XOTeJ0Ch ObI mMeTh maxlist [x] = x ma moboro x. Ho kakoBo
caMoe MeHbIllee U3 BceX BO3MOXKHBIX yuces! B a3pike Haskell mpemy-
CMOTPEH cCIlelnaJbHbINA KJjiacc Bounded, comepzkaluii TOJIBKO IIBe Be-
JunYuHbl: minBound — MmHUMAaJIbHOE 1 maxBound — makcumasbHOE U3
BO3MOYKHBIX YHCEJI.

C y4eToM BBIIIIECKA3aHHOTO, TeIePh BO3MOKHO OIIPEIe/NTh PyHK-
Iuio maxlist Tak:



1. Cnucku 123

maxlist :: [Int] -> Int
maxlist = foldr max minBound

AIbTepHATUBHBIM  peIlleHneM, 0€3 WCIOIb30BAHUS BeJIMYNHbI
minBound, ssBujioCch OBI BBeIeHIE HOBOI (DYHKIIUN CBEPTKU, TAKOH ITO-
O®bI eit He TpebOBaJIOCh MHUITNAJIM3UPYIOIee 3Hauenne. B neiicTBUTE /H-
HOCTHU MOYKHO OIIPEeIe/IUTh aABe Takux pyHkmuu, foldrl n foldll.

foldrl (@) [z1,22, ..., Tpn1,Zn] = 1D (22D (... (Tpo1 D xyp) . ..)),
foldll (@) [z, z2, 23, ..., 2] = (..((z1 D x2) D w3)...) D xy,

rae @ — OMHAPHBII omepaTop.

Sammcas ompeenenne Ha s3bike Haskell, moayamm

foldril o (a->a->a) -> [a] -> a
foldrl f [x] = x
foldrl f (x:xs) f x (foldrl f xs)

CootrBercTByItolee onpenenaenne depe3 GpyHKuio foldl TaKOBO:

foldll o (a->a->a) -> [a] -> a
foldll f (x:xs) = foldl f x xs

Tenepp dyHKIMIO Mmaxlist MOXKHO OTpeaeINTh TaK:
maxlist = foldrl (max)

Tak kKak PYHKINS max acCOMUATUBHA, TO B 3TOM OIPEIEJIeHIN MOYKHO
ncnosb30oBaTh Kak foldrl, tak m foldl1l.

» Vnpaosrcnenue VI.1.8

[ToaroroBbTe CKPUNT, COJEpKaINili pa3zHOOOpa3HbIE OIpeIeIeHNs
dyukIIMNM maxlist, mociie Yero yoeanTech B UX SKBUBAJEHTHOCTH.

<
Dyaknun takeWhile m dropWhile

PaccMmorpuMm erie nBe mosie3Hble (DYHKIIMHM BBICIIIETO MOPSIKA HA
cnuckax: takeWhile u dropWhile.

Oyuknus takeWhile ouenn HamomuHaeT pyHKIMO filter: ee ap-
T'yMEHTAMU TaKyKe SBISIOTCA MpeauKaT u cuncok. Ho B ornmuamm ot
filter, KoTOpad NpocMaTPUBAET BECH CIIUCOK B ITOUCKAX MOIXOIAIIINX
ageMeHTOB, takeWhile, mpocMaTpuBadg COUCOK C HayaJja, OCTaHABJIN-
BaeTcd Cpa3y, KaK TOJbKO HaNAeTCAd 3JEeMEHT, He YOOBJIETBOPAIONINNA
3aJaHHOMY nipeaukary. Hanpumep,
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---> takeWhile even [2, 4, 6, 7, 8]
[2,4,6]

---> filter even [2, 4, 6, 7, 8]
[2,4,6,8]

B ornuuun or filter dyukimsg takeWhile ne momecTusa umucio 8 B
pPe3yIbTUPYIONIN# CIIMCOK, TAK KAK OHA 3aBEPIIIIa CBOIO PAOOTY TOCIe
npoBepKu gucyaa 7. O3HaAKOMUMCS C ee OIpeJIe/IeHUeM:

takeWhile :: (a -> Bool) -> [a] -> [a]
takeWhile p [ ] =[]
takeWhile p (x:xs)

| p x = x : takeWhile p xs

| otherwise = [ ]

Tak ke kak take cocenctByer ¢ drop, ¢pyuKIus takeWhile cBs3a-
Ha ¢ ¢pyukmnueit dropWhile. Ona ymaaser w3 CIUCKa BCe HAYATbHBIE
9JIEMEHTBI, yIOBJIETBOPSIONINE ycaoBUio. HaunmHas ¢ mepBoro smeMeH-
Ta, KOTOPBIA HE YAOBJETBOPUJ YCJIOBUIO, BCE OCTABIINECA JIEMEHTbI
MMOMEIAI0TCA B PEe3YJAbTUPYIONINI CITUCOK:

---> dropWhile even [2, 4, 6, 7, 8, 9]

[7,8,9]
Omnpenenenne 3Toit (pyHKIINT TaKOBO:
dropWhile :: (a -> Bool) -> [a] -> [a]
dropWhile p [ ] =[]
dropWhile p (x:xs)
= dropWhile p xs

| p x
|

otherwise X:XS

DyHKIUA zip

QyuKIKsa zip OepeT JBa CIUCKA U BO3BPAIIAET CIIMCOK AP COOTBET-
CTBYIOIIINX 3JIEMEHTOB; €CJIN CIIUCKN UMEIOT Pa3Hylo IJIUHY, TO JIJINHA
Pe3yIbTUPYIOIIETO CIUCKA COBIAJIET C JIJINHONW 0ojiee KOPOTKOTO.

—-=> zip [0 .. 4] "hello"
[(0,’h?),(1,%e?),(2,717),(3,717),(4,70")]
---> zip [0 .. 1] "hello"
[(0,’h?),(1,%e?)]

[TonHoe onpeiesierne zip TaKOBO:

zip :: [al -> [b] -> [(a,b)]
zip [ ] ys =[]
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zip (x:xs) [ ] [ ]
zip (x:xs) (y:ys) = (x, y) : zip xs ys

OO6pa3zIipl COOTBETCTBYS, IPUMEHSIEMbIE B 9TOM OIPEIEICHIHN, aHa-
JIOTUYIHBI oOpa3maMm (pyHKIuit take n drop.

QOyHKINUSA zZip WMeeT MHOXKeCcTBO mpuMenenuit. Cjemyromine aBa
YVIpasKHEHNUS JeMOHCTPUPYIOT IOJIE3HOCTh 3TOMH (DYHKITUML.

» Vnpaorcnenue VI.1.9

Kaxk m3BecTHO, CKaJgpHOE IIPOU3BEIeHNE ABYX BEKTOPOB T U i PABHO
cCyMMe TOIMapHBIX MPOU3BEIEHNI KOOPAUHAT BEKTOPOB:

f'gzzxi'yi-
i=1

OyHKIINSA Sp, BBIYUCIAONINN CKAJIIPHOE TPOU3BEIEHNE, MOKET OBITh
orpeeeHa TaK

sp :: Num a => [a] -> [a] -> a
sp xs ys = sum (map times (zip xs ys))
where times (x, y) = x *x y

Coxpanure omnpejenenne (pyHKIWU Sp B (paitjie 1 IPUMEHUTE ee K BeK-
TOpaM Pa3JIUIHON Pa3MEpPHOCTH.

Obparure BHUMaHNe, UYTO HCIIOJb3yeMas 371ech (QYHKIHMS times
SIBJISIETCSI BCErO JINIIThL HEKAPPUHTOBOM BEPCHEil omepaTopa, yMHOKEHMS
% IpyruMu cjaoBamMu times = uncurry (*) (cm. crp. 79). Buecure
N3MeHeHNe B CKPHUIIT, ITOCIEe Yero IPOBEPhTe ero paboTOCIOCOOHOCTD.

<

» Vnpaosrcnenue VI.1.10

Paccvmorpum dyuaKIMio nondec, ompeieIsiontyo, SBAsSeTCs JIU TOCe-

TOBATEIBLHOCTD [T, . . ., T,_1] HeyObIBatomeii. JIpyrumu crosamu, Tpe-

OyeTcsl IpOBEPUTD, BEPHO JIU, UTO T} < T JIs Bcex k 13 auara3oHa
) ) Ex Lk+1

0 <k <n—2 Tun bysknun nondec TakoB

nondec :: 0Ord a => [a] -> Bool

Koneuno, ata (pyHKIUS HOMyCKaeT PEKyPCUBHOE OpeaeIeHne, OIHAKO
03HAKOMbBTECH C ee OlpejiesieHneM depe3 (pYHKIINIO Zip:

nondec xs = and ( map leq (zip xs (tail xs)))
where leq (x, y) = x <=y
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Hamomuanm, uro dyukmus and 6epeT CIMCOK U3 JOTHUIECKUX BEJTHYINH
1 BO3BpalllaeT True, eCIu BCe OHU paBHBI True, u False B mpoTuBOIIO-
JIOXKHOM ciy4ae. /IBa ee onpejiesieHnsi pacCMOTPEHbI Ha cTpaHuiax 117
m 121.

Boeipaxkenne zip xs (tail xs) BO3BpalllaeT CIUCOK Tap COCe-
HIX 3JIEMEHTOB CINCKa. B 9acTHOCTHU, U3 JIEHUBOCTU BBIYMC/IEHU ClIe-
JIYeT, 4TO

zip [ ] (tail [ 1)
zip [x] (tail [x])

[ ]
zip [x]1 [ 1 =[]

Samerum Takzke, 9TO PYHKIMS leq ecTh HeKappUHTOBas (opma ore-
paTopa CpaBHEHUsI «MeHbIIle WX PaBHO», T. €. leq = uncurry (<=).

<

DTu IpUMEPHI MPOUJLITIOCTPUPOBAJIHN, 9TO KOMOUHAaIny map, filter
n zip MOTYT NPUMEHATHCSI B CAMBIX PA3JUYHBIX BapmaHTax. Jlma
TOrO YTOOBI CAEIATH ONpeHeeHnsT KOpode MOYKHO BBECTHU (DYHKITHIO
zipWith ciremyronum obpazom:

zipWith :: (a->b ->) -> ([a]l -> [b] ->[c])
zipWith £ [1 ys = []

zipWith £ xs [ = []

zipWith £ (x:xs) (y:ys) = f x y : zipWith f xs ys

Hampuwmep,

sp xs ys = sum (zipWith (%) xs ys)
nondec xs = and (zipWith (<=) xs (tail xs))

[L1st emte OombIieit KPpaTKOCTH MBI MOYKEM BBECTH HEKAPPUHTOBYIO BEP-
curo zip u zipWith:

zipp ::([al, [b]) ->[(a, b)]

zipp = uncurry zip

zippWith :: (a -> b -> ¢) -> ([al, [b]l) -> [c]
zippWith f = map (uncurry f) . zipp

g spp, HEKApPUHTOBOI BepCUU Sp, NMeeM
spp = sum . zippWith (%)

Mpu1 monyuniu aucto (HyHKIMOHATBHOE ONpeeeHrne Spp: Olpeeie-
HIIe COBCEM He COIEep:KUT mapamMeTpoB. Hu:Kke mpuBoguTcs aHAJIOTHY-
HOe orpejiesieHne it (pyHKImu nondec:

nondec :: Ord a => [a] -> Bool
nondec = and . zipWith (<=) . pair (id, tail)

B HeMm umcnonb3yercd GyHKINS pair, 3aJlaHHas TaK:
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pair :: (a ->b, a ->c¢) ->a -> (b, c) )\
pair (f, g) x = (f x, g x)

DyHKIUS unzip

B mpoTHBOMOMOKHOCTD Zip YHKINS unzip mpeodpa3yeT CIUCOK
map B Mapy CHUCKOB:

unzip  :: [(a, B)1 ->([al, [b]) A

unzip = pair (map fst, map snd)
[eiicTBre 3TOM (DYHKIINN TPOULTIOCTPUPYEM MTPUMEPOM:

---> unzip [(1, True), (2, True), (3, False)] H
([1,2,3], [True,True,Falsel])

Dyukius zipp (HekappuHroOBasi Bepcusi zip) W unzip CBsi3aHbI
ypaBHeHueM zipp (unzip xys) = xys:

---> zipp (unzip [(1, True), (2, True), (3, False)]) H
[(1,True), (2,True), (3,False)]

Omnpenenenne 1o HYHKIUN ¢ TIOMOIIBIO CBEPTKH CIIPaBa, TAKOBO:

unzip :: [(a, )] -> ([a], [b]) A
unzip = foldr conss ([ 1, [ 1)
where conss (x, y) (xs, ys) = (x:xs, y:ys)

CkaHupoBaHUe cJjieBa

Wuorma Bo3HUKaeT 3aaa4a npuMeHeHns pyHKmun foldl K KazKmo-
My Ha4YaJbHOMY CEIMEHTY CIHCKA. DTa 3aJ1a4a PeIraeTcs C IIOMOIIHIO
PYHKINN «CKaHUPOBAHUs CIeBa» scanl.

scanl (@) e [Ty, T2, ..., Tn 1, Tn]] =
le,e®ry, (eBx)Bra, ..., ((... (eBT)BT2 ... . TH1)PDTy]

rie @ OuHAPHBIN OmepaTop, a € — CTapPTOBOE 3HAYUEHHUE.

B gactrHoctu, scanl (+) O BBIYUC/ISET CIIMCOK YACTUIHBIX CyMM CITHAC-

ka uuces, a scsnl (¥) 1 [1 .. n] BBIUHUC/ISIET CHOUCOK TEPBBHIX N
dakTOpHAIOB YUCET:
---> scanl (+) 0 [1, 1, 1, 1] H

(o, 1, 2, 3, 4]
---> scanr (%) 1 [1 .. 5]
(120, 120, 60, 20, 5, 1]
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B sToM pazmese Mbl paCCMOTPHUM JIBa, OTIPeIeIeHNA ITON OYHKITHNI:
IepBOe — sICHOE, I BTOpoe — 3P PeKTUBHOE.

Jl1s mepBoii mporpaMMbl HaM TpebyeTcsa (DyHKINS inits, Bo3Bpa-
IITAONIYIO CIIUCOK HAYaJbHBIX CEIMEHTOB CIIHCKA. TaK M CIIMCKa, CO-
CTOSIIIETO W3 TPEX 3JIEMEHTOB, JIOJ?KHO BBITOTHATHCS CJIEIYIONIee COo-
OTHOTIIEHNE:

inits [zg, =1, x2] = [[ 1, [zol, [z, z11, [xo, 71, x21].

[IycToit ciMCOK COCTOUT TOTBKO U3 OJHOTO CerMeHTa, TaKKe dBJIs-
IOIIEerocs MyCThIM CHUCKOM. Pe3ynbTaT mpuMeHeHUs (BYHKINM inits
K CIUCKY BUJa (X:XS) COMEP’KUT IMyCTOW CIUCOK B KadyeCTBE CaMOTrO
KOPOTKOT'O CErMeHTa, a BCe JPyrue Hada/bHble CEerMEHThI HauMHAIOT-
cd C X U CoJlep:KaT Bce HavdabHBbIe cerMeHTHI XS. COOTBETCTBYIOIIEe
PEKYPCUBHOE OIpejieieHne TaKOBO:

inits  :: [a]l -> [[all
inits [ 1 = [[ 1]
inits (x:xs) = [ ] : map (x:) (inits xs)

YoenumMcss B KOpPEKTHOCTH HAIIIETO OIPeIeIeHU:

---> inits [1,2,3,4]
e, 11, [01,21,01,2,31,[1,2,3,4]]

Temeps MOXKHO IaTh ompeeaeHne (pyHKINN scanl:

scanl :: (a->b ->a) ->a->[b]l -> [a]
scanl f e = map (foldl f e ) . inits

» Vnpaorcnenue VI.1.11

[logroroBbTe CKPUIT, COAEPIKAIINI IPUBEIEHHOE BBINIE OIIpeeIe-
ure ¢pyHknuu scanl. He 3a0yabre, 4To ompemesieHne 3Toit (DyHKIIAN
BKJIFOUEeHO B mpeaognto. [loayunre crnmcok cymm uncen ot 1 mo 20 u
cruncok axkropuaaos or 1 mo 20.

<

Paccvorpennast peanusanus scanl COOTBETCTBYET OINpeIe/eHUIO
¢dyHKIMU, HO TPUBOAUT K Hed]pdeKkTuBHOM mporpamme. Dyukius f
npuMendgeTcd k pa3 Bo BpeMd Bbrunciaenud foldl f e mia cnucka gau-
HbI kK, a TaK KaK HavaJbHbIe CEIMEHTHI CIUCKA JJIMHBI N €CTh CITUCKU,
JITUHBI KOTOPBIX paBHbl 0, 1, ..., n, To dyakiusa f npumenserTcs
Beero n?/2 (mokaxkure!) pas. Bepcus sroit pyHKIMHI, pasMerneHHas B
daitne Prelude.hs, MeHee OHSATHA, HO 3HAUUTEILHO Y PEeKTUBHEE:

scanl f e [ ] = [e]
scanl f e (x:xs8) = e: scanl f (f e x ) xs
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DTa mporpaMmma bosiee 3 dpeKTUBHA TOTOMY, 9T0 (PyHKIUS £ mpuMe-
HgeTCs TOYHO N Pa3 JJIsd CIUCKA IIUHBI 1.

CkaHupoBaHUeE cCIipaBa

J/IBoiicTBEHHOE BBIUMCIEHNE TAaeT SCanr, olpeeseHHas CIIeIyio-
UM 0OpPa30M:
scanr f e = map (foldr f e) . tails A

OyHKIMS tails Bo3BpalllaeT XBOCTOBbIE CEIMEHTHI CIHCKa. Hampu-
Mep,

tails [xg, 21, 22l = [ [zo, z1, x2), [z1, 22], [x2], [ 1]
3aMeTuM, 9TO inits IPOM3BOAUT CIUCOK HAYAIbHBIX CETMEHTOB C BO3-
pacTaroleii IJIMHOit, a tails — XBOCTOBbBIE CEIMEHTHI YOBIBAIOIIEH IJIH-
HbI. MBI onmpesenm tails Tak

tails [1 = [[1] A

tails (x:xs) = (x:xs) : tails xs
[IpuMeHUM ee K CIHCKY, COCTOSIIEMY U3 TPeX JIEMEeHTOB:

---> tails [1,2,3] H
[[1,2,3], [2,3], [3], []1]

Pexypcusnoe ompenenenne (DyHKIIUKN SCanr MOXKeT ObITh, HAIIPU-
Mep, TAKUM

scanr f e [ ] = [e] A
scanr f e (x:xs) = f x (head ys) : ys
where ys = scanr f e xs

[TocmMoTpuM Ha pe3yabTaT ee TPUMEHEHU:

---> scanr (x) 1 [1 .. 5] H
[120,120,60,20,5,1]

CkanupoBaHue 0e3 MyCThIX CIHCKOB

[To anamorunm ¢ pyukmuamu foldrl u foldll Mbr MOXKeM OTIpe/ie-
JINTH ellle Mapy CKaHUPYIOMNX CIUCOK PyHKIM — scanll u scanrl.

scanll f = map (foldll f) . initsl )\
scanrl f = map (foldrl f) . tailsil

3mech initsl u tailsl BO3BpAIAIOT Henycmbie HadaIbHbIE I KOHEU-
HbIe CEIMEHTBI HeIyCTHhIX cIucKoB. Hampumep,

initsl (x:xs) = map (x:) (inits xs) )\
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» Vnpaorcnernue VI.1.12
Onpenenure dbyuknuio tailsl.
<

Ucnonb3ys Tor dpakxt, uro foldll £ . (x:) = foldl f x, moayuum
bosee apdekTuBHOE ompeaeaenne (pyHKIn scanll:

scanli c: (a -> a ->a) -> [a] ->[a]
scanll f (x:xs) = scanl f x xs

Cocrapiienne bosee 3deKTuBHOI Bepcun scanrl mpeagaraeTcsa B Ka-
yecTBe YIIParkKHEeHUs.

Bonpocwvt u 3adanus
VI 1.1

[Tycts umetrorcst Tpu cnucka xs, ysu zs. O0beIuHNUTE TH CIUCKH TTPH
momorn BYHKIHI ++ U concat. dBjasgercsa jau omepaTrop ++ accorma-
TUBHBIM OITEPATOPOM !

VI.1.2
Bobrunciure map (map square) [[1,2], [3,4,5]].

VI.1.3

Oyuknus filter MoxeT OBITH OIPeJie/ieHa B TEPMUHAX concat m map
CTIEIYIOMINM O00pPa30M:

filter p = concat . map box
where box x = ...

aiiTe onpenenenue s PyHKIUN DOX.

VI1./

Onpenenure dyukmnuio filter p ¢ momorbio dpyukmnuu foldr.

VI.1.5

Bcenomuanm onpenenenns dynkmnuit takeWhile n dropWhile, paccmo-
TpeHHble Ha cTp. 124. Onpenenure takeWhile B Tepmmuax foldr.
Mozxuo u onpenesuTh dropWhile uepe3 foldr?

VI.1.6

Kakoe u3 AByX CJIeAyIOMINX OIpeaeeHnit BepHO?
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foldl (-) x xs = X - sum xS
foldr (-) x xs X - sum XS

VI.1.7

Paccmorpum crenyrotree onpenesierne pyHKINA insert:

insert x xs = takeWhile (<= x) xs ++ [x] ++
dropWhile (<= x) xs

[TokazkuTe, 9TO €CTU 3JEMEHTBI XS PACIOIOXKEHBI B HEYOBIBAIOIIEM T10-
psiIKe, TO TOXKe caMoe BEPHO M JjId insert x xs mpu JiroboMm x. Mc-
noyTb3yiiTe insert s ompejiesieHns (QYHKIMU isort, KOoTopas COp-
TUPYeT CIUCOK B HeyObIBatomieM nopsiake. [Ipumenure foldr.

VI.1.8

Oyuriua remdups yaaaseT KOTUA OJIUHAKOBBIX COCETHUX TEMEHTOB
n3 crnucka. Hampumep, remdups [1, 2, 2, 3, 3, 3, 1, 1] = [1,
2, 3, 1]. Oupenenure remdups, ucnomb3yst foldl wim foldr.

VI.1.9

Jlam cromcoxk gwmcena xs=[xy, T3, ..., T,], IOCIEIOBATEIHLHOCTE CJIe-
JYIOIUX OIWH 3a JIPYIMM MaKCUMyMOB (Ssequence of successive
mazrima) SSm XS, €CTh HAMOOJbINAS TOANOCIEI0BATETHLHOCT BUJIA
[z, zj, ..., x;,),t0e j1 = 1wz, <z, anaj < j,. Hampuwmep,
IIOCJIEI0BATEILHOCTD CIEAYIONINX MaKcuMyMoB o [3, 1, 3, 4, 9,
2, 10, 7] ecrn [3, 4, 9, 10]. Oupenenure ssm B TepmuHax foldl.

VI.1.10

[IpenoxxuTre 3pPeKTUBHYIO IPOrpaMMy IJIs SCanr.

VI.1.11
Kakoit crimcok nomyunrcss B pesyabrare scanl (/) [1 .. nl?
VI.1.12
0
1
MaremarndecKkass KOHCTAHTA € OIpeJieleHa KaK e = Z — Hanoumm-
n!

n=
Te BbIpaykKeHue, KOTOPOoe MOYKHO HCHOJAb30BaTh JIJId BBIYUCIEHUA € C
HEKOTOPOIl pa3yMHOI CTENeHbIO TOYHOCTH.
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2. AbGcTpaKIiiumy CIINCKOB

B TeOPpHUN MHOZKECTB IMIUPOKO IMPUMEHACTCA HOTaouAd 3adaHA MHO-
ZKeCTB B BUA€E, aHaJIOTHIHOM CJICAYIOIIEMY:

V ={2?|z € N, x yerno}

[Io amasorunm c 3Toif 3amuChiO, HOCAIIEH Ha3BaHUE <«BKJIIOUEHUS
MHOKecTB», Haskell mosBosister 3amaBaTh CHOMCKH IpKU IIOMOIIMU TaK
Ha3bIBAEMBIX 6KANYEHUT Cnuckos (Ha3bIBAEMBIX TAKXKe abCmpariu.s-
mu cnuckos). IIpumepom Takoif HOTAIMHU SBJSETCsT BhIPaXkKeHHe BUIA
[ xxx | x <- [1 .. 10]], KoTOpOE ompeaesdeT CINCOK KBaJIPaTOB
IeIBIX YHCesI, IpPUHAIIeKamuX nareppaay or 1 no 10. A6crpaxiun
CIIICKOB COZEPrKAT HEKOTOPOE BhIParKeHNe, Pa3MeIlleHHOe CIeBa OT BEP-
TUKAJIbHON 9epPThI, MPUYIEM B 3TO BbIParKeHIe MOI'YT BXOIUTH IIePEeMeH-
uble. OrpaHUYeHns HA 9T MepeMeHHbIe (X B MPEIbIIyIIeM MpUMepe)
pa3MelaTcda ClIpaBa OT BEPTUKAJIbHON YepTHI.

Horammna x <- xs o3Ha4aer,
YTO X IOCJIeJ0BATEIbHO IPUHIMA-
eT BCe 3HAYeHUsl W3 CINCKA XS.
[T KarKIoro Takoro 3HaYEHUS X
BBIUNC/IAETCS BbIparKeHune, pa3Me-
IIeHHOe mmepe 4epToii. Tax, B mpu-
Mepe, TIPUBEIEHHOM BBIIIIE, TOJIY-
JaeTcd TaKoW »Ke CIIMCOK, YTO U B
pe3ybTaTe BBIMOJHEHNST KOMaH bl map square [1 .. 10], rae byHK-
sl square ompeeseHa CJIeIyIONuM 00pa3oM:

AOcTpaKIIu CIIMCKOB, HaA3bi-
saemvle MaKHcEe BKITFOYUEHUSI-
MU CHHCKOB, 0Ja10m 3.4e2aHm-
HuLtl MEMOOD CHCAMO20 ONUCAHUSA
onpedeseHnolr onepayuti 0b6pa-
bOmMKU CNUCKOS.

square X = X*X

[IpeumyIecTBO HCIOAB30BaHUS aOCTPAKIINil CIMCKOB COCTOUT B
TOM, UTO MOKHO ODOHTHCH 0e3 mMeHOBaHUsS (PYHKIUNI, KOTOPYIO Tpe-
OyeTcst BBIYUCINTD (B HAIIEM IIPUMepe square).

Horanusa abcrpaknuit cimcka odeHb pasHoobpasHa. Ilocme BepTn-
KaJIbHOI YepThl MOTYT YKA3bIBATHCA AUAIA30HBI U3MEHEHNS HECKOJIb-
KX [IepEeMEHHBIX. BhIparkeHns, pa3MeIeHHbIe 10 YePThI, TAK:Ke MOI'YT
IMeTh CaMblii pa3Hoobpasublil Bua. Hampumep,

--> [(x, Il x<-[1 ..2], y<-[4 .. 6]]
[(1,4), (1,5, (1,6), (2,4), (2,5), (2,6)]

Bropast nepemennas naMeHsieTcst ObICTpee: M KarXKJI0ro 3HAYeHNS X,
y mpoberaeT Bce 3HAUEHUd U3 cnucka [4 .. 6].

Kpome mmama3oHOB m3MeHEHHUsT TEPEMEHHBIX CIIPaBa, OT YePThI MO-
IyT HAXOJUTCsI JIOTUYEeCKHe Bbiparkenus (Tuma Bool). B ciemyromem
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IpuMepe B Pe3yJIbTUPYIONINA CIICOK OYIyT MOMEIIEeHbI Iaphl TOJIHKO
C YeTHBIMU X (I KOTOPBIX 3HaUYeHne even x paBHO True).

---> [(x, y) | x<-[1 .. 5], even x, y <- [1 .. x] ] H
[(2,1), (2,2), (4,1), (4,2), (4,3), (4,4)]

st ka0l crpesiouku (<-) mepeMeHHasi, yKa3aHHas C ee MOMO-
IO, MOYKET UCIOIB30BATHCS BO BCEX IMOCTEIYIONINX BBIPAYKEHUIX 1
B BBIpasKE€HUM JieBee 4epThl. Tak B IpUMepe X UCIOAb3YeTCs B ThIOILTe
(x, y) u B BhIpakenusx even x n [1 .. x]. OgHako y MOXKeT uc-
MOJTb30BAThHCA TOJIBKO B (X, V), TaK KaK €ro onpejeseHne pa3MeIrieHo
TIOCJTe THUM.

Crpenouka (<-), UCIONb3yeMas BO BKIIOUEHUAX CIIUCKOB, SIBJISIET-
CA 3ape3epBUPOBAHHBIM CUMBOJIOM fA3bIKa, a HE OIepaTOPOM.

DopMmaJIbHO BKJIIOUEeHHE cIucka uMeorT ¢popmy [e | Q], rme e —
BhIpazkeHne, a Q — xeaasuguramop. KBamubukarop — 3T0, BO3MOKHO
MycTasi, MOCIeI0BATEIFHOCTDh 2EHEPAMOPO8 N OXPAHHBLL BHIPAYKEHMIA,
pa3Ie/IeHHbBIX 3 THIMA.

IIpasuno zenepavuu

[e | x <- xs, Q] concat (map f xs) where f x = [e | Q]
Oxparroe npasu.no

if p then [e | Q] else [ ]

[e | p, Q]

['enepaTopsl uMeioT GpopMy X <- X8, IJle X eCThb IIepeMeHHasd 1IN
KOPTEXK TMEepPEeMEeHHBIX, a XS — chucoK. OXpaHHOEe BBIpAayKeHHe — 3TO
HEKOTOpOe JIoTHu4YecKoe yciaoBue. Kpamudukatop Q MokeT OBITH Iy-
CTBIM, B 3TOM CIy4Yae MbI 3aIHIIeM IIPocTo [e].

I/ICHOJII:BYH 9TU IIpaBUJIa, MBI MOZKEM BbIYUC/IIUTD

[x * x | x <- [1 .. 5], odd x]
= {mpaBuso remepamun}

concat (map £ [ 1 .. 5]) where f x = [x*x| odd x]
= {oxpannoe npasuio }

concat (map £ [ 1 .. 5])

where f x = if odd x then [x*x] else [ ]

= { npumenenue map }

concat [[1], [ 1, [9], [ 1, [25]]
= { npumenenue concat }

[1, 9, 25]
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» Vnpaorcnenue VI.2.1

BrimoiHuTEe HECKOIBKO KOMAH, COMEPIKAIINX aOCTPAKIIUN CIIICKOB:
--—> [(a, b) | a<-[1 .. 3], b <-[1 ..2]]
[(1,1),(1,2),(2,1),(2,2),(03,1),(3,2)]

---> [(a, b) | a<-[1..2], b <-1[1 ..3]]
[(1,1),(1,2),(1,3),(2,1),(2,2),(2,3)]

Kaxk remepaTopbl MOT'YT 3aBUCETH OT MEPEMEHHBIX TTOKA3bIBAET CJIELY-
IOIUI ITpuMep:

---> [(d, §) | 1 <= [1 .. 4], j <= [i+1 .. 4]]
[(1,2),(1,3),(1,4),(2,3),(2,4),(3,4)]

MpbI MOKeM JIerKO Pa3HO0Opa3nuTh FeHEPATOPHI ¢ TOMOIIHI0 OXPAHHBIX
YCJIOBUIA:

--=> [(i, | i <- [1..4], even i, j <- [i+1..4], odd j]
[(2,3)]

B cienytomem npumepe reaeparop nmeet popmy (x, y) <- xs. CHa-
JaJjia pa3MeCcTUM B CKPUIITE OMpeIe/IeHe CITICKA Tap:

pairs = [(i, j) | 1 <- [ 1 .. 2], j <= [1 .. 3]]

[Tocse 3arpy3ku CKpUIITAa MOYKHO UCIIOJIB30BATH 9TOT CITUCOK B PA3INY-
HBIX MeHEepaTOpax:
---> [i+j | (i,j) <- pairs]
[2,3,4,3,4,5]
<
B kadecTBe Oojiee MHTEPECHOTO MTPUMePa PACCMOTPUM TTPOTPAMMY,
JTAIONIY IO CIMCOK MU(ArOpOBhIX TPOEK B JAHHOM JIHATIA30HE.

-—-> triads 13
[(3,4,5),(4,3,5),(5,12,13),(6,8,10),(8,6,10), (12,5,13)]

[TucbaropoBbiMu TpoiikaMu Ha3bIBAIOT KOpTexu uncesa (x,y, z) Ta-
Kux 970, 2 + y? = 22. MbI onpenenmy dbyHKIIO triads Tak:

triads :: Int -> [(Int, Int, Int)]

triads n = [(x,y,2) | (x,y,z) <- triples n, pyth (x,y,2)]
triples :: Int -> [(Int, Int, Int)]

triples n = [(x,y,z) |

x <- [1..n], y <- [1..n], z <- [1..n]]

pyth :: (Int, Int, Int) -> Bool
pyth (x,y,z) = (x*x + yxy == z*z)
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Tak Kak triads HAXOIWT OJHU U Te K€ TPUAILI ABYMS PA3TUIHBIMU
My TSAMU, TO CJIeIyIoIee onpeeneHne (pyHKIUN triples mydre:

triples n = [(x,y,z)|x<-[1..n], y<-[x..n], z<-[y..n]] )\

B HOBOM OmpeieieHNN y HAXOIUTCA B AUANa30He X < y < N, a BeJu-
YNHA Z — B IUanaszoHe y < z < 1, TAKUM 00pPa3oM z He MOXKeT ObIThb
MeHbIIIe, YeM HauOOJIbIllee 3HaAUEHNe CPeJin X U y. Bce Tpuabl Terneph
OyIyT BCTpedyaThCs TOJIbKO OfuH pa3. Hampuwmep,

---> triads 13 }{
[(3,4,5),(5,12,13),(6,8,10)1]

AbGcTpaknym CmMcKOB 00ECIIEYNBAIOT 3aMAHUYNBYIO aJIbT€PHATHUBY
CTUJTIO0, OCHOBAHHOMY Ha KOMOmMHUpoBaHUU map, filter u concat. Cpe-
U TIPaBUJI, CBA3BIBAIOIINX 3TU METO/bl, OTMETUM CJIeIYIOIINe:

[ f x| x <- xs] = map f xs

[ x | x <- xs, p x] = filter p xs

[e | Q, p] — concat [[e | p]1 | Q]
[e | Q, x<-[d | Pl] = [elx:=d] | Q, P]

B nmocnemuem ypaBHeHun e[x:=d] obo3HauaeT BhIparkeHHe, KOTOPOE
MTOJIy9aeTCsI, €CJIN BCE BXOXKIEHWS X B BBhIPayKeHWe € 3aMeHWTh Ha d
(momcTaHOBKA).

Ctporo roBopsi, HOTAIUsT aAOCTPAKIINN CIIMCKOB STBJISETCS W3JIUIII-
Heit. Benpb Takux ke 3pHeKTOB MOXKHO JOOUTHCS C UCIOIb30BAHUEM
KOMOWHAIMI TakuX (pYHKINM, KaKk map, filter u concat. Tem He Me-
Hee, OCOOEHHO B CJTIOXKHBIX CIYYasaX, BKAIOUYEHUs CIIUCKOB 3HAYNTETHHO
Jerde Jjis moHUMaHus. Hike crimcok map moydeH aByMsi CITocobDaMM:
0e3 abCTPaKINK CITUCKOB U C UX TMPUMEHEHUEeM:

---> concat (map f (filter even [1 .. 5])) H
where f x = map g [1 .. x]
where g y = (x, y)
[(2,1), (2,2), (4,1), (4,2), (4,3), (4,4)]

---> [(x, )| x<- [1 .. B], even x, y <- [1 .. x] ]
[(2,1), (2,2), (4,1), (4,2), (4,3), (4,4)]

3aMeThbTe, UTO IepBas 3allUCh YK€ He MOMKET CUNTAThCS MHTYUTHUB-
HO sicHOU. MHTepmpeTaTop ke HeImOCPEICTBEHHO MTePEBOINT HOTAIIAIO
aOCTPaKIMKU CIMCKOB B COOTBETCTBYIOIINE BBIPAKEHUs C MCIIOIb30Ba-
HreMm map, filter m concat. Takum obpazom, abCTpaKIUsg CIUCKOB
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eCThb ITPOCTO CPEJICTBO, MO3BOJISIONIEE CAeIAaTh TEKCT OMpeeTeHns 00-
Jlee MOHSITHBIM, a TIPOIECC Pa3pabOTKU IporpaMM 60j1ee TPpoCThIM. BbI-
O60p MeKIy BKIIOUYEHUSMU CIUCKOB W CTUJIEM KOMOWHUPOBAHUS map u
filter onpenengercda NPEeANIOYTEHUAMA TTOJIb30BATEIIH.

Bonpocwvt u 3adanus

VI.2.1

Omnpenenure HyHKINIO pairs Takyo, 9TO pairs n ecTh CIUCOK BCEX
PA3INYHBIX TTap YUCes B nHTepBaje 1 < x,y < n.

VI.2.2

Hamummure mOporpaMMy, HaXONAIIYI0 BCe pa3IWYHbIE YeTBEPKH
(a,b,c,d) B muanazone 0 < a,b, c,d < n takue, aro a® + b* = ¢* + d*.

VI.2.3

[IpeobpagzyiiTe ciemyroiire BKIIOYEHNUST CIIUCKOB B CTUJIb KOMOUHUPO-
BaHusA PyHKIN map, filter u concat

[(x, yJ | x <~ [1 .. n], odd x, y <- [1 ..n]]
[(x, y) | x <-[1 .. n], y<- [1 ..n], odd x]

3. BeckoHeuHble CIINCKUA

3.1. Co3naHne 6€CKOHEYHBIX CIIMCKOB

Yucsio 3/IeMEeHTOB B CITHCKEe MOXKeT ObITh OecKoHeudHBbIM. (Crreryio-
mas QyHKIUS from TEOPETUIECKN MOKET MCITOTb30BATHCS IJIsT TTOJLY-
YeHUsI TAaKOTO CITACKA:

fromn = n: from (n+1)

KoHedHo, KOMIIBIOTED HE CyMeeT BhIIaTh OECKOHEUHBIN CITMCOK 3JIeMEH-
ToB. MakTrUecKn MbI MOKEM HaOJII0IaTh TOJILKO ero Hada 0. Ecian me
npepBaTh paboTy QyHKINH, HaykaB KoMOnHanuio Kiaasumr Ctrl+C, To
IIPOIECC BBIUMCIEHUS OyIET IPOIOIKATHCA U MIPOIOIZKATHCS:

---> from 5
(6,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,

{Interrupted!}
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beckoHeUHBIH CIIMCOK MCHOIb3yeTCd B KaUeCcTBe IMPOMEKYTOUHOT'O Pe-
3yJbTaTa, B TO BpeMs KaK OKOHUYATEIbHBIN pe3yabTaT OyaeT KOHed-
HbIM. [IpomamocTpupyeMm ckaszaHHOE CleayrommM mpumepoMm. [Iycts
Tpebyercss HaiiTu Bce cTemeHn dmciaa Tpu, He mnpesbimatomme 1000.
[IepBble mecaTh cTeleHelr Mbl MOXKEM HAWTHU C TTOMOIIHIO BHI30BA!

--->map (3°) [1 .. 10]
[3,9,27,81,243,729,2187,6561,19683,59049]

DJIeMEeHTHI TIOJIy9eHHOTO CTUCKa, He TipeBbImatorme 1000, Haiigem Tak:

---> takeWhile (<1000) (map (3~) [1 .. 101)
[3,9,27,81,243,729]

Ho kak MbI Morim 3apanee ObIThb YBEPEHBI B TOM, UTO IECATH SJe-
MEHTOB IIePBOHAYAJHHOIO CIHMCKa JocTaTouHO?! [IpaBuiabHOe pernenne
— BOCITIOJIb30BaThCsI OECKOHEYHBIM CIIUCKOM, MOIYyYeHHBIM C IIOMOIIHIO
BbI30Ba from 1, BMecTo crimcka [ 1 .. 10], u moayuuTh TakKuM oOpa-
30M 6Ce CTeleHU YNCJIa TPH:

---> takeWhile (<1000) (map (37) (from 1))
[3,9,27,81,243,729]

Taxoit MoaX0I BO3MOYKEH JIUIIH TTOTOMY, YTO WHTEPIPETATOD «I0-
CTATOYHO JIEHUB» : BBIIOJHEHHE MIPEICTOoAIIeil pabOThl OTKJIAIbIBAETCS
IO TeX TOoP, MOKa 9TO BO3MOXKHO. Bbr3oB map (3~) (from 1) He BHI-
YUCIISETCST TOTHOCTHIO (9T0 mMoTpe6oBaIo ObI GECKOHETHOIO BPEMEHN ).
CradaJja BBIUHUCISETCS TOIBKO TMEPBBIil 9JIEMEHT, KOTOPBIi 3aTeM mepe-
naercsa Gyukiun takeWhile. Tonbko mociae oOpabOTKKU IEPBOIO dJIe-
MeHTa, pyHKIHNS takeWhile 3ampocuT claeayonuii 3JIeMeHT U BTOPOI
ameMeHT crmcka from 1 Oymer ompenenen. IIpomomkas Takum obpa-
30M, takeWhile mpekpaTuT CBOIO pPaboOTy, T. €. HE CTaHET TPeOOBATH
CJIeIYIONINY /IeMeHT OT (PYHKIIUU map, KaK TOJbKO OYEPEIHOMN 3Te-
MeHT yaoBaeTBoput yciaosuio > 1000.

Ucnonb30Banne OECKOHEYHBIX CITUCKOB BO3MOXKHO TOJIBKO OJ1aroga-
P JIEHUBBIM BBIYUCTEHUSIM. Z13BIKU, peann3yioline CTPATEeruio SHep-
TUYHBIX BBIYUCTCHUH (OOIBITHHCTBO UMIEPATHBHBIX S3BIKOB M HEKO-
TOPBIE U3 SI3bIKOB (DYHKIMOHAJIBHOIO TPOTPAMMUPOBAHYS ), HE MOTYT
onepupoBaTh OECKOHEYHBIMU CTPYKTypPaMU JTaHHBIX.

OyHKINS, KOTOPOW TPeOYIOTCS BCe IEMEHTHI CIIUCKA, He MOXKET
MPUMEHSATHCS K OECKOHEYHBIM criuckaM. [Ipumepom Takux yHKIIMMT
apisaoTcs sum n length. IIpm Ber3oBe ynknmit sum (from 1) wnam
length (from 1) maxKe <«JIeHWBOEe» BBIYHCJIEHNE HE TTOMOXKET HANUTH

H

H

H
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OTBET 3a KOHEYHOE€ BpEeMI. B sTom CJIy49a€ KOMIIbIOTED HHUKOI'Ja HE
BBIJACT KOHEYHbII OTBET.

Tor daxt, uro a3bik Haskell peaansyer crpareruio OTI0KEHHBIX
BBIYNCIEHNA MPAKTUIECKNA TOCTOSHHO YUNTBHIBAETCS IIPU IPOEKTHPO-
BaHUM porpaMm. BemomunM, K nmpumepy, GyHKINIO prime, mpoBepsi-
FOIIYIO SIBJISIETCS JIN IIEJI0€ IHCIIO TIPOCTHIM (cTp. 98).

)\ prime :: Int -> Bool
prime x = denominators x == [1, x]

HaxomuT nm s1a (byHKIUS BCe DENIUTENN YUUCIA X JJIsI TOrO, ITOOBI
3aTeM CPaBHUTH UX CIMUCOK co crmuckoM [1, x]7 Her, Tak Kak Ha 3TO
IOTPEOOBATIOCH OBl JOCTATOYHO MHOTO BpeMmenu. [locMoTpum, uTo mpo-
UCXOMIUT TIPU BBIYUCIEHUN, HanpuMep, prime 30. CHavasa HAXOIUTCS
nepBwIit geaurens ynciaa 30 — 3ro 1. DTo 3HAUEHWE CPABHUBAETCS C
HagajgoM craucka [1, 30]. BeigcHsgercs, 4To mepBble 3JIeMEHTBI CIIHC-
Ka coBmnaju. Omnpenensercsa Bropoit geantenb 30 — 3ro uncao 2. OHo
CpaBHUBAETCsI CO BTOPBIM 3d1eMeHTOM crncka [1, 30], mocae gero BbI-
SICHIETCsI, UTO OHU He pasHb.. OmepaTop MPOBEPKU Ha PaBEHCTBO ==
«3HaeT», 9YTO CIIUCKHU HE MOTYT COBIIACTh, €CJIN Ha OJHOM U TOM Ke Me-
CTe B HUX HAXOMATCS pa3JINdHbIe 3j1eMeHThI. [loaToMy Bo3Bpalmaercs
spadenune False. Ocraububle neanrenn yucaa 30 He BBIUUCIAIOTC!

JleHnBoOe mOBejeHMe omepaTopa == CJIeAyeT U3 €ro OIpeJeeHus
(ctp. 111). PekypcuBHbIil cirydail B €ro onpeiesieHuy BbINISIIUT TaK:

)\ (x:xs8) == (y:ys) = x ==y && xs == ys

Ecam x == y BOo3Bpamaer 3Ha4yenne False, To Xxs == yS BBIYNCIATH
y7Ke He HyKHO: KOHETHBIM Pe3yIbTaToOM Beerma Oyaer False. DTo cire-
CTBHE JIECHUBOI'O MOBEIeHUdA oleparopa &&, OTpazKeHHOT'O B €ro OIpe-
JeJIeHUN:

)\ False && x = False
True && x = x

Ecnu neswiit mapamMeTp uMmeer 3HadeHne False, TO 3HaUeHNE MIPABOTO
mapaMeTpa BBIYUCAATH HE HYZKHO.

» Vnpaosrcnenue VI.3.1

Paccmorpum 3amady moctpoenus QGyHKIUM position takoii, 4TO
position x xS BO3BpAIaeT HOMED MMO3UINN TIEPBOTO BXOXKIEHUS e~
MEHTa X B CIIUCOK XS (HyMepalusi 3JIeMEeHTOB cliucka HadnHaercs ¢ 0),
u —1, ec/im X He BCTpedaeTcs B crucKe. T pyHKIWM position:

)\ position :: Eq a => a -> [a] -> Int
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3avacTyio IpHu pelreHnn 3aa4 ObIBaeT IPOIIe CIpaBUTCsS ¢ Oomee 00-
et 3agadeil, a NCXOIHYI0 PacCMOTPETh KaK ee YacTHBIN caydait. I B
9TOM CJIydvae, Mbl CHavaJjIa HailIeM TMO3UINN 8Cer BXOXKIEHUN T B IS:

positions :: Eq a => a -> [a] -> [Int]
positions x xs = [ i | (i, y) <- zip [0 ..] xs, x == y]

Breipaxkenne zip [0 ..] xs Bo3BpallaeT mapbl KayKJIOTO dIeMeH-
Ta CINUCKA XS C €ro MOpsiIKOBBIM HOMEpOM B crucke. Xors [0 . .]
ecTh OEeCKOHeUHbIH ciiucok, zip [0 ..] xS BepHeT KOHEUHBI CIHICOK,
IIOTOMY YTO XS — KOHEUHBI CcICOK. Temeph MBI MOXKEM OIPEIeINTh
position Tak:

position x xs = head (positions x xs ++ [-1])

SaMeTI/IM, 9TO IIPOCTOTa 3TOT'O OIpeJeJIeHUd AOCTUTACTCA He 3a CYET
yBeJIN4Y€HUd BPEMEHHN BbBIYMCIICHUA. CHauajia BBIYUCILETCI TOJIOBA
CIINCKa 1 HET H€O6XO,ZLI/IMOCTI/I IpoaoJIZKaTh OIIPpedeJIAThH OCTaJIbHBIE dJIe-
MEHTBI CIICKa.

---> position 3 [1, 3, 4, 3]
1

3.2. @yHKNuU Ha O€CKOHEYHBIX CHUCKAX

B npenogun MHOTHE (DYHKIIUN OIIPEIETIEHbI C TTOMOIIBIO ODECKOHEeY-
HBIX CIIUCKOB. Tak feiicrBurenbroe nms dyuakiyn from (crp. 136) ecth
enumFrom. 9Ty QYHKINIO OOBIYHO He UCIOIb3YIOT B TaKOil hopMe, Tak

Kak BMecTO enumFrom n mporre 3anucatb [n .. ] (cpaBHHTE Takyio
3alich ¢ 3amuchio [n .. m] BMecTo enumFromTo n m, oOCy:KmgaeMoit
Ha crp. 109).

BeckoneuHnbIil CIMCOK, KOTOPBIH COMEPKUT B cede TTOBTOPEHUE O/I-
HOTO W TOTO K€ JIEMEHTAa, MOYKET OBbITh CO3JIaH TTPU UCIOJTH30BAHUN
dyuKIIUN repeat:

repeat :: a -> [a]
repeat x = x : repeat x

Bb130B repeat ’t’ maer GeckoHeuHBIH crucok "tttttttt..."

BeckoneuHbIil CIUCOK, TeHepUpyeMblit (DyHKIINeil repeat, UCIOTb-
3yeTCss B POJIM IIPOMEKYTOUYHOI'O pe3y/abTaTa, M/ TOH W WHOi (DyHK-
UK, UMeIolell KOHeYHbIN pe3yabraT. Hanmpumep, yHKINSA cOpy cO-
31aeT KOHEYHOe YMCI0 KONUN JIEeMEeHTa:

copy :: Int -> a -> [a]
copy n x = take n (repeat x)
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Braromaps cTpaTernu OTIOKEHHBIX BBIUYUCIEHUN (DYHKIIUSA COPY MO-
JKeT MCIOJIb30BATh OECKOHEUHBIN pe3yabTaT GpyHKINN repeat. OyHK-
o repeat u copy omnpeeaeHbl B IIPEJIIOINN.

Haubosiee rubKUMU B CMBICTIE HCTIOJB30BAHUS TOT'O UJIM WHOTO BUIA
CIIUCKOB SBJSIOTCS (DYHKITUU BBICIIETO MOPSIKA, T. €. UCIOIb3YIOIIIe
npyrue (yHKIMKU B KadecTBe mapamerpa. OyHkimsa iterate mosryda-
eT (DYHKIINIO U HAYAJbHBIN 9JIEMEeHT B KauecTBe MmapaMeTpoB. Pe3yib-
TATOM SIBJITETCS OECKOHEUHBIN CIUCOK, B KOTOPOM KAarKJIbIil JIEMEHT
MTOJTy YaeTCs TOCPEACTBOM ITPUMEHEHUsT (DYHKIINY K TMPEIbIIYIIEeMY e~
MenTy. Hanpumep:

---> iterate (+1) 3
[3’4’5’6’7’8’
{Interrupted!}

---> iterate (*2) 1
[1,2,4,8,16,32,64,128,256,
{Interrupted!}

---> iterate (‘div‘ 10) 5678
[5678,567,56,5,0,0,0,
{Interrupted!}

Omnpenenenne iterate, IpUBOAUMOE B MPEJIIOANN, TAKOBO:

iterate c: (a ->a) -> a -> [a]
iterate f x = x : iterate f (f x)

OTa GyHKIMS HamoMuHAaeT (GpyHKINO until, onucanuyo Ha cTp. 90.
Ona Takke mojaydaeT (DYHKIUIO W HAYaJIbHBIA 3JEMEHT B KadueCTBe
napamMeTpoB. Paznndue cocTouT B TOM, 9TO until mpekpalraeT CBOO
paboTy, KaK TOJIHKO 3HAUEHHE YIOBJIETBOPUT OCHOBHOMY YCJIOBHIO (KO-
TOpOe TakXkKe siBjsgercss mapamerpom). K Tomy ke until BosBparia-
eT TOJIbKO KOHEUYHbIH pe3ynbraT (KOTOPBIi yI0BIETBOPSIET 3aIaHHOMY
YCJIOBHIO), TOTJIa KaK iterate coxpaHseT BCIO TOCIEI0BATEIbHOCTD Pe-
3yJbTATOB B CIIUCKE. DTO BO3MOKHO, IOTOMY UTO OECKOHEUHBIE CIIICKHI
HE UMEIOT IOCJIEeIHEro 3JIeMeHTa.

B crenyromux mpuMmepax oOCy:KgaeTcs KaK (QYHKINIO iterate
MOYKHO MCIIOJIb30BAThH JIJISI PEIIeHUs] MPAKTUIECKUX 3a0a9: BIBOJIA, TH-
CJ1a B BUJIE CTPOKH, TMOJIyYeHNe CIICKA, BCEX MPOCTHIX YHMCENT U MOy de-
HUE «CIIyYalHOW» IIOCIEeJ0BATEIbHOCTU YUCEeJI.



3. Beckoneunvie cnucku 141

3.3. IIpumepsnl npuMeHeHNsI 0€6CKOHEYHBIX CITMCKOB

IIpeobpa3oBaHue 4YMcja B CTPOKY

Oyrkiua intString nmpeobpa3yeT MOTOXKHUTETBHOE IEJI0e YHCIIO
B CTPOKY, KOTOpas COCTOUT wu3 Iudp 3Toro unciaa. Hampumep,
intString 5678 BozBparmaet cTpoky "5678". C momorsio 3Toit byHK-
[N BBl MOYKETE O0bEeIUHSITH PEe3y/IbTAT BBIUNCIEHUN CO CTPOKO, Ha-
npuMep, intString (3%17) ++ " jgunnn".

Oyukiug intString MoxKeT OBITH MOJYYeHa KaK IOCTeI0BATEThb-
HOCTH BBITIOJTHEHUS psafa omeparuit. CHagag a YUCIO JOTKHO OBITH
HECKOJILKO Pa3 pa3aeseno Hales o Ha 10 ¢ momompio (byHKIuM iterate
(TakzKe, KAK B TPEThEM TIPUMEPEe MCIOIb30BaHus (DyHKIUK iterate).
He unTepecymolryio Hac 66CKOHEYHYIO TOCIEI0OBATEILHOCTD HYJIel B
KOHIIE CIIICKAa HYKHO yOparTb, nmpuMeHun ¢dyHkiuoo takeWhile. Te-
neph KejgaeMblie IUMPHI MOTYT ObITH HaWEHbI KaK MOCTIeIHIe TH(PHI
YUCeJT, COEPIKAIIUKXCS B CITUCKE; TOCTETHs U Pa IUCIa paBHA OCTAT-
Ky OT ero JieJieHusl HalleJlo Ha JecdaThb. [loaydennble mudpbl pacmo-
JIaraloTCsi B OOpaTHOM TOPSIAKE, YTO JIETKO IOMPABUIO C ITOMOIIHIO
dbyukimn reverse. B 3aBepuienne, snemenTsl crvcka (1udphl, T.€. Be-
AU9IuHBL THma Int) HyKHO mpeobpas3oBaTh B cuMBOJEL (Tun Char), 9To
MBI OCYIIIeCTBUM Tpu moMormu ¢GpyHKiun digitChar, paccMOTpeHHOI
Ha crpanute 52. Huke npuBoauTcst mpuMep, BKJIIOYAIONINiT B ce0si Bce
BBITIIETIEPEYNCIIEHHBIE TTATH:

5678
l iterate (‘div‘ 10)
[6678, 567, 56, 5, 0, 0, O,
| takeWhile (/= 0)
[6678, 567, 56, 5]
J map (‘rem® 10)

(8, 7, 6, 5]
|l reverse
(5, 6, 7, 8]

| map digitChar
[757, 767, 777’ 787]

Qyrkiusa intString mMoxkeT OBITH ONpeIeIeHa ITPOCTO KaK 00benHe-
HIe 3TUX ISITH IaroB. 3aMeTUM, 9YTO (DYHKIINK HAIKNCAHBI B 0OPaTHOM
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MOPsIZIKE, MMOTOMY YTO OMEPATOP MOCIEI0BATEIBHOTO BBIMOJHEHUS (. )
ecTb KoMmo3unus (GpyHKIMA (3HaKOMas HaMm pyHKIwms ‘after):

intString :: Int -> [Char]
intString = map digitChar
reverse
map (‘rem‘ 10)
takeWhile (/=0)
iterate (‘div‘ 10)

DTOT MpoOMep eIle pa3 MOTIEPKUBALT, UTO PYHKUUOHANDHOE NPO2PAM-
MUPOBAHUE — NPO2PAMMUPOBAHUE NOCPEACMEOM PYHKUUT!

HonyquI/Ie CIIMCKa BCeX ITPOCTbIX YHCeJI

Ha crpanutie 98 6p11a onpesiesiena (DyHKINSA prime, mpegHa3HavYeH-
Has JIJIS IPOBEPKH IPOCTOThI Yuciaa. C ee TOMOIIBIO MOXKHO MOy IYNTh
OECKOHEUHBIH CIIMCOK IPOCTHIX YHCEJI CIEAYIOMIIM 00pa30M:

filter prime [2 ..]

OyuKINS prime mpeaBapUTESbHO HAXOJUT BCE IEIUTETH HTHCIIA.
Ecnu unciao mocrtaroaro 00IbIOe, TO [/ TPOBEPKNA TOrO (hbaKTa, ITO
YUCJIO He SIBJSIeTCS IPOCTHIM, TOTPEOYeTC s 3HAUUTEIHHOE BPEeMs

Pazymuee Oymer ucnosb3oBanne pyHKINK iterate mjsa mosyde-
Hust bostee 3 heKTUBHOM aJropuT™Ma. DTOT METO U3BECTEH C IPEBHUX
BpeMeH U HOCUT Ha3BaHUe «pelneTo Jparocderar. Padbora meToma Tak-
JKe HaUMHAeTCs C IOCTPOeHUs OECKOHETHOro CIucKa [2 . .]:

(2, 3, 4, 5, 6, 7, 8, 9, 10, 11,

[TepBoe 4KCIO B 3TOM CIIUCKe — 2, ABJILAETCS IIPOCTHIM U JJOJIZKHO OBITh
IOMEIIEHO B CIHUCOK IIPOCTBIX YUCeJ. 3aTeM YHUCJIO 2 U BCe KPaTHbIe
emy uncia (4, 6, 8, 10 ...) ygaasoOTCcs U3 CIUCKA:

(3, 5, 7, 9, 11, 13, 15, 17, 19, 21,

1 cHoBa, mepBoe YNCIO B CHUCKE — 3 — IMPOCTOE. JTO UUCJIO U BCE
yncsia, KpaTHbIe eMy YIAJdi0TCA U3 CIUCKA:

(6, 7, 11, 13, 17, 19, 23, 25, 29, 31,
[ToBTOpsiem mporiecc, HaAYaAB C 5:
(7, 11, 13, 17, 19, 23, 29, 31, 37, 41,

N Tak manee. OyHKINSA «BbIUEPKUBAHUS KPATHBIX IEPBOMY JIEMEHTY »
BCerJa IPUMeHIeTCd K MPeabIayeMy pe3yabTaTy. [Ipomecc nrepaun
Ha4YMHAETCId CO COucKa [2 ..]:
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iterate crossout [2 ..] /X
where crossout (x:xs) = filter (not . multiple x ) xs
multiple x y = divisible y x

(Hucmo y KpaTHO X, €CIu y JIeJUTCA Ha X). BXOIHO# apryMeHT ecThb
OEeCKOHEYHBIl CIIMCOK, & PEe3YJIbTAT SABJIAETCI 0eCKOHEUHLLM CNUCKOM
beckonewnvir cnuckos. [lomydaeMblil CyepcnncoK BBITTISAIUT ITPUMep-
HO TaK:

[ [2, 3, 4, 5, 6, 7, 8, 9, 10, 11,

, 38,5, 7,9, 11, 13, 15, 17, 19, 21,

, b, 7, 11, 13, 17, 19, 23, 25, 29, 31,
, L7, 11, 13, 17, 19, 23, 29, 31, 37, 41,

b

DTOT CMUCOK HUKOTIA HE YAACTCS YBUIETH IEJIUKOM — TPU TIOMBITKE
MIOJIyYUTh €ro, Bbl CMOXKeTe YBUAETh TOJBKO HA4aJIO IMEePBOrO CIUCKA.
Ho moxkHO yBUIETHh (pparMeHT Ciucka: Hy:KHbIe HaM MPOCTbIE TUCTIa,
SIBJISIIOTCSI TIEPBBIMU JIEMEHTAMU CITUCKOB W MOTYT OBITH TOJYYeHbI
Ipu moMoIy PYHKIUN head, TpruMeHEHHOI K KayKIOMY IIOACINICKY:

primenums :: [Int] )\
primenums = map head (iterate crossout [2 ..])
where crossout (x:xs) = filter (not . multiple x ) xs
multiple x y = divisible y x

divisible :: Int -> Int -> Bool
divisiblem n =m ‘rem‘ n == 0

Biaromapst OT/IOKEHHBIM BBIYHUCIEHUSIM TOJIBKO Ta YaCTh KarKIOI'O
CIICKa 0OpabaThIBaeTCsI, KOTOpas TpeOyeTcs g MOIyUeHHUs Kejae-
MOro orBeTa. /I J1sT TOro YToObI HAWTH CIEAYIOIee IPOCTOe YUCIO0, HaXO0-
IIATCS JIOMOJHUTEIbHBIE JIEMEHThI KasKI0T0 CIIMCKA, HO POBHO CTOJIb-
KO, CKOJIbKO HEOOXOINMO.

---> primenums H
(2,3,5,7,11,13,17,19,23,29,31,37,41,43,47,53,59,61,67,71,
73,79,83,89,97,101,103,107,109,113,127,131,137,139, 149,
151,157,163,167,173,179,181,191,193,197,199,211,223,227,
229,233,239,241,251,257,263,269,271,277,281,283,293,307,
311,313,317,331{Interrupted!}

3auacTyto ObIBAET CJIIOKHO (KaK B 9TOM IPUMepPE) OMPEIETUTh, YTO Bbl-
YUC/IeTCs B TeKylnit momenT. Ho B 9TOM 1 HeT HEOOXOANMOCTH: TIPH
pa3paboTKe IporpaMM JOCTATOYHO 3HATH, YTO OECKOHEUHBIE CIIUCKH
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CymeCTBYIOT; IIOPAAOK BbIYHC/JICHHA 2Ke 6y,D;eT aBTOMaTHUY€CKU OIITU-
MU3UPOBaH C IIOMOIIIBIO CTPpAaTETNN OTJIOZKEHHDBIX BBIUNCJICHUI.

«IIceBmociryuaitabie» 4ducia

Yucaa, KOTOpbIe BEIONPAIOTCS CIYIAHBIM 00pa30M, HAXOAIT MHO-
KeCTBO MOJIE3HBIX IMPUMEHEHUN: ITPU MOAEJIMPOBAHNN HA KOMITbIOTEPEe
€CTeCTBEHHBIX ABJICHUN (Haan/IMep, cJy4daliHble CTOJTKHOBEHUS YaCTUIL
B d/IepHOi (PU3KKe WK MOIBJIEHNE JII0Jel B oUepean depes CaydaiHbIe
IPOMEKYTKHU BPEMEHM), JJIsi PElIeHUsl CIOXKHBIX 3aJad IUCICHHOTO
aHaJIn3a (TaKI/Ix, kak meTon Monre-Kapio maxoxmenust nnomaﬂeﬁ),
[IPA TECTUPOBAHUN KOMIBIOTEPHBIX HNPOTPAMM B KadeCTBE MCXOJHBIX
JaHHBIX.

Cpasy mociie TOsTBJIEHHSI KOMITHIOTEPOB HAYAJINCH WCCIeTOBAHUS
3P PEKTUBHOTO CcIocoDa TMOMYUeHUsT CAyYailHbIX 4ncea. DbLmn mpem-
JIOYKEHBI JIECITKU METOJIOB TeHepalluu TaKuX unces. MHOrMe m3 paH-
HUX TEHePATOPOB (IATYMKOB) CJHydYailHBIX Yrces paborain HeIocTa-
T09HO 3B HEKTUBHO (TO eCTh, MoTydaeMast ¢ UX MOMOIIBIO MOCIeI0Ba-
TeJILHOCTH YUCeT He YI0BIEeTBOPSIA pa3HOOOPA3HbIM CTATHCTUIECKUM
kpurepusim). Jonanbn Kuyr B cBoeii mmupoko u3Bectroii kaure «Mc-
KYCCTBO TPOTPaMMUPOBaHusi» [4] NpUBOAUT MCYepHbIBAONMH 0030D
U aHAJIU3 PA3JUIHBIX MeHepaTopoB. TaM Ke TPUBOAUTCS JOCTATOUTHO
IIPOCTOI, HO BIIOJIHE KAYECTBEHHBIH aJTOPUTM /I TIOJYUeHUs YUCET,
«CJIy4afiHO» pacrpeie/IeHHBIX Ha WHTepBaJe oT Hyad no 2147483647.
Hwxe npuBoguTcs ero peanusaius Ha s3bike Haskell:

/X next_seed :: Int -> Int
next_seed n =
case test>0 of
True -> test
False -> test + 2147483647

where
test = 48271 * lo - 3399 * hi
hi =n ‘div‘ 44488
lo =n ‘mod‘ 44488

HauanbHoe 3HaUYeHNE n MOXKeT OBITH BBIOPAHO IPOU3BOILHO. s mo-
JIydeHUs Pa3JUYHbIX IMMOCIeI0BATETbHOCTEN CleAyeT NPUMEHUTh J1aH-
HBI aJITOPUTM C APYrOMY HaYaJIbHOMY 3HAa4YeHWIO. BbI30B (DyHKINN
next_seed gaeT nmepBoe «IICEBAOCIyYailHOE» YUCIO0, TlepelaBaeMoe el
CHOBa B Ka4ecTBe HOBOT'O apryMeHTa. /LI peaansamnun 3TOro moaxosa
yI00HO MCIOIB30BaTh (DYHKIINIO iterate:

)\ rand :: [Int]
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rand = iterate next_seed 23765492

3 OGeckoHEYHOro CIMCKa, TeHepupyeMoro ¢ yHkiueii rand, ciaemyer
BBIOpATh TPeOyeMOoe YNCI0 HadadbHbBIX 3JIEMEHTOB IIPU IOMOIIN (DYHK-
nuu take, Hampumep,

---> take 5 rand }{
[23765492,427796834,2125708109, 1139992232, 1444060144]

s morydenns CucKa CIyJYalHBIX YUCes, MEHBITNX HEKOTOPOTO
3aJaHHoTO 3HauYeHns (Hanpumep, 100), MOXKHO 6GpaTh OCTATOK OT Je-
JIEHNS CIy9IaifHOTO Ymcia Ha JTaHHOE.

rand :: [Int] )\
rand = [ x ‘mod‘ 100 | x <- iterate next_seed 23765492 ]

B pesyibTaTe BbI30Ba TaK OIpeeeHHONE (DYHKINHI IIOJIYIaeTCs OECKO-
HEYHBIX CITMCOK 4Ywnces1 B guanasoHe or 0 1o 99.

---> take 20 rand }{
[92,34,9,32,44,51,46,21,5,54,19,70,70,99,5,69,88,3,17,3]

» Vnpaorcnenue VI.3.2

CytrecTByeT OOJMBINOE YHUCIO HAYYHO OOOCHOBAHHBIX KPUTEPHUEB JI0-
OPOTHOCTH TeHEePATOPOB CAyYANHBIX UMCEJI, OMMCAHHBIX, HATIPUMED, B
[4]. Ho mazke 6e3 cooTBeTCTBYIOMIEH TEOPUU MHTYUTHBHO SICHO, 9TO
B CJIyYalHOU TMOCIEI0BATETHHOCTH KOJUYECTBO UETHBIX U HEYETHBIX
Yucesl JOJIZKHO ObITh MpUOJU3UTENHHO paBHO. Hamuimem mporpammy,
MTOICYUTHIBAIOILY O IO Y€THBIX U HEYETHBIX UNCEJI B TTOCIEJOBATE b
HOCTHW, TIOJIyYaeMOil ¢ MOMOIIBIO OMMCAHHOTO BBINIE MeHEPATOPa, CIIy-
YANHBIX YUCEJI.

Cuauvasa ompenenmuM (GYHKIINIO quantum, BO3BPAIIAOIIYIO Mapy
qmucesl — YNUCJIO HEeYEeTHBIX U YEeTHBIX YUCEeJ B CIUCKEe, ABJIAIONINMCS
apryMeHTOM JIaHHOM (DyHKIINH:

quantum :: [Int] ->(Int, Int) ,X

quantum [ ] (0, 0)
quantum (x:xs) =
case odd x of
True -> (u+i, V)
False -> ( u, v+1)

where (u, v) = quantum xs
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HO,D;C“IPIT&GM C €€ IIOMOIIIBLIO YMCJIO YETHBIX N HEYETHBIX YMCeJI Cpean
HepBOfI ThICAYHN IIEJIbIX YMCeJI.

---> quantum [1 .. 1000] H
(500,500)

QyuKIMs proportion MoACYNTHIBAET JOTIO KayKIOTO SJIEMEHTA ITa-
PBI OT UX CYMMapPHOI'O KOJIMYIECTBA!

proportion :: (Int, Int) -> (Float, Float)

proportion (0, 0) = (0.0, 0.0)

proportion (0, _) = (0.0, 1.0)

proportion (_, 0) (1.0, 0.0)

proportion (a, b) = (fromInt a / c, fromInt b / c)
where ¢ = fromInt(a+b)

Ocraercst MpUMEHNTH KOMITO3UIINIO 3TUX (DYHKIUI K CIUCKY CIIydaii-
HBIX YKCeJI, TTOJyIYEeHHOTO C TTOMOIIbIO (DYHKIIUN TN

rn :: Int -> [Int]
rn n take n rand

test :: Int -> (Float, Float)
test proportion . quantum . rn

Obparure BHUMaHHIE, YTO (DYHKIINSA test ompeaesieHa B YHCTO (PYHK-
IIIOHAJILHOM CTHJIe — KaK KOMIIO3UIUs TpexX pyHKiuil. Tenmepb MOXKHO
IIPOBECTHU TECTUPOBAHUE MOy YEHHON MOC/Ie10BaTeIbHOCTH:

---> test 500
(0.508,0.492)
---> test 5000
(0.5008,0.4992)

Kak BUOWM, JOJIN 9€THBIX N HECYETHBIX YHUCEJI JOCTATOYIHO OJIN3KN.

<

» Vnpaotcnenue VI.3.3

PaccMoTpuM elne OQuH aJrOpUTM COPTHUPOBKM CIHUCKOB — TaK Ha3bl-
BaeMyt0 «ObICTPYI0» COPTUPOBKY (quicksort):

quicksort :: Ord a => [a] -> [a]

quicksort []1 = []

quicksort (x:xs) = quicksort [y | y <- xs, y <= x] ++
[x] ++ quicksort [y | y <- xs, y > x]
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[Tonyanre 400 umces mpu MOMOINK MeHEPATOPa CIYyYalHBIX UHCETT,
OIMICAHHOrO Ha cTp. 144. BKiIoUnTe CTATUCTUYECKYIO OMIIIMI0 MHTEP-
nperaTopa m ybeguTech B TOM, 4TO Ha3BaHWE ITOW (PYHKIMU OTpa-
JKaeT ee MMPOU3BOANTETHHOCTH, CDABHUB €€ C JIPYTUMU COPTUPOBKAMU,
PacCMOTPEHHBIMHU paHee:

---> quicksort (take 400 rand)

(85142 reductions, 114637 cells)
---> msort (take 400 rand)

(141649 reductions, 189366 cells)
---> isort (take 400 rand)
(403054 reductions, 526123 cells, 2 garbage collections)

[Tpu o6paboTke mocieaHero Bbi3oBa Hugs nBaskabl HCIOIB30BAJ MeXa-
HI3M «BCTPOEHHOIT chopku Mycopas» (garbage collection), T. e. ymassi
13 NaMATU JAHHbIE, KOTOPbIE HE TPEOYIOTCA A/ HAJbHEeHINNX BbIUN-
ciaennit. [lomoOHOTO poma TEXHWKY aBTOMATHIECKOTO OCBOOOKICHUS
He YCIIOIb3YeMbIX YUaCTKOB MAMATH HCIOIL3YIOT MHOIHE COBPEMEH-
HbIe S3BIKM [IPOrPpaMMUPOBaHMsA, HampumMep, Java, Ruby.

<

Bonpocwvt u 3adanus

VI.3.1

N3mennTte dyHKIMO rand TaKuM 00pa30M, YTOOBI MOYKHO OBLIO ObI
3aJaBaTh Hada/IbHOE 3HAYEHNE JTaTYNKa B KadecTBe mapamMerpa (pyHK-
nun. [IpoBeanTe HECKOIBKO IKCIEPUMEHTOB, OMPEIE/Isds 0N YeTHBIX
1 HEUETHBIX YHCeJ B IIOCIEI0BATE/ILHOCTSIX, IOy YeHHBIX IIPU PA3HBIX
HAYAJIbHBIX 3HAYCHUAX.

4. Koprexn

4.1. Ncnoab30BaHUEe KOpTexKeit

Bce snmeMmenTsI crincka o0s13aHbI UMETh OJUH U TOT Ke THIl. [l Xxpa-
HEHWsI BEJIMYWH PA3JIMUYHBIX THUIIOB MCIOJIL3YIOT KOPTEXKHU (THIOILIbI).
YacTo 0 KOpTekax roBOPSAT KaK 00 yIOPsI0UeHHBIX MHOYKECTBAX, TaK
KaK JIJId HUX BakKeH MOPAJ0K pa3MeIleHus JIeMeHTOB, HallpuMmep,
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(True, 23) u (23, True) SIBJSIOTCI COBEPIIEHHO PAa3JIMYHBIMU KOP-
TexKaMu. B mpesoann ompeneaeHbl HECKOJIbKO (DYHKIIMI 11T pabOThI
C ThIOTLJTAMMU:

fst :: (a,b) -> a
fst (x,_) = x
snd :: (a,b) -> b
snd (_,y) =y

[To anaJjiornu MOYXKHO 33/1aTh (PYHKIINU JIjIs BbIJIEJIEHUST COCTABHBIX Ya-
CTell TPOeK:

fst3 :: (a, b, c) -> a
fst3(x, _, _) =x
snd3 :: (a, b, c) > b
snd3(_, y, _) =y
thd3 :: (a, b, c) ->c
thd3(_, _, z) =z

OTu HYHKINY MOJIUMOPMHBI, TAK KAK OHU MOTYT IPUMEHSITHCS K TBOI-
KaM 1 TPOKaM, COAeprKalInM JaHHbIe J00oro Tuna. OmgHaKo MOXKHO
oTpeiesIATh (PYHKIUN Ha ThIOMIaX (DUKCUPOBAHHOTO THUIIA, HATIPUMED:

f :: (Int, Char) -> [Char]
f (n, ¢) = intString n ++ [c]

Ecmu rpynmupyrorcst BMecTe JBe BEJIUYUHBI, UMEIOIINe OJIUHAKO-
BRIl TUTI, TO BbI MOYKETE UCIOJIHL30BATh CIIUCOK JIJI UX XpaHeHusd. Lem
He MeHee, HIUTO He MelIlaeT 00beUHUTh UX B KOpTexK. TouKa Ha II0C-
KOCTH, HAIIpUMep, OMUChIBaeTCS AByMs uucaamu Tuna Float. Ee Moxk-
HO TIPEJCTaBUTh U KaK CINCOK M3 JIByX JIEMEHTOB W KaK Iapy 4YuceJl.
B oboux ciaydasix MOKHO ONpenennTh (PYHKIUU I PabOThl ¢ TOY-
KaMu, HampuMep, (PYHKIIO, ONpeaeIaioIee PACCTOSHIE OT TOUKI 10
HagaJja KoopauHatT. Huke mpencrtapimennl naBe dyHkmun: distancel,
OIpeJIeJICHHYIO Ha cucKe, n distanceT, nCIOJb3YIONIY 0 KOPTEXKM:

distancel :: [Float] -> Float
distancel [x, y] = sqrt (x*x + y*y)

distanceT :: (Float, Float) -> Float
distanceT (x, y) = sqrt (x*x + y*y)

[Ipu KOppeKTHOM BBI30BE STUX (DYHKINI HET HUKAKUX PA3JIUYINil B UX
ncmob30oBanny. Ho MoXKeT Tak CIyInThCs, UTO B Pe3yabTaTe ONINOKN
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BBOJIA MJIU JIOTUYECKOl OMUOKN (pYHKINS OyIeT BbI3BaHA C TpeMs Ia-
pamerpamu. B ciaydae distanceT omubdka OyaeT oOHapy:KeHa elle Ha
JTame aHaJIr3a IPOrpaMMbl: KOPTEXK M3 TPeX YNCeJ OTHOCUTCS COBCEM
K JIPYTOMY THUILY JaHHBIX.

---> distancelL [3, 4]

5.0

---> distanceT (3, 4)

5.0

---> distanceT (3, 4, 6)

ERROR - Type error in application

*x* Expression : distanceT (3,4,6)
*k*x Term : (3,4,6)
*kx Type : (a,b,c)

xx* Does not match : (Float,Float)

[Ipn ncnonp3oBanuu distancel omubKa Tak»Ke OymeT oOHApPY KeHa, HO
yrKe Ha 3Talle BbINOJHeHns: MyHKIun. [I[pr comocraBaeHnn BXOTHBIX
TAHHBIX ¢ 00PA3IOM CHUCKa (COMEP’KAIUM BCEro JBa dIeMeHTa!) B
omnpenenaeHnu (pyHKIINH OyIeT BbISBJIEHO UX HECOOTBETCTBHE:

---> distancel [3, 4, 6]

Program error: {distancelL [Num_fromInt instNum_v47 3,
Num_fromInt instNum_v47 4,Num_fromInt instNum_v47 6]}

B sToM mpummepe mCmoab30BaHWE KOPTEXKAa BMECTO CIUCKA SBISETCH
OoJtee TIPEAIIOYTUTEIHHBIM, TAK KaK MPU BbI3oBe pyHKInn distanceT
OTTNOKA, BBISBJISINCH Ha OOJIee paHHeH CTa .

Ucnonp30Banne KOpTeKel MO3BOJISET JIETKO OINPeHessiTh (DyHK-
IIMH, BO3BPAIIAOIINE Cpal3y HECKOIbKO 3HAaUeHuit. B ciydae ¢ HeCKOIhb-
KIUMU apryMeHTaMU ellle MOYKeT BhIPYUNTH NCTOIb30BAHNE MEXaHN3MA,
KappPUHTa, HO JJIsd (DYHKINH C HECKOJIBKUMU Pe3yJIbTaTaMU aJbTepHa-
THBBI HCIOJb30BaHus Koprexkei Her! IIpumepom momobHON dyHKIMN
MOYKET CIYKHUTh CAeayomas (DYHKINA, pa30uBaionas CINCOK Ha IBe
JaCTH:

splitAt :: Int -> [a] -> ([al, [al)
splitAt n xs = (take n xs, drop n xs)

Crenyrormas Bepcus 3Toi pyHKIuN Oosee 3hdekTuBHA:

splitAt :: Int -> [a] -> ([al, [al)
splitAt O xs = ([, xs)
splitAt n [] = (01, D

splitAt (n+1) (x:xs) = (x:ys, zs)
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where (ys, zs) = splitAt n xs

Boei3oB splitAt 2 "Haskell" BosparuT Thioma ("Ha", '"skell").
B pekypcuBHOM TpaBmiie 3TOW (DYHKIUN TOKA3aHO, KaK MOYKHO WC-
II0JIb30BAaTh 00Pa3IIbl IPU PabOTE C KapTEerKaMI.

4.2. KopTexXu u CIIMcKu

Koprexn gacto aBasitoTcs saeMmenTaMu crucka. CIucok, comeprka-
il mapbl, HCIOIB3YIOT JJisi OPraHU3AINK TIOUCKa (CIoBapH, TesedOoH-
HbIE CIIPABOYHUKY U T.11.). DyHKIMA moucka search MoxeT OBITH Jier-
KO 3aIMCaHa C TTOMOIIbI0 00Pa3Ia, SBJISIONIETOCS HEITYCThIM CIUCKOM
C TIEPBBIM 3JIEMEHTOM B BUJIE TTAPHI:

search :: Eq a => [(a, b)] ->a -> b
search ((x, y):ts) s

| x =8 =y

| otherwise = search ts s

SamanHass TakKuM 00pa3oM QYHKINS MOaInMOPdQHA, TaK KaK MOMKET pa-
00TaTh C CIICKOM Iap J000ro Ipon3BoabHOTO Buga. OmgHaKO, dIeMeH-
Thl IPUXOIUTCS CPABHUBATHL MEXKIy CO0Oi, 03TOMY TpedyeTcs Ipu-
HAIJIE?KHOCTH TIEPBBIX JIEMEHTOB map kjaccy Eq. OyHkmus moncka
MOYKET OBITh JIEMKO JYaCTHYHO MTapaMeTpPru30BaHa yKa3aHueM Crenndun-
JeCKOI'0 CIIICKA, HaIlpuMep,

telephoneNr = search telephoneDirectory
translation search dictionary

Crucku telephoneDirectory u dictionary MOTYT ONpeeIATHC OT-
JeJILHO.

Hpyras GyHKIWS, NCTIOTH3YOMIAS Taphl, HAM yKe HU3BECTHA — 9TO
dbyukmus zip (cTp. 124):

zip :: [al -> [b] -> [(a,b)]
zip [ ] ys =[]
zip (x:xs) [ ] =[]

zip (x:xs) (y:ys) = (x, y) : zip xs ys

[TpumepoM byHKIMK BBICIIErO MOPSAKA IJIs PAOOTHI 2-THIOILIAMU CJLIy-
x&ur byHkipsa zipWith (crp. 126):

zipWith :: Ca ->b ->) -> ([a]l] -> [b] ->[c])
zipWith £ [1 ys = [1]

zipWith £ xs [1 = []

zipWith f (x:xs) (y:ys) = f x y : zipWith f xs ys
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Dra dhyHKIMs TpuMeHsieT (hYHKIUIO (C IByMS MapaMeTpaMu) KO BCeM
IeMeHTaM ABYX cmuckKoB. OTmernum, 4To GpyHKIUM zip n zipWith B
HEKOTOPOI CTeTIeHN ABJISIOTCS aHaI0TaMu (DYHKITUN map, KOTOPast M-
MeHseT (DYHKIUIO (C OJHUM MapaMeTpPOM) KO BCEM JIeMeHTaM CIHUCKA.

MoxHO naTh Apyroe onpeaenenne (PyHKIUN Zip — KaK YaCTUYHO
mapaMeTpu30BaHHY0 (PYHKINIO zipWith:

zip = zipWith makePair A
where makePair x y = (x, y)

» Vnpaorcnenue VI.4.1

[TycTs mapa Buma (String, Int) xpaHuT WHMOOPMAIWIO 00 UMEHU U
BO3pacTe JesoBeka. Hamurmem mporpamMmy, ornpeaessiionyo o JaHHO-
My CIHCKY TaKUX Iap UMs CaMOTO IOHOTO YeJIOBEKA.

CuauaJja HarmumeM (QYHKIWIO, KOTOPas W3 ABYX TaKUX Iap BbIOU-
paeT Ty, KOTOpas COJAEpP:KUT UHMOPMAINIO O O0jee IOHOM Ue/IOBEKe:

younger :: (String, Int) -> (String, Int) -> (String, Int)lx
younger pl@(_, agel) p20(_, age2) = if agel < age2
then pl else p2

ObparnTe BHUMaHUE Ha, MCIOJb30BaHNe @-00pa3IoB M aHOHUMHBIX ITe-
PEMEHHBIX B 00Opa3Iax COOTBETCTBUS JaHHOW (DYyHKIUU.

PexypcuBHasa GyHKINS youngest ompemesseT THIOI, COAeprKa-
it JaHHBIE CAMOI'O MOJIOZOTO YeJ0BEeKa B HEIyCTOM CIHCKE TaKhX
map:

youngest :: [(String, Int)] -> (String, Int) /X
youngest (p : [1) =p
youngest (p:ps) = younger p (youngest ps)

Teneps co3maauM CIOUCOK C JAaHHBIMH O UIeHAX HEKOH ceMbu U
ompene/ MM OCHOBHYIO (DYHKIIMIO main, mevaTarolyio UM CAMOr0 MO-
JIOJIOTO YJIeHA dTOU CEMbMH:

family :: [(String, Int)] /X
family = [("Cremau", 7), ("Kcemua", 3),
("Masen", 39), ("Huma", 37)]

main =
let (name, _) = youngest family
in putStr ("Cawmsii Momomo# umeH ceMbu - " ++ name ++ ".")
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OyuKIug putStr megaraeT CBOit aprymMeHT — cTpoky. [locmorpuTe Ha
pe3yabTaT paboThl (DYHKITIN:

---> main
CaMei MOJOLOMN 4YJNeH ceMbu - KceHus.

4.3. KoprexXu u KappuHT

Koprexxn MO3BOJISIOT HCIOJIB30BATH HECKOJIHBKO ITapaMeTpPOB Y
dyHKIIN 6e3 MpuBIeUYeHns MexXaHnn3Ma Kappunra. [locmorpum Ha cie-
Ayiollee onmpeneaeHne:

add (x, y) =x +y

3anuck 3Toi (PYHKIUU BBINISINT KaK 3aMUCh (DYHKIINW, TPUHATASI B
MaTeMaTuKe. BoTbITMHCTBO JTIoIel, TSI Ha TaKoe OTpe/ie/ieHne, CKa-
KYT, 9TO 3ajlaHa (PYHKIUsS OT JABYX apryMeHTOB U UTO IapaMeTpPhl
«eCTeCTBEHHO» PAaCIIOJIOKeHbl BHYTPU CKOOOK. Ho MbI TO 3HAaeM — y
9TOit (PYHKIINK OJMH IMapaMeTp: KOPTeXK U3 JIBYX UNCeN, B ee OIpe/ie-
JIEHUW TTPUCYTCTBYET MIa0JOH KOPTEXKA.

Tem He MeHee, UCIOIb30BAHUE MEXaHU3Ma KapPUHTA, MIPEII0YTH-
TebHee paboThl ¢ ThiomIaMu. KappupoBaHHyO (DYHKINIO MOMKHO Ya-
CTUYHO BBIYUCJINTD (MapaMeTpu30BaTh), a QYHKIMIO, UCIOIb3YOILY 0
ThIOILT — HeT. [ToaToMy Bce cTaHgapTHBIE DYHKIINH, 3aBUCAIINE DojIee
yeM OT OJIHOT'O IapaMeTpa, UCIOIb3YIOT B KAPPUHIOBO (popMe.

HamomuauM, 9T0 B npemognn comeprKarhbcsa aBe (pyHKINNA Ipeodpa-
3oBaHust GyHKIM (T. €. Gepyime GYHKIMA B Ka4ecTBe apryMeHTa 1
BO3BpAIaoIye QyHKIHO):

curry :: ((a,b) =>¢c) > (a ->b ->c¢)
curry f x y = f (x,y)

uncurry :: (a->b ->c) -> ((a,b) -> ¢)
uncurry f (x, y) =f xy

5. CUHOHUMBI

[Iepen TeM Kak IpPOIOIKUTH, YMECTHO BBECTHU IIPOCTOI CIIOCOD 3a-
MTVCH, TTO3BOJIAIONINI TaBaTh aJlbTePHATUBHBIE UMeHa TUITaM JaHHbBIX.
3ataBaeMble ¢ TOMOIIBIO 9TOTO CIIOCODA NMeHa SICHee OTParKAIOT IIEJIH,
paau KOTOPBIX BBOJUTCA THUIT JAHHBIX.
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Korma B HECKOIBKUX (DYHKIUAX UCIOIb3YETCS OJIUH U TOT Ke THI
KOPTeyKa WJIM CIUCKA, CTAHOBUTCI HECKOJIBKO YTOMUTETHHBIM OTHCA-
HIIe 3TUX TUINOB B 00baABIeHUsX pyHknuit. [Ipeamonoxnm, aro HaMm
Tpebyercss HamucaTh HaDOp (YHKINH [AId omepainii ¢ TOYKaMHU Ha
IJIOCKOCTHU: distance — paccTosHUe OT TOYKM JI0 Hadaaa KOOPIMHAT,
difference — paccrognue MexKIAy AByMd TOYKaMU, area_polygon
— IIOIIA/Ih MHOTOYTOIbHUKA, U transf_polygon — pyHKIHUIO TpaHC-
dopmarun MHOrOyroabHuKa. VIX 00bsIBIEHNS TAKOBDI:

distance :: (Float, Float) -> Float ,X
difference :: (Float, Float) ->(Float, Float) -> Float
area_polygon :: [(Float, Float)] -> Float
transf_polygon :: ((Float, Float) -> (Float, Float))

-> [(Float, Float)] -> [(Float, Float)]

Kak BuauM B 0ObSBIEHUSIX y HAC MOCTOSHHO TOBTOPSIETCS ONMUCAHUE
mapbl, cojeprkalieil KOOpAUHATHI OT/AeabHON Touku. B TakoMm ciaydae
ya00HO BBeCTH HOBOe onpedenerue muna. OHO TTO3BOIUT siCHEE OTPa-
3UTHh HAa3HAUeHUe (DYHKITHI:

type Point = (Float, Float) A

Mbr maau HOBOe ompejeserne Point (Todka) st mapbl 9Hces THIIA,
Float. C ucrmoip30BaHNEM TAKOTO OTPEIETeHNsT TUIa O0bsIBJICHUST Ha-
muxX (GYHKIUI CTaIl dcHee OTpaykaTh HasHAYeHHe STUX (DYHKITHIA:

distance :: Point -> Float )\
difference :: Point -> Point -> Float
area_polygon :: [Point] -> Float

transf_polygon :: (Point -> Point) -> [Point] -> [Point]
MozkHo elie onpenesuTb U «MHOTOYTOJbHUK » :

type Polygon = [Point] )\

area_polygon :: Polygon -> Float
transf_polygon :: (Point -> Point) -> Polygon -> Polygon

EcTb HecKoMbKO Belleit, 0 KOTOPhIX HYZKHO MOMHUTD TIPHU OTNpPeIeTeH -
AX TUMAa:

® CJIOBO type CIenuaJbHO 3aPe3ePBUPOBAHO JIJIS 3TOTO CIyJas;

® UMST HOBOTO OIIpeJie/IeHns TUIa JOJIKHO HAUNHATHCS C 3arIaB-
HOI OYKBBI (TaK KaK 9TO KOHCTAHTA, & HE MepeMeHHas );

® 005A6AEHUE THTIA OTIPEIEsIeT TUTT (DYHKINU, onpedeseHue Th-
& OIpeJiesIseT HOBOe UMsI sl THIIA.



154 VI. Cmpyxmypo. dannvix

uaTepnperaTop paccMaTpuBaeT HOBOE OIpedeIeHe TUIIA IPOCTO KaK
abbpesuaTypy (coxparenne). OH He CIUTAET, UTO JHOOOE BhIPAIKEHUE
tun (Float, Float) ecrtr Tun Point. Bo3moxknHo mcrosnb3oBanme u
JIBYX Pa3IUYHbIX UMEH JJIS OJHOI'O M TOr'O »Ke THUIIa, HalpuMep,

type Point = (Float, Float)
type Complex = (Float, Float)

3mech Point B TouHOCTHM TOXKe camoe, uro u Complex m (Float,
Float). [losToMy Takue ompejiesieHUs TUTA U HA3bIBAIOT CHHOHMMA-
Mmu. B manpHeiiniem BbI y3HaeTe KaK AeHCTBUTEIBHO BBECTH HOBBLU THUII
JaHHBIX.

[Toxkamyit Hanbosee N3BECTHBIN THIT CHHOHUM — 3T0 String. Ompe-
JleJIeHNe TOro CHHOHNMA B IIpeaMOyJIe BBOAUT TUMI String KaK CIUCOK
snemMeHTOB Thia Char:

type String = [Char]

CTpoKM 3amMChIBAIOTCSA B CHENUAIBHOM BHUJE: CUMBOJBI, COCTABJISIO-
i€ CTPOKY, 3aKII0YAIOTCS B JIBOMHbIE KaBbIuKM. Pa3znmudune mex 1y 'a’
u "a''B ToM, 9TO TIEPBOE CTH CHMBOJI, & TIOCJIETHEE — CIINCOK CMBOJIOB,
COCTOSTIINH TOJBKO U3 OJTHOTO dJIEMEHTA.

CTpOoKM SBJISIOTCS TUIIOM CHHOHUMOM W HE SIBJISTIOTCST OTIEIbHBIM,
CaMOCTOATETbHBIM THIIOM JAaHHBIX. OHU HAC/IEIYIOT CBOWCTBA, MIPUCY-
e BceMm cruckam. CpaBHEHUWE CTPOK CIeIyeT HOPMAaJbHOMY JIEKCH-
korpaduyeckomy mopsaky. Hampumep,

---> "hello" < "hallo"
False

---> "Jo" <"Joanna"
True

Yarme Bcero HaM XOUYeTCsI MeYaTaTh CTPOKU NOCUMBOALHO. ITO O3HA-
gaer, uTo (1) JBOIHBIE KABBIYKM HE BBIBOIATCS U (2) HEKOTOPBIE CHM-
BOJIBI (TaKMe KaK \N) HHTEPIPETUPYIOTCS KAk CIeUaIbHbIe KOMAHIbI.
OcobenHoCTH BBOJA U BBIBOAA OYAyT pacCMOTPEHBI B IIaBe 8, ceifdac
JoctaTrodHo orMeTuTh, uTo Haskell obnamaer Bcrpoennoit dpyukimeit
putStr, nmpesHa3HAYEHHON /71 TeYaTl CTPOK. B ciiydyae mpuMeHeHUsT
dyHKIIMMT putStr K cTpoke, oHa OyIeT MmedaTaThCs MOCUMBOIBHO.

---> putStr "Hello World"
Hello World

---> putStr "Hello \nWorld"
Hello

World
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» Vnpaorcnenue VI.5.1

Bepremcsa K 3agade HaX0XKIeHNS KOPpHEH KBapaTHOro ypapHuenusi. Ha
crpanuiie 47 naHo onpenenenne GyHkiun abcFormula, mpegHasHadeH-
HOW JIJId TeX Ke IeJiel:

abcFormula :: Float -> Float -> Float -> [Float]
abcFormula a b ¢ = [(-b + sqrt(b*b - 4.0%axc))/(2.0%a),
(-b - sqrt(b*b - 4.0*axc))/(2.0%a)
]

DTa (QyHKIUS MpeacTaBIeHa B KapPUHTOBOI (hopMme, OHa TOCTIeI0Ba-
TeJTbHO OepeT TpU apryMeHTa U BO3BpAIaeT CIUCOK KopHeit. Ompee-
JIUM HOBYIO (DYHKIIMIO roots, MpeIHa3HAUYeHHYIO /I TeX Ke Ieseit,
HO TTOJIyYaIOILy 0 TPONKY Ynces — KO3 PUIIMEHTOB ypaBHEHUST, U BO3-
BpalaIyo mapy kKopaeit. Ocobo BeIAeINM CIyvail, KOraa ypaBHEHNTE
HE UMeeT pPelleHui.

OObsaBeHne TUMA 3TOH (PYHKIUN OYIeT TAKUM:
roots :: (Float, Float, Float) -> (Float, Float) )\

JList mydiiero oTpaykeHust CyTH Halllel 3aa9u BBeJIeM JIBa THUIA CUHO-
HUMa — 7151 KO3 DUIMEHTOB ypaBHEHUS U €ro KOpHeii:

type Coeffs = (Float, Float, Float) A
type Roots = (Float, Float)

DTO ONHMCaHUe JAaeT HOBbIe MMeHa JIJIsI Y7Ke CYIIEeCTBYIOIINX THIIOB.
OObsBaenre (GyHKIMM roots Temepb MOYKHO 3aINCATh TaK:

roots :: Coeffs -> Roots )\

HoBrrit Tum onucanus Kopode u Oosee nudopmaTuser. [Ipuuem ompe-
JejieHre TUa Roots MoKa3bIiBaeT, 9YTO Y KBAJIPATHOTO ypPaBHEHUsS He
MOYKET OBITH OOJIbIIIE JIBYX KOPHEHH.

B onpenenennn GyHKIINU ¢ MOMOIIBIO OXPAHHBIX BhIPAsKEHUN BhI-
IeanM Caydail, Korma ypaBHeHHe He mMmeeT KopHeit. Ecim kopHm co-
BIAAYT, TO 00a dJIeMeHTa Mapbl OYAYT OAMHAKOBHI. JljIg TOro, 4T00BI
n30eKaTh MOBTOPHBIX BBIYNCIEHUI BBEIEM JIOKAJIbHBIE OIPEdeTeHUsT
IIJIsT HEKOTOPBIX BhIpaskeHuit. Hurke mpuBemeH CKPUNT, COmeprKalluii
IIOJTHOCTBIO Oolpee/ieHne pyHKIINT roots:

type Coeffs = (Float, Float, Float) A
type Roots = (Float, Float)

roots :: Coeffs -> Roots

roots (a, b, c¢)
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| d >0 = ( (-b +4d’)/a’, (-b - d?)/a’)

| otherwise = error "Kopze# net!"
where d = b*b - 4.0*ax*c

d’> = sqrt d

a’ = 2.0 x a

Tenepb MOXKHO yOeIUTCSA B KOPPEKTHOI paboTe MOy YeHHOM TporpaM-
Mbl. CHagaJa mompodyeM MPeIIoKUTh MTporpaMMe JaHHbIE HETOIX0-
JISATIEro TUIa, 3aTeM Pa3JIndHble TPOHKN KOIMPUITNEHTOB:

---> roots (1.0, 2.0)
ERROR - Type error in application

**x Expression : roots (1.0,2.0)
x%x*x Term : (1.0,2.0)
*x% Type : (a,b)

x*x* Does not match : (Float,Float,Float)
---> roots (1.0, 2.0, 1.0)

(-1.0,-1.0)
---> roots (1.0, -6.0, 5.0)
(5.0,1.0)

---> roots (1.0, 2.0, 5.0)

Program error: Kopzei HeT!

» Vnpaorcnenue VI.5.2

OmnpenenmuMm (GYyHKINIO move, KOTOpas OEpeT UUCJIO, SIBISIOIIEecs Pac-
CTOSIHMEM, YTOJI U Iapy KOOPAMHAT TOYKM Ha ILIOCKOCTH, IIOCJIE Yero
BBIYMCJISIET KOOPIMHATHI HOBOM TOYKM IIJIOCKOCTH, TTOJIOXKEHIE KOTOPOit
OTIPEIETISIETCS PACCTOSTHUEM U YTJIOM.

MbI MOKeM BBECTU THUIIbI CHHOHUMBI /I BEJIUUNH, UCIOIb3yeMbIX
B 33J/1a4e CJIeIYIOIINM 00Pa30M:

(Float, Float)
Float
Float

type Position
type Angle
type Distance

3amerbTe, uTo U Angle m Distance gaBigiorca cuHonmMmamu Float.
Tenepb MOXKHO OIIPEIENNTH MOVE TaK:

move :: Distance -> Angle -> Position ->Position
move d a (x, y) = (x +d * cos a, y + d * sin a)
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Tpuronomerpudecknue OYHKINU COS U Sin SIBISIOTCA MPUMUTUBAMIA.
Tak ke KaK TU omucanusdg (PYHKIUN roots, Takoe OMUCAHUE MOVe
KOpOYe U TIOMOTaeT MOHAThH Ha3HadYeHrne (DYHKIUN MOVe.

<

Tun cuHoHuM MOXKeT OBITH IMIapaMeTpu30BaH OJHUM HNJIN OOJIBIIIM
YUCJIOM THIIOB II€PEMEHHDBIX, aHaJOI'MYHO OIIpE€ACJCHUAM AdPYI'UX TH-
II0B JaHHBIX. Bor meckonbko KOPPEKTHBLIX IIPUMEPOB MCIIOJIB30BaHUA
CHMHOHMMOB:

type Pairs a = (a, a) A
type Antomorph a = a -> a
type Flag a = (a, Bool)

J/IBa THIa CUHOHUMA HE MOTYT ObITh OObSIBJIEHBI B TEPMUHAX JIPYT
IpyTa, TaK KaK KaKIblii CHHOHUM JIOJIKEeH BBIPAKaThCAd B TEPMUHAX
cytiecTByomux TunoB. C Ipyroi CTOPOHBI, BIIOJTHE 3AKOHHO 00bsIBJIE-
HIIe OJIHOT'O CMHOHUMAa B TepMuHaxX japyroro. Hampumep,

type Bools = Pairs Bool )\

3nech Bools — Tun curHounuM 1711 Pairs Bool, T. € BO3BpalllaeT CHHO-
HuM 1Jig mapbl (Bool, Bool).

5.1. PanmmoHaJbHBIE YNCJIA

OpHoit 3 3a7a4, B KOTOPBIX yIA0OHO HCIIOIB30BATh Maphl YKCE,
ABJIgeTCd 3aJa4a OCYIIEeCTBIEHNA MaTeMaTudeCKUX JIeCTBU ¢ palu-
OHAJILHBIMH umcaIaMu. Kak m3BeCTHO, YMCJIO IPEICTABUMOE B BUIE

. p
HECOKPATUMO# podbu —, re p u ¢ — IeJble YKUCia, Ha3bIBAETCs Pa-
q

IIMOHAJIBbHBIM. MHOKECTBO BCEX PaIlMOHAJIbHBIX YNCEI 0003HAYAETCS
kKak Q. HeBo3mozkHO ncnonb3oBanne tumna Float s mpeacTaBIeHIs
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npobeit, BeIh BCEe BBIYUCIEHNS TOIKHBI OBITH abCOIOTHO TOYHBIMMU:

TaK 3 + 3 JTIOJTZKHO PABHATHCH 6’ a "e 0.833333.

Jpobu MoryT OBITH IIPEeACTABIEHBI KaK Mapa IeJbIX YHCEeN: UNCIH-
Telh U 3HaMeHaTeb. OTCIIa 0YeBUIHOE ONpEIeIeHNe THIIA:

)\ type Fraction = (Int, Int)

[l HanboJsiee 9acTO MCIOIB3yeMbIX IP00eit MOKHO BBECTH CIEIINAIb-
HbIE€ MMEHA!

A\ aZero = (0, 1); qOne = (1, 1); qTwo = (2, 1)
qHalve = (1, 2); qThird (1, 3); qQuarter = (1, 4)

Ham Tpebyercsd HammucaTh HECKOTBKO (DYHKITNI, TTO3BOJISIIONINX OCYIITe-
CTBJISSTH OCHOBHBIE apupMeTUIeCKue OrnepaInu ¢ IpOoOsMu:

/X gMul :: Fraction -> Fraction -> Fraction
qDiv :: Fraction -> Fraction -> Fraction
qAdd :: Fraction -> Fraction -> Fraction
gSub :: Fraction -> Fraction -> Fraction

OcHoBHast TTpobJIeMa COCTOUT B TOM, UTO OIHA W Ta K€ APoOb MO-
JKeT TPEJCTABIATHCA B BUIE PA3INIHBIX Apodeii, HalrpuMep, MOJIOBH-
Ha MOKeT OBITH IIpeJcTaBjIeHa He TOJbKO Kak (1, 2), Ho u Bume (2,
4) nin (17, 34). Ilpu yMHOXKEHUN YeTBEPTHU Ha JIBa Pe3yJabTaT JI0J-
JKE€H PaBHATHCS MojioBuHe. /s perteHus: 3Toit mpobieMbl Onpeaenm
dyukmo simplify, mpeaHasHaveHHYIO /1 yripolienns apodeit. [Tpnu-
MeHsII 3Ty (DYHKIIMIO IOCJIe JIF00O omepaln ¢ APOOSME, MBI OyIeM
IOJIyYaTh Pe3yabTaT B OJHOM U TOM K€ BHIE: Pe3yIbTaT CPABHEHNUS IO~
JIOBUHKW C TTPOW3BEIEHNEM YeTBEPTH Ha JIBa JOKEH paBHATHCS True.

Oyukiug simplify geauT YucauTe b U 3HAMEHATEb IPOOU Ha UX
naubosvwut obwutd deaumeas (HO, ged, greatest common divisor).
Haunbospmmit oOmmit gesimrenb ABYX YHCE] €CTh HAMOOJBINEe THUCIIO,
Ha KOTOPOE JEeJIUTCS KaK YUCIUTE/h, TAK U 3HaMeHaTe/ b japobu. s
ydeTa 3HaKa JpoOu Bocmosb3yeMmcs dyukimeit signum. Onpenesenue
simplify Takoso:

)\ simplify (n,d) = ((signum d*n) ‘div‘ g, abs d ‘div‘ g)
where g = gcd n d

ITpocToe omnpenenenne gcd x y MBI HMOJYYNUM, €CIH CPEIN JIeJIN-

Teseit Yucia X BbIOEpeM HAMOOJIBINNH, ABIAIONIAICS IPU 3TOM JI€JTH-

TeJleM YUCTA Yy, NI Yero BOCHoIb3yeMcs (yHKIusaMu divisors m
divisible, paccMoTpeHHBIME HaA CTP. 97.

A\ gcd x y = last (filter (divisible y’) (divisors x’))
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where x’ = abs x
y’ = abs y

[Toryuennoe onpenenenne pynknnn ged He 3PDEKTNBHO, U B TPETIO-
JIVU TIPUBOJIUTCS JIpyTast peaan3anus 3ToW (DYHKINNA, UCTOIb3YIONast
anroput™m EBkiamma maxoxmenus HOJI. Anxropurm EBkianma ocHoBan
Ha CJIeAYIONINX CBOHMCTBAX: /g BCeX a 1 b, OOMbIINX Wan paBHBIX 0,
BBITIOJTHEHBI COOTHOTIIEHUS

HOO(a, b) = HOO(a - b, b)= HOA(a, b - a);
HOO(a, 0) = HOA(CO, a) = a
HOL (O, O) He ompemeneH

Omnpenenenne ged, yunThiBaoliee ajaroput™ EBKInga, TakoBo:

ged 0 0 = error "gcd 0 O is undefined" ,X
ged x y gcd’ (abs x) (abs y)
where gcd’ x 0 = x
ged’” x y = ged’ y (x ‘rem‘ y)

[TonroroBuB dyuknuio simplify, MOXKHO TpUCTymaTh K pa3paboT-
ke (byHKIN, mpeIHa3HAYEHHBIX JJId apuMMEeTHIeCKuX Olepaluii ¢
npobsivu. st ymMHOXKeHUsT ABYX IpoOeil ciiegyeT MepeMHONKUTH WX

YUCTUTENN U 3HAMEHATEN (% . % = %) U YIPOCTUTH PE3yIbTaT:
qMul (x, y) (p, q) = simplify (x*p, y*q) ;X

Jlenmenune cBOAUTCS K YMHOYKEHWIO Ha, OOPATHYIO BEJIMUUHY:

qDiv (x, y) (p, q9) = simplify (x*q, y*p) /X

[lepen cnoxxkenueMm AByX JIpobeil nX cHaYaJja MPUBOIAT K OOIIEMY 3Ha-

MEHATeJTIO, MOCIe Yero CKJIAJIBIBAIOT YUCIUTEN MOTyIeHHBIX Tpodeit

1,3 _ 110 34 _ 10 12 _ 22
(1776 = 176 T 530 = 36 T 35 = 15)- OTciona momydaem onpeeaeHus

ghdd (x, ) (p, @) = simplify (x*q + y*p, y*q) A
qSub (x, y) (p, 9@ = simplify (x*q - y*p, y*q)

Pe3ynbTaT BhIUMC/IEHNS BBIBOAUTCA B BUIE KOPTEXKA U3 JIBYX dJT€-
MeHTOB. Tak Kak 3TO He OYeHb yJJ00HO, TO MOYKHO ONpPeIennTh (DyHK-
nuio fractionString, mpeobpa3yoIyo KOPTEXK B CTPOKY:

fractionString :: Fraction -> String ,X
fractionString (x, y)
| y?> == = intString x’

| otherwise = intString x’ ++ ‘¢/?? ++ intString y’
where (x’, y’) = simplify (x, y)
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Yuture, uro ¢dyuknua fractionString B TakoM BHIE CIIOCOOHA
IPeoOPA30BLIBATH TOJBKO TONOKUTEIbHBIE TPOOU (CM. OlpejeeHne
dbyuknun intString Ha cTp. 142).

» Vnpaorcnenue VI.5.3

U3zmenum onpenenenne fractionString Tak, 9ToObI (DYHKIIUSA MOTJIA
OTIEPUPOBATH JIOOBIMI PAIMOHAJIBLHBIMI YKCIaMu. /111 9T0r0 modbaBum
dyrrImo signIntString, npeobpa3yONIYIO [IeJI0e YNCI0 B CTPOKY:

signIntString :: Int -> String
signIntString x

| x == = non
| otherwise = signumChar x ++ intString (abs x)
where signumChar x
| signum x == -1 = "-"
| otherwise = [

Temepb MBI MOXKeM MPEJICTABUTH B BUJIE CTPOKH JTIFOOOE TIEJI0e THCIIO:
---> signIntString O

lloll

---> signIntString (-1234450)

"-1234450"

[TonrOCTBIO CKPHUIIT BBIIVIAIUT TakK:

type Fraction = (Int, Int)

qZero, qOne, qTwo, qHalve, qThird, gqQuarter :: Fraction
qZero = (0, 1); q0ne = (1, 1); qTwo = (2, 1)
qHalve = (1, 2); qThird = (1, 3); qQuarter = (1, 4)

simplify :: Fraction -> Fraction
simplify (n,d) = ((signum d*n) ‘div‘ g, abs d ‘div‘ g)
where g = gcd n d

qMul, qDiv, qAdd, qSub :: Fraction -> Fraction -> Fraction

qQMul (x, y) (p, Q) = simplify (x*p, y*q)
qdiv (x, y) (p, @) = simplify (x*q, y*p)
qAdd (x, y) (p, Q) = simplify (x*q + y*p, y*q)

qSub (x, y) (p, Q) simplify (x*q - y*p, y*q)
fractionString :: Fraction -> String
fractionString (x, y)

| x> ==0 = signIntString x’
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| y> == 1 = signIntString x’
| otherwise = signIntString x’ ++ "/" ++ intString y’
where (x’, y’) = simplify (x, y)

intString :: Int -> String
intString = map digitChar
. reverse
. map (‘rem® 10)
. takeWhile (/=0)
iterate (‘div‘ 10)

digitChar :: Int -> Char
digitChar n | n >= 0 & n < 10 = chr (n +ord ’0’)

signIntString :: Int -> String
signIntString x

| x == = "o"
| otherwise = signumChar x ++ intString (abs x)
where signumChar x
| signum x == -1 = "-"
| otherwise = [

Temeph MOKHO TPOBOAUTH apuMeTHYecKre ONepaluu ¢ APOOTMT:

---> fractionString (qMul qThird (-3,1))

n_qm

---> fractionString (qSub (1, 2) (1, 20))
"9/20"

---> fractionString (qAdd (1, 100) (1, 101))
"201/10100"

---> fractionString (gqDiv gqQuarter (91, -40))
"_10/91"

Bonpocwv u 3adanus

VI.5.1

Kak mn3BecTHO, J1IeTUTh Ha HOJb 3ampelrieno. M3mennre pynknnio qDiv
TakK, YTOOBI MIPU TOTBITKE PA3/IeIUTh Ha, HOJIb MOSB/ISAIOCH ObI COOOIIIE-
HIe 00 oInoOKe.
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VI.5.2

MHorouieH cTemeHn n OT IMepeMeHHON & MOKeT ObITh IIPeICTaBJIeH,
KaK CIUCOK ero koddgdurmenTon. IIpeamnomoxum, aro KodDPUIIMEH-
ThI PA3MeIAIOTCS B CIUCKE B IMOPsi/iKe yObIBaHUS CTeleHeil Jucia x.
Hanpmmep, morounen 3.12% +4.22% 4+ 9.3z 4+ 7.4, KoTOpBbIil ecTh B TOU-
HocTn MHOToumeH 3.1x* 4 4.223 4+ 0.022 + 9.3z + 7.4, mpencTaBigerca
cnuckom [3.1, 4.2, 0.0, 9.3, 7.4]. Beegure Tun cunonum Poly
JIJIS CIIMCKa KO3 PUIIMEHTOB MHOTOU/IEHA, TTOC/IE Yero

(a) Hanumure GYHKIUIO, CKIAIBIBAIOINLYIO IBA MHOTOUIEHA BMECTE
padd :: Poly -> Poly -> Poly;

(6) mamumuTe DYHKINIO, BIYUCIIIONIYIO 3HAYEHIE MHOTOWICHA JIJIsI
MTPOW3BOJILHOTO 3HAYEHUS X

eval :: Poly -> Float -> Float;
(B) Hamumure MOYHKIMIO JJT YMHOKEHUsT JBYX MHOTOYJIEHOB

ptimes :: Poly -> Poly -> Poly.



I'taBa VII
Haskell kak g3k OOI1

1. O0BbEeKTHO-OpPUEHTUPOBAHHOE IIPOTpPaM-
MU POBaHUE

Opnoit u3 chep npumenenns s3bika Haskell sasgerca mcmomab3o-
BaHME ero I OBICTPOTO IPOTOTUIINPOBAHNS CJIOKHBIX ITPOrPAMMHBIX
cucreM. Kak mokasaJi onbIT TaKMX KOMIaHMii, Kak Ericsson, mpuMeHuB-
el 9TOT S3bIK MPHU pa3paboTKe TeJIeKOMMYHUKAITMOHHBIX ITPUIOKE-
uuit, u Software AG (sxcmeprras cucrema Natural Expert nanucana
na Haskell), ckopocrs cozmanust TIO Bospacrana B 9-25 pa3 no cpas-
HEHUIO C AHAJOTMYHBIMU MPOEKTaMu, rie uctnoab3osaauch C/C++.
Hanucanubiit ma Haskell mpoTorun mporpamMMHuoOil cucTeMbl, IO3BOJIS-
eT MPOaHAJM3UPOBATH ILIIOCHI I MUHYCHI TOIO WA MHOTO IPOEKTa U
BHECTN Hem30eKHble M3MEHEHWsI B MPOEKT CUCTEMBI elle Ha paHHel
CTaIUN.

OrauunTenbHass  OCODEHHOCTH
Haskell — Bosmoxmuocrs ucnoms- | QI + OOII = Haskell
30BaHNSA COOCTBEHHOTO CHHTAKCHCA
it (pOPMAaSbHOTO OIHUCAHUS TpeOOBaHUI K MPOEKTy, UTO CIIO-
cobcTByeT 0e3007I€3HEHHOMY — TIepPexojly OT TPOEeKTUPOBAHUSA K
TPOrPAMMHUPOBAHUIO.

Haskell maer Bo3MOXKHOCTH MuCATh MPOCTOH, KpAaTKUil U HaIJIsI-
HBII KOJI, 0OecreunBas HECTIOKHBIMI CPEACTBAMI MHKAIICYJISIIAIO 1 IO~
mumopdu3m. Tak, peKypcruBHOE ONICAHNE POy Phl OBICTPOIt COPTH-
POBKU, paCCMOTpPEHHO Ha cTp. 163, 3aHIMAaeT BCero HeCKOJIbKO CTPOK.
Vcnonb30BaTh TaKyi0 MPOIEAYPY MOXKHO C JaHHBIMH JIIOOBIX THIIOB,
JIOMYCKAIOIINMI CPaBHEHNE.

quicksort [ 1 = [ ] A
quicksort (x:xs) = quicksort [ u | u <- xs, u <= x ] ++
[x] ++ quicksort [u | u <- xs, u > x ]

163
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AHaJornaHbBI aIrOPUTM, HAMMCAHHBIHN, JOMycTnM, Ha a3bike C, 6yaeT
OPUEHTHPOBAH Ha PabOTy CO CIHUCKAMU OIPEIeIeHHOr0 THIA, HAIPU-
Mep, MaCCUBOM YHCEJI, B TO BPeMsi KaK MMPUBEIeHHAsT BbINTe OYHKIIAST
na Haskell bostiee yauBepcaabHa: oHa OTCOPTUDPYET U CHUCKH YUCE]I, U
CIIUCKU CTPOK WU CHMBOJIOB.

Bce 3amaun ynpapieHns maMaThiO IIPU BBITOIHEHUN TPOTPAMMBI,
nanucannoit Ha Haskell, Bo3mararorcsa Ha mcnomasoniyo cpemy. IIpo-
IPAMMUCTY He HaI0 3a00TUTHCSA O BBIIEJIEHNN U OCBOOOKICHUN INHA-
MHUYecKoil mamaTu. [lomumo 3TOro cpena peaju3yeT TaK Ha3bIBaeMOE
JIEHUBOE BBIUHUCIEHHE — B XOJ€ BBITIOJHEHHS ITPOTrPAMMBI ITIPOUCXOIUT
BBIUNCIEHNE TOJHKO TeX HAHHBIX, KOTOPhIE PeaIbHO 3aIlIPAInBAIOTC.

Henocrarku Haskell, a nmenno, mosbitiienubie TpeOOBAHUS K TTaMSI-
TH (M3-32 PEKYDPCHUM) U He OY€Hb BBICOKOE OBICTPOJIEHiCTBUE, HE SIBJIs-
I0TCSI KPUTUIHBIMHU Ha 3TOM dTame paspadorku [10.

[IpakTudecKu Bce COBpeMeHHbIe TPOTPAMMHbBIE Pa3pabOTKU OCHO-
BBIBAIOTCS Ha TPUHIUIAX O0BEKTHO-OPUEHTHPOBAHHOTO TTPOTPAMMI-
POBaHNsI, MO3BOJISIONINX TTOBBICUTh HAIEKHOCTH MPOTPAMMHBIX KOM-
MOHEHT W WX MMOBTOPHOE UCIOIB30BaHUE, UYTO COKPAIIAeT CyMMapHbIe
3aTpaThl Ha WX pa3paboTKy. CoKpbhITHe MHMOPMAINN U aOCTPAKTHOCTD
JIAHHBIX YITPOIIAIOT UCTIOIH30BaHUE ITPOTPAMMHOTO KOJIa, HATMCAHHOTO
keM-To paHee. Imenno Haskell, coueraroruit B cebe sneMeHThI (hyHK-
IIIOHAJIBHOTO U 00 BEKTHO-OPUEHTUPOBAHHOTO CTUJIA Pa3pabOTKH MPO-
rpamMM, STBJISETCS CAMBIM MMOAXOISAIINM UHCTPYMEHTOM IJIT CO3IaHUS
TPOTOTHUIIOB TTPOTPAMMHBIX CHCTEM.

Asweik Haskell momgmep:xuBaeT 00beKTHO-OPHEHTUPOBAHHYIO Iapa-
aurmy mnporpamvupoBaius. Oguum u3 ocHoBHBIX oTianunit OOII ot
IPYTUX CTUJIEH TPOrpaMMUPOBAHUS SBJISETCS TO, YTO B OOBITHOM IIPO-
rpaMMUPOBAHNN TPOrPAMMUCT OrPAHNYEH BCTPOEHHBIMI TUIIAMU JAH-
HBIX, B TO BpeMsd Kak B caydae OOII mporpaMMucT MOXKeT OnpeaeasaTh
CBOM COOCTBEHHBIE aOCTPAKTHBIE TUIBI JAHHBIX.

1.1. Nukancyadaius u HacJeI0BaHUE

OOBbEeKTHO-OPUEHTUPOBAHHBIE SI3BIKU TPEIOCTAB/ISAIOT JIBA TVIABHBIX
MeXaHU3Ma abCTPAKIINN: UHKANCYAAUUIO U Hacaedo8aHUe, KOTOPBIE MO-
I'yT UCTIOIB30BATHCS MTPU pa3padOTKe MTPOrPpaMMHOI0O 00ECIIedYeH s .

Braromapst mHKAICY AT MOYKHO TOCTHYD MOOYALHOCMAU, TTO3BO-
JIAROIell paccMaTpuBaTh OOBEKTHI B KAUECTBE CTPOUTEIbLHBIX OJIOKOB
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coxkHOit cucteMbl. 910 cBoiicTBo OOII crmocobcTByeT OBICTPOMY TIO-
CTPOEHUTO TPOTOTHIA CUCTEMBI, IPUYIEM OKOHYATE/IbHAS JOBOJIKA «ObI-
CTPBIX M CXeMAaTWIHBIX PEITeHWil» OTKIaIbIBAeTCA Ha Oojee mo3aHee
BpeMs.

Jpyroe mpenmyiiecTBo 00 beKTHO-OPUEHTHPOBAHHOTO TTOIX0/1a, KO-
TOpPOE JaCTO CYNTAIOT IJIABHBIM, — BO3MOYKHOCTH TIOBTOPHOTO MCIIOJIb-
30BaHud Kojia. HacmemoBaHre B 9TOM OTHOIIEHUH SBJISIETCS OUYeHb 1TeH-
HBIM UHCTPpYMeHTOM. MexaHn3M HacIeI0BaHUS TTO3BOISIET TPOTPAMMU-
CTY M3MEHsITh U HACTPAWBATh MOBEJEHNE KJacca 00beKTOB Oe3 HeoO-
XOJUMOCTHU TOJYyYIaTh JOCTYI K UCXOTHOMY KONy PeaM3allid TOTO
KJTACCa.

OOBEKT MOKHO pacCMaTpHBATh KaK BOILIOIIEHWE (7€MEHT) abd-
CTPAKTHOTO TUIA JAHHBIX. ITOOBI HCIOIB30BATh OOBEKT, KANEHT 07
JKeH JINIIb 3HATh, Mo OOBEKT JeaeT, & He Kak 3TO IOBeJeHue pea-
nusyercs. C TOYKYU 3peHUs Pean3alui Ha OIpeie/IeHHOM S3bIKe IIPO-
IPaMMHUPOBAHUS OOBbEKT eCTh HE UTO MHOE, KAK BBICOKOYDPOBHEBAs OP-
TaHU3AINA TAHHBIX.

HacnemoBanue mpencraBiasgeT coOOi OOIIMT 1 MOIIHBIA MeXaHI3M
IIOBTOPHOT'O MCIOJIL30BaHUs Koja. ADCTpaKTHBIN TUII JaHHBIX 00YCJIO-
BJINBAET MOBEAEHNE HEKOTOPOI COBOKYIHOCTH cyIHOocTel. Mcmonb3ys
MeXaHU3M HacJIeJOBaHUd JJId pacCIIupeHud OlIpelieleHus HEKOTOPOTO
THUIIa, MbI JIHOO 3aJaeM HOBOE IIOBeIeHIE B IOIOJIHEHNE K 3aJaHHOMY,
MO0 M3MeHsieM yHaC/IeI0BaHHOe, JTU00 JIeJaeM U TO U JIPYTOe.

YciioBue, KOTOpPOE HOJIK-
HO HEIMPEMEHHO COOJIIOIAThCS
IpU U3MEHEeHUN YHAacJIeI0BaH-
HOTO TIOBEJIEHNS, COCTOUT B
TOM, YTO W3MEHEHHBIE MOI00-
HBIM 00pa30M OOBEKTHI 00Dsi-
3aTeIbHO JTOTKHBI JTOMYCKATh
X WCIOJb30BaHUE Be3Je, TJIe
MOTYT TIPUMEHSATHCSA OO HEKTHI

Hoaumoppusm
e AGcTpakTHOE HACTEIOBAHLE
e OTHOIIEHNEe YTOYHEHUS U TTOATHITBI
e Pazimmunbie TubI motuMopdu3ma,
e Tunosasi abcTpakiius
e CoKpbITHE TTPEJICTABICHUS
e PexkypcuBHbBIe onpeie/IeHsT TUTIOB

JTAaHHBIX

NCXOOAHOTI'O THUIIa.

NTak, MO)KHO cKa3aTh, YTO Ha3HaUYeHNEe OOBEKTOB — Pean3allnsd
HEKOTOPBIX corynamrerunii. Cornamierne (GUKCUPYETCs B OIpedeIeHIN
KJIacCa, IK3EMILIIPOM KOTOPOIO sSBJsSeTcs JaHHBI o0bekT. Hacaemo-
BaHWE MOYKHO TIOHMMATh KaK MeXaHW3M pean3aliu yTOYHEHUS II0-
BeJIeHNS, KOTOPOe B KOHEYHOM CUeTe O3HavYaeT YCOBEPIIEeHCTBOBAHUE
COTJIAIIIeHNsI, PerjIaMeHTHPYIOIIEro IoBeIeHe 00beKTa.
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1.2. Knaccel u meperpys3ka

C TeopeTndecKkoit TOYKN 3PEHUS CYIIHOCTH 0OHEKTHO-OPUEHTHPO-
BAHHOTO TPOTPAMMUPOBAHUS COCTOUT B OOBEINHEHUN KOHUENUUU aO-
CMPAKMHHLT MUNOE JGHHLT C KOHIIETIIIHEH nosuMmophudma. ITU TOHSI-
THS MOYKHO CUYUTATH aOCTPAKTHBIM JIOMOJHEHUEM K 00JIee KOHKPETHbBIM
MOHATUIM UHKANCYAAUUY T HACACIOBAHUS.

Tunuszamumst, KaK MbI YK€ OTMeYaJN paHee, IMPEICTABIIET CODOit
MOIITHOE CPEICTBO JIjIsi OOPHOBI C OMMOKAMU B IIporpaMmMax. 1umnn3a-
MUsT MOXKET Pa3InIaThCs 0 BULY (cmamuueckas Wil JUHAMUNECKAA)
W 10 yPOBHIO (cuavhas win caabas). [lpu crarudeckoii Tummsarmm
KOHTPOJIb TUIIOB OCYIIECTBJISETCS Ha dTale KOMIWISAINN, a TPU ANHA-
MHUYeCKO# — Ha 3Tarne BobinoaHenns. Haskell orHocuTcs k si3bikam, mo/i-
JIEPKUBAIONINM CTATHYECKYI0 Tunn3anuio. CUIbHO TUIN3UPOBAHHbIE
SI3BIKN CBSA3BIBAIOT MPOTrPAMMIUCTa JIOBOJIHHO YKECTKHUMHI OTPaHUYEeHH-
avu. [Ipn MomenmmpoBannm peasibHOM TpeaMeTHO 001acTi 3a9acTyIo
OYEeHbB CJIOKHO «BTHUCHYTH» TPEOYEMYIO CUCTEMY THUIIOB B PAMKN MMEI0-
muxcs TunoB. OgHAKO, KOTIa pedb UAeT O pa3pabOTKe BhICOKOHA,IE K-
HBIX IIPOr'paMM, HETUIU3NPOBAHHbBIE CPEICTBA, KAK IPABUIO, CINTAIOT
HEYIOBJIETBOPUTEIbHBIMHA.

Tem He MeHee, Jake B paMKaX CTPOTO THUIU3UPOBAHHBIX CPEICTB,
JIJIST TOTO, 9TOOBI ClIe/IaTh CUCTEMY TUIIOB OoJiee yI00HOI jist TTpaKTH-
JECKOT'0 UCIIO/Ib30BaHUS, JIeIAI0T OTCTYILIEHUS OT CTPOroil TUTTN3aInH,
paspeliias MpuMeHeHHe TeperpyKeHHbIX (DYHKIIN, TPUBeIeHIe TUIIOB
U 3HAYEHUil, OOIUX I HECKOJbKUX TUIIOB.

Paznnuaror nBa Buga moauMopu3Ma.

O6wuti momumopdu3M, B CBOIO 09epeib, MOKET MPUHUMATL (Hop-
MY 6KAN0UAI0UWE20 (CBI3AHHOTO ¢ MEXaHU3MOM HACIEIOBAHUS) U NAPa-
MEMPUNECKO020 NOAUMOPPU3Ma (OCHOBAHHOTO HA TIOIEPIKKE POTOBBIX
THUIIOB).

Hpyroit pox momuMopdu3sma, Ha3bIBaeMblil ad hoc moauMopdu3M,
IpeaCcTaB/IgeT co0Oi HAICTPOWKY Hal HEMOJIUMOP(MHONW MOMEIBIO TH-
NU3aIUU U W3BeCTeH Kak mneperpyska (overloading). Bor Heckonbko
IIPUMEPOB MOJIUMOP(MU3Ma 3TOr0 BU/IA.

e Jlurepasnbr 1, 2, ..., 9aCTO UCHOJIB3YIOT JIJIsi IPEICTABIECHUS I1€-
JIBIX YnCes KaK C (PUKCUPOBAHHOM, TaK U C MPOU3BOJIHHON TOYHO-
CTBIO.

e Apudmernyeckne omepaTopbl, TAaKHe KaK +, OIMPEIe/IIIOTC JIJIs
pabOTHI ¢ PA3INIHBIMU BUIAMU YHCE.

e Omepalys TPOBEPKK HA PABEHCTBO == paboTaeT KaK ¢ YNCIaMH,
TaK ¥ CO MHOTMMU IPYTUMU (HO HE CO BCEMU) THITAMU.
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OTMeTnM, 9TO TaKoe Ieperpy:KeHHoe MOBeIeHne PA3INIHO M Ka-
JKJIOTO TuMa (MHOTIA MOBEJEHHE HE OIPEeJIeHHO, UTO TPUBOIUT K
ommbKe), TOrIA KakK IPU MapaMeTpUIecKoM MOIUMOpdU3Me THUIl He
nmeer Hukakoro 3uadenus. B Haskell kirace obecrieunBaer cTpykTyp-
HBII cocoO ympaBiaeHusa ad hoc-omuMopdU3MOM UM IePerpy3KOoii.

Cunrakcuc s3bika Haskell mpemgocTaBiseT BO3MOKHOCTH OTpeIe-
naTh Kaacchl. Tunbl manabsix B Haskell paccmarpuBarorcs Kak sK3eM-
misiphl (instance) Toro mim mHOTO Kiacca.

OObgBmenne Kjacca class BBOAUT HOBBIM KJIaCC THUIIOB U II€pe-
rpyzKaeT oIepallii, MOIJepKUBaeMble B JOOOM THUIIE, ABJISIOIIIMCS
9K3EMILISIPOM JJAHHOTO KJIAaCCa.

OObsiBIEHNE  9K3EMILIIPA
instance mexmapupyer, uro |Kdacc (type class) s Haskell ecrs

THN  sBAfeTcH  SK3eMmyigpom | KOLIEKIS THIIOB, DaclpeeIso-
X MeKIy co0oit Habop PyHKII

KJIacCa M BKJOYAET OIpeIese-
¥ /WU OTIEPATOPOB.

HISI TIePerpy KeHHbIX OIepallnii,
Ha3bIBAEMBIX B COOTBETCTBHUHU C
rpagunuamu OOII, memodamu xracca.

JlomycTnM, MBI pemmIn meperpy3uTh omneparopbl (+) nm negate
nas tunoB Int m Float. Torma ciemxyer BBecTH HOBBIHM Kiacc Num:

class Num a where )\
(+) cta ->a ->a
negate :: a -> a

[TomobHOE 0OBABIEHNE YNTAETCA TaK: « U a ecTh SK3eMILIAP KJIac-
ca Num, ecsim OH cozmepKuT (meperpyKeHHble) MeToibl Kiacca (+) u
negate, COOTBETCTBYIOIINX THUIIOB, OTIPEJEJIEHHBIE B HEM. »

[Tocse aToro MbI MOXKeM otpeieiuTh Int u Float Kak 9K3eMILISPhI
9TOT'0 KJjacca:

instance Num Int where )\
X +y = addInt x y
negate x = negatelnt x

instance Num Float where
X +y = addFloat x y
negate x = negateFloat x

Oynknnn addInt, negatelnt, addFloat m negateFloat ecTth mpu-
MHUTHUBBI, HO B JAPYIUM CJIy9asgxX 3TO MOTYT OBITh W OIpPeIessseMble
moab3oBaTeeM QyHKIMH. l[lepBas mexapalius B NPUBEIEHHOM BbI-
IIle TIpuMepe YnTaeTcsa Kak: «Tum Int ecTh 3K3eMILIIp KJacca Num c
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COOTBETCTBYIOIUMU OTPEeIeTeHusIMA (T. €. METOJAMHU KJIacca) JJist + u
negate.»

[Ipexk e ueMm mpUCTyHAaTh K PACCMOTPEHUIO BOTIPOCA O PEATU3AIIN
HOBBIX abOCTPaKTHBIX KjaaccoB B s3bike Haskell, paccmorpum HexkoTo-
pble 6a30BbIE KJIACCHI TOTO sI3bIKa, (ONUCAHNE STUX KJIACCOB HAXOIAUTCS
B (daiie Prelude.hs).

2. BcTpoeHnHbIEe KJ1acChl

2.1. Kaacc Eq

O0630p K/1acCOB HATHEM C MMPOCTOTO, HO OY€Hb BayKHOTO KJiacca Eq,
M3BECTHOTO KakK kAacc pasencmea (equality). Jlauubiii Kiacce siBisier-
csl KOJLJIEKITHelt MHOXKeCTBa TUTIOB, JOMYCKAIONINX MTPOBEPKY HA PaBeH-
cTBO. pyrumu cmoBaMu, eCi BO3MOYKHO HUCIIOTB30BAHUE OMEPAINN
CPABHEHHs] Ha PABEHCTBO (==) JBYX 3J€MEHTOB yKa3aHHOIO THIIA, TO
TOT THUI BXOJIUT B cocTaB Kjacca Eq. He Bce Tumbl momyckaioT mpo-
BepKy Ha paeHcTBO. Hampuwmep, paccmorpum crnncok tumna [Char ->
Char], 1. e. mocaemoBaTeIbHOCTH (DYHKIINH /15T pAOOTHI ¢ CHUMBOJIAM.
[TorsiTHO, YTO MPOBEPUTH HA PABEHCTBO IBa TAKUX CINCKA HEBO3MOK-
HOo. HecMoTps Ha TO, UTO CyIecTByeT MaTeMaTHIeCKash KOHIIETIIUST Pa-
BeHCTBa AByX dyHKHuit, B s3bike Haskell He momycrumo npumenenne
omepaTopa == K (PYHKIUIM, TaK KaK HEBO3MOXKHO OIUCATH ITPOIECC
X CpaBHEHWSI Ha PABEHCTBO.

B npemtogun kitacc Eq BBOAUTCS CIIEAYIONINM OIPE/IeIeHUEM:

class Eq a where
(==), (/=) :: a -> a -> Bool

Taxkoe ompeesieHre MOXKeT OBITh MIPOYNTAHO KaK «THUIl & €CTh K3EM-
IsIp Kyacca Eq, ecm oH MojIepKUBaeT UCIIoIb30BaHue ([eperpyKeH-
HOTO) OTIepaTOpa ==, COOTBETCTBYIOIIErO TUIIA, ONPEIETEHHOTO B HEM».
Coramenne o0 TOM, YTO THI a JOJKeH ObITH IK3eMILIAPOM KJacca
Eq, 3amucwkiBaeTca B Bume Eq a. Bwipakenme Eq a HOCHT Ha3BaHUe
xowmerem (context). KOHTEKCTHI pasMeniaioT nepej TUIOBBIMU BbIPa-
xenusmu. Hampumep, B ciiegyioniemM o0bsIBIEHUN TUTIA OIIEPAaTOpa, ==,
KOTOpOe unTaeTcd Tak: «J[msg jroboro tuma a, ABISIONIETOCS SK3EM-
mIsgpoM Kiacca Eq dpyHKIUS == umeer Tum a -> a -> Bools:

== :: (Eq a) => a -> a -> Bool
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» Vnpaorcnenue VII2.1

Omnpenenum GYHKINIO elem, BRISCHAIONIYIO, BXOAUT JIM TOT WX WHOM
9JIEMEHT B CIUCOK. DTO OMpeeseHne PeKyPCUBHO: B IYCTON CITHCOK
HUKAKOH 3JIeMEHT He BXOJUT, & B HEILyCTOM CIUCKE IIPOBepAeTCd Ha Pa-
BEHCTBO IIePBLI 3JIEMEHT U, €CJIU CpaBHEeHNe HEeYCIIeITHO, TO CpaBHEeHHe
MIPOBOJINTCS CO CEIYIONINM 3JIEeMEeHTOM CIUCKa. 1aK KakK B OIpejieste-
HUU y49aCTBYeT CPaBHEHUE Ha PABEHCTBO, TO BEJINYNHBI, YyIaCTBYIOIINE
B OTIPeJIeJIEHN Y (DYHKITUHU JOJIZKHBI TPUHAJJIEKATh TUITY, KOTOPBIi €CTh
9K3eMILIAp Kiacca Eq:

elem :: (Eq a) => a -> [a] -> Bool )\
x ‘elem [] = False
x ‘elem‘ (y:ys) x ==y || (x ‘elem‘ ys)

Mp&I ucnonb3oBaIn 3/1ech NHPUKCHYIO (hopMy (DYHKIUKN elem.

[IpumennTe YHKIUIO K CIUCKAM PA3JIUTHOTO THUIA. UTO TPOU30ii-
IIeT, ecan yoparh u3 00bsABIeHUsT PYHKIIMNT KOHTEKCT !

<

Kakum ke o0pa3oM yKasaThb, 9TO TOT WJIM WHOI THUI ABJISETCA
9K3EMILISIPOM Kjiacca EQ? DTO OCyIIecTBISETCs ¢ TOMOIIBIO 008A6.16-
nus (dexaapayuu) sxzemnaapa (instance declaration). Hampuwmep,

instance Eq Integer where )\
x == = x ‘integerEq‘ y

[Tonobnas 3anuck yntaercsa Tak «Tun Integer ecTh SK3eMIISAD Kac-
ca Eq, c ompeneneHneM MeTO/a, COOTBETCTBYIOIIETO OIEPATOPY ==».
Oyukiug integerEq aBageTcd NPUMUTUBHON (PYHKIIMEH, TPOBEPSIO-
e, paBHBI JM IBa IEJbIX YUCIa, HO B ODIIEM Caydae JIF00Oe BbIpa-
JKeHIe MOYKeT MCII0JIh30BaThCS B IPABOCTOPOHHEN JaCTH OIpPeaeTIeHnsT
MeTOIa, a He TOJIBKO Ta MM WHasd PYHKINA. AHAJOTHIHOE OIpeeTe-
HUe II03BOJIAeT CPABHUBATH YNCIIA C IJIABAOMIIEA TOYKOI.

instance Eq Float where )\
x == = x ‘floatEq‘ y

» Vnpaosrcnenue VIIL2.2

CozmaanM Kjacc, aHaJOTU4HbIN Eq ¢ MeToloM KJjacca eq, IpoBeps-
IOIM Ha, PaBEHCTBO, W (QPYHKIMIO elem, ompene/leHHYIO Ha THUIIAX,
BXOIAIINX B 9TOT KJacCc. TaK Kak (pyHKIHA elem yrKe OmperesIeHa
B IIPEJIIOJINH, TO MepBas CTPOKA CKPUIITA JOJIKHA CKPBITH ee IMpezKHee
ompeeieHIe:

import Prelude hiding (elem) A
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Hmena 6az06vix kaaccos (00ObIBICHHBIX B MPETIOANN) HE MO2YM
6vims «CKPHLUMDLY , TOITOMY MBI JaJAUM HAIIeMy KJIacCy APYroe HMs:

class Eq’ a where
eq :: a -> a -> Bool
Temepb M0XKHO onpenenTh MYHKIINIO elem, NCIOIb3YsT 00 bIBICHHBIN
BBITIIE METO, €q:
elem :: (Eq’ a) => a -> [a] -> Bool
x ‘elem‘ [] = False
x ‘elem‘ (y:ys) = x ‘eq‘ y || x ‘elem‘ ys
YT10o0bI BOCIIOIB30BATHCS ITON (PYHKIMEH OmpeneanM HEeCKOIbKO
9K3eMILJIIPOB Halllero Kjaacca Eq’:

instance Eq’ Int where
x ‘eq‘ y = abs (x-y) < 3 -- "mpubnusuTenbHO paBHH"

instance Eq’ Float where
x ‘eq‘ y = abs (x-y) < 0.1

Oepammemm Ha 00BABNEHUSA IK3IEMNAAPOE KAACCA

e [Iporpamma HE MOKET comep:KaTh 00JIee OTHOTO OObABICHIS
9K3eMILIAPa M/ JaHHOW KOMOMHAIINN THIIA W KJIACCA.

e Eciau Tum oObsiBIeH KaK 9jI€H KJacca, TO OH JIOKEH ObITh
00bSIBJIEH BO BCEX CYIEPKJIACCAX ITOTO KJIACCA.

e OObsIBIEHNE K3eMILIApPa He TpedyeT 00s3aTeIbHOrO 3a,1a-
HIST METOIOB MJIsi BCEeX OIepaToOpoB KJjacca. Korma meTorn
HEe TPEeIOCTaBIeH IPH OObSBIEHUN SK3EMILIAPA U HE IOJY-
YeH 10 YMOJYAHUIO B OObABIEHUN KJIACCa, BHIIAETCS OIINO-
Ka BPeMEHH BBIMTOJIHEHHS IPU BBI30BE TOI'0 METOIA.

e Bbr 10KHBI 00ecriednBaTh KOPPEKTHBIN KOHTEKCT MTPU 00b-
SIBJIEHUN K3EMILIIpPa, TaK KaK KOHTEKCT He BBIBOJIUTCS TIO
YMOJTIAHUIO.

CozmaanM aBa CIUCKA, JIEMEHTHI KOTOPBIX MPUHAIIEKAT TOIBKO
qTOOHpGﬂGHGHHbm&THH&M(IntIIFloat),HpeﬂHaSHaquHHE;UHIHpO—
BepKU padOThl (PyHKIUN elem:

listl :: [Int]
listl [1, 5, 9, 23]

list2 :: [Float]
list2 [0.2, 5.6, 33, 12.34]
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Temeph MOKHO MPUMEHUTDH (DYHKINIO elem, KOTopas IIPOBepsIeT, NMe-
eTCsd JIM B CIHICKe YUCTIO0, «IPUOIN3UTEIHLHO> PABHOE 33 aHHOMY:

-—=> 2 ‘elem‘ listl

True

---> 100 ‘elem‘ 1listl
False

---> 0.22 ‘elem‘ 1list2
True

Baumanwne! Tunsr Int u Float Temepsh meperpyskeHbl — 0e3 CHTHa-
TYphI THTA, YKa3bIBAIOIIEH, HATPUMED, 9TO IEJIble UNC/Ia, SBJSIOTCS
9K3EMILIIpaMU HaIero Tumna Int, BhIpaKeHUs, aHAJOTUYHbIe 3 ‘eqf
3 He Oollpe/esIeHbI.

<

2.2. Kimaacc Ord

Knacc Ord comepkuT B cebe THUIIBI, IOMYCKAIOIIe CPaBHEHUE CBOUX
5JeMEHTOB TIpH momontw onepanuii (<), (<), (>) u (=). Dror KIACC
pacwupsem moHsTHe Kiaacca Eq: o Hacaedyem (inherits) Bce omepa-
un Kjaacca Eq, mo0aBiisisi BBIMETIEPEINCTIEHHOE MHOYKECTBO OMEPATO-
POB CpaBHEHWSs, a TaKKe (DYHKIMN HAXOXKIECHUS MaKCUMaJbHOTO U
MUHAMAJIBHOTO 3HATEHUST:

class (Eq a) => Ord a where
max, min :: a -> a -> a

Ob6parure BHUMaHNE Ha KOHTEKCT 3TOrO onpejeienus. Mbr roBopum,
uyro Eq siBiasiercs cynepkaaccom (MM POAUTEIHCKUM KJIACCOM) JIJIst
kmacca 0rd (B cBoto odepens 0rd ectb nodkaace Kiaacca Eq) u mroboii
THII, SIBJSIOMIACS IK3eMIIAPOM Kiaacca 0rd, TakzKe SBIISETCS K3EM-
misipoM Kiacca Eq. Eerb onpeesienroe npenMyIiecTBo B TOM, 9TO IPU
OIPEETIeHIN STOTO KJIACCa UCIOIb30BAJICS KOHTEKCT: TPH OO'bIBICHIN
Tuna GYHKIWUN, UCIOMB3YIOINIell omeparmyun Kak u3 Kiacca 0rd, Tak u
u3 Kiacca Eq MOKHO yKa3biBaTh B KadecTBe KOHTeKcTa Tosibko (0Ord
a), Tak kak 0rd «mojpa3yMeBaeT HCIOJIb30BaHHe». Bojiee BasKHBIM
TIPENMYIIECTBOM SIBJISIETCS TO, UTO B KAadeCTBE OMEpAIil MOIKIIACCA
BBICTYTIAIOT y7Ke CYIIEeCTBYIOIINe MeTOIbI CylepKaacca. Hampmvep, B
npenoann MeTon (<) ompemensercs Tak:

x<y = x<=y&&zx /=y

H

A
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[Ipumepom ncmosb3oBaHus Kiaacca 0rd cay:kaT (YHKIUA COPTH-
POBKH, pacCMOTpeHHbIe Ha cTp. 118 u 163. [IpoBepum, 4T0 OHEI pabo-
TAIOT C PA3JIMIHBIMU TUITAMU JTaHHBIX, JOIMYCKAIOININX CPaBHEHUE:

---> quicksort [34, 21, 456, 2, 8,-89]
[-89,2,8,21,34,456]

---> quicksort [True, False, False, 3<2]
[False,False,False,Truel

---> quicksort "qwerty"

"eqrtwy"

---> quicksort ["qwer", "fght", "ss"]
[llfghtll , llqwerll R llSSN]

» Vnpaorcnenue VIIL2.3

Coznmainm KJ1acc, MO3BOJISIONIN CPABHUBATD MEXKIY COOOM BETMTHHBI
JAHHOT'O KJlacCa U ABJIAIOIUICA moaKaaccom Eq?, ¢ omeparopamu 1t
u le:

class (Eq’ a) => Ord’ a where
1t, le :: a -> a -> Bool
x ‘le‘y=x ‘eq‘ vy Il x ‘1t y

3amMeTnM, 9TO TUIT OMepaTopoB 1t n le ecTh

le, 1t :: (0rd’ a) => a -> a -> Bool

UJIU, YTO 3KBUBAJIECHTHO,

le, 1t :: (Eq’ a, Ord’ a) => a -> a -> Bool

O6bsaBuM Int sx3emmasspom 0rd’ 1 OIpeseInM JIjist Hero ornepaTop
lt(OTﬂanKnuHﬁCH<yrCTaHﬂapTHoroU:

instance 0Ord’ Int where
x ‘1t¢ y = x < y+1

CpaBHuM MeKIy coOOif BeJIMYMHBI ONPEIEIeHHOrO0 HaMu Thia Int
(yKa3bIBast UX THUII JJisl YCTPAHEHUsI HEOPEIEeIeHHOCTH ):

-——> (6 :: Int) ‘1t¢ (6 :: Int)
True
-—-> (6 :: Int) ‘le‘ (5 :: Int)
True
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2.3. Kiaccer Show u Read

B 3aBucumocTu or TpebOBaHMUil, IpeabaBIsdeMbIX K 3ajade, IIPo-
IPAMMUCTY MOYKET ITOHAJ00UThHCS PAaCIedaTaTh YUCIa B BUIEe TaOINIIHI,
KapTUHKI PA3JIMYHOrO BUIA WK 0OTOPMaTUPOBAHHBIN TeKcT. st mo-
crmkennsa 3tux apdexroB Haskell ncnmonp3yer cmenmagbHBI Kaacc
Show, MUHIMAJIbHOE O0ObIBIEHIE KOTOPOTO BBITVISINT TaK

class Show a where
showsPrec :: Int -> a -> String -> String

Oyuknus showsPrec npegHaszHavueHa s BbIBOJAA BEJIUUNHBI TUTA a.
Dta yHKIUS paspadboTaHa ruOKoit n 3(pHEKTUBHOM, ITO OTPA3UINCH
Ha ee cJIoyKHOCTU. MBI He Oyziem ceifuac mopoOHO OCTaHABIMBATHCS Ha,
BO3MOYKHOCTSX 9TOW (PYHKIIUU, OTMETUM TOJBKO, UTO C €€ TOMOIIHIO
ompeensercsa Oosee mpocTas (PYHKINA show:

show :: Show a => a -> String

OyuKIng show OepeT BeJIMYNHY THUIIA a U Ipeodpa3yeT ee B CTPOKY.
Hanpumep, Tun Bool 00bsaBIEH KaK K3EMILIAP Kaacca Show u (hyHK-
g show 14 JIOTWYECKNX BEJIMYUH BBITJISAAT TaK:

show False = "False"
show True = "True"

3ampoc Ha BBIUNCIEHNE JIOTMYECKOTO BBIPDAyKEHWsS U BBIBOIA, €ro
Ha TepMHUHAJI NPUBOAUT K MOJIYAJIUBOMY IIPUMEHEHUIO (QYHKIIUN
putStr.show. Jloruueckas BetmunHa mpeodpa3yeTcs B CTPOKY TOCPeI-
ctBoM show, a pe3yabTar medaraercd yukiueit putStr. [Tocmorpum
KaK 9TO TPUMEHAETC:

---> putStr (show True)
True

ITomoOHOe BBIYMC/IEHNE U TTe9aTh JIOTHIECKON BeJININHBI BO3MOYKHA, I10-
TOMY, 9TO THUII Bool 0ObsIB/IEH KaK K3eMILIAp Kiaacca Show. Twumbr
Char wu String Takike ABIAIOTCA 9K3eMILIApaMU KJjacca Show, Ha-
npuMep,

---> show ’a’
ll7a7ll

[IpuMmenenmre putStr K MOJTyYEeHHOMY pe3yJIbTaTy MPUBEIET K yIaJie-
HUIO Maphl JBOWHBIX KaBBIYEK W KOMOWHAIIMS U3 TPEX CHUMBOJIOB 'a’
OymeT HamedaTaHa:

---> putStr "’a’"
)a)

H
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Hekoropsle monkmaccsl Show yzke obecriedeHbl BCTPOEHHBIMY TTPH-
MUTHBaMU /71 NedaTu. Hanmpumep, nesble dncia MOXKHO IedaTaTbh U
BesIm4nHa show n 1aag smeMeHTa n Trma Integer ecTh CIIMCOK CUMBO-
JIOB, SBJIAIONMINICS TeCATHIHBIM TPeJcTaBIeHneM dnca n. Toxke camoe
BEpHO U /I Ipyrux TUnos uucesa. Hampuwmep,

---> show 42
Il42ll

---> show 43.2
"43.2"

Ucnonp3oBanne @GyHKIUM show IMO3BOISIET HaM KOHTPOJIUPOBATH
BHEIIIHUI BUJ BBIBOJA!

---> putStr ("The year is " ++ show (2*%1001))

The year is 2002

---> putStr (show 1 ++ show 2 ++ show 3)

123

---> putStr (show 1 ++ "\n" ++ show 2 ++ "\n" ++ show 3)
1

2

3

Ecmm knacc Show mo3BojisieT 0T0OPa3suTh OOBEKT B BUJIE CTPOKH,
To KJ1acc Read pemraer obpaTuyio 3agady. OCHOBHAS UJiesd UCIOIb30Ba-
HUsI TAHHOTO KJIACCA COCTOUT B TOM, UTO OMPEIENSIeTCs mapcep (JIeKCH-
qBCKHﬁiaHaﬂH3aTop);UHITHna,a,HBﬂﬁKnuHﬁCH(byHKuHeﬁ,6epynwﬁ
CTPOKY ¥ BO3BpalaoIeii cnucok map (a, String). B npemrogum s
TaKuX (DYHKINI BBEJIEH TUT-CUHOHWM:

type ReadS a = String -> [(a, String)]

OObBIYHO Tmapcep BO3BpAIIaeT CIUCOK, COCTOSIINI M3 OJTHOTO 3Je-
MEHTa U COAEP:KaIlNil BeIUYUHY TUIMA a, KOTOpas ObLIa IPOYNTAHA
13 BXOJIHON CTPOKW, W OCTABIIMYIOCS YaCTh CTPOKW, CHOBA TeperaBae-
MyI0 3aTeM mapcepy. Ecim cuHTakcuyecknit aHAIn3 HEBO3MOXKEH, TO
pe3yabTaToM OyIeT IyCTOi CIINCOK, a eCJIN JOIIyCKaeTcsa 0ojee 0JHOrO
mapcepa (4To TEOPETUIECKN BO3MOYKHO), TO PE3YJIbTUDYIOIIHA CIIUCOK
OymeT comeprKaTh yrKe HeCKOIbKO map. CranmaprHas GyHKIMsS reads
SIBJISIETCST TIAPCEPOM JIjIsl JII0O0T0 9K3eMILIsIpa Kjacca Read:

reads :: (Read a) => ReadS a

Bce BcTpoeHnHbIe KJtacchl obecriedeHbl Takke 0oJiee mpocToi pyHK-
et read, OObSIBIEHHOI TaK:

read :: Read a => String -> a
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Crpoka, mepegaBaeMas B KauecTBe apryMeHnTa GyHKIUN read JT0IKHA
IIOJTHOCTHIO 00PadaTHIBATHCS ITapPCEPOM:

---> read "34" +3 H
37

---> head (read "[1,2]") +3

4

___> read (lllll ++ll2ll++ll3ll) - 3

120

---> read "True" == True

True

---> read "34xx" +3

Program error: Prelude.read: no parse

B aseike Haskell momyckaercss mMHOX>KecTBEeHHOe HAacJjeI0Ba-
HIEe — KJIACCHI MOTYT UMETh HOJIee OJHOTO POJAUTETHLCKOrO Kacca (Cy-
nepkiacca). Ciemyroriee o6bsaBIeHre co3aer Kiaace C, HaCIe Iy oImuii
onepanun Kiaaccos Eq u Show:

class (Eq a, Show a) => C a where

MeTonpl Kjaacca OTHOCSATCS K BEpXHEMY YPOBHIO OOBLSIBIEHUI B
Haskell. Oun pasmensior npocTpaHCTBO MMEH aHaJOIMYIHO OOBITHBIM
IepeMeHHBIM: OJJHO U TO YK€ MM He MOYKET HCIIOJIb30BaThCS I 000-
3HAUYEHUs U MEeTOa KJacca U IMepeMeHHON Wan M1/ MeTOIO0B, IPUHAI-
JIeZKAIIUAM PA3JIUIHBIM KJIACCAM.

Kpome orpanmvennii, 3aJJaHHBIX IJII TEKYIIEro KJacca, MeTOIIbI
KJacca MOTYT UMeTh CBOM JIOTIOTHUTE/IbHbIE OTPAHUYEHUS Ha NUCHOJIb-
3yeMblil TUTI TiepeMeHHbIX. Hanpumep, B KJracce

class C a where )\
m :: Show b => a -> b

MeTO/1 m TpedyeT, YTOOBI TUIT b SIBJISIJICS SK3EMILIIPOM KJjacca Show.

2.4. Kimaacc Enum

Paccmorpum eme ofuH Kjacc, HoOcAmuil Ha3Banume Enum (OT
enumerate — MePEYNCIIATD ), KOTOPbIH COIEPKUT THUIIbI, IbH HIEMEHTHI
MOTYT ObITH TIEpeYnCaeHbl. KT0 MUHUMAIHHO BO3MOYKHOE OTIPeIeIeHIe
TaKOBO:

class Enum a where )\
toEnum . Int -> a
fromEnum . a -> Int
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Tum, oObsIBAEHHBIN KaK dK3eMILIAp Kjaacca Enum, mcmoiab3yeT (byHK-
1 toEnum u fromEnum g1s mpeoOpa3oBaHMS MEXKIy €ro dJeMeHTa-
vu n TunoMm Int. Oyakmug fromEnum qokKHA OBITH JI€BOOOPATHMOI
(left-inverse) no orHomenuio K dbyHKIMKE toEnum, nHade roBopsi, J0JIK-
HO BBIMIOJHSATHCS COOTHOIIIEHIE

fromEnum(toEnum z) = x

[IpoBepuM 3TO cBOCTBO s TUIIA Bool, KOTOPHIt 0OBSIBIEH B IIPEJIIO-
U KaK dK3eMILIAp Kjaacca Enum:

---> fromEnum(toEnum 1 :: Bool)
1

2.5. Kiaccoel uyncedn

4 Knacchl uncern N

\\\\\\\gtjff%gggﬁifﬁib

Real

Knacc Num obbemqunsier B cebe Bce uncia. Mbl yke paccMaTpUBaJIN
ero ompejesienne Ha cTp. 167. B nmpeoann oH 00bsaBIeH KaK TMOIKIACC
KyaaccoB Eq u Show:

class (Eq a, Show a) => Num a where

(+), (), (*) ::a->a->a
negate rra ->a

abs, signum ira -> a
fromInteger :: Integer -> a

fromInt :: Int -> a
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Ha pucynke uzobpakeHa nepapxus KjgaccoB uncen s3bika Haskell.
Knacc Real BkioYaeT B cebd THIBI JIeHCTBUTENIHHBIX UHCEJI,
Fractional — mpobuble uncna. Kmacc Integral comepKuT 1Ba THIIA
nesabIx gnuces — Int 1 Integer, a RealFloat — tunbl Float n Double.
Jl1s 6ostee OIM3KOrO 3HAKOMCTBA, ¢ KjaaccoMm Num ciemyeT oOpaTuThCs
K aitry Prelude.hs

3. Anrebpamvueckue TUNBI JaHHBIX

3.1. OmpegesieHne HOBBIX THUIIOB JAHHBIX

B s000M sI3bIKe TpOrpaMMHUPOBaHWS, IPEIHASHAYEHHOM IIJISI MO-
eJTUPOBAHUs PeAJbHBIX OOBEKTOB, 00S3aTeIbHO HOJIXKHA OBITH BO3-
MOYKHOCTB ONPEJeAECHUS HOBVIL, CMPYKMYPUPOBAHHBLT TIUNOE JGHHDLL,
JaCTO Ha3bhIBAEMbBIX a.A2€0pauveckumu TunaM JaHHbiXx. CoBpeMeHHbIe
dyHKIMOHAIBHBIE I3bIKH TporpaMMmupoBanus, u Haskell B Tom uncie,
TaKzKe NMEIOT TaKyI0 BO3SMOYKHOCTD.

OTMmeTnM, UTO THUIBI-CUHOHUMBI, pACCMOTPEHHbIE HAMU paHee, He
CO3JAI0T HOBBIX THUIIOB, OHU JIUIIb JAlOT y7Ke CYIIEeCTBYIOMIMM TUIIAM
OoJsiee yHOOHBIE, «TOBOPSIINE» NMEHa, KOTOPhIE HEJIA0T O0bsIBIEHUS
dyHKIMI Ooee KOPOTKUMU U MH(MOPMATUBHBIME. THUI-CHHOHUM CO-
XpaHsgeT BCe CBOCTBa MOpoauBIINX ero TumoB. Hampuwmep,

type Position = (Float, Float)

type Angle = Float
type Distance = Float
move :: Distance -> Angle -> Position -> Position

move d a (x,y) = (x +d * cos a, y + d * sin a)

3nadenne omepaTopa == Ha Angle O3Ha4YaeT TOYKe cCaMoe, 4YTO U ==
Ha Float. Ha mpakTuke e, BO3MOKHO HaM MOTpeOyeTCsa KaKoe-I1nbo
npyroe onpeaenaenne. Hampumep, KTo-To 3aX04eT 00bIBUTH PABEHCTBO
Ha Angle, KaK paBeHCTBO O MOAyTi0 27m. KoneuHno, MOKHO ObLIO OBI
HAINCATh CIIEIMUAIbHYIO (DYHKIIWIO JIsT CPABHEHUS IBYX BEJIMIUH THUIIA
Angle, HO ymobHee OBLIO OBI UCIOIB30BATH UMEHHO OTIEPATOP ==, UTO
HEBO3MOKHO CJIeJIaTh OCTaBasiCh B paMKaX THUIIA-CHHOHHMA.

3.2. IlepeunciasgemMble THUIIBI

B gaswike Haskell umeercss Bo3MOXKHOCTH oOTpeieieHnsT HOBBIX
CTPYKTYPHUPOBAHHBIX TUTOB JaHHBIX (datatype) myTeM TepednCIeHUs

A
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BCEX UX BO3MOKHBIX 3HaueHmii. Tak Tum Bool MoxKeT OBITH 3aJaH C
IIOMOIIIBIO CIIEIYIOIIEr0 ONpedeseHus Muna OaHHLX:

data Bool = False | True

DTa JeKjaapalns 3akpemser uMs Bool 3a THUIIOM JIaHHBIX, KOTO-
pBIif MOXKeT ObITh NpeaCcTaBJIeH AByMs BennuumHaMmu True um False.
CTpyKTypupOoBaHHbIE BEJIUUNHBI «CTPOATCSI» C IIOMOIIBIO (DYHKITHI-
-KOHCTPYKTOPOB. B Harem npumepe J1Ba KOHCTPYKTOPa — KOHCTAHT-
Hble PYHKIAN (T. €. UMerollue HyJIeBOe YUCJIO HapaMeTpOB) True un
False. VIX MOXKHO HCIIOJIB30BaTh B KaYeCcTBE 0OPA3II0OB COOTBETCTBUSI
B (dyukuuax. IIpu onpenenennn GpyHKIUI ¢ JTOIHYECKAMHI apryMeH-
tamu True u False BBICTyIaOT B Ka4ecTBEe 0OPA3IOB COMMOCTABIEHUS,
HanpuMep, (PYHKINUS OTPUIIAHUS OIPEJIe/IIeTCs Tak:

not :: Bool -> Bool
not False = True
not True = False

JIBa ypaBHeHHs, 3agaorme MYHKINO not UCIOIb3YIOTCS KOMIIbIOTe-
POM Kak IpaBuUJja MepenucblBaHUA JIJId YIIPOIIEHNA BbIpayKeHUN BUA
not e. CHauaja ympolaercs BbIpaykeHne e. FKciam pesymabrar paBeH
False, To nucnonb3yercd nepsoe ypaBHeHUe, a ecjin True — TO BTOPOe.

[Ipu oOBbsIBIEHUN HOBOTO THUTA JTAHHBIX MbI UCIOJIb30BAIA KOH-
cmpyxmop muna Bool. B aTrom mpumepe Bool ecTh HyIbMePHBIH KOH-
CTPYKTOpP, OH HEe 3aBUCUT OT mapameTpoB. KoHcTpykTop Tuma Bool
MOZKET TOSBJISTHCSI MOAbKO B OObSIBICHUSIX TUMA U HE MOXKeT ObITh
JaCThIO TOTO MJIM WHOTO BBIpAYKEHWs. 3aINCh, Mogo0Hast X = Bool, He
umeer cmbicaa. C apyroit croponbl, True n False siBISIIOTCS (Hynb—
MEpHBIMU) KoHcmpykmopamu dannvix. OHU TOSBISIIOTCS B BbIPaKe-
HUSX WX B mabaoHax (00pas3iax COOTBETCTBHUs). 3aIlCh, aHAJIOTHY-
Has, X :: True — omuOOYHa. KOHCTPYKTOPHI JaHHBIX MOT'YT UCIIOJIb-
30BaThCS TOJILKO ITPU OTPEIEIEHNN JTaHHbBIX.

[TomoOHBIM 00pa3oM MOXKHO OBLIO OBI ompeneanTh u Tui Char, me-
peunciauB Bce ero 3Hadenns. OaHako 3agaHne (pYHKINH, NCIOIb3YIO-
IIIIX COIIOCTaBJIEHIE ¢ 0OpPA3IOM I BEIUYUH MIOIYIeHHOIO THUIIA, 3a-
Hs1JIO OBl 3HAUNTE/ILHOE BpeMs, TaK KaK KOJIUIECTBO BO3MOYKHBIX 3Ha-
YeHWI JaHHOI'O TUIIA BEJIUKO.

Paccmorpum apyroit mpumep. I[Ipeamnosmoxkum, 9TO mporpamma
JIOJIZKHA, OTIEPUPOBATH C JHAMI Heae . Bo3MOKHBIM BapUaHTOM perre-
HUS 3aJ[a91 IBJIIETCA IPeICcTaBJIeHNe THel HelIean MeJbIMH INCIaMI
ot 0 10 6 ¢ maJabHEHITUM BBEJIEHUEM TUIIa-CUHOHIMA,

type Day = Int
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s mr000it (DyHKINK, UCIOAb3YIONIei oIpeaeIeHHbII TaKIM 00pa30M
Tun Day, HaM TPUIETCS BKIOYATH MPEIBAPUTETBHYIO TTPOBEPKY apTy-
MeHTa (DYHKIIUN Ha TPUHAIIEKHOCTh YKA3aHHOMY BBIIIE JIHAIIA30HY:

f :: Day -> String
--pre 0 <=d <=6

ITomoOHOEe mpeacTaBIeHne NMeeT HECKOJIBKO OYEBUTHBIX HEJOCTATKOB,
a UMEeHHO:

— BeJIMYMHA TUMa Int, ucrnojb3yeMas B 3TOM CIydae, MOXKeET ObIThb
HEBEPHO MCTOJKOBAHA ITPU TOIBITKE KEM-JIMO0 Pa300paThCs B ITPO-
rpaMMe (HampuMep, MOXKHO 3a0bITh, UTO d MPEJICTABIISET BEJNIN-
uy Day, uiu 4to 4 03HAYAET YeTBEpr);

— WHOT/Ia TIPU MCIIOJIb30BaHNN f MOYKHO 3a0BITh O TIPEJIYCIOBUN;

— MOXKHO O HEBHUMATEJHbHOCTH «Pa3PyHIUTh» JTOTOBOPEHHOCTH 00
MCIOJIH30BAHUN TAKUX BEJUYUH (HAIPUMED, YMHOXKUTH BEJTMINHY
tuma Day ma 10);

— MOKHO CJIy4aifHO IepegaTh TaKylo BEJIMYUHY BMECTO YMUC/Ia THUIA
Int (HaHpHMEp,eCHH B QyHKIUU, rae Int mpejcTaBisieT TeMIle-
paTypy W PACCTOSHUE).

» Vnpaorcnenue VII3. 1

OHpe,ILeJII/ITe THUII-CHMHOHUM Day U BEJIMYUHY d »Toro tuma:

type Day = Int

YCTaHOBUB C TIOMOIIbIO KOMaH/IbI :Set +t BBIBOJ MHTEPIPETATOPOM
Hugs nadopmanum o Tunax BeJUYNH, BBIOJHUTE CJIEAYIONINE BbITHU-
CJICHUSA:

--——>d

1 :: Day
--->d-10
-9 :: Int
---> dx*x10
10 :: Int

HpI/IMepr IMOKa3bIBalOT, 9YTO BEJIMYUHBI 9TOI'O TUIIa HUYEM HE€ OTJIMYa-
IOTCA OT IEJIbIX YHCEeJI.

<

H
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Haskell mpengocraBisier BO3MOXKHOCTH ompeneiuTh Tul Day Oostee
MOAXOIAIINM 00pa30M — OIPEIeINTh COBEPIIEHHO HOBbL( THII ¢ TIOMO-
IO JIeKJaapanuu data:

data Day = Sun | Mon | Tue | Wed | Thu | Fri | Sat

B pe3yabTare Takoro omnpemeenus OyeT cO3aH HOBBIN THUI JaHHBIX
Day. CeMb KOHCTAHTHBIX (DYHKITHI (TOCTOSHHBIX 3HAYECHUIT) SBJISIOT-
ca KoHCMpykmopamu danrvir TUIA JAHHBIX Day. OObIYHO nMeHa KOH-
CTPYKTOPOB OTJIUYAIOTCSA TeM, UTO HAUYMHAIOTCS C 3arJIaBHON OYKBHI,
TaK »Ke KaK W MMs CO37aBaeMOro THUIa JAHHBIX. KOHCTPYKTOPHI CIy-
JKaT JIAIIb A7 CO3JAaHNs BeJINYNH HOBOI'O THUIA JAHHBIX. OHU HEIBHO
OTIpeNeIAIOTCS IPU TOSIBJIEHUN B BhIpakeHNAX data. KOHCTPYKTOPBI
JaCTO HA3BIBAIOTCA KOHCMPYUPYOWUMY DYHKUUAMU, 8 KOHCTPYKTO-
pbI 0€3 apryMEHTOB KOHCMAHMAMU OGHHBLL.

» Vnpaorcnenue VII.3.2

[TycTts HAM Tpebyercsa HamucaTh (GpyHKINUIO analyse, OepyIIyio TpH
MOJIOYKUTEIHHBIX TIEJIbIX YHUC/ia a b U C, Paclo/ioKeHHbIe B HEYyObIBa-
IOIIIEeM TIOPSIIKE. DTU TPU UNC/Ia TMPEICTABISIOT CODOM ITMHBI CTOPOH
HEKOTOPOTo TpeyronbHnka. QyHKIns analyse ompeaesseT, BO3MOKHO
JIA CYIIECTBOBAHUE TPEYTOJIbHUKA C TAKUMU CTOPOHAMU U €CJIU Ja, TO
SIBJISIETCSI JTW TIOJIy Y€HHBI TPEYTOJBHIUK TPEYTOIBHIUKOM OOIIEro THUIIa
(T. e. ¢ Tpemsi Pa3AMYHBIMU CTOPOHAMM), PABHOOEIPEHHBIM WMJIH PaB-
HOCTOpPOHHUM. HamoMHMM, 9TO Tpu oTpe3ka 00pa3yioT TPEyTroJbHUK,
TOTJIa U TOJTBKO TOTJIA, KOT/Ia JJINHA HAMOOIbIel CTOPOHBI He TTPEeBOC-
XOIUT CyMMY JBYX JPYTUX (HEPABEHCTBO TPEYTOJIbHUKA).

Takum obpazom analyse JOJIZKHA BO3BPAIIATH OJHO U3 UETHIPEX
BO3MOKHBIX 3HaueHUi. MoXKHO OBLIO OBI MCIOJIB30BATh YETHIPE pas-
JUYHBIX YUCAQ JJId KOJIUPOBAHUA ITUX CIIy4YaeB, HO IOpas3io Jydlle
BBECTH CIIEIUAIbHBIN TUI JaHHBIX, HEOOXOAMMBII IJIS 3TOM 33 adu:

data Triangle = Failure -- QUKTUBHHL
| Isosceles -- paBHOGeIpeHHHH
| Equilateral -- paBHOCTOpPOHHUI
| Scalene -- obmero BuIa

DTO ompejesieHNe BBOIUT HOBBIM THN HaHHBIX Triangle, mmeroniuii
JeThIpe 3HaUeHusd. Temeph IporpaMMa MOXKET BBITVISIIETh TaK:

analyse :: (Int, Int, Int) -> Triangle
analyse (a, b, c)
| a +b<=c = Failure

| a ==c¢ Equilateral
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| (a==D) || (b ==rc)
| otherwise

Isosceles
Scalene

Berka otherwise mpunuMaeT 3HaueHne True, ecJiM Bce MPEIbIIYIIITE
yCJIOBUSA BO3BpaTU/IN 3HaueHusa False (OTMETMLL 9TO TaKOe OIpee-
nenne (yHKIMN alalyse KOPPEKTHO TOJBKO TP IPEIINOJIOKEHUN
0 < a < b < ¢). ObpaTuTe BHUMAHNE, UTO OMEPATOPHI == 1 <= (MeHbIIIe
WJIA PABHO) MCHOJIB3YIOTCS 37€Ch JIJIsl OTepaIiii CpaBHEHUS epeMeH-
HbIX Tuna Int.

---> analyse (2,2,2)
Equilateral

---> analyse (2,2,9)
Failure

---> analyse (12,12,19)
Isosceles

---> analyse (3,4,5)
Scalene

<

OnHOM M3 MOIIHBIX KOHIEMINH 00hbeKTHO-OPUEHTHPOBAHHOTO MTPO-
rpaMMUPOBaHUs SABJAETCS peaJu3aliisd MeXaHu3Ma HacIeJOBaHUS.
Tun gaHHBIX, ONpee/IeHHbIN ¢ TTOMOIbBIO JeKaapannu data, Takke
MOYKeT HaCJIeI0BaTh CBOMCTBA TOTO MW WHOTO Kjaacca. /lasa aBroma-
TUYECKOr0 HaCJIeJOBaHUdA CIeAyeT yKa3aTh MOCJe IepPednCJIeHns KOH-
CTPYKTOPOB JIAaHHBIX KJI04YeBOe CJI0BO deriving (I0cCa0BHO: BcachiBa-
HI€) U B KPYIJIBIX CKOOKAX MEePeUnC/IUTh UMeHa TPeOYeMbIX KJIacCOB.

[Ipn nHacnemoBanMM MeTOJIOB KJjacca EQ BeJWYMHBI, 3ajaBaeMble
pPa3IMYHBIMI KOHCTPYKTOpaMU JAHHBIX, HE paBHbBI MeK Iy coboit. [Ipu
HaCJIeI0BaHUN CBOUCTB Kjacca 0rd ycTaHaBIMBAeTCs JEKCHKOrpadu-
JeCcKUil MOPAI0K Ha BeIMINHAX JAHHOTO KJIACCA: €CJTU OOWH KOHCTPYK-
TOp JaHHBIX YKa3aH B JekJjapaliuu data paHee JIpyroro, To BeJUYnHa,
3aJaBaeMas UM OyIeT CUNTAThCsa MeHbIIel, ueM apyrad. JIroboii mepe-
YUCIgeMbIll TUT JAHHBIX, 3a/1aBaeMblil ¢ MOMOIIBIO JTeKaapanun data,
MOKHO TaKKe OObSIBUTH KaK dK3EeMILIApP Kjaacca Enum, Hampumep,

data Car = Ford | Jag | Merc | Porsche
deriving (Show, Read, Ord, Eq, Enum)

---> Merc == Jag
False
---> Jag > Ford
True

A

H
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---> Jag > Merc
False

---> [Jag .. 1]
[Jag,Merc,Porschel

Ecmu mo kakuMm-1160 nmpuyunHax pas3paboTYnKa He yCTpauBaeT Ha-
cJIeyeMbIii MeTOJI, TO C ITOMOIIBIO JIeKJIapaln instance ero MOxKHO
TIEPEOTIPEIE/TNTD.

» Vnpaorcnenue VII.3.3

Benmunasr Trma Bool, 3aJaHHOTO B MPEJIOANN, MOI'YT CPABHUBATHCS
MeXKIy coOOif M BBIBOAMTHCSA Ha medarh. Oupenennm tum Bool’, mo-
IOOHBII Bool, ompee/iuB ero ¢ MOMOIIBIO JeKJIapalnii instance Kak
K3eMILTAp KaaccoB Eq, Ord u Show. /I7s 3TOrO cnemyer meperpy3nuTh
METOJIbI 3TUX KJACCOB:

data Bool’ = True’ | False’

instance Eq Bool’ where

True’ == True’ = True

True’ == False’ = False

False’ == True’ = False

False’ == False’ = True

x /=y = not (x == y)
instance Ord Bool’ where

True’ < True’ = False

True’ < False?’ = True

False’ < True’ = False

False’ < False’ = False

X(:y =X<y|| ==y

x>y = not (x <=y)

X):y =X>yllxz=y

instance Show Bool’ where
show True’ = "UcTura"
show False’ = "Jloxp"

Ternepy Benmmumuamu Tumna Bool’ MOXKHO CpaBHUBATH MeEXKy COOOI,
AHAJIOTUYHO CTAH/IAPTHBIM JIOTUYECKUM 3HAYEHUsIM, HO UX OTOOpazKe-
HIe TIPU BBIBOJIE Ha MeYaTh OyIeT OTIMYATHCSA OT CTaHIAPTHOIO:

---> True’ < False’
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True

---> True’ > False’
False

---> True’ == False’
False

---> True’ /= False’
True

---> putStr (show True’)
HcTunua

OTMeTrM, 9TO MOXKHO OBLIO OBI CIe/IaTh JOCTYITHBIMU BCE, OIPEIeIeH-
Hble Ha Kjaccax Eq, Ord u Show omeparopbl 1 (OYHKIINH, YKa3aB, ITO
JAHHBIA TUI JTAHHBIX HACJEAyeT CBOWCTBA MEPEYNCICHHBIX KJIACCOB:

data Bool’ = True’ | False’ ;X
deriving (Eq, Ord, Show)

3.3. IlomumopdHbIE TUIIBI JAHHBIX

Kpome o0bsIBIIeHNsT TUIIA TPU TOMOIIN IIePeYnC/IeHNsT KOHCTAHT,
BXOIAIINX B HETO, MbI MOYKEM OObSIBJIATH THUIIbI, Ybl BEJUINHbBI 3aBU-
cAT oT aApyrux TunoB. Hampuwmep,

data Either = Left Bool | Right Char A

1o 0O6bsaBIeHNe THIA TaHHBIX Either (oT aHr. either — omun u3 nByX,
TOT WJIN JIPYTOii), bW 3HAUEHUs onpeenstorces B ¢popme Left b, rie
b — jormueckas BenumunHa, n Right c, rme ¢ — cumBosr. Tun Either
KOMOUHHUPYET JIOTUYeCKHue W CUMBOJIbHBIE BEIUYUHBI B OIUH OOIIMit
tui. MbI MOXKeM 000DIIUTD 3TY UIE0, OMPEIEINB NOAUMOPPHHBLT THIL:

data Either a b = Left a | Right b ;X

C sruMm 0000IIEeHeM TIPEeAbIAYINNIA TUI MOXKHO 3aJaTh Kak Either
Bool Char. [lomumopdusm mo3BojsieT mapaMeTpu30oBaTh OIpemesIe-
HIIe TUIIA JaHHBIX, T. €. BBOAUTH B HErO THUI XPAHUMBIX OOBHEKTOB B
KauecTBe mapamerpa. HamoMHIM, 9TO a 1 b HA3bIBAIOTCA NEPEMEHHDL-
MU MUNG, SIBJISISICh HEKOTOPBIMU UJAeHTU(MUKATOpaMU, 0003HAYAIOIIIH-
MU THII.

mena Left m Right 3a/1a0T KOHCTPYKTOPBI JIJIsT TIOCTPOEHNUS Be-
nuguH Tuna Either, aBisgiommecs HeCTPOrUMU (DYHKITASMU:

Left :: a -> Either a b
Right :: b -> Either a b



184 VII. Haskell xax azwx OOII

He caedyem obsasaamv mun Gynkyuu-xoHcmpyxmopa, max Kax oM
A6MOMAMUNECKU 8BBOOUMCA U3 JEKAAPAUUL MUNG, UCNOABIYIOULE20
darHill KOHCMPYKMOP.

» Vnpaorcrenue VIL3.4

CospgaiiTe CKpUIT, COmeprKaIuii 0ObSIBIEHIE PACCMOTPEHHOI'O BHIIIIE
nouMopdHOro Tumna. lTak kKak Tun Either yxke BBemeHn B mpeamOy-
Jie, & «CKPBIThb» OIpe/ieJIeHHbIe TaM TUIIBI HEBO3MOXKHO, TO UCIIOJAb3Y -
Te nuMda Either’ g co3gaBaeMoro Tuia JTaHHBIX 1 nMeHa Left’ m
Right’ g ero KOHCTPYKTOPOB.

<

KoHcTpyKTOpHI JaHHBIX JIAITH CO3/IAI0T BEJINUNHY YKa3aHHOTO TU-
ma, Tak Left 3 ecTh BhIpaKeHne B €ro MpoCTeiIneil BO3MOXKHOMK (hop-
Me — ero HEeBO3MOXKHO YIPOCTHUTBH. BbIparkeHus, BKJIOYAIONINE KOH-
CTPYKTOPBI JJAHHBIX MOTYT MOSBISATHCS B 00pa3iax COOTBETCTBUS Jie-
BOCTOPOHHEH JacTu omnpenenenns pyukiun. Hanpumep,

case’ :: (a->c, b ->c) ->Either a b ->c
case’ (f, g) (Left x) =f x
case’ (f, g) (Right y) =gy

OyHKINg case’ MoJaydaeT JABa apryMeHTa: nmapy (MyHKIUNE 1 BeJTUYUN-
ny Tuna Either. Ecan sTa BemnumHa co3mana mpu MOMOITN KOHCTPYK-
Topa Left, To mpuMeHseTcs mepBas (DYHKIUS W3 Mapbl, & €CIu Tpu
oMoy KoHCTpyKTopa Right, To Bropas. [locmoTpuTe HA mpuMepb
UCIIOTb30BAHUS 9TOW (DYHKITUN:

---> case’ ((>2), not) (Left 2.3)
True

---> case’ ((>2), not) (Right True)
False

» Vnpaorcnenue VII.3.5

B ckpunt c onpenenenuem Tuma jgaHHbIx Either’ mobaBbre DyHKINIO
case’. BrimosinuTe npuBesenubie Bbilie mpumMmepsl. [lapamerpusyiite
tun Either’ TakuMu 3HAUEHUSIMHI, YTOOBI PE3YJIHLTATOM BBI30Ba (DYHK-
MK case’ sBJISJIOCH ObI 4ncyo Tuma Float:

--> case’ ((/2) . fromInt , (*3)) (Left’ 2)
1.0

--> case’ ((/2) . fromInt , (*3)) (Right’ 1.5)
4.5
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C momorrpio pyHKIME case’, onpeaennM QyHKINO plus’:

plus’ :: (a -> b, ¢ -> d) -> Either a b -> Either c d )
plus’ (f, g) = case’ (Left.f, Right.g)

Hnsa dyukmuit case’ u plus’ BepHBI CJIEAYIONINE COOTHOITEHUS:

case’ (f, g) . Left = f

case’ (f, g) . Right = g

h . case’ (f, g) = case’ (h.f, h.g)

case’ (f, g) . plus’ (h, k) = case’ (f.h. g.k)

[IpenmonoKuB, 9TO BEJIMYNHBI TUIIOB & M b MOTYyT OBITH CPaBHUBA~
eMblMqunfco6oﬁ(T.e.ﬁBﬂﬂRInyl9K3eMHﬂﬁpamH1Kﬂacam3Eq11Ord%
MOZKHO OIIPEJIeJIUTh OllepaTOPhl CpaBHEHUI /14 BeJInuuH Tutia Either
a b. Cunrakcuc mogoOHOr0O PojIa OIpeIeIeHni CJIe Ty Ot

instance (Eq a , Eq b) => Eq (Either a b) where A
Left x == Left y = (x ==7y)
Left x == Right y = False
Right x == Left y = False
Right x == Right y = (x==1y)
instance (0Ord a, Ord b) => Ord (Either a b) where
Left x < Left y = (x<y)
Left x < Right y = True
Right x < Left y = False
Right x < Right y = (x <y)

YKazaHHbIe OIpeeeHns MO3BOJAI0T PACHIUPUTh OOJACTh ITPUMEHe-
HUs OTTepaToOpoOB == u < Ha BeJWIuHbI THIa Either. DToro xe s der-
Ta MOYKHO JIOOWTHCs, YKa3aB C TOMOIIBIO KJIFOYeBOTO coBa deriving,
4TO OIpedeadeMblii TUIl JaHHBIX HacJedyeT CBOICTBa KaaccoB Eq m
Ord:

data Either a b = Left a | Right b deriving (Eq, Ord) /X

3.4. O0bgaBIeHNEe PEKYPCUBHBIX TUIOB JAHHBIX

Nrak, Mbl HayIMIUCH OOBABISATH HOBBIE THUMHI HaHHBIX. OmXHAKO
MOAO0OHBIM 00Pa30M MOYKHO OOBSBISATEH U PEKYPCUBHBLE TUTIHI TAHHBIX.

JIroboit TUII TAHHBIX BCETIa 3aaeT Crocob co3manus (KOHCTPYUPO-
BaHWs) BEJUYNH JIAHHOTO THia. Hanpumep, CIMCOK SBJSIETCS THIIOM
MAHHBIX U, KAK HaM y7Ke N3BECTHO, BEJININHBI TUTIA CITUCOK MOTYT OBITH
IIOCTPOEHBI IBYMs CIIOCODAMIU:
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e 11100 CO3TAETCS IMYCTOMI CIINICOK;
e 11100 C MOMOIIBIO OIepaTOpa : HOBBIM JTEMEHT H00aBISIETCS
K y7Ke CYIIeCTBYIOIEeMy 0ojiee KOPOTKOMY CITHCKY.

Taxkum obpazom, mMmeeTcs ABa KOHCTPYKTOPA JJIsi CO3JaHUS CITUCKA.
Ecimu dyukmus gjst paboThl CO CITUCKAMU OMPEIEISIETCsT C TOMOIIHIO
1a0JIOHOB COOTBETCTBUS, TO HYKHO 3aJaTh JIBA YPABHEHUS: IO OTHO-
MY Ha KaXKIbIfl CIIOCOO CO3JIaHUs CIUCKA, HAIIPUMED,

length [] =0
length (x:xs) = 1 + length xs

Samaas GYHKIUO IPHU IIOMOIIN IPABUI [JIS IIYCTOTO CIUCKA U OIle-
paTopa :, IPUMEHEHHOTO K JJIEMEHTY W CIUCKY, Mbl T€M CAMbIM I1OJI-
HOCTBIO OMpeJIe/isieM ee.

't N

1 4
I Node
| T
2 2 6
— Node Node
| |
y / \\ / \\
3 1 3 5 7
— Node Nod Node— Node
L1 L1 /| R
R T A T A T A
[] Leat Lea Lea‘( Leaf | Leaf Leaf | Leaf Leat
_ Cnuncok [peBoBugHas CprKTy@

Crucox sBJIgeTCS JTUHEHHON CTPYKTYPOii: deM OOJIbIe 3J1eMEeHTOB
B Hero J00aBJISIOT, TEM JIJTHHHEE OH CTAHOBUTCs. B HEKOTOPBIX CiIyva-
sIX TAKOT'O POJia JUHelHas CTPYKTypa HEeMpPUMEHUMa U Ky/ia OOJIbIie
OIXOTUT dpesosudnan cmpyrmypa. CyIIeCTBYIOT Pa3/JUYIHbIE BUJIbI
JIPEBOBUIHBIX CTPYKTYp. Ha pucyHke cmmcok cpaBHUBAETCS C JPEBO-
BU/THOM CTPYKTYPOil, UMeEIOIeil POBHO II0 /IB€ BETBU B KarKJIOM BHY-
TpeHHeM y3Jie. B Ma/leHbKUX KBaJpaTax MOKa3aHO MPHU MOMOIINA Ka-
KOTO KOHCTPYKTOpPa MOCTPOEeHa CTPYKTypa. B ciiydae co CIMCKOM MBI
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HCIIOIB3yeM OIMepaTop : ¢ ABYMs apryMeHTaMu (yKa3aHHBIMU IO 06e
CTOPOHBI onepaTopa) win [ ] 6e3 mapaMeTpos.

B kauecTBe mMeH APEBOBUIHBIX TUIIOB JaHHBIX M X KOHCTPYKTO-
poB 4dacTo ymnorpedsstoT ciaoBa: Tree — mepeBo, Node — y3en, Fork
— pasBmika, Branch — Bersb, Leaf — nuct. Ilpu KoHCTpyHpoBaHun
nepeBa, U300paXKEeHHOro Ha PUCYHKe, UCIIOIh30BaINCh MYHKIMN (BMe-
cro oneparopos) Node (¢ Tpemsi mapamerpamu) win Leaf (6e3 apry-
MEHTOB).

OyHKINNT, TPUMEHsIeMbIe JIJIs TOCTPOEHUS CTPYKTYPhI JAHHBIX, Ha-
3bIBAIOTCA KOHCTPpYKTOpaMu. Node n Leaf ABagr0TCa KOHCTPYKTOPaMA
JMTAHHBIX JIPEBOBUIHON CTPYKTYpPbl. Kak OOBIYHO, UMeHa KOHCTPYKTO-
POB HAUMHAIOTCS C 3arjaBHON OYKBBI JJIs TOTO, YTOOBI BBIIETUTH UX
u3 Psijia OOBIYHBIX (PYHKITHIA.

HUmena pynryuti-koHcmpyrmopos, peasu3o8aHHbLT 8 6Ude ONeEPa-
mopos, doadcHbl Hawuramoves ¢ dsoemovus. Koucrpykrop (:) aBis-
eTCsl IPUMEpPOM KOHCTPYUPYIoiieil yHKIUN s CIUCKA, €IUHCTBEeH-
HBIM HUCKJ/IIOUeHHeM U3 STOT0 IpaBuia apiageTcsd KoHcTpykTop [ ]. To,
KaK#e KOHCTPYHUpyoIne (PyHKINKI MOYKHO UCIOIb30BATh JIJIS HOBOT'O
THUIA, 33JaeTCAd B ONpPeJIe/IeHuN TUTa JAHHBIX. B HeM ke 3a1al0TCst
THUIBI TTAPAMETPOB KOHCTPYKTOPOB (DYHKIINH 1 MOIUMOPPUIHOCTH HO-
BOTO THIa. Tak, onpeaeseHne MPUBEIEHHON Ha PUCYHKE JIPEBOBUIHOM
CTPYKTYPBI JAHHBIX 331a€TCS CJIeIYIOMNM 00baBIeHIEM THUIIA;

data Tree a = Node a (Tree a) (Tree a) | Leaf

Takoe ompeeeHne YUTAETCS CAEIYIONIAM 00Pa30M:

«J/IpeBoBUHAsT CTPYKTypa Tree ¢ sjeMeHTaMU TUTTA & MOYKET ObITh
MIOCTPOEHA, IBYMS MY TSIMU:

(1) ¢ momorpbio dyukiyn Node u Tpex ee mapamerpos (OJUH TUIIA
a u nBa Tuna Tree);
(2) ¢ momombio KOHCTAHTBI Leaf ».

[Ipu 3amaHun TaK OMNPEIEJIEHHOTO JIPEBOBUIHOTO THUIA CTPYKTYPhI
UCIIONIB3YIOTCsT KOHCTPYKTOPHhI fHaHHbiXx Node m Leaf. /IpeBoBumnas
CTPYKTYypa, n300parkeHHas Ha PUCYHKE, OMIChIBAETCS CJIeTYIONTNM BbI-
pazKeHueM:

Node 4 ( Node 2 ( Node 1 Leaf Leaf)
( Node 3 Leaf Leaf)
)
( Node 6 ( Node 5 Leaf Leaf)
( Node 7 Leaf Leaf)
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MokHO He Pa3HOCHUTBH BBIPpAXKEHUTA, ONPEIESIONINe IepPeBO, II0
crpokaM. Tak, JomycTuma ciemyromas ¢popMa 3allicu:

Node 4 ( Node 2 ( Node 1 Leaf Leaf) ( Node 3 Leaf Leaf))
( Node 6 ( Node 5 Leaf Leaf) ( Node 7 Leaf Leaf))

Oprako mepBOe W3 TPUBEIEHHBIX OMpPEIe/IeHUil mpeacTaBsieTcs 0o-
JIee «IIpo3padHbIiM». He 3abbIBaiiTe 0 ABYMEPHOM CHUHTAKCHCE SI3BIKA
Haskell: mobapiigitiTe OTCTYIBI B T€X CTPOKAX, KOTOPBIE SIBJSIOTCS IIPO-
JTOJIZKEHNEM OIpeIe/IeH s, HadaToro paHee.

OyHKINN C apryMeHTaMU, sIBJISIOMIUMUCS IPEBOBUIHONW CTPYKTY-
poii, OmpenesdioTCsa IMyTeM yKa3aHHs IIa0JIOHOB s KasKJIOTO KOH-
cTpyKTopa >roro Tuna gaHHbX. Ciemyiomas (QyHKIWS, HAIPUMED,
[MOJICYUTHIBAET YUCJIO d1eMeHTOB Node B APEeBOBUIHON CTPYKTYyPE:

size - Tree a -> Int
size Leaf = 0
size (Node x p q) 1 + size p + size q

Cpasaute 31y dDyHKIHIO ¢ length, Beraucasionieil JJnHy CrucKa.

MoxkHO ompenennTh OrPOMHOE KOJINIECTBO PA3INIHBIX TUIIOB APEe-
BOBUIHBIX CTPYKTYpP. PaccMoTpuM UL HECKOIBKO ITPUMEPOB:

e JlepeBbsd, comepzKaiye nHGOPMAINIO B JIUCThAX, a HE B y3Jax:
data Tree2 a = Node 2 (Tree2 a) (Tree2 a) | Leaf2 a

e JlepeBbsi, B KOTOPHIX MHGOPMAIAS TUTA & pa3MelleHa B y3jax, a
uHdOpMAIUd TUTA b JTUCTHAX:

data Tree3 a b = Node3 (Tree3 a b) (Tree3 a b) | Leaf3 b
e J/lepeBbsI, B KOTOPBIX U3 KarKJIOI'O Y3J1a BBIXOIUT TPU BETBU:

data Tree4d a = Noded (Treed a) (Treed a) (Treed a)
| Leaf4d

e /lepeBbsi, B KOTOPBIX UHCJIO BeTBEll, UCXOAANINX U3 Y3JIa ABJISIETCS
[IePEMEeHHON BeJIUYNHONI:

data Tree5 a = Nodeb a [Treeb al

B marmOM mpuMepe gepeBa HET HEOOXOIMMOCTH OTIEIbHO OIPEIe/ISATh
JINCTHS, TTOCKOJIBbKY B KadeCTBE TAKOBBIX MOTYT OBITh MCIIOJIH30BAHBI
y3JIbl, HE COJIepzKalllie UCXOIIIINX BeTBel.

e /lepeBbs, B KOTOPBIX KazKJIbIil y3€J UMEeT TOJbKO OJIHY BETBb:

data Tree6 a = Node6 a (Tree6 a) | Leaf6
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Takoit mpumep gepeBa MO CYTH SIBJISIETCSA CIHCKOM, ITOCKOIBKY UMeeT
JIMHEWHYIO CTPYKTYPY.

e JlepeBbs, ¢ pa3IMIHBIMU BHIAMHI y3JIOB:

data Tree7 a b = Node7a Int a (Tree7 a b) (Tree7 a b)
| Node7b Char (Tree7 a b)
| Leaf7a b
| Leaf7b Int

JlepeBbs momcka

XOpoLnM IpUMepOM CHTYAIlui, B KOTOPOH JepeBbs MIPEIIOYTH-
TeJIbHee, YeM CIUCKHU, eCTh MOUCK (MPUCYTCTBYIOIINX) SJIEMEHTOB B
60s1bI0i KoJteKnu. C 3TOi [eIbI0 UCIOIb3YIOTCS depesbs noucka.

Ha crpanunte 117 6n11a paccMoTpera (pyHKINA elem, KOTOpast BO3-
BpamaJ/a True, ecan 3JIEMEHT BCTPEUYAJICs B CIHUCKe. DTa (PYHKINASA
OTIpeIe IsIIach ¢ TIOMOIBIO (DYHKIUI map u or:

elem :: Eqg a => a -> [al] -> Bool )\
elem e xs = or (map (== e) xs)

Jlpyroe ee ompejieeHne NCIOIb3YeT PEKYPCHIO:

elem e [] = False )\
elem e (x:x8) == ¢ || elem e xs

B oboux ciaydasx Bce 3JIeMeHTBI CIIHCKa IIPOCMATPUBAIOTCS OIUH 3
ogunM. Kak ToibKo 31emenT Oymer HaligeH, (DYHKIUS HeMeIIeHHO
Bo3BpaTuT True (6Jaromapsi JEHWBOCTH BBIYUCJIEHUI), HO €Ciiu 3je-
MEHT He COHEPKUTCS B CIHCKe, TO (PYHKIMS BCE PaBHO IPOBEPUT UX
BCe OIUH 33 JIPYTUM.

Yrnobuee ObLIO ObI PabOTATH C OTCOPTHPOBAHHBIM CIIMCKOM, T. €.
TaKNM, BCE €ro 3JeMeHThI KOTOPOI'0 PACIOoJaraloTcsad B HEyObIBAIOIIEM
nopsiake. [Tonck MOXKHO mpeKpalaTh, eCJIN OKUIAEMbIN SJIEMEHT yrKe
npoiiger. /g peaju3anun TaKOro ajJropuTMa TpeOyeTcs, YTOOBI dje-
MEHTBI CIIHCKa IOIYCKaJIl He TOJbKO IPOBEPKY Ha paBEeHCTBO, HO M
cpaBHeHUe (T. e. ABJISJINCH Obl BeaumunHaMu Kiaacca 0rd):

elem’ :: 0rd a => a -> [a] -> Bool ,X
elem’ e [] = False
elem’ e (x:xs) | e < x = False

| e == x = True

| e > x = elem’ e xs
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SHAYNTETBHBIM YIYUIIeHHEeM MPOTPAMMBI ABJISETCA UCIOJIb30Ba-
HIe He CIUCKa, a depesa noucka. [lepeBo TOMCKa eCTb PO OTCOPTH-
POBAHHOTO J€peBa. JTO IePEBO MOYKET OBITH OMPEIEIEHO C TTOMOIIBIO
00bsIB/IEHUsI, PACCMOTPEHHOTO HAMU PaHee:

data Tree a = Node a (Tree a) (Tree a) | Leaf

B takom jepeBe B KarxKIOM y3Jie COJEPIKUTCS JIEMEHT U jiBa (MeHb-
uX) TOJJEpeBa: JeBoe U mpaBoe (CM. PUCYHOK Ha crp. 186). OcHOB-
HBLIM TpeOOBaHMEM, IPeIbABISIEMbIM K JePeBY MOUCKa, SBJISIETCA Pac-
HOJIOJKeHWe B JIEBOM IOJJIepeBe BeJNYNH MEeHBIINX, 4eM B y3Je, a B
IpaBoM — OOJILIINX. SHAUEHNd B y3JaxX JepeBa, IPUBEJIeHHOr0 Ha pU-
CYHKe, BLIOpAHBI TAKIM 0OPa30M, 9YTO OHO SABJISETCA JEPEeBOM IIOUCKA.

[Touck s1eMeHTOB B JepeBe MOUCKa OYeHb MpocT. Kean BemmyunHa
paBHA 3HAYEHUIO, XPAHIIIEMYCSI B y3J€e, TO dJIeMeHT oOHapy:KeH. Ec-
JI OH MEHbIIIe, TO TIONCK TIPOJIOIZKAETCS B JIEBOM MojiepeBe (mpaBoe
OJIZIEPEBO  COJIEPIKUT yIeMeHThl ¢ 66abimM 3Hadernem). C apyroi
CTOPOHBI, €CJTU BEJIMUNHA OOJIbINIE, UeM XPAHSIIasiCsd B y3J/I€e, TO MOUCK
IpOJI0/IKaeTcs B IpaBoM moaaepese. [losTomy dyukimsa elemTree BbI-
TJIAOAT TaK:

elemTree :: 0rd a => a -> Tree a -> Bool
elemTree e Leaf = False
elemTree e (Node x 1 r) | e == x = True
| e < x = elemTree e 1
| e > x = elemTree e r

Eciun mepeBo xopoiro cOaaaHCHPOBAHO, T. €. HE COAEPKUT OOIBIITNAX
«JIBIP», TO YUCJIO IJEMEHTOB, MPeJIHA3HAYEHHBIX /I MMOUCKA, YMEHb-
IIaeTcsd IpUOIN3UTENIHLHO B IBa pa3a Ha KaxkaoM mare. [losTomy Tpe-
OyeMbIil a/1eMeHT OymeT HaligeH JOCTATOYHO OBICTPO: TaK B KOJLIEKIIUN
u3 1000 smemeHTOB MOTpedyeTCst ceaaTh OKOJIO eCSITH IIaroB, a B
KOJIJIEKIINHY 13 MUJIJIMOHA 3JIeMEeHTOB OKOJIO ABaanaTi. B obmem, MOXK-
HO CKa3aTh, UYTO IOMCK B KOJJIEKIIMHA W3 N 3JIEMEHTOB IIPH IIOMOIII
dyHKII elem mMoTpedyeT OKOJIO N IIAroB, a MPU MOMOIIU (DYHKIIUN
elemTree TOIBKO log, n maros.

CrpykTypa mepeBa ImouckKa

Qopwma JepeBa MOUCKA A1 HEKOTOPOW KOJIJIEKITUHA JIeMEHTOB MO-
JKeT OBITh OIpeesieHa «BPYUYHYIO». 3aTeM JAepeBO IIOUCKA MOYKHO C
ITOMOIIHIO KJIABUATYPHI BBECTU KaK OIHO OOJIBINOE BhIPArKeHIe C MHO-
’KeCTBOM KOHCTpyupyiomux yaknuit. Tem He MeHee MOXKeT BO3HUK-
HYTb IIOTPEOHOCTH B aBTOMATU3AIMU 3TOrO IIPOIECCa.
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Anamornuno yHKIUK insert, H00aBIONIEH 3IeMEHThI B OTCOP-
TUPOBaHHbIN crucok (cTp. 118), dyukius insertTree mobaBisier sre-
MEHT K JepeBY IOMCKa TaKUM 00pa30M, UTO pe3yabTaT H00aBIeHUs
OCTaeTCsl JIEPeBOM TIOWCKa, T. €. BCTaBKa 3JIeMeHTa TPOU3BOINTCS B
HY2KHO€ MECTO:

insertTree :: Ord a => a -> Tree a -> Tree a ;X
insertTree e Leaf = Node e Leaf Leaf
insertTree e (Node x 1 r)

| e <= x = Node x (insertTree e 1) r

| e > x Node x 1 (insertTree e 1)

Ecmu snemenT mobaBisieTcss K JIUCTY Cﬂ €. K IIyCTOMY ﬂepeBy% TO
CTPOUTCS HEOOJBINIOE TePEBO, COCTOSIIEe U3 OJHOIO Y3Ja, B KOTOPOM
XPaHUTCS 3JEMEHT €, U JIBYX IIYCThIX AepeBbeB. B mpoTruBHOM ciydae
JIepeBO He IyCTO M OHO COJEPXKUT B KOPHEBOM Y3JI€ JIEMEHT X. DTO
3HaAYEeHUe U NUCHOJb3yeTCd N4 OIpeIesIeHNd, B KaKOe IOIIepeBOo IToMe-
IIIaTh HOBBII JJI€MEHT.

C nomompio pyHKIUN insertTree Bce 3JIEMEHTHI CIMCKA MOYKHO
IMIOMECTUTh B JIEPEBO MOUCKA:

listToTree :: 0rd a => [a] -> Tree a /X
listToTree = foldr insertTree Leaf

Cpasuute nonyuernyto (yHkimo ¢ dbyuknueii isort (crp. 119).

Henoctarkom ucmonb3oBanns pyHKnn 1istToTree aBisgeTcs To,
YTO B pe3yJibTaTe ee MPUMEHEHUsT He BCErJa MOJIyvaeTcs XOPOoIo coa-
JTAHCUPOBAHHOE JepeBO. IJTa MpobjemMa He CTOUT TaK OCTPO, KOTIA
nHbopMaIusg 100aBageTcsI B CAydaifHOM Mopgaake. Ecan ke CIHICOK,
KOTOPBIil Ipeo0pa3yoT B AEPeBO yKe OTCOPTHUPOBAH, TO MOJIYUYEHHOE
JIePeBO TTOMCKA OyIeT «IePEKOIIEeHHBIM ».

---> 1listToTree [1 ..T7] H
Node 7 (Node 6 (Node 5 (Node 4 (Node 3 (Node 2
(Node 1 Leaf Leaf) Leaf) Leaf) Leaf) Leaf) Leaf) Leaf

XoTs JaHHAs CTPYKTypa U SBJISIETCS JI€PEBOM MOUCKA (BeJIMYNHA Ka-
JKJIOTO 3dJIEMeHTa, 3aKJ/II0UeHa MeKIy 3HAYeHUSAMU JIEBOTO W ITPaBOTO
noJiJiepeBa) CTPYKTypa ero mo CyTu JuHeliHa. B TakoMm jepeBe Hemo-
CTUZKUMO JIOTapuMUIECKOe BPEMST TIOMCKA. SHAUUTEIHHO JIyIInM (He
«JIMHEWHBIM» ) JIEPEBOM TIOMCKA C TeMU Ke 3HAUYEHUIMU OyJIeT JTepeBo

Node 4 (Node 2 (Node 1 Leaf Leaf)
(Node 3 Leaf Leaf))

(Node 6 (Node 5 Leaf Leaf)

(Node 7 Leaf Leaf))
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CopTupoBKa ¢ IMIOMOIINBIO JiepeBa IMOMCKa

OyHKIMN, PACCMOTPEHHBIE BBINIE, MOTYT CIYKATh OCHOBOM JIjIst
IIOCTPOEHUsT HOBOT'O aJIrOPUTMa, COPTHPOBKHU. HaMm moTpebdyercs JIHIb
ere oaHa (PYHKIIHMS, KOTOpasl IMOMEIAeT 3JIeMeHThI IepeBa IIONCKa B
CIIICOK B HY>KHOM mopsiake. Omupeesenne ee TaKOBO:

)\ labels t: tree a -> [a]
labels leaf = []
labels (Node x 1 r) = labels 1 ++ [x] ++ labels r

B ormmunm or dyHkinm insertTree, 3Ta (QYHKIUS TPOU3BOIUT Pe-
KYPCHUBHYIO 00pPabOTKY kak .4€6020, MaK U NpPasozo MOIIepeBa. JTO
3HAUNT, UTO KarKIbIil 3JIeMeHT JepeBa OyaeT oOpaboTaH.

[Ipon3BOMBHBIN CIMCOK CIE/IyeT CHaYaJ Ia MPEBPATUTH B JIEPEBO TIO-
MCcKa ¢ ToMOIIbIo pyHKInn insertTree, a 3aTeM cOOpPaTh UX B CITUCOK
B IIPaBUJILHOM HOPAIKe C IIOMOWIIbI0 labels:

)\ sort :: Ord a => [a] -> [a]
sort = labels . listToTree

YaajeHue u3 gepeBa IMOMCKa

JlepeBbs TOMCKa MOYKHO HCIIOJIB30BATEH B POIN Oa3bl JaHHBIX. Kpo-
Me omepalnii mepeHyMepoBKH, BCTABKIA M MOCTPOEHUSI, KOTOPhIE YIKe
OTHMCaHbI, HAM TOTpedyeTcs elne (DYHKINS, VIAJISIONIast 3JIeMEHThI 13
6a3bl ganubix. OHa mox0XKa Ha PyHKINO insertTree: B 3aBUCHMOCTHI
OT CBOET0 apryMeHTa OHAa BBI3BIBAETCS PEKYPCUBHO JHUOO I JIEBOTO,
b0 JJIst IPaBOTO TOI/IePeBa.

/X‘ deleteTree :: 0rd a => a -> Tree a -> Tree a
deleteTree e Leaf = Leaf
deleteTree e (Node x 1 r)
| e < x = Node x (deleteTree e 1) r
| e ==x = join 1 r
| e >x = Node x 1 (deleteTree e r)
Ecan Besmuuna Oyner HaiineHa B jepese (ciydaii x == e), TO OHa

HE MOYKET OBITh IPOCTO OIYyIeHa, TaK KaK B TOM MeCTe OCTaJiacCh
Ob1 «abipas. [loaTomy HEOOXOmMMA (DYHKIINA join, cOeTMHAONIAS TBA
IO/ IepeBa B OJIHO.

DTa GYHKIUS OepeT HAMOOJBIINI 3JIeMEeHT JIEBOrO IOIIepeBa B
KagecTBe HOBOTO y3Jja. Kcam jeBoe momaepeBo MyCcTO, TO B CIMSHUN
TOJIIEPEBHEB y2Ke HET TMPODJIEMBbI.

)\ join :: tree a -> Tree a -> Tree a
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join Leaf b2 = b2
join b1 b2

Node x b1’
where (x, b1?)

b2

largest bl

Oyukiug largest Kpome HAMOOIBINETO JIEMEHTa MOIEPEBA TaKIKe
BO3BPAIIAET JIEPEBO, OCTAIOIIEECS TOCTe U3bATUS HAUOOBIIEro 3Je-
menTa. Oba pesysbTaTa COeIUHSIOTCS B mapy. Hambombrmmuit smeMenT
HaXOJIUTCsI TIPU PEKYPCUBHOM TTPOCMOTPE TPABBIX TO/IIEPEBHER:

largest

largest (Node x bl b2)

largest (Node x bl Leaf) =

where (y, b2’) = largest b2

:: Tree a -> (a, Tree a)
(x, bl)
(y, Node x bl b2’)

[Ipousntoctpupyem pabory dyaknun deleteTree ciaemyrommMm

IIPUMEPOM.

deleteTree 6

6

3

5

10

9

DTOT BBI30B MPUBE/IET K MPUMEHEHUIO (DYHKIIUN jOin C JeBOMY U Ipa-

BOMY IIOAJEPEBBAM B Ka4eCTBE MMapaMeETPOB!:

join b1

2

3

5

10

Oynkiusa largest Oyaer BeI3BaHa (pyHKIMEH join B moggepeBoM bl B
KauecTBe Mmapamerpa. B pe3yabrare Oymer moaydeHa mapa (x, bl?):



194 VII. Haskell xax azwx OOII

lepeBbs bl’ m b2 BBICTYIAT B KadecTBe IOIJIEPEBbEB JIIsI HOBOTO
JepeBa ITOnCKa:

5

3 9

Oyukiudg largest BbI3bIBaeTCsd (PyHKIINEH join TOTBKO B TOM CIIydae,
eCJIN TIOJIyYeHHOE JIEPeBO He 1ycTo (T. e. He siBisiercst Leaf-nepeBom).
Insa obpaboTkm TycTOro jepeBa B ONpeJesieHne (QPYHKIUN join
BKJIIOUYEHO OTJIeJIbHOE IIPAaBUJIO.

» Vnpaorcnenue VII.3.6

[ToaroroBbTe CKPUIIT, COMEPIKAIIII BBIIITEONMCAHHBIE (DYHKIIAY JIJIsI Pa-
O0TBI ¢ JepeBbsaMU moncka. IIpu odbasniennn Tuma Tree He 3a0yAbTe
yKa3aTh, 9YTO OH SIBJISETCS] YK3EMILIIPOM KJiacca Show (6e3 momo6Horo
yKa3aHWsI BbI HE CyMeeTe YBUIETh Pe3y/IbTaT MPUMeHeHnsT (PYHKINT K
JePEBbSIM ):

data Tree a = Node a (Tree a) (Tree a) | Leaf
deriving (Show)

BxtounTe B CKPUTIT OTMUCAHUE JePeBa MOUCKa, U3 PACCMOTPEHHOTO
npuMepa, 3ajlaBaeMOe BbIPayKeHUEM:

treel :: Tree Int
treel = Node 6 (Node 2 (Node 1 Leaf Leaf)
(Node 4 (Node 3 Leaf Leaf)
(Node 5 Leaf Leaf)))
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(Node 8 (Node 7 Leaf Leaf)
(Node 10 (Node 9 Leaf Leaf)
Leaf))

Temeps MOXKHO paboOTaTh ¢ BeINUMHON treel, Kak ¢ 6a30il JaHHBIX.
BoeimossuTe cieayrorme BbI30BbI OYHKITHIA:

---> elemTree 4 treel

True

---> elemTree 14 treel

False

---> elemTree 14 (insertTree 14 treel)
True

---> elemTree 4 (deleteTree 4 treel)
False

3.5. MeTknu noJien

[Tonsa B mpenenax mekgapanun data MOTYT OBITH JOCTYIIHBI JIHOO
MTO3UIIMOHHO, MO0 10 MMEHHU C MCIIOJIb30BaHUEM MemMok noset. Pac-
CMOTPUM THUT JAHHBIX, ITPEACTABIAIONINX TOYKY Ha MJIOCKOCTH:

data Point = Pt Float Float

JIBe KoMmIOHEeHTHI Point ecTh mepBbIit W BTOPOil apryMeHT KOHCTPYK-
Topa Pt. OyHKINs, aHAJIOTUIHAS,

pointx :: Point -> Float
pointx (Pt x _) = x

MOZKeT MCHOJb30BAThCS JIJI CCHLIKUA Ha MEPBYIO KOMIIOHEHTY TOYKHU
B JIOCTATOYHO HAIJISITHOM BUJE, HO JJIsi OOIBIINX CTPYKTYP JOBOJHHO
YTOMHUTE/ILHO CO37IaBaTh Takue (DYHKIINH BPYUIHYIO.

KonctpykTop B geksaparnuu Trumna data MoxKeT OBITH OObSBIIECH
C aCCOIMUPOBAHHBIM UMEHEM MOAA, 3AKJIIOUYEHHBIM B cKOOKH. Takoe
UMSsI TIOJISI OTOXKIECTBJISIET KOMIIOHEHThI KOHCTPYKTOpPA C MMEHEeM sIC-
Hee, 9YeM yKa3aHue MO3UINN 0/ B CTPYKType. BoT anmbrepHATHBHBIH
criocob ompemeaenuns: Tumna Point:

data Point = Pt {pointx, pointy :: Float}

Takoe ompenesieHne WIEHTHYHO NMPUBEIEHHOMY paHee OIpeJIeIeHUIO
tuna Point. KoncTtpykTtop Pt oamH u TOT Ke B ODOUX CIIyUasiX.
Opnrako, 3Ta JeKJapalisd 3ajajia UMeHa JBYM IOJIsaM: pointx u

H

A

A
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pointy. /laHHBIEe MMeHA MOTYT MCIOIB30BATHCI B KAUECTBE CEAEKMOP-
HoLT (PYHKITUH, TO3BOJISIONINX BbIIEIATH KOMIIOHEHTHI U3 CTPYKTYPHI.
B sToM mpumepe THT CeIEKTOPHBIX (DYHKINH TaKOB:

pointx - Point -> Float
pointy - Point -> Float

A BOT (DyHKINSA, NCIOIB3YIONMIAS 3TU CEJIEKTOPDL:

absPoint :: Point -> Float
absPoint p = sqrt (pointx p * pointx p +
pointy p * pointy p)

MeTkn moseit MOYKHO MCIOJIB30BATh WM JIJIS TIOJyY€HUs] HOBBIX Be-
nnyanH: BeIpazkenue Pt {pointx =1, pointy = 2} unentnuno Pt 1 2.
cnonb30oBanne nmMeH moseli He BBITECHAET YIOTPeOIeHIe TO3NITNOHHO-
IO CTUJIS TIPY 33/JaHUU BEJINYINH, TaK 00e GOpMBbI, IpUBEIEHHBIE DaHee,
JIOCTYTIHBI IIOJIB30BATE/IIO, OJHAKO, C NOMOUDIO MEMOK NoAel MOIHC-
HO 3adamb SEAUNUNHY, HE B8CE NOAA KOMopol 6ydym onpedesenvl, ITO
HEBO3MOXKHO TIPH MO3UIIMOHHON (pOpMe OTIpeieseHns BeTMINHBI.

OO6pa3Ibl COOTBETCTBUS, BKIOYAIOININE UMEHA TOJIel, HCTIOIb3YI0T
TaKOW 7K€ CUHTAKCHUC, YTO U KOHCTPYKTOp Pt:

absPoint (Pt {pointx = x, pointy = y}) = sqrt (x*x + y*y)

DyHKIWMs, n3MeHsomas 3Haderne crpykTypol (update function),
HCIIOJIb3yeT 3HAYEHN O/ B CYIIEeCTBYIONIEN CTPYKTYpe JJIs 3aIll0JIHe-
HI KOMIIOHEHT HOBO# CTPYKTYpHhI. Ecau p ecTs BenumHa Trma Point
(T. e. Touka), To p {pointx =2} ecTh TOUKA C TEM K€ 3HAUCHUEM TIOJISI
pointy, uTo M y p, HO ¢ pointx, 3aMeHeHHBIM Ha 2. Takas omeparus
He ABJISETCS JeCTPYKTUBHOMN: OOHOBJISAIONAA (DYHKIIUS JTUIIb CO3/AeT
HOBYIO KOTIHWIO OOBbEKTa, 3aMOJIHAST HEKOTOPbIE ero MOJIsd HOBBIMU 3HAa-
YeHUAMU.

» Vnpaotcnenue VII.3.7
CospaiiTe CKPUIT, COAEPKAIIMI CIeIYIOMINA KOJI;:

data Point = Pt {px, py :: Float} deriving Show

absPoint :: Point -> Float
absPoint p = sqrt (px p * px p + Py p * py p)

el :: Point

el =Pt {px =1, py = 2}
e2 :: Float

e2 = absPoint el



3. Aneebpaureckue munve 0aHHbLT 197

e3 :: Float

e3 = px el

e4 :: Point

e4 = el {px = 4}

3&pr31/IT€ CKPHUIIT 1 BBIIIOJIHUTE BbIYUC/ICHUA:

---> el
Pt{px=1.0,py=2.0}
-—--> e2

2.23607

---> e3

1.0

---> ¢4
Pt{px=4.0,py=2.0%}

Berancinre paccTosHrme oT TOUYKHU e4 10 Hadaja koopauHatT. Ompee-
auTe PYHKIUO, BEIYUCISIIONIYIO0 PACCTOSHIE MEXKIY ABYMs TOUKAMH.

<

CkoOKH, MCHOIb3yeMble IPU 3aJaHUM METOK IOJIeil, MMeT CIIe-
IraJibHOE 3HAaUYeHNe: HeCMOTPs Ha TO, 4TO cuHTakcuc a3bika Haskell
OOBIYHO pa3pelraeT OIMyCKATh CKOOKM, 3aMEHSS UX COOTBETCTBYIOIIM
BbIpaBHUBaHUEM TekcTa (layout rule), mpw MCIIOAH30BAHUN METOK MO~
JIeif CKOOKU Heo0x00uMbL.

MeTku moJjieit MOTYT MCIOJIB30BATHCA HE TOJIBKO B THIIAX JAHHBIX
C eINHCTBEHHBIM KOHCTPYKTOPOM (OOBIYHO HA3bIBAEMbIE 3alUCSIMI,
Iecords)()ﬂHaKo,cneﬂyGPOTMETHTb,qTo13Tnnaxm:HeCKOHBKHNHIKOH—
CTPYKTOpaMi TMPUMEHEHNE BbIAEISIONNX WIN OOHOBISAIOMNX (DyHK-
III#1, NCIIOAb3YIONINX NMeHa TOoJIeil, MOYKeT MHOTIA IIPUBECTHU K OITNOKe
BpPEMEHU BBIMIOJITHEHN A, aHAJIOTUYHON TOM, K KOTOPOIl IPUBOAUT BBHI3OB
dyukimn head ¢ mMycThIM CIHUCKOM B Ka4eCTBE apryMeHTa.

To mmm mHOE MMSI TIOJIsT HE MOYKET HMCIIOJIh30BaThCsa DOJIee, UeM B
OJHOM THUIIEe JIAHHBIX. 1eM He MeHee B IpeesaX OJHOrO TUMA JaHHBIX,
9TO UMsI MOKET HMCIIOJh30BaThCs B PA3JIMYHBIX KOHCTPyKTOpax. Tak,
B CJIe/IyIoIIeM Ture JaHHbIX MeTKa f ucnob3yercs cpa3y B JIBYX KOH-
CTPYKTOpPax:

data T = C1 {f :: Int, g :: Float}
| C2 {f :: Int, h :: Bool}

Ecmm x ects Benmunna tumna T, To Bhipaxkenue x {f = 5} momyctumo
MCITO/IH30BATh HE3aBUCUMO OT TOTO, KAKUM 13 KOHCTPYKTOPOB JTaHHBIX
tuna T OblTa co3/maHa BEJTUYNHA X.

A
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» Vnpaorcnenue VII.3.8

CospaiiTe CKpUIT, COmeprKAIIMI CIeIYIOMNA KOJI;:

data T = C1 {f :: Int, g :: Float}
| C2 {f :: Int, h :: Bool} deriving Show

eb :: T

eb=Cl {f =1, g =2}

e6 :: T

e6 = C2 {f = 3, h = False}
e7 :: Int

e7 = f eb

e8 :: Int

e8 = f eb6

e9 :: Float

ed = g eb

BrinmosiauTe BhIUuMCIeHUA U OObACHUTE IIOJIYy49Y€HHbIE PE3YJIbTAaThI:

--->¢eb
C1{f=1,g=2.0%}
---> eb
C2{f=3,h=False}
-—-> e7

1

---> e8

3

---> e9

Program error: {T_Cl_g e6}
<

MeTtku mosieit He MEHSIOT TPUPOJLY aaredpandecKoro TUMa JTaHHBIX,
a JIUIIb SBJSIOTCS yJI00HOW CHHTaAKCUYECKOW BO3MOXKHOCTHIO OOpaIie-
HIs K KOMIIOHEHTaM CTPYKTYPBI JaHHBIX. OHU Jeaf0T KOHCTPYKTOPbI
C HECKOJIbKUMHU KOMITOHEHTaMU 0OoJiee YIOOHBIMU s MPAKTUIECKOTO
MCITOJIb30BAHNS, TAK KaK TOJIS MOTYT JOOABIATHCS UM YIAJIATHCS 0e3
YIOMUHAHUSA KOHCTPYKTOPA.

3.6. Crpormit KOHCTPYKTOP B data aekJiapanuun

CrpykTypb! maHabix B si3bike Haskell B obmiem ciydae saBIsitoTCs
JIEHUBBIMU: KOMIIOHEHTHI HE BBIUHUCIIIOTCS IO TeX TOP, MMOKA IBHO He
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OTPeOyIOTC. DTO TaeT BO3MOXKHOCTD MPUMEHEHHs CTPYKTYP, COMIep-
JKAIIIAX 3JTIEMEHTbI, BBIYUCIeHNE KOTOPBIX, €CJIU OHO TTOTPeOyeTCs, TPH-
BeJeT K OIMOKe WM MPEKPAIeHnIo BhIoHeHus. Vcnonmb30Banue Jje-
HUBBIX CTPYKTYP JAHHBIX YCUIUBAET BhIPA3UTENIbHOCTD si3bika Haskell
U ABJITETCS HEOTHEMIEMOW YePTOil CTU/IA TPOrPaMMUPOBAHNS HA JaH-
HOM SI3BIKE.

BryTpenHee mpejicTaBieHne KayKJI0TO OIS 00beKTa, 3aJaBaeMOT0
JIEHUBOW CTPYKTYPO#l JaHHBIX HATIOMUHAET HEKOTOPYIO OOJIBIITYIO U TSI~
JKeJIYI0 YITaKOBKY, KOTOpas CKPbIBAeT BBIYUCIEHNE BEJTUUNHBI, JO TOTO
MOMEHTa, KOTJa OHa MOTpedyeTcs. Y TaKOBKHU, COJIepIKalllie HeoIpe/Ie-
JIeHHbIe 37eMeHThI (L), He 3aTparuBaoT JApyrue 3JIeMeHThI CTPYKTY Dbl
MaHHBIX. Tak, kKopTek (’a’, 1) gaBisgeTcs COBEPIIEHHO JeralbHOl Be-
nuanHoit B Haskell. [TompobyiiTe:

---> fst (’a’, undefined)
7a7

Wcnonw3oBanue BeMYNHBI ’a’ HE 3aTParuBaeT JAPyrre KOMIIOHEHTHI
THIOILJIA.

BoNbIMITHCTBO A3BIKOB MTPOTPAMMUPOBAHUS SABIAIOTCA CMPO2UMU,
a He JICHUBBIMU: B HUX BCE€ KOMIOHEHTBHI CTPYKTYDP JTAHHBIX BBIYUCJIA-
FOTCA TIepeJ; TeM, KaK OHM IMOMEIAalTCd B CTPYKTYPY.

EcThb ele HECKOIBKO OCOOEHHOCTEM, CBI3aHHBIX C IOJOOHON yIa-
KOBKOII CTPYKTYP: BCe TaKue CTPYKTYPbI TPEOYIOT JOMOIHUTEIHHOIO
BPEMEHU JIJIsI KOHCTPYUPOBAHUS W BHIYNC/ICHUS; 1)1 NX Pa3MEIIeHNs B
IaMsITH UCTIOJIb3yeTcst Ky4a (heap) v oHM MO3BOJISIOT IPHUMEHSTEH COOD-
Ky Mycopa, BO BpeMs BhIUKCIeHus. [30ekaTh TaKUX HaKJIATHBIX Pac-
XOJIOB IIO3BOJIAIOT, TaK Ha3bIBaeMble, (h.aa2u cmpozocmu, YIOTpedie-
HIle KOTOPBIX B data-jeKjaapaiuyi IPUBOAAT K HEMEIIeHHOMY BbIUH-
CJIEHUIO OTMEYEHHBIX UM TO0JIeil KOHCTPYKTOPa, NTHOPUPYS JIEHUBOCTb.

daaru CTPOroCT MOZKHO HCIIOJIb30BaThb B CJIC€AYIOINUX CUTYalIAdX:

e J/Id 3aJaHUS Te€X KOMIIOHEHT CTPYKTYPbI, KOTOPbIE 00SI3aTeTbHO
OyIyT BBIYUCIATHCS BO BPEMs BBITTOJHEHUS TTPOTPAMMOBI;

® 1A 3a/IJaHNA KOMIIOHEHT CTPYKTYPBbI, KOTOPBIE JIETKO BbIYNUCIAIOT-
Cs U HUKOTJA He TIPUBOJAT K OIIMOKAM;

® IIpU UCTOJb30BAHUN TUIIOB, JJIsT KOTOPBIX YIOTPeOIeHe JacCTHIHO
HEOIPEIEJIEHHBIX BEJIUYNH He SBJISETCT HEOOXOIMMbBIM.

KoMmmiekcHbIe dYucIa, HAOPUMED, MOXKHO OObSBUTH KaK THII
Complex cieyoIM 00pa30M:

data RealFloat a => Complex a = 'a :+ !a
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B maHHOM OIlpeieIeHNN UCTIOIb3YeTCss KOHCTPYKTOP B (bopMe MHMpUKC-
HOTO oIepaTopa :+. DTO olpeeeHne BbIIe/IdeT IBe KOMIOHEeHThI —
AEeNCTBUTEJILHYIO U MHUMYIO 4aCTU KOMIIJIEKCHOT'O YUCJIa — KaK CTPOro
omnpesiesienuble. MoKHO TIpeyIoKNTh H60Iee KOMITAKTHOE TTPEJICTaBIIe-
HIle KOMILIEKCHBIX Yuces 6e3 UCIOoIb30BaHue (hiara CTpOrocTH, HO OHO
IIPUBOIUT K TOIIOTHUTEIBHBIM pacXoJgaM IPU CO3TaHUN KOMIIJIEKCHOT'O
YnCIIa ¢ HeoTpeleJeHHOW KOMIIOHEeHTOl, Takoro Kak 1 :+ L.

drarn CTPOTOCTH MOTYT TTPUBOINTH
K yTedKaM aJpecoB IMaMdATHU: TaKue
CTPYKTYPBI HE TTO3BOJISAIOT UCIIOIB30-
BaTh COOPKY Mycopa JIJIsI TeX JdacTelt,
KOTOPBIE yKe He TTOTPeOYIOTCA JJIsT BhIYUCIECHUIH.

Ions, ommevernHvie 3narom !
6 dexaapayuu data, evuuca-
OMCA 68 MOMEHM, CO30AHUA.

@yar crporoctu ! MOXKeT UCIOIB30BATHCI TONIBKO B JeKJIapalli-
ax data. OH He MOXKeT ymoTpeOIAThCS B CHUTHATYypaxX OIpedeIeHumii
IpYTuX TUTIOB feKaapanuii. CiaeayeT nmpemgocrepedb oT 631y MHOTO UC-
O/Tb30BaHUA (PJIara CTPOTOCTH, TaK KaK JIEHUBOCTD SBJIAETCS OJTHUM
3 PyHIaMeHTAIbHBIX CBOMCTB s13bika Haskell u ymorpebiienne daaros
CTPOTOCTU MOYKET 3HAYUTENHHO YCIOKHUTH 00PabOTKY OECKOHEUHBIX
CTPYKTYP WJIM MIPUBECTU K JIPYTUM HEOXKUJTAHHBIX MOCTEICTBUIM.

» Vnpaorcnenue VII.3.9

Ompemesuy THIT JAHHBIX, AHAJOTWIHBIN CIMCKaM, HO CTPOTHUii MO OT-
HOIIIEHUIO K €r0 [MEePBOMY 7eMeHTY (TOsoBe):

data HList a = Cons !'a (HList a) | Nil deriving Show

hd (Cons x y) = x
tl (Cons x y) =y

el0 :: HList Bool

e10 = True ‘Cons‘ (error "el0" ‘Cons‘ Nil)
ell, el2 :: Bool

ell = hd el10

el2 hd (tl e10)

el3 :: HList Bool

el3 = tl1 (tl (el0))

Boraucianre ykazaHHbIE 3HAYEHUS U TPOKOMMEHTUDPYITE MOTYYeHHBIE
pe3yabTaThI:

---> ¢el0
Cons True
Program error: el0
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---> ell

True

---> el2

Program error: el0
---> el3

Program error: el0

O6bsicuuTe, IOUEMy TIpu yaajenun duiara crporoctu (1) B 00bsIBIeHNIN
THUIIA UCYe3aeT OMMNOKA MIPU BhIYNCIeHNN e13:

-—-> el3
Nil

3.7. HoBble TuOBI: AeKJJapalud newtype

OOrmeit mpOrpaMMUCTCKOM TPAKTUKON SIBJISIETCS ONMpeIeIeHne TH-
mma, KOTOPBI MPEeICTaB/IsgeT B TOYHOCTU CYIIECTBYIOIINWA THUII, HO
IIpeJCTaB/IsIeTcsa oTaeabHo B cucteMme TumoB. B Haskell mexkmaparus
newtype co37aeT HOBBIN TUI U3 yiKe CYIIeCTBYIOMIEro. 3a NCKJIIOTeH-
eM KJIFOUEBOT'O CJI0Ba, Newtype-aeKaapaliys NCIOIb3YeT TOT Ke CaMbIii
CHHTAKCHUC, 9TO 1 data mek/apains ¢ eIMHCTBEHHBIM KOHCTPYKTOPOM,
COIEPKAIIIM eIMHCTBEHHOE II0JIE.

Hamnpumep, HATYpaIbHBIE YUCIA MOTYT OBITH IIPEACTABICHBI THIIOM
Integer ¢ moMoIIbIO CIIEAYIONIEH JeKIapalun:

newtype Natural = MakeNatural Integer
deriving (Eq, Ord, Show)

Takoe oObsABIEHNE CO3MAET COBEPINEeHHO HOBBIM Tun Natural, daxTu-
Jecku IrepenMeHoBbIBatonuii Integer. [lomy4yennsrit TaknM odpasom
THI OTJINIAETCS OT TUTTA-CUHOHUMA, TEM, UTO 3TO COBEPIIEHHO OTIEITb-
HBII THUII, KOTOPbIil MOJHOCTHIO COOTBETCTBYET HcxomHoMYy Tumy. Ilo-
I0OHOE mpeobpa3oBaHue He TPedyeT JOMOTHUTE/ILHBIX BPEMEHHBIX 3a-
TpaT; newtype He U3MeHSIET JiezKalllee B OCHOBE MPEJICTaBIeHTE 00beK-
ta. JlomycTuMo ompeaeseHne THUIA, MOJIYYEHHOIO C IIOMOIIBIO JIeKJIa-
parum newtype, Kak K3eMILIIpa TOTO WU WHOTO KJIAcCa, YTO HEBO3-
MOKHO JIJIsI THTIOB, OObSIBJIEHHBIX C TTOMOIIBIO JIeK/Iapalun type, T. e.
CUHOHUMOB.

B npuBemennoM BbIIe 00bsABIEHNN, KOHCTPYKTOp MakeNatural
npeoOpa3yeTr BenndnHy THNa Integer k Tumy Natural:

toNatural :: Integer -> Natural
toNatural x | x < 0O = error "Bejguuuna MemHpme O!"

H

A
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| otherwise MakeNatural x

fromNatural :: Natural -> Integer
fromNatural (MakeNatural i)

i
CHGAYKHHaH nexkngapanuda instance onpegender Natural kak

IK3eMIIAp Kjaacca Num:

instance Num Natural where
fromInteger = toNatural
X +y = toNatural (fromNatural x + fromNatural y)

X -9 = let r = fromNatural x - fromNatural y in
if r < O then error "PasmocTts < 0"
else toNatural r
X %y = toNatural (fromNatural x * fromNatural y)

bBe3 momobnoit neknapannu Natural He MOXKET HCIIOIb30BATH METOIbI
kiacca Num. /leknapanusa HacleaoBaHUA A4 THUIIA, UCIOIb3YEMOTO B
Ka4deCTBe OCHOBBI, HE MEPEHOCUTCHd aBTOMATWYECKW Ha THUII, OIpeJe-
JIEHHOW TTpU TIOMOIIH o0bsaBIeHus newtype. Hecmorps Ha To, 9TO THMI
Integer yxKe aBigercd sK3eMILIapoM Kiaacca Num, qyia tuna Natural
HEOOXOINMO BHOBB IIE€PEOIPEAETINTh METOIbI POIUTEIBCKOTO KJIACCA.

» Vnpaosrcnenue VII.3.10

CospgaiiTe CKpUNT, B KOTOPHBIi MOMeCTUTe 00bsaBaeHne Tuna Natural u
meperpyzkKeHHble MeTonbl Kaacca Num, onucanuble Bbimre. [Tocae sToro
co3aiiTe HECKOIBKO HATYPaJbHBIX YMCEJ U BBIIOJHUTE COOTBETCTBY-
IoIIe aprupMeTHIeCKue OmePaIun:

---> toNatural 5

MakeNatural 5

---> MakeNatural 3 + MakeNatural 4
MakeNatural 7

---> MakeNatural 3 - MakeNatural 4
MakeNatural

Program error: Pa3HoCTh oTpullaTelIbHa
---> MakeNatural 3 * MakeNatural 4
MakeNatural 12

<

Eme pa3 ormerum, 9TO TaK OMpPEJIeI€HHBIN TUI HE COBIAIAET C
Num, B oTin4yumu OT HCIOIL30BaHUdA THUIIA-CUHOHUMA Jj14 Integer, a
ABJIAETCHd COBEPIIEHHO OTJeJIbHBIM TUIIOM JaHHBIX.
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[TomobHOro 3ddexTa MOKHO OBLTO ObI JOOUTHCSA U C IIOMOIILIO JIe-
kiaapanun data BmecTo newtype. Tem He MeHee, MAHUITYJIANNA C Be-
JIWYTHAME THUIA, OOBABIEHHOTO C MOMOIILIO Aekjapainu data, Kak
yKe OTMEeYaJI0Ch, IPUBOANUT K IMOBBIIIIEHHBIM TPaTaM BPEMEHHU IPHA Pa-
60Te ¢ BeTMYMHAMU TAaKOTO THMA. [IpuMeHeHne mexyapaiuu newtype
MO3BOJIsIET U30€KATh ITUX JOMOJHUTETHHBIX PACXOIOB (CBI3AHHBIX
C JICHUBOCTHIO BBIUYMCJICHNUTT) HEen30eKHO NPUBHOCHMBIX JeKIapalnei
data. /Ipyroe oranume cOCTOUT B Pa3/JIMUYHBIX IIPABUIAX TPUMEHEHUS
00pa3IOB COOTBETCTBUS: KOHCMPYKMOP 6 0eKAAPAUUL NEPEUMEHOBA-
nus (newtype) asasemcs cmpozot gynkyued. ITO O3HATALT, UTO €C-
au tun N oObsgBJIEH C MOMOIIBIO JleKJIapanuu newtype, a 1 — ecTb
HeonpeenenHas Beanduna, 7o N | ecth B Tounoctu |. B mamry 3a-
ady ceiyac He BXOIUT OIMCAHNIE BCeX TOHKOCTEH B Pa3Inuusax STUX
JIeKaapalnii, pacCCMOTPUM JIUIIb OAUH IIPUMeE]D, BHOCSIINI HEKOTOPYIO
SICHOCTh B YyIOTPeOIeHne TOH MJIM MHOM HeKJapalinu THUIIa.

» Vnpaotcnenue VIIL.3.11

ITomecTuTe B CKpHUIIT omnmpeaecjeHnsd HECKOJbKNX TUIIOB JaHHbIX:

data D1 = D1 Int
data D2 = D2 !Int
type S = Int
newtype N = N Int
di (D1 i) = 42

d2 (D2 i) = 42

s 1 = 42

n (Ni) =42

[Ipu Takux ompemesieHUSX TUIOB U (DYHKIMMA, BhIpaxkenns (d1 L),
(d2 1), (d2 (D2 1)) sxBuBajieHTHHI L, B TO BpeMmsd Kak (n L), (n
(N 1)), (d1 (D1 1)) u (s L) skBuBamentusl 42. B wactaoctu (N
1) skBuBasentHo 1, a (D1 1) me skBuBaJsienTHo | . Hamomuum, uto
Heomnpeaeaennoe 3Hadenne | B a3nike Haskell 3amaercsa ¢ momorbio
dyukiun error uan undefined.

BrimoHnTe HECKOIBKO BBI30BOB OIPEIe/IeHHBIX BhIIIE (PYHKIII ¢
pPa3INYHBIMI apryMeHTaMH, [OCIe Yero oObACHUTE OCOOEHHOCTH MX
OBEeJIeHNSI:

---> d1 (undefined)

Program error: {undefined}
---> d1 (D1 undefined)
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42
---> d2 (undefined)

Program error: {undefined}
---> d2 (D2 undefined)

Program error: {undefined}
---> s (undefined)

42

---> n (undefined)

42

---> n (N undefined)

42

Bonpocwvt u 3adanus

VIIL.3.1

[IpeamnomoKum, Mbl XOTUM CUYATATH JIBA PACCTOSTHUS PAaBHBIMU, €CJIN
OHI oTamYaloTcd MeHee deM Ha 10 kM. MoXKHO M OIpeieIuTh TEeCT
Ha paBeHCTBO A1 Distance, ecau Distance ecTh Tumn-cuHonuM?! Ecim
Jla, TO 9TO MOXKHO Ha3BaTh omeparmeit (==)7

VIL.3.2

[Teperrumiure ompenenenve Gy alalyse, ompeieneHHON Ha
crp. 180 Tak, 4TOOBI Cciaydan aHAJIU3a He 3aBUCEJHN OT MOpPAIKa, B KO-
TOPOM OHH JAIOTCSI.

VIL3.3

Onpenennre QyHKIMIO group, 00bIBICHHYIO KaK
group :: Int -> [a] ->[[all

Dra GyHKIW pa3feaser JaHHBIA CIUCOK Ha MOACHUCKH (moMeras
MX B PE3yJbTUPYIOIINI CIIUCOK ), T/Ie BCe MOJCIUCKU UMEIOT 3aaHHY O
nauHy. TOIbKO MOCTeIHTN TOACTNCOK MOYXKET UMEeTh JITUHY MEHBITYIO
3agannoii. Hanpuwmep,

---> group [3 [1 .. 11]
 [1, 2, 31, [4, 5, 6], [7, 8, 9], [10, 11]]
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VILS./

[Ipeanonoxkum, 9To mata 3ajaercd Tpoiikoit (d, m, y), rned, mu y
yncaa Tumna Int, 3aaa0Iue COOTBETCTBEHHO AeHb, MecsIl 1 ro1. JlaiiTe
omnpenenenne pyuknun showDate, Oepyieit 7aTy U IMeYaTAOIIYIO €e B
BHU/Ie aHAJOTUIHOM IIPUBEIEHHOMY:

---> putStr(showDate (10, 11, 2002))
10 mosbpa 2002 rogma

VIL.3.5

Hanwumure derbipe apudmerndecKux (QYHKINAN 79 PabOThI ¢ KOM-
IJIEKCHBIMU YncIaMu. KOMILIEKCHbIE YUCIa — 9TO YHC/Ia, [IPEeICTaBu-
Mble B BHUIe a + bi, rme a m b ecThb melficTBUTENIbHBIE YNCIA, & [ —
MHIMagd eInHHIA, yIOBJIeTBopdiomag ypasHenuio 1> = —1. CoseT:
Haiiure dopmyny mis Beramcienus 1/(a + bi), pelmas ypaBHeHHe
(a+ bi) * (x +iy) = (1 + 0i) oTHOCUTENBHO T U Y.

VIL.3.6

IIycTh mepeBo 3amaeTcst CaemyIOMUM O0bABIEHIEM THUIIA:

data Tree’ = Empty | Leaf Int | Node Tree’ Int Tree’
deriving (Show)

B Tabauie mpuBeseHO HECKOIBKO IPUMEPOB J€PEBbEB TAHHOTO THUIIA.

tl t2 t3 td

()16 |4 14

SRS
181%

3mech t1 — mycroe mepeBo, t2 — AepeBo ¢ eAUHCTBEHHBIM 3JIEMEHTOM
(HHCTOM),HMEKHHHN[THHIht,tS n t4 — npuMepbl MHOIOYPOBHEBBIX
JepeBbEB, MOCTPOEHHBIX U3 BHYTPEHHUX BEPIINH, BEPIINH-JINCTHEB U
MYyCTHIX JepeBbeB. Karkas BHYTPEHHsIsT BEPITUHA COAEPIKUT TUCTIO U
nBa mojgepeBa. [lepBbie Tpu JiepeBa 3adaHbI OPEIeIeHUSIMU:

tl, t2, t3 :: Tree’

tl = Empty
t2 = Leaf 16
t3 = Node Empty 4 Empty
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[IpuBeuTe BHIpazKeHUe, OMUCHIBAIONIEE JTePEBO t4.

VIL3.7

JI1st fepeBa MOWMCKa U3 TPEIbIAYINEro 3aJaHnsT HATTUIITUTE TTPOrPaMMYy,
cojieprKaliyo (DYHKINM BCTABKU U yIAJEHUS SJIEMEHTOB B JEPEBO.

VIL.3.8

[Tepenuiiiure GyHKIIMIO COPTUPOBKHU C TTOMOIIBIO JAepeBa TaKUM 00Opa-
30M, 9TOOBI OHA UCIIOJIb30BaJIa JgepeBo Tuma Tree’.

VIL3.9

Jlamo mepeBo CIemyIOIero THUIa:

data Tree’’ a = Leaf a
| Node’’ (Tree’’ a) (Tree’’ a)

Hanumure dyuknun mapTree u foldTree, ompee/ieHHbIE Ha THUIIE
Tree’’, n aHajorndHble pyHKIMAM map u fold, 3aJaHHBIM Ha, CIIUCKAX.
O06s13aTeIbHO yKAYKUTE THI KarKI0H (DyHKIUN.

VIL.3.10

Paccyvorpum obbaBienne

MkJane Int
MkDick Int

data Jane
newtype Dick

JaiiTe noaxonsiue onpeaeaeHns OYHKIUNE, TeMOHCTPUPYIOMINX, ITO
Tunbl Jane n Dick oTsimyaroTca aApyr OT JIpyra.

4. IlpuMmepbl CTPYKTYPHUPOBAHHBIX THIIOB
JAHHBIX

4.1. Tun Angle

Panee (ctp. 156) mMbl BBesm Tun-cuHoHUM Angle jisi 0603HaYEHNUST
yIJIa TIOBOPOTa Ha ILIOCKOCTH. TaK KaK CHHOHWM HE CO3IAa€T HOBBIX
THUIIOB, OH YHACJIE/LyeT BCe CBOMCTBAa OCHOBHOTO Tura. [loaromy cMmbIc
oreparTopa == Jjisl BeJIMYUH TUNa Angle TOT ¥Ke, UTO U JIJIs BEJIUYIMH
tuma Float. Ha mpakTuke mMoxer moTpebOBATHCS BIOKUTL JAPYTOW
CMBICJI B TOT WJIM WHOM OIepaTop min (bYHKIHIO, OMpPEIeTeHHYIO Ha
HOBOM THIe. Hanpumep, ecrecTBEHHO OObSIBUTH PABEHCTBO HA MHOZKe-
CTBE YIJIOB Ha IIJIOCKOCTH KaK PaBEHCTBO IO MOJIYJIO dncia 27 (1Ba
yIJIa paBHBI MeKIy CO0Oii, ecim MX pasHOCTh KpaTHa 27). Konewro,



4. Ilpumepvl cmpyxmypuposanHvr munos JdaHHbLT 207

MOYKHO OBIJIO ObI BBECTH CIIEIHAIbHYO (DYHKIINIO JI/II IPOBEPKH Ha Pa-
BEHCTBO JBYX YIJIOB, YUUTBHIBAIOIIYIO OTMEUEHHOE CBOMCTBO YIJIOB, HO
€CJIM HaM XOYeTCsI UCIIOIb30BATh UMEHHO OIIEPATOP ==, TO MbI JTOJIZKHBI
00bsABUTH Angle KaK HOBBII TUI JAHHBIX, & HE KAK TUIM-CHHOHUM:

data Angle = MkAngle Float

instance Eq Angle where
MkAngle x == MkAngle y = normalise x == normalise y
normalise :: Float -> Float
normalise x
| x < 0 = normalise (x +rot)
| x >= rot = normalise (x-rot)
| otherwise = x
where rot = 2*pi

Bcmomorarenbrast (byHKIMs normalise, ncmonab3yemMasi B 3TOM OIIpe-
JeJIeHUN, BO3BpalaeT yroa B auamna3one oT 0 1o 2.

[InaToit 3a mpuMeHeHWE TAKOTO OMpeAeeHNs PaBEHCTBA YIJIOB,
ABJITETCS TO, YTO IeMeHTHhI Angle Temepb MUMEIOT «CyHePOOIOXKKY»
B JIAlle KOHCTPYKTOpa JaHHbIX MkAngle.

---> MkAngle (-pi) == MkAngle pi
True

---> MkAngle 0 == MkAngle (2xpi)
True

---> MkAngle pi == MkAngle (2*pi)
False

Y sToro cnocoba omnpenesnennus Tuma Angle ecTh JBa HETOCTATKA.
[IepBBbIM U3 HUX SBJISETCS TO, UYTO OTMEPAINN CO3/IAHUS U UCIOIb30Ba~
HIS YTJIOB, BCJIEACTBHE JIEHUBOCTH KOHCTPYKTOpa THUIIOB data, Tpedy-
IOT IOCTOSTHHOTO «3aBOPAdYUBaHUA» U «MIepe3aBOpAUYNBAHUA» JAHHBIX.
Bce 310 TpebyeT mMpUBOAUT K JOMOJTHUTE/IHHBIM 3aTpaTaM MaMATA U
BpeMeHU Ipu padoTe ¢ MOI00HBIM 00Pa30M OIPeaeIeHHBIMU BeJININHA-
M. Bo BTOpBIX, 00bsIB/IsAA HOBBIM THII JaHHBIX, MBI TaKZKe 00bsIBIIsIEM
BO3MOXKHO HezKeJslaTeJIbHble 37eMeHThl, HanpuMep, MkAngle | TakzKe
aByseTcs BenmanHO# Tnna Angle. JIpyrumn cioBamu, Tunbsl Angle n
Float yxke He u30MOop@hHbL.

Kak y»xke ormeuaJsioch, oco3naBasi 310, Haskell obecnieunBaer ajnb-
TepHATUBHBIN MeXaHU3M CO3/IaHUS HOBOTO TUTIA, TIOJTHOCTHIO U30MOPd-
HOTO yKe cymiecTByoomiemy. O0bsaBieHne

newtype Angle = MkAngle Float

A

H
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BBOIUT Angle KaK HOBBI THUII, Yeil 00pa3 mouno coomeemcmaeyem Th-
ny Float. OTiimune TaKoro o0bsIBJIEHNS OT TUIIA-CHHOHUMA B TOM, UTO
CO3/IaeTCsi HOBBIM TUTI, M YTO MOYKHO OObSB/ISATH BbIBEJIEHHBIE U3 HETO
kiaaccel. Oranune ot data-zmekjaapamnui COCTOUT, BO TEPBBIX, B TOM,
4TO MAHUIYJILIAN C BeJIUUYUHAMU, OIPEIeJeHHBIMU C MOMOIIBIO TaKO-
ro KOHCTPYKTOpa naHHbIX MkAngle, He TpeOyeT JOMOTHUTETHLHOTO Bpe-
MeHn. XoTs BbIpakeHne MkAngle m mpHUCyTCTBYET B TEKCTE ITPOTPaM-
MBI, OHO yJaJdeTcd elle /10 Havdaja BBIYUCICHWI: BEJIWYWHBI TAKOT'O
THUIIA METOAUYHO 3aMEHSIOTCSI COOTBETCTBYIOIINMUI 3HAUEHUIMU 0a30-
BOro Tuma. Bropoe oTsimane cocTouT B ToM, 9TO MkAngle — cmpozudi
KOHCTPYKTOD 1 MkAngle | u | 0OBABIAIOT OIHO M TO Ke 3HAYEHUE.
CnenmoBarenbHo, MexK 1y BeandnHaMu TUNoB Angle n Float mmeercs
B3aUMHO OJITHO3HAYHOE COOTBETCTBUE.

4.2. Tun Day

Bepremca K paccMOTpeHHIO THNA JAHHBIX Day, BBEIEHHOTO Ha
ctp. 180 cremytommM ompeie/ieHueM:

data Day = Sun | Mon | Tue | Wed | Thu | Fri | Sat

BosMokHO B TporpamMme IoTpedyeTcs cpaBHeHUe 3jieMeHTOB Tuma Day,
IO3TOMY CJle/IyeT oObIBUTH, UYTO Day HaciemyeT cBoiicTBa KiaccoB Eq
n Ord. Ecim MBI pemmmuM mepeonpeneasaTh MeTOIbl 3THX KJIACCOB C II0-
MOIIBIO 00PA3I0B COOTBETCTBUS, TO MPUIETCS 33/IaTh OUYE€Hb OOJIHITOE
qncao ypasHenwuii. Jlydreit ngeeit Oyger KogupoBaHMie 3JI€MEHTOB TH-
na Day 1esabIMu YMC/IaMU U UCIOJIb30BaHUE CPAaBHEHUA IIeJIbIX YHCe.
Tak Kak momoOHas maes MOXKET OBITH IPUMEHHMa U K JPYTUM Iepe-
YUCAAeMbIM THUIIAM, TO 3aMEeTHM, YTO MMEHHO 14 TaKUX CATyaluil u
BBesleH Kiacc Enum (cM. crp. 175), KOTODBIH ONUCHIBAET THUIIBI, bW
9J€MEHThI MOTYT OBITH ITePeUnCIeHbI.

Tun, oObsIBIEHHBINH Kak dK3eMiuigp (instance) kiacca Enum, mc-
no/ib3yeT GpyHKIMU toEnum u fromEnum /i mpeoOpa3oBaHUs MEXKLY
ero snemenTamu u TunomM Int. Oyukmnus fromEnum jgo/1KHA OBITH Jie-
Boobparumoii (left-inverse) no ornorennto K toEnum, T. e. st BCex x
JIOJIZKHO BBINIOJIHATHCA cooTHoIIeHne fromEnum (toEnum x) = x.

Omnpenennm Day Kak 9Kk3eMIuigp Kiaacca Enum:

instance Enum Day where
toEnum Sun = O
toEnum Mon = 1
toEnum Tue = 2
toEnum Wed = 3
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toEnum Thu = 4
toEnum Fri = 5
toEnum Sat = 6

Oyukims fromEnum TakKe 33/1a€TCS CEMbIO YPABHEHUSIMU.

[TomobOHast nmess acCOMUNPOBAHNS 3HAUECHUN [IePEUNCIIEMOr0 TAIA
C IIeJIBIMU UCIOIb3yeTcd npu onucanun Tuna Char. axTudeckn, MOK-
HO OO'bSIBUTH

instance Enum Char where
toEnum = ord
fromEnum = chr

mes pynknmio toEnum st Day, MBI MOYKEM OIPEIETNTH METOIbI
APYTUX KJACCOB:

instance Eq Day where A
X == y = toEnum x == toEnum y

instance Ord Day where
x <y = toEnum x < toEnum y

Hamomuuwm, uro Haskell mosBonsger ucnonszoBats 60see ymodbHy0O
dopmMy 0ObSIBIIEHUS THIA HACIEAYIOIMIETO CBOWCTBA TOTO WJIM WHOTO
KJIacca: BMECTO JeKJapaluu instance, B KOTOPO#l meperpyKarrcs
MEeTOJIbI HEKOTOPOT'O KJIACCA, MOKHO OOBIBUTH THUII, YKA3aB IIPU ITOM,
910 OH Hacaedyem (deriving — HacjaemoBaHUe) CBOHCTBA YKA3AHHOTO
KJacca. Tak MOYKHO 3amucarh

data Day = Sun | Mon | Tue | Wed | Thu | Fri | Sat A
deriving (Eq, Ord, Enum, Show)

[IyakT deriving ciyXuT [/ TeHepalun MOIKJIACCa MePeInCIeHHBIX
KJIACCOB aBTOMATUYECKH, HO THU KJIACCHI JOJIKHBI OBITH OMUCAHBI Pa-
Hee. ABToMaTHUeCcKoe Hac/eJOBaHMe MOJKIACCA s Enum BO3MOXKHO
TOJIBKO JJIsi TUIIOB JAHHBIX, KOTOPbIE OOBABIAIOTCS ABHBIM CIIICKOM
X BEJUYNH, TIPUYEM MOPSIOK CJIEJOBAHUS WX KOHCTPYKTOPOB B 00DH-
SIBJIEHUN 33a/aeT OTHOIIEeHHe MOPsIKa Ha dJIeMeHTaX 9TOr0 THUIIa.

Tenepb B pyHKIMAX 115 pabOTHI ¢ THAME HEJETN MOXKHO HCIIOTb-
30BaTh TUIl Day:

workday :: Day -> Bool A
workday d = (Mon <= d) && (d <= Fri)

restday :: Day -> Bool

restday d = (d == Sat) || (d == Sun)

Hnsa onpenenenns pyukimn dayAfter, BhIIAIONLYIO JI€Hb, CIEIYIO-
Uit 33 TEKYIIUM, UCTIOAb3yeM (MyHKIUH toEnum u fromEnum:
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dayAfter :: Day -> Day
dayAfter d = fromEnum (toEnum d + 1) ‘mod‘ 7

B gactrOocTH, dayAfter Sat = Sun.

» Vnpaorcnenue VIILJ. 1

Omnpenenure Tun Day, MCHIOMB3ys aBTOMATUYIECKYIO TEHEPAIUIO TOI-
KJIACCOB, 1 (DYHKIUN JIJIsT paDOTHI C HUM:

data Day = Sun | Mon | Tue | Wed | Thu | Fri | Sat
deriving (Eq, Ord, Enum, Show)

workday :: Day -> Bool
workday d = (Mon <= d) && (d <= Fri)

restday :: Day -> Bool
restday d = (d == Sat) || (d == Sun)

dayAfter :: Day -> Day
dayAfter d = toEnum ((fromEnum d + 1) ‘mod‘ 7)

BrizoBuTe omnpeaesieHHbIe Bbile (OYHKIIMT 1 IPOBEPbTE, KAK BBIIOJIHSI-
IOTCS Ha dJIeMeHTaX JAaHHOTO THUITa OTHOIIEHUS PAaBEHCTBA W MOPSIKA:

---> dayAfter Sat

Sun

---> restday Sat
True

---> workday Sat
False

---> Sat < Mon
False

---> Wed == Wed
True

---> Wed == Fri
False

C apyroit cTOpOHBI, YHACIEIOBAHHOE OIpeIeTeHne MOXKeT ObITh
He COBCEM TaKHM, KaK HaM Xodercd. Hampumep, MoXKeT BOSHUKHYTH
TpeboBaHMe O CIeMu@UUECKOM BUIE MeYaTh TeX WU WHBIX JTaHHBIX
THIA, BBIBEJIEHHOTO U3 KJjacca Show, T. e. moTpedyeTcs Apyroe BUIU-
MOe TIpeJCTaBJeHUE 3JIeMEHTOB, OTJIMYHOE OT TOro, 4YTO CJeayeT W3
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HaCJIeIyeMOro ompeaeaeHns. B MoJIo0HBIX CUTYyAInaX IPUOAETCA JATh
SIBHO OOBbsIBJI€HHE THUIA KaK dK3EMILIApa TOr0 WU HHOTO KIacca —
instance-mekaapanuio. VM, makonern, ecian morpedyercs paspadoTaTh
0COOBIit cIToCcOD meYaTn JIEMEHTOB KaKOr'0-TO THIIA, JAHHBIX, TO BCETIA
MOKHO HAIMCATh CIENHAJbHYIO (DYHKIUIO g 3TOro caydas. Mbl He
00s13aHBI UCIIOAb30BaTh (BDYyHKINIO show. [IponmaocTpupyem 3Ty BO3-
MOYKHOCTB npuMepoMm. IlycTh mas Tumn

data Data = Pair Bool Int deriving (Show)

Ecin HyXHO HamedaTaTh BeJIWYUHBI Tuma Data, To Hacaemyemoe u3
Show omnpeiesienne m1aeT Ciaeayroliee

---> Pair True (3+4)
Pair True 7

Ho unuro #He memraer BBecTu (byHKINIO showData, mpegHa3sHAUEHHY O
JJId edaTu BeanyduH Tuna Data:

showData :: Data -> String
showData (Pair b n) = if b then "+" ++ show n
else "-" ++ show n

putData = putStr . showData

Hampuwmep,

---> putData (Pair True (3+4))
7

---> putData (Pair False (3%4))
-12

B onpenenenun showData ¢pyHKIMS show MCIoOab3yeTcsa A Int, HO
He ny4 Data.

4.3. BekTopa u MaTpPHUIIbI

B sToM pasmese Mbl HATOMHUM HEKOTOPBIE TOHATHS BEKTOPHOM aJl-
reOpbl U YBUANM KaK MOKHO CMOJIEJTMPOBATH OIE€pPAIi ¢ MAaTPUIIAMI
¢ moMoIbio Tunos a3bika Haskell.

O06o01IIeHeM OJHOMEPHOI JTUHUU, ABYMEPHO# MJIOCKOCTH U TPEX-
MEPHOT'O TPOCTPAHCTBA SIBISIETCS N-MEPHOE MPOCTPAHCTBO, T Ka-
JKIast TOYKa, 331aeTCsI C TIOMOIIBIO N KOOPANHAT. AHAJIOTUIHO OIMpeIe-
JIieTCs N-MepHbBIi BeKTop. /l1g 3a7aHnsa MoJ00HBIX 00HEKTOB MOYKHO
HCIIOB30BaTh TUII-CHHOHUM Vector:

type Vector = [Float]

A
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KonngecTBo 3/1eMEHTOB B TAKOM CIIUCKE OIIPEIeISIeT Ppa3MePHOCTD IIPO-
crpaHcTBa. JjIg TOro 4T0OBI OTJIMYATH IMOJOOHBIN O0BEKT OT APYTHUX
CIUCKOB, coAepzKalux 4ucia tuna Float, aydiire onpeneanTs HOBBII
THUT JAaHHBIX TP MTOMOINN JIeKIapannu data:

data Vector = Vec [Float]

31ech KOHCTPYKTOP MaHHBIX Vec mpeoOpa3yeT CINCOK YHCes B BEJIH-
ynHy Thma Vector. AHaJOrMYHO, TOYKY B Nn-MEPHOM IIPOCTPAHCTBE
MOZKHO OTIPEJIESTUTH KaK BEKTOD, COEINHSIONINN ee ¢ HaYaJI0oM KOOPIU-
HAT — BeJb BCe KOOPAUHATHI TOUYKHM M TAKOro BeKTopa paBHbI. OIHOIM
13 OCHOBHBIX (DYHKIUII Ha MHOYKECTBE BEKTOPOB SABJISIETCS (DYHKINA,
ONpeIeIAIONIAsT IJIMHY BEKTOPA (MM PACCTOSTHUE OT TOYKU C TEMU K€
KOODJMHATAMHU, YTO U y BEKTOPA, /10 HAYaja KOOPAWHAT):

vecLength :: Vector -> Float

st 1ByX BEKTOPOB (OHON PA3MEPHOCTH) MOYKHO BBISICHUTb, TIEPITEH-
JAUKYJISPHBI I OHU, WX HAUTU YTOJd MeXKJIy HUMU:

vecPerpendicular :: Vector -> Vector -> Bool
vecAngle :: Vector -> Vector -> Float

BeKTOp MOZKeT OBITH YMHO2KEH Ha 9HUCJIO (UITO CBOOUTCA K YMHOXKEHHIO
Ha 3TO YUCJIO BCEX €ro KOOp,ZLI/IHaT), JBa BEKTOPpa MOZKHO CJIOKHUTb:

vecScale :: Float -> Vector -> Vector
vecPlus :: Vector -> Vector -> Vector

Hanee MbI IpuBegeM omnpeneneHns >tux yukiuii. Ceiivac JIUIb ga-
JUM X KpaTKOe ONUCaHUe:

e vecScale: moyveHne KOJIMHEAPHOTO BEKTOPA, JIEZKAIIEro Ha TOI
JKe TIPAMOIt, HO 1edOPMUPOBAHHOTO B 3aBUCHMOCTH OT apryMeH-
Ta, CJIEAYIONIIM 0Opa30M: €C/IM aOCOTIOTHAS BEJIMUNHA apaMeTpa
1, TO BEKTOp CXKUMAETCs, B IIPOTUBHOM CJIyUae — PACTATUBACTCH;
eCc/IM apryMeHT OTPHUIATENbHBINA, TO BEKTOP MEHSEeT CBOE HaIlpa-
BJIEHWE Ha TPOTUBOIIOIOKHOE;

e vecPlus: BTOPOIi BEKTOD «IIPUKJIAIBIBAETCHA» K KOHILY IIEPBOTO, IIO-
cJIe 9ero HavaJjo IepBOro BEKTOPa COSIUHSAETCS ¢ KOHIIOM BTOPOIO
(B yKa3aHHOM HOpsiZIKe).

Cahenyromuii mpuMep WIIIOCTPUPYET STH OIEPAIN JIjIsi BEKTOPOB B
JABYMEPHOM TPOCTPAHCTBE.
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i Y
-1.5w /\ v [3, 2]
+0.5 v o= [1, -1]
V+W
N - vecPlus v w = [4, 1]
W vecScale 0.5 v = [1.5, 1]
\ oW vecScale -1 v = [-3, -2]
-1v T vecScale 2 w = [2, -2]
vecScale -1.5 w [-1.5, 1.5]

Paccvmorpum dyuknmu, npeobpasyoriue BeKTop B BeKTop. Ocobo nH-
TepecHbl (DYHKIINH, IIpeodpa3yolme KaK Iy U3 KOOPIUHAT BEKTOPa
B JINHEHHYIO KOMOMHAIIMIO APYTUX KOOpAuHAT. Tak, Hjs BEKTOpa Ha
IJIOCKOCTH TOH00HOe mpeodbpas3oBaHme 3a1aeTcss PopMyIoit

flzyy)=(axx+bxy,cxx+dx*y),

rie a, b, ¢ u d ectb pou3BOIbHBIE YnCIa. MOXKHO CKa3aTh, UTO JIIO-
Ooe uHeitHOe TpeoOpa30BaHe BEKTOPA B N-MEPHOM ITPOCTPAHCTBE OJI-
HO3HAUHO ompefensgerca n? unciaamm. OOLITHO OHW 3aMUCHLIBAIOTCA B
BHUJIE CTPOK YHMCeJI, 3aK/JIOYEHHBIX B CKOOKHU. TaKoil MaTeMaTHIecKuit
00bEKT HazbIBaeTcsa mampuya. Hampumep, ciieayromas MaTpuIia, Omnm-
CBIBAET ITIOBOPOT BEKTOpPa B TPEXMEPHOM IpocTpaHcTBe Ha 30° BOKPYT

ocH 2

1

2

1

SV 3
0

DO | —
OMIHS
(O8]
o O O

BBe,ZLGM HOBBI TUII, OHI/ICI)IBa,IOIl[I/Iﬁ MaTpHUIbI KaK CIIMCOK CIIMCKOB!

data Matrix = Mat [[Float]] A

Omnepartusg mpeobpa3oBaHus CTOJIOIOB B CTPOKU 1 HA0OOPOT HA3bIBAET-
CI MPAHCNOHUPOSaHUEM MATPUITHI U 3a/1aeTcd pyHKIelh matTransp,
UMEIONIe CIe YOI TUII:

matTransp :: Matrix -> Matrix )\
1 2 1 3
Hampuwmep, matTransp( s 4 ) = ( - )

Hawnbomnee BaxkuOil 13 Bcex (DYHKIMM 19 PabOTHI ¢ MaTPUIAMU
MOYKHO CYUTATh (PYHKIINIO, 33 AOILYI0 JUHETHOe Tpeobpa3oBaHmie Ma-
Tpuilbl. Ke Tum takos:

matApply :: Matrix -> Vector -> Vector )\
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KoMmmozunusa AByX JIMHEHHBIX MPeoOpa30BaHUil TaKyKe SBJISIETCS JIU-
HeflHBIM TTpeobpa3oBaHueM. /[Be MaTpHUIbl 33a10T ABa JUHEHHBIX Mpe-
obpa30BaHUsi, KOMIIO3UIINS ITUX TPEOOPA30OBAHNIN TAKIKe 3aIaeTCT Ma-
tputieii. Takoe mpeobpa3zoBaHue YaCTO HABBIBAIOT MAMPULHDLM NPOUS-
sedenuem. Tum 3Toit PYHKIIUN TAKOB:

matProd :: Matrix -> Matrix -> Matrix

[IpuBenem mpumep yMHOXKEHUS] MaTPUIIL;

01 2 2
1 2 3 7 16 22 10
x1 2 3 41 |=
2 10 2 5 8 5
1 3 4 2

Tak Kak omeparmus KOMIIO3UINN (DYHKIUH accomuaTuBHA, TO U
dbyuknusa matProd 6ymer acconnarusna (A X (B x C) = (Ax B) x C,
OJIHAKO OTIepAIlysi YMHOXKEHUST MATPHIL He Kommymamuena (T. e. AX B
B 00mIeM ciydae He paBHa B X A). Marpuunoe npoussezenue A X B
O3HAYAeT, YTO CHAaJaJIa MPUMEHUIN mpeodbpasoBanme B, a 3atem A.

Tox necTBeHHOE TPEOOPA3OBAHIE (HI/I‘{eFO He MeHﬁfomee) 3a/1aeTcd
eqMHUIHON MaTpuieii. Ero marpuma comepkut 1 Ha TyIaBHOM araroHa-
JI, & BCe OCTaJIbHBIE daeMeHThI paBHbI (. MoxkHO ompenenTsh (ByHK-
110, KOTOpad BbIAAeT eINHUYHYIO MATPUILY YKa3aHHON pa3sMepHOCTHU:

matId :: Int -> Matrix

HexkoTopsle auHeitHble IpeoOpa30BaHus ABJISIOTCS B3aUMHO OOPATHBI-
vu. O6parHoe mpeobpazoBaHue (€M OHO CYIIECTBYET) TaKkKe siBJIsi-
eTcd JIMHEHHBIM IIpeo0pa30oBaHUeM U 33aaeTcd PyHKInei

matInv :: Matrix -> Matrix

Marpuiia, moaydeHHas B pe3ybTaTe 0OOpaTHOTO MPeodpPa30BaHUs He
00s13aTeIbHO UMeeT TOT K€ pa3Mep, UTO U UCXOIHAasd. YCIOBHUE COBIIA-
JEHUsT KOJIMYIECTBA CTPOK C KOJUIECTBOM CTOJOIOB (TaK Ha3bIBaeMast
«KBaJIpaTHas» MaTPHIA) SBJSIETCH HEOOXOAMMBIM, HO HE JIOCTATOY-
HBIM YCJIOBHEM CYIIECTBOBAHUsI OOPATHOW MaTPHUIILI, HAIIPUMEDP, Ma-

1 2 .
TPUTIA ( ) ) HE UMeeT 0OPaTHOIM.

JauHa BeKTOpa

JlmrHa BEKTOpa BBIYUCISETCs ¢ TTOMOIIbIo Teopembl [Tudaropa. Pu-
CYHOK WLTIOCTPUPYET CUTYAIINIO /I 2-X U 3-X MEPHOTO MTPOCTPAHCTBA!
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NeETy NGO

v Ve +y?

B obmiem ciydae ginHa BEKTOPa €CTh KOPEHb KBaIPATHBIN U3 CyM-
MBI KBaIPATOB KOOPIMHAT:

vecLength (Vec xs) = sqrt (sum (map square xs))

Yrosx mexxay AByMsd BEKTOpaMu

PaccMoTpuM JBa IBYMEPHBIX BEKTOpa €IMHUYHON IIWHBL. Bcam
HaJYaJ0 BEKTOPOB HAXOMUTCs B Touke ¢ Koopauuatamu (0;0), To KOH-
IIbI 3TUX BEKTOPOB HAXOAATCA HA OKPYKHOCTH €IMHUIHOTO PAIIyCa, C
IIeHTpOM B HadaJje Koopamuat. IlycTs BekTopa 06pa3yior ¢ ockio Ox
VIJIBI 0 B 3 COOTBETCTBEHHO, TOTJA X KOOPJAMHATHI 33,1aI0TCA (POPMY-
mamu (cosa,sina) u (cos[3,sin3). Yroa MexIy TaKUMU BEKTODAMHU
paBen 3 — «. Ilo dbopmysie KocuHyca Pa3HOCTH ABYX YIJIOB Haligem

cos(5 — a) = cosaccos B + sin asin 3
BrIpazkeHne, cTodiee B IpaBoii 9acTu (bOPMYJIbI, HA3LIBACTCA CKAAAD-
Hom npoussederuem sexmopos (inner product). B obuiem ciyuae cka-
JIAPHOE MPOU3BEJEHNE BEKTOPOB MOXKHO HANWTH C MOMOIIBIO (PYHKIUN

vecInprod (Vec xs) (Vec ys)= sum (zipWith (*) xs ys)

JL1a HaxoXKIeHnd KOCUHYCa YIJIa MeKIy BEKTOpaMU C JJIMHON He paB-
HOIl eluHUIlE, UX MIPeIBAPUTEJILHO CleayeT HOPMUPOBATh, T. €. MOJe-
JINTH BCE KOOPAMHATHI HA IJIMHY BEKTOpPa. lemeph MOKHO OIIPEIe/UTh

dyHKIIIIO

vecAngle v w = acos (vecInprod v w /
(vecLength v * vecLength w))

DyHKIUS acos sBIAETCS OOPATHON K KOCHHYCY (B PYCCKOI JuTepary-
pe sra DYHKIUST HOCUT HA3BAHUE arccos).

Kocunyc yrimos B 90° u —90° paBeH HY/II0, 9TO paBHO3HAYHO pPa-
BEHCTBY HYJIIO CKaJISPHOIO IPOU3BEIEHNS BEKTOPOB, 00Pa3yOIINX STH
VTJIBI, TIO9TOMY MEePIeHINKYIIPHOCTD OMpeIeasieTcss PyHKIei

vecPerpendicular v w = vecInprod v w == 0

A

A
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CioxkeHue u MmacuiTabupoBaHue BEKTOPOB
Oyukiun vecScale u vecPlus J1erko ompeaensiorcs depe3 GyHK-
uuy map u zipWith:
vecScale k (Vec xs) = Vec (map (k*) xs)
vecPlus (Vec xs) (Vec ys) = Vec (zipWith (+) xs ys)

[TomobHbIE TPEOOpa30BaHMs JIOMYCTUMBI U TIPU pabOTe ¢ MaTPUTIA-
mu. Paszpaboraem nBe dynkium mapl m ziplWith, mMeHa KOTOPBIX
AHAJOTUYHBI (PYHKIUSIM map u zipWith, HO mpemHa3HAUYEHHBbIE s
pabOThI CO CIIUCKAMU CIIUCKOB.

mapl :: (a -> b) -> [[al]l -> [[b]]
mapl f = map (map f)

AnbTepHaTHBHOE OlpeaeeHne 3Toi (PYHKIIUN TaKOBO:
mapl = map . map
Oyuknus ziplWith ompeensercs aHAJIOTUIHO:

ziplWith :: (a -> b -> ¢) -> [[al]l -> [[bl] -> [[c]]
ziplWith = zipWith . zipWith

C moMompbo 3TrX GYHKINH MOKHO onmpenenTh matScale n matPlus:

matScale :: Float -> Matrix -> Matrix
matScale k (Mat xss) = Mat (mapl (k*) xss)
matPlus :: Matrix -> Matrix -> Matrix

matPlus (Mat xss) (Mat yss) = Mat (ziplWith (+) xss yss)

TpancrioHUpOBaHME MATPWUIL

TpaHcroHnpOBaHHASA MATPHUIA — TO MATPHUILA, ¥ KOTOPOIl CTPOKN
U CTOJIOIBI TTOMEHSIJINCH MECTaMU. DTY OMEPAIINI0 MOKHO TPUMEHSTH U
K OOBIYHBIM CIIUCKAM CIMCKOB (He UCIOJIb3YIIUX KOHCTPYKTOp Mat).
[Tosromy cuHagasta onpenennm (GyHKIMIO transpose:

transpose :: [[al]l -> [[al]
[Tocne dero craHoBUTCS SCHBIM ompejiesienre pyHKIN matTransp:
matTransp (Mat xss) = Mat (transpose xss)

Qyukusa transpose ecTb 0000IIeHNe GYHKINN zip. B To Bpems Kak
Zip coeMHSET ABa CIUCKA B CIUCOK Map, transpose cOOMpPAeT CIIICOK
CIIICKOB B HOBBI crmcok cruckoB. Ompemenum 3Ty (DYHKIIUIO PEKyP-
CHUBHO, HO CHaJaJia IOCMOTPUM Ha IIPUMepe KaK OHa paboTaer:

---> transpose [[1,2,3], [4,5,6], [7,8,9], [10,11,12]]
([1,4,7,10],[2,5,8,11],[3,6,9,12]]
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Ec/u crincok CrmcKoB COCTOUT TOJBKO W3 OHON CTPOKHU (6a30BbIil CITy-
Jail peKypcun), TO CIeIyeT CO3MaTh CIUCOK CIUCKOB, B KOTOPOM Ka-
JKIBIM CITUCOK COCTOUT TOJBKO M3 OHOTO JIEMEHTA;:

transpose [row] = map singleton row
where singleton x = [x]

Jl1s mostyueHns peKypCcuBHOIO CIydasl MPeJICcTaBUM cebe, UTO yKe Bce
TPAHCIOHUPOBAJIN, 33 MCKJIIOUEHHEeM IepBoil cTpoku. B pamkax mpe-
JBIAYIIETO TpUMepPa 3TO SKBUBAJEHTHO CJIeLyIOMEMY:

---> transpose [[4,5,6], [7,8,9], [10,11,12]]
(f4,7,101,05,8,111,[6,9,12]1]

Kak xe CKOMOMHHPOBATDH MEPBYIO CTPOKY C IMOIYyUEHHBIM YaCTUIHBIM
peleHneM JIjIs MoJaydeHns obmiero caydas’ Ee smeMeHTHI ciegyeT mo0-
0aBJIATH 10 OJHOMY B HaJaJIO KarKJIOro CIIMCKA W3 PEKYPCUBHOIO pe-
meHns: 1 Hy»KHO 100aBUTh B Hauajo [4,7,10], 2 moMecTUTh B HAYAJIO
[5,8,11], a 3 B Hauayo [6,9,12]. DTy onepalnio Jerko OCyIeCTBUTh
C IOMOIIBIO zipWith:

transpose (xs :xss) = zipWith (:) xs (transpose xss)

EuncrBennbrit ciayyail, ynymeHHbI HAMU U3 PACCMOTPEHUS, — Ma-
TPUIA C HYJEBBIM KOJUYIECTBOM CTPOK, HO TPAHCIOHUPOBATH MOJI00-
HYIO MATPHUILy U HET HEOOXOIUMOCTH.

HepekypcuBHasi pyHKIUSA TPAHCIIOHUPOBAHUS MaTPUIIBI

MoxkHO TpemIoKUTh HepeKyPCUBHYIO BEPCHUIO transpose, OCHO-
BaHHYIO Ha BbI30Be cTaHmapTHOi GyHkmmm foldr. Ormerum ciemy-
Iolllee CBOMCTBO transpose

transpose (y:ys) = f y (transpose ys),

rie £ ecTb 9YacTUYHO mapaMerpu3oBanHHas pyHKmug zipWith (:). B
KavueCTBe HAYaJbHOI'O dJeMEeHTa OIepaIli CBEPTKH €CTeCTBEHHO II0JI0-
KUTh transpose [].

[TycTtyro mMaTpuily MOKHO TpPakKTOBaTh Kak Marpuily n3 0 cTpoOkK
u n-ctoyionos. [locme TpaHCTOHUPOBAHUS TOMOOHAS MATPUIIA TIPEBPa-
TUTCSI B MaTPUILy U3 N MycThix crnuckoB. Ho, gemy pasuo umciio n? B
HavaJjie y Hac ObLIa IMPOCTO MATPHIla O€3 CTPOK, MOITOMY HEIb3sI CKa-
3aTh, YTO N — JJINHA TEepPBOi cTpoku. [loaTomy, 4TOOBI He OKa3aThCs
B CUTYyallH, KOTJa 3aJaHHOe HAMH B 3TOM CJIydae UHCIO N OKAaYKeT-
csT HEJIOCTATOYHO BEJINKO, BO3bMEM OO B KaduecTBe n. Takum obpa3oM,
TPAHCIOHUPYIO MaTPuUIly n3 () CTPOK M 00 FJIEMEHTOB, MbI TTOIyYNM Ma-
TPUILY U3 OO CTPOK, COJAEPIKAIINX MYyCThIe CTUCKU. HuKakmx mpobJieM ¢
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npuMeHeHneM (GYHKIUU zipWith K TaKOMY CIUCKY He OyIeT, TaK Kak
BTOPO# apryMeHT 3TOil (DYHKITUU SIBJISIETCS KOHEUHBIM CIIICKOM.

PesynbraToM Hammx paccy:KIeHUl sBIgeTCA OUeHb U3sIIHAs Bep-
cus (pyHKIUN transpose:

transpose = foldr f e
where f = zipWith (:)
e = repeat []

DTy BEPCUIO MOXKHO TEPENucaTh U B BUJIE
transpose = foldr (zipWith (:)) (repeat [1)

OyHKIMOHAIBHOE IPOrPAMMUPOBAHIE €CTh MIPOrPaMMHPOBAHNE IIO-
CPeaCcTBOM (PYHKITHIA!

IIpumenenne maTpuilbl K BEKTOPY

Marpurna 3amaer JuHeiiHOe IpeodOpa3oBaHre BeKTOpOB. DyHKITMI
matApply ocylecTBJIsIeT 3TO MpeoOpa30BaHNe, HAIPUMED,

matApply (Mat [[1,2,3], [4,5,6]1]) (Vec [x,y,z]) =
Vec [1x+2y+3z, 4x+5y+6z]

Yucao cToaboB B MaTpUIE PAaBHAETCSI YUCIY KOOPAMHAT MCXOIHOIO
BEKTOPA, a YHUCIO CTPOK — KOJWYECTBY KOOPJIWHAT TOIYIWBIITETOCST
BEKTOPA.

JL1st BBIUmCIeHUS OMHOM N3 KOOPIUHAT PEe3yIbTUPYIOIIEr0 BEKTOPA,
MOTPEOYIOTCS 3HAUEHNST TOJIHKO M3 OJHOI CTPOKU MATPUIIBI. JTO JaeT
BO3MOXKHOCTbH 33JaTh matApply ¢ MOMOIIBIO (DYHKINY map:

matApply (Mat m) v = Vec (map f m)

Oyukius £ 6epeT OJIHY CTPOKY U3 MATPUIIbI 1 BO3BPAIIAET OIHY U3 KO-
OpAMHAT Pe3yIbTUPYIONIETO BEKTOPA, HATIPUMED, /IS BTOPOH CTPOKH
nMeeM

f [4, 5, 6] = 4x + by + 6z

dbyukuus f BbIYMCIsieT JMHEHHOe Npou3BejieHre (B JIAHHOM CIIydae
C BEKTOPOM V, UMEIUM KoopauHathl [x, y,z]). [TosTomy mozHO
3aMucaTh

matApply :: Matrix -> Vector -> Vector
matApply (Mat m) v = Vec (map f m)
where f row = vecInprod (Vec row) v
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Egununyanaga marpuiia

st m060r0 MpOCTpaHCTBA YKAa3aHHON pPa3sMepPHOCTU CYIIECTBYeT
TOJIBKO OJIHA eIUHUIHAS MATPHUIA: 3TO KBaJApPaTHAsT MATPUIA, ¥ KOTO-
pOil YHMCIO CTPOK W CTOJIOIOB COBIIAJAET C Pa3MEPHOCTBIO MPOCTPAH-
CTBAa, Ha ee IVIABHOW IMArOHAJIU HAXOJAITCSI €IMHUIIBI, & BCe OCTAJbHbIE
MecCTa 3alloHeHbl HyasdMu. [lepen pa3paboTkoit (pyHKINH, KOTOpPas
BO3BpAIIAeT eIUHUIHYIO0 MATPUILY YKA3aHHOW PAa3MEPHOCTH, MOJIE3HO
HAINCATHh (DYHKIIUIO, CO3TAMOINIYI0 MATPUILY OECKOHETHOTO pa3Mepa:

o O =
oo O
O = O
_ o O

[IepBas cTpoKa Takoil MAaTPHUIIbI €CTh OECKOHEUHBIN CIIMCOK U3 HYJIeit,
COJlepzKaInil eTUHAITY B Hadase, T. e. 1 : repeat 0. Bce apyrwme cTpo-
KU TTOJIyYaloTCst J0OABIEHNEM ellle OJHOTrO HyJIsd B HadaJo criucka. Vc-
OIB3ys PYHKIINIO iterate, MOXKHO 3alMKCcaTh

matIdent :: Matrix )\
matIdent = Mat (iterate (0:) (1: repeat 0))

Epunnanas maTpuiia pasmepHOCTH N OyJaeT TojydeHa, eciu u3 Oec-
KOHEYHO! MATPUIILI B34Th IEePBbIe N CTOJOIOB W3 TEPBBIX N CTPOK:

matId :: Int -> Matrix )\
matId n = Mat ( map (take n) (take n xss))
where (Mat xss) = matIdent

Omnpenenuresib MaTPUIIBI

TonbKO B3aMMHOOMTHO3HAYHOE OTOOParKeHHUe 3aaeT MaTPHUILY, KO-
Topasi mmeeT obpaTHyo. Marpuma, obparHas Kk marpuie A, obo3Ha-
gqaerca kKak A™! u ymosrersopser coorromenmio A X A™! = F, rue
E enuanunas matpuiia. ToabKo KBaJpaTHas MaTpPHUIA UMeeT oOpaT-
uyo. Ho make He Karkmast KBaJpaTHas MaTpPHUIA UMeeT 0OpaTHYIO,

0 0) KOTOpas mpeobpas3yeT JIIOOYI0 TOUKY

TaK, HalpuMep, MaTpUIa (0 0

K HadaJdy KOOPIAMHAT, HEe UMeeT OOpaTHOI; MaTpPUILA (; ;) KazK YO

TOUKY IpeoOpa3yeT K TOYKe JerKalleil Ha TIpaMoil y = 2z U TaKXKe
12
36

JezKalme Ha OIHON MpsaMOii, TaKKe He mMeeT oOparHOil. TolbKO ecin

He uMeeT oOpaTHOI; MaTPUILA ( ) mpeodOpa3yeT Bce TOUKU B TOUKH,
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BTOpasg CTPOKa IBYMEDPHOU MaTPHUIIbl He MPOIOPIMOHAJbHA IEPBOI,
MOKHO BBIUHC/IUTH OOpATHYIO K Heil MaTpHILy.

ab a b
PyTUMU CJIOBAMU, MATPULA nMeeT OOpPaTHYIO, eC/IN — #* —,
Tpy (¢3) GpaTHy "

9T0 9KBUBAIEHTHO ad — be # 0. Benmmanna ad — be Ha3biBaeTcs onpee-
quresieM (UM JeTepMUHAHTOM) MaTpuibl 2 X 2. Ecau onpemenuress
paBeH HYJIIO, TO MaTPUIla He UMeeT OOPATHOM.

Onpemennresab KBaIPaTHON MaTPHUIIBI DOIBIIEH Pa3MepHOCTH TaK-
JKe MOYKHO BBIYUCTUTD. {19 MaTpuIbr pazMepoM 3 X 3 onpenenTe b
BBIYUC/IIETCA TaK:

det gi;ez]? :axdet<]€l};>—bxdet(ﬁ{)%—cxdet(gz)

Omnpenenureab MATPHUILI JIIOOOTO MOPSIKA MOYKET OBITH CBEIEH K
BBIYMCJIEHUIO OIPEeIe/INTe el MaTPUIl MEHbBIIero mopsaka. [as sTo-
TO BBIOUPAIOT JIIOOYIO CTPOKY (IEPBYIO B HAIEM MIPUMEpE), TOCIe Je-
IO CKJIAJbIBAIOT BBIPAYKEHNS, MMOIYyYEeHHBIE IMIyTeM YMHOXKEHMS UICIIA,
1, mibo —1 (mys mepBOro csaraemMoro 1, 3aTeM YHCIa YepeiryroTcs),
Ha BEJINUYMHY 3JIeMEHTa, PACIOI0KEHHOI'0 B OYePEeIHOM CTOJIOIE ITOM
CTPOKM, I Ha OIpeIeIUTe]Ibh MaTPHUIILI, MOJIYyUYeHHOH mocae ydaneHus
darHot cMpPoKy, U MeKyuLe20 cmoabua u3 ucrodHot Mampuio.

[IpoexkTupoBanue pyukinnu det HaTHEM C HEPOPMAIHHOTO OIICA-
HUS ONPeIeUTe I, KOTOPBIii TpedyeTcsa BBIYUCIUTH. MBI MOXKeM HC-
TOTb30BATh pa3/ieieHrne MaTPUIThI Ha TMEPBYIO CTPOKY W OCTABIIYIOCS
JaCTh MATPUIIHL:

det (Mat (row:rows)) = ...

Ham HYy)KHO OyIeT yIaJuTh COOTBETCTBYIOMINI CTOIOEI U3 MaTPHUIIHI
rows. BmecTo ymanenns mo ogHOMY 3JeMeHTY U3 KayK/I0W CTPOKU 3Ha-
YUTEeJbHO IMPOIe TPAHCIOHUPOBATHh MATPUILy U YyKe U3 TPAaHCIOHU-
POBAHHOM MaTPUIHI YIAJUTH IEJTUKOM CTPOKY. Jljist 3TOro momydnm
CIIMCOK CIIUCKOB, COJIePIKaIlnii Bce BO3MOYKHBIE MATPUIIbI, IOy YeHHbIE
mocJie yaaJeHusi OJJHOTO U3 CTOJOIOB. /JaHHYIO omeparuio yI00HO BbI-
MIOJIHUTH C TIOMOIIBI0 (DYHKIINN gaps, 0Opa3yrolleil CIMCOK CINCKOB,
MTOJIyYeHHBIX BCEBO3MOXKHBIMHU YIAJEHbIMU OJIHOTO dJIEMeHTa U3 CITUC-
Ka, Hallpumep,

---> gaps [1,2,3,4]
[(2,3,4],[1,3,4],[1,2,4]1,[1,2,3]]
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OcTaBuB B KauecTBe CaMOCTOSITEILHOTO 3aJaHus pa3pabOTKY ITOik
byHKINN, BepHEMCSd K HaIUCAHWIO (DYHKIINN, BBIYUCIAIOINIEH OIpe-
nenutesib. [logydeHHble CIUCKYM CIUCKOB CJEIyeT TPAaHCIOHUPOBATH
0OpaTHO U C TIOMOIIHIO KOHCTPYKTOPa Mat mpeBpaTuTh B MATPUIIHI:

det (Mat (row:rows)) = ... /X
where cols = transpose rows
mats = map (Mat . transpose) (gaps cols)

It BCeX MOJIyYeHHBIX MATPUIL CIEIYET BBIUYUCIUTH ONPeIe/TUTe N,
JJId 9ero NpUIeTCs UCIOJIb30BaTh PEKYPCHUIO. 3aTeM IOy YeHHBIE OIIpe-
JEeJUTEeNN CIeAyeT YMHOXKUATH MOCIeJ0BATE/IbHO Ha BCE 3JIEMEHTHI IIep-
BOW CTPOKU:

det (Mat (row:rows)) = ... /X
where cols = transpose rows
mats = map (Mat . transpose) (gaps cols)
prods = zipWith (*) row (map det mats)

[IpousBenenns prods MOKHBI OBITH IIOOYEPEIHO YMHOMKEHBI Ha +1
unn —1 u 3areM cIoxKeHbl. [y BBINOJIHEHHs 3TOH omepamun BOC-
nosb3yeMcsi yHKImed altsum (CymMMUpOBaHUe ¢ aJbTePHATUBAMM),
HCTOIB3YIOMNIEeil OECKOHEIHBIH CIICOK:

altsum xs = sum (zipWith (*) xs plusMinusOne) /X
where plusMinusOne = 1 : -1 : plusMinusOne

3amnuiemM UTOTOBYIO (DYHKINIO, BRIYUCISIONLYIO OMPEIeINTEe b Ma-
TPUILIBL:

det (Mat (row:rows)) = altsum prods /X
where cols = transpose rows
mats = map (Mat . transpose) (gaps cols)
prods = zipWith (%) row (map det mats)

[ToyuerHyo0 PYHKIINIO MOXKHO CI€rKa YIIPOCTUTH, 3aMETHB, UTO HET
HEOOXOIMMOCTH B OOpaTHOM TPAHCIOHUPOBAHWN MAaTPHIL, TaK KakK
OIpeaeINTEe b TPAHCIOHUPOBAHHONW MAaTPUILLI COBHAJIAET C OIIPEeIe/In-
TeJeM NUCXOIHOI:

det (Mat (row:rows)) = altsum ( zipWith (*) row /X
(map det (map (Mat (gaps (transpose rows))))))

Tak kak det — pekypcuBHas (GpYHKIINS, HEOOXOIUMO yIeCTh 0a30-
BRI caydait. Onpenennrens marpunbl 1 X 1 coBmamaeT co 3HaAYEHUEM
ee eJIMHCTBEHHOTO JJIeMEHTA

det (Mat [[x]]) = x A
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1, makoner, OKOHYATEIbHBII Pe3yJIbTAT:

det :: Matrix -> Float

det (Mat [[x1])

det (Mat (row:rows))
(altsum . zipWith (%) row . map det
map Mat . gaps . transpose) rows

X

Beraucianm omnpeneanTeIb e,ZLHHHqHOfl MaTPpHUIObI 9€TBEPTOrO MOPAIKa:

---> det (Mat [[1,0,0,0],([0,1,0,0],[0,0,1,0],[0,0,0,111)
1.0

Bonpocwvt u 3adanus
VIILJ.1

Hanumure dyukmuio dayBef ore, BO3BpaIaoniyo 1eHb, TPeIIIecTBY-
IOINIT TaHHOMY.

VILJ.2

Omnpenenure Tun Direction, UbM 3HAYEHUS OIMUCHIBAIOT YeThIPE IJIaB-
HBIX TOYKU Ha KOMIIace, U OIpeaennTe (pyHKINO revCorner s BbI-
Jadu TTPOTUBOIOJIOKHOTO HAIPAaBJICHUS.

VILJ.3

B soruke cnencrsue (nmiumkarusi, implication), obosHauaemoe Kak
=, OnpeaesaeTcsd yCJAOBUEM, YTO £ = Y JIOJKHO TOTJIa U TOJBKO TOTJIa,
KOTJIa ¥ — UCTHUHHO, a y — J0xKHO. /laiiTe bopmasibHOE OIpeaeIeHme
AMILINKAIIN KaK Ollepalluyl Ha MHOXKeCTBe Bool.

VILJ.)

CKoIbKO ypaBHEHMiI TOTpedyeTcss BaM HAIIMCATh, YTOOBI OIMPEIEINTh
dyHKIMIO, BO3BpalIaoNyo 3HadeHne Tuna Triangle, BBIBEIEHHOTO
u3 kiaacca 0rd? (Cwm. crp. 180.)

VIL,.5

CyI1ecTByIOT JIM YKCJIa, KOTOPhIE MOYKHO CPABHUTH IIPU ITOMOIIM OIIe-
paropa (==), HO HeJIb3s1 CPABHUTH pu momorm (<) 7?7

VILJ.6

DTO 3a BEJMYUHBI MOJIYyYaTCA B PE3yIbTaTe BHIYNCICHUS CJIELYIOMIIX
BBIpAYKEHII?
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show (show 42)
show 42 ++ show 42
show "\n"

VILJ.7

Hanumure dbyHKImio gaps, KOTopas BO3BPAIIAET CIIUCOK CITUCKOB, TIO-
JIYYeHHBIX BCEBO3MOXKHBIMU YJAJIEHbIMU OJHOTO dJIEMEHTa U3 MCXO]I-
HOT'O CITMCKa, HaIlpuMep,

---> gaps [1,2,3,4,5]
[[2,3,4,5] s [1’3,4’5] , [1,2,4,5] ) [1,2,3,5] ) [1’2,3’4]]

VILJ.S

Hanwumunre dyaknnio matProd ajsd mepeMHOXKEHNS IBYX MaTPHII.

VIIL4.9

Hanumure dpyaknnio matInv s onpejesieHus 0OpaTHON MaTPUILHI.

VIILJ.10

s orobOpazkeHus Pe3yabTaToB (PYHKIHIT, BO3BPAIIAMOIINX BEKTOPA
U MaTPHUIBI, CAeayeT B JeKjgapanuu data 3TuX TUIOB OTMETUTh, UTO
OHU HACJIEIYIOT CBOMCTBA Kjacca Show. OmHAKO BBIBOI, IIpeIIaraeMblit
9TUM KJIACCOM TI0 YMOJIYaHUIO, He O4eHb HarsaaeH. Vcnonb3ys mneka-
pamuio instance ob0bapuTe Tunbl Vec 1 Matrix Kak 9K3eMILIAPhI KIac-
ca Show u co3maiiTe cBou (ByHKIUKN show, meperpyzKaronie TaHHbBIHA
MeTo 1, Kjtacca Show. JlobeiiTech Toro, 4roObl BHIBO, OCYIIECTBIEHHBIH
MpU MTOMOIIYM Pa3pabOTaHHBIX BaMu (DYHKIN, COOTBETCTBOBAJI ODIIE-
MPUHATBIM MAaTEMATUIYECKUM TPAIUIIASIM.

5. MuaKancyiadainusa JaHHBbIX B MOAYJISX

5.1. HeobxoamMoCTh COKPBITUSA JAHHBIX

Mcnonmp30Banme JTOKAJTBHBIX MMEPEMEHHBIX B KOHCTPYKIINAX let u
where siBIsieTCS OJHUM W3 CIIOCOOOB COKPBITHS BHYTPEHHUX JeTaJieit
peau3aluy OJHOW MPOrPpaMMHON KOMIIOHEHTBI OT Apyrux. CyIrHo-
cTH, ompejesseMble B where-gpas3ax, JOCTYIMHBI TOJTHBKO BHYTPU Ta-
KOTo ompefnesienns. Takum odpa3zoM, where-peyIoKeHus, IBISTIOTCS
HEKOTOPBIM CIIOCODOM CKPBITh OT JOCTYyTIa U3BHE (MHKAICYJINPOBATH,
encapsulate) nadopmanuio. BesmdanHbr, CKpbIThIE TOTOOHBIM 06Pa30M,
3aIUINEHBI OT BO3/IEHCTBUSA APYTUX ONpeneennii. Tem me MeHee, Bce
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ZKe JIyqdHie COXpaHATb Where—npe;momeHI/Iﬂ HaCTOJBKO KOPOTKHNMU, Ha-
CKOJIBKO 9TO BO3MOXKHO. Ecim oun JOCTaTOYHO IJIMHBI, TO OHU COIEP-
2KaT MHOT'O MEPEMEHHBIX, 9YTO MOZKET IMPUBECTU K BOSHUKHOBEHHNIO Pa3-
JIMYHDBIX KOH(i)JII/IKTOB.

JlocTyI K CYyIIHOCTSIM MOYKET TaKyKe KOHTPOJINPOBATHCS OIPeIesie-
HIEeM MX B IPOTPAMMHBIX €IMHHUIAX, M3BECTHBIX KaK Modyau. Bemn-
YHHBI, OIpPEIeIeHHbIE B MOIYJ/ISIX, MOT'YT OBITh KaK OOIIEIOCTYITHBIMI
(public), mocTyn K KOTOPBIM pa3pelleH W3BHE MOJLYJIsl, WUJIN JIOKAJIb-
HbIMU (private), JOCTYIIHbIE TOJIBKO BHYTPU MOmyJist. Takoil momxom
JIaeT BO3MOXKHOCTH OIIPEJIESITh IIPOrPAMMHBIE €IWMHUILI, He3aBUCH-
MbIe IPYr OT JIpPyra, B3aUMOIEHCTBYIOIINE APYT C APYTOM HEKHM 3a-
paHee OTOBOPEHHBIM CIIOCOOOM, TO3BOJISIONINX H00OPAThCs 10 OOIIEI0-
CTYHHBIX BenunH. [IpuMmenenne Momyieit nemaer BO3MOKHBIMU U3Me-
HEHISI BHYTPEHHErO COIeprKaHMs MOMIYyJell 6e3 3aTparnBaHus IPYTUX
yacTeil mporpaMMHOro obecrnedenns. O JIOKAJIBHBIX BeJIUYNHAX, OIIPe-
JIEJIEHHBIX B MOJLYyJI€, TOBOPAT, YTO OHM «MHKAIICYJIUPOBAHBI B MOJLYJIE>.

5.2. Moayan: 3KCIIOpT U UMITOPT

[Iporpamma Ha a3bike Haskell aBisgercs xommexkimeit wmodyaedi.
OcHoBHOe Ha3HAUYEHUE MOJIYJIell COCTOUT B MHKAICYJIUPOBAHUM TaH-
HBIX, YTO TO3BOJISIET OCYIIECTBJIATH KOHTPOIb HaJ MTPOCTPAHCTBOM
MeH U cO37aBaTh abCTpaKTHBIE TUIIHI JaHHBIX.

Nwmena momysteit coctosaT m3 aidaBUTHBIX CUMBOJIOB, HAUMHASICH
P 9TOM C 3arjaBHOI OYKBbI. HeT HuKaKkoit (popMaIbHON CBI3M MeXK-
Iy UMeHaMHu MojyJeit u (paitoBoit cuctemoii. B wacTHOCTH HeT cBs-
31 Me¥K]ly UMeHeM MOJLyJisi U nuMeHeM paiiia, B KOTOPOM COHAEPIKUTCS
omnncanme MoayJsist. Ho 0OBIYHO Bce ke PUIAePKUBAIOTCS CO2AAULEHUS
0 83AUMHO-00HO3HAYHOM COOMBEMCMEUYU MEHCOY UMEHAMU MOOYAS U
datina.

[Io moroBopeHHOCTH, KarKIbIii MOIY/Ib pa3MeIaioT B OTAEIbHOM
daitire, nmpuyem nmg daita coBmagaeT ¢ UMEHEM MOIYJsS C TOYHO-
cThio 710 pacimpenus (gobasisiercst mnbo .hs, au6o .1lhs). Tak, Ha-
npumep, Moaysib DecimalNumerals mo/zKeH pa3MelnaThbcs B paiisie
DecimalNumerals.hs (unm DecimalNumerals.lhs). Ecrs equncrsen-
HOe MCKJIFOUeHUe: eIy TO IJIaBHbIH MOJysb mporpaMmbl (Main), To
nMs aiiaa 0OBITHO OTparkaeT Ha3HATYeHNe JaHHOW MPOrpaMMbl, HHAYTE
HMeJIOCh OBI OTPOMHOE YHCI0 (aiiaoB ¢ Ha3BaHueM Main.hs.
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Beauvwunv, v munwv He cmewusaromcesa 6 Haskell

B sTom ga3bIKe ecTh mecThb POOOB MMEH:

— I IePEMEHHBIX U KOHCTPYKTOPOB, 0003HAYAIONINX BEJIMIN-
HbI (KOHCTPYKTOPOB JIAHHBIX ),

— VIS TATIOBBIX [I€peMeHHbIX,

— I KOHCTPYKTOPOB THIIA,

— IS KJIACCOB THIIOB M

— HMeHa MOJYJIeil.

HpI/I HUX HCIIOJIb30BaHUU IIPHUACPZKHUBaAIOTCA CIIEAYIOIMNX CHMHTAK-
CHNY€eCKUX IIPpaBUJI.

e llmeHa nepeMeHHbIX (BEJMYNH) U TUIIOBBIX IEPEMEHHBIX HAUN-
HAIOTCS C MaJIEHbKOW JIATUHCKOM OYKBBI WJIN TOIIEPKUBAHMNS,;
JIpyTHe YeThbIpe BUIA UMeH HAUMHAIOTCS C 3aIyIaBHON OyKBHI.

e llmena onepamopos-KOHCTPYKTOPOB JOJIZKHBI HAUYNHATHCA C
cuMBOJIA : (JIBOETOYME), IMEHA JPYTUX OMEPATOPOB HE JOJZKHDI
HAYNHATHCA C JIBOCTOYNS.

Monayb — 5TO CKPUIT, KOTOPBIH MpeIHasHauYeH IJIs OIpee/ie-
HISI HEKOTOPBIX CYIIHOCTEl, IMpegHa3HAYEHHBIX IS HCIOJIb30BaHUSI
(akcnopma) B IPYrUX CKPUNTAX, U CKPBIBAIONINI TIPU 9TOM BCE OIIpe-
nenaeHust BHyTpu cebsi. pyroit Momyab, umnopmupyrousuti mogo0HbIe
CYIIIHOCTH, MOYKET UX MCIIOJh30BaTh, HO HE UMEET JIOCTYIa K MX OIpe-
JTeJIEHUSM.

Momyib HAUMHAETCA ¢ KJIH0YeBOro ¢aoBa module, 3a KOTOPBIM CJIe-
IyeT uMs MOAyJsd. Ilocae mMeHW MOIyJIs CIeLyeT CIIMCOK SKCIOPTa,
T. €. TIePeYeHb CYIIHOCTel (TUIIOB JaHHBIX, YHKIWI), KOTOpbIe Oy Iy T
BUJHBI [P UMIIOPTE STOTO MOIYJIS, 3aK/IIOUEHHBI B KPYIJIble CKOO-
K. Bce BeMUMHBI, HCHOIB3yeMble B MOZYJIE U He BOIIEIIINEe B CIIN-
COK 9KCIIOPTA, ABIAIOTCA JIOKAJIHHBIMA W HE JOCTYIHBLI U3BHE MOJLYJIA.
KroueBoe ciioBa where, ciemylomee cpasy 3a CIIUCKOM SKCIOPTA, aK-
TUBUPYET KOHTEKCT, IIOITOMY BCE HUKEPACIIONOKEHHBIE JIeKJIapallun
doaotcnb, Hawuramses 00Hot u mot sce nosuyuu cmpoku (Kak mpa-
BUJIO, C MIEPBOIA).

Bot npumep Moyiist, Hocsimiero Ha3BaHue Tree. 9TOT MOIYJ/Ib SIBHO
SKCIOPTUPYET KOHCTPYKTOP TUNa Tree BMecTe ¢ COOTBETCTBYIOIIUMA
KOHCTPYKTOpaMmu JaHHbIX Leaf, Branch u dyukmuio fringe:

module Tree ( Tree (Leaf, Branch), fringe ) where

data Tree a = Leaf a | Branch (Tree a) (Tree a)
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fringe :: Tree a -> [a]
fringe (Leaf x) = [x]
fringe (Branch left right) = fringe left ++ fringe right

OnucaHHbBIN 370eCh THI JAHHBIX Tree XpaHuT NHMOPMAIINIO B JTUCTHIX;
by fringe «pasrmakuBaeT» JepeBO, IPEBPAIas €r0 B CIIUCOK.
3aMeTnuM, 4TO 3/1eCh MbI UCIIOIB30BAJIM OJTHO U TOXKE UM JJIsi 0D03HA-
YeHUs MOJYJis W Tuma JaHHbIX. [[o100HBIE COBMAIeHNUs HOMYCTUMBI,
TaK KaK OHU He MPUBOJIAT K KOH(MIUKTAM MMEH.

Monyau MOXKHO umnopmuposams B APYTUE MOIYJIN U CKPHUIITHI.
Jlexjrapalus UMIOPTa JIOJKHA OBITH MEPEBLIM BLINONHAEMBIM ONEPa-
mopom B daiiie, T. e. pa3MeniaThCcs cpasy MocaIe JeKIapPaul MOILYIst
(HATOMHEM, ITO KOMMEHTAPHUH JOIYCKAIOTCS B JTOOOM MeCTe mpOrpaM-
MBI, TJIe MOYKHO BCTABUTB MPOOE ):

module Main where

{-

Momyne Main mMmmopTupyeT Monynb Tree
-}

import Tree (Tree( Leaf, Branch), fringe)

tl :: Tree Int
t1 = Branch (Leaf 2) (Branch (Leaf 3) (Leaf 4))

C nMIOpPTUPOBAHHBIM TUIIOM JTaHHBIX U (DYHKIIUSIMEA MOYKHO OMEPUPO-
BaTh TaK, CJIOBHO OHU OIpeAeseHbl B 3TOM MOJyJIe:

---> fringe t1
[2,3,4]

NmmiopTupoBaTh MOJLY/IM MOYKHO He TOJTHKO B MOJLYJIA, HO U B CKPU-
IITHI, SIBJISIONINECS TTPOCTO HAOOPOM (DYyHKITHI:

-- CKpunT uMIopTHpyeT Momylb Tree
import Tree (Tree( Leaf, Branch), fringe)
t2 :: Tree Int

t2 = Branch (Leaf 2) (Leaf 4)

Bri3oB dyHKIUIT 13 TAKOTO CKPUIITA HUYEM HE OTJINUAETCS OT IIPEeIbl-
JIYIIETO Caydas:

---> fringe t2
[2,4]
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3a uckaYeHneM Toro (akrta, 9To dexsapayus import, pazmewa-
emcs nepsotl, OCTaJbHBIE JIeKJIapallun (data, newtype u type mekia-
pamuu, class m instance aekJjapaliiu, CUTHATYPbl TUIIOB, ONpeaesIe-
HIs PYHKIAH 1 T. IL-) MOTYT pa3MeliaTbCd B IIPOU3BOJIBHOM MHOPIAI-
Ke. MoXKHO cKa3aTh, YTO MOIYJb B JeHCTBUTEIbHOCTU SIBJISETCA O/I-
HOIT OOJIBION AeKIapaliieil, KoTopas HaUMHAETCA ¢ KIIYEeBOr0O CI0Ba
module.

Ecnm skcmopTupyeMblIii CIIUCOK, CAEIYIONINi 38 KIIOUYEBBIM CJIOBOM
module OTCYTCTByeT, TO 6ce MMeHa B paMKax BepXHEro YpPOBHS MO-
JLyJist OyyT SKCIOPTUPOBaHbI. [Ipr mMmopTe Moy st He 00sI3aTETHHO
UMIIOPTUPOBATH BCE €ro (DYHKIINK, BKJIFOUYEHHBbIE B CIIHUCOK YKCIOPTA:
JIOCTATOYHO YKa3aTh TOJIHKO Te, KOTOPhIE OYIyT HCIOIb30BATHCS.

» Vnpaorcnenue VIILH. 1

[Iyctb Momysib Ex1 cOmepsKUT CJIeLyIONIie OnpeIe/IeHus :

module Ex1 (f, g) where )\
f :: Int -> Int

fx=(@g . g x

g X = X *X

Tak kak Bce (bYHKI_[I/II/I, oIrpeaesjieHHbI€ B HEM BKJIIOYEHBI B CIIMCOK 3KC-
IIO0pTa, TO €ro MOZKHO H€ YKa3bIBaTb:

module Ex1 where )\
f :: Int -> Int

fx=1(g. g x

g X = X *X

B Moaysns MainEx1 BKIIIOUNM JeKJIapaliimio UMIOpTa Moy Ex1, mpu-
YeM UMIIOPTUPYEM TOJIBKO OIHY M3 ABYX AOCTYIHBIX HaM (DYHKIIHIL:

module MainExl where )\
import Ex1 (f)

Tenepnr dpynknms £ nocrynra, a GyHKIUSA g — HET:

——>f3 H
81

---> g 3

ERROR - Undefined variable "g"
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NmeHa, BKIIOUYEHHBIE B CIIMCOK SKCIIOPTA, HE MOLYT OBITH JIOKAJIb-
HBIMU OTIpEJIeJIEHUSAMU.

» Vnpaorcnenue VIIL5.2

[TycTs B Momyste Ex2 onpenenenne (pyHKINHN £ UCIONIB3YeT JTOKAIBHY O
nepemMenHyio g. OTCyTCTBHeE CIUCKA YKCIIOPTA O3HAYAET IKCIIOPT BCEX
JOCTYITHBIX OIIPEeIeIeHUN:

module Ex2 where

fx=(@g . g x
where g x = x * X

B Momysp MainEx2 nonpobyem mmnopTuposaTh GyHKINN f 1 g:

module MainEx2 where
import Ex2 (f, g)

[Ipu monbiTKe 3arpy3uTh 3TOT MOIYJIb OyJIeT BBIIAHO COOOIIEHHE 00
omnoOKe, nHPOPMUPYIOIIee 00 OTCYTCTBUN (DYHKIINN g CPE/IN BCEX CYIII-
HOCTEeH, KCIIOPTUPOBAHHBIX U3 MOIyJd Ex2:

ERROR "MainEx2.hs" - Unknown entity "g"
imported from module "Ex2"

[logBaenune sToro COO6H_[6HI/I$I CBA3aHO C TeM, YTO JIOKaJIbHO OIIpeIde-
JICHHaA d)YHKILI/IH g HE€ BUJHA IIPHU IKCIIOPTE.

<

DKCTOPTUPYEMBIH TUIT JAHHBIX 1 €70 KOHCTPYKTOPBI JOTKHBI OBITH
crpynmnupoBaHbl BMmecTe, Hanpumep, Tree(Leaf, Branch). B 0Oosee
KOPOTKOit (hopmMe 3TO MOXKeT ObITh 3amucaHo Tak: Tree(..). DcmopT
TOJILKO HEKOTOPOTO MOIMHOXKECTBa (/1aske MyCTOr0) KOHCTPYKTODPOB
TakKe Bo3MoyKeH. COKPBITHE KOHCTPYKTOPOB JAHHBIX U SKCIIOPT OTHO-
r'0 JINIITh KOHCTPYKTOPA THUIA UCIIOIb3YETCS TIPU CO3ITAHUT aOCMParm-
HO20 MUNG OQHHLT.

CHmcok UMIopTa MOXKET COIePrKaTh TOJIHKO T€ CYyIHOCTH, KOTOPbIe
BKJIIOUEHBI B CIIMCOK SKCIIOPTa JAHHOIO MOAYJsd. B cmmcok mmmopra
JKeJIaTeIbHO BKJIFOYATh TOJBKO T€ CYNIHOCTH, KOTOpbIE IefCTBUTE Ih-
HO MOTPedyI0TCsT B paboTe, HE 00s13aTE/IHLHO TEPEUYNCIITh B HEM BECh
crrcok skcropTa. CIMCOK MMIIOPTA MOYKET OBITh JIayKe IMIYCThIM, B 9TOM
CAydae UMIIOPTUPYETCS BCE COMEPIKIMOE CIIICKA IKCIOPTA.
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HexkoTopsble cymuaocTr MOryT OBITH IBHO UCKAIOYEHDL I3 CIIICKA M-
OPTa C TOMOIIbIO KOHCTPpYKIuK hiding (namel, name2, ...), rme
namel, name2 ¥ Tak jajiee, €CTh UMEHA «CKPBIBAEMBIX» CYIIHOCTEIA.

Momynb ¢ HazBanuem Prelude 10 yMOTIYAHUIO UMIIOPTUPYETCST BO
BCe mporpamMmbl. Mbl ykKe HCIOIB30BAIN PaHee B HAIUX MPOTPaM-
MaX CTPOKYy mMmmopTa ¢aiiia Prelude ¢ yKazaHmeM KJIHOYEBOIO CJIOBA
hiding (hide — mpsitaTh) mas TOro, 4TOOBI CKPHITH ABTOMATHYECKN
3arpyzKeHHoe OIpeeseHrne TOW Wiain WHOH (PyHKIINA.

5.3. KoHTpoJb TpocTpaHCTBa UMeEH

EcTb HekoTOpas mpobema, CBA3aHHAs C UMIIOPTOM MMEH OJTHOTO
MOJIyJII B TIPOCTPAHCTBO UMEH JIPYTOTO MOAYJIA. UTO MPOU30UIET, ec-
JIX JIBa UMIIOPTUPYEMBIX MOJIYJIS COAEPKAT OTJIAUYHBIE IPYT OT JAPYTa
OIpeIeIeHNsT, HO Ha3BaHHbIE OqHNM 1 TeM ke nMmerHem! Haskell perra-
eT 3Ty MPo0JIeEMY C TTOMOIILIO KBauduKaTopa nMeH qualified.

OObsiBIEHNE WMIIOPTa MOYKET COJEPKAaTh KJIFOYEBOE CJIOBO
qualified, mo3BosdgmoInee yKa3aTb UMdA UMIIOPTUPOBAHHOTO MOJYJIA
mepesi UMEeHeM MeTOJa, pa3fesss UX cuMBOIoM . (Touka). O6parure
BHIMaHNE Ha OTCYTCTBHE IIPODETIOB MEXK Iy MMEHAMU MOIYJIA, METOIA
n Toukoii. Cienyromme 1Be CUHTAKCUYECKe KOHCTPYKIIMU UMEIOT CO-
BEPIIIEHHO Pa3HbII CMBICT: A.X €CTh OrpaHUYeHNe NMEeHU, B TO BpeMs
Kak A . x — nmpumeHenue nHOUKCHON DYHKIUU . (KOMIIO3UIHSI).

[TocMoTpuM Ha pUMeEp KUCIOIb30BAHUS KBAJIMMPUKATOPA B JIEKJIa-
pamuu nMmopra. [lycte B momysne Fringe, Takyke, KaK W B MOJYyJIe
Tree, onpenesena dynkiusa fringe:

module Fringe(fringe) where
import Tree(Tree(..))

fringe :: Tree a -> [a]l] -- mpyroe ompezenerue fringe
fringe (Leaf x) = [x]
fringe (Branch x y) = fringe x

Monymne Main umnopmupyem dyarmuio fringe n3 aByx Momyseii:

module Main where
import Tree ( Tree(Leaf,Branch), fringe )
import qualified Fringe ( fringe )

11
12

fringe (Branch (Leaf 1) (Leaf 2))
Fringe.fringe (Branch (Leaf 1) (Leaf 2))

A

A
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Crucok 11 momxyden ¢ nomornibio pyuknun fringe u3 momaynsa Tree, a
cucok 12 — ¢ nmomotnibio Gpyuknun fringe u3 momynsa Fringe:

---> :1 Qualified.hs
Reading file "Qualified.hs":
Reading file "Tree.hs":
Reading file "Fringe.hs":
Reading file "Qualified.hs":

Hugs session for:
/usr/share/hugs/1ib/Prelude.hs
Tree.hs

Fringe.hs

Qualified.hs

---> 11

[1,2]

---> 12

[1]

Kak BuguMm, HECMOTpsi Ha OJWHAKOBBIE MMeHa (PYHKIIUl, BBITIOIHSIE-
Mble UMU JIefiCTBUA COBEPIIEHHO PA3JINYHbI.

HexkoTopbre mporpaMMuCTbI IIPEANOYUTAIOT MCIIOIb30BATH CIIEIIN-
dUKaTOPHI UMEH BO BCEX JIEKJIapalldsX UMIIOPTA, 9TO MO3BOJISET IIOJI-
HOCTBIO N30€KaTh HesICHOCTeH B BEI30BE METOIOB. Ipyrue npegmodanra-
0T KOPOTKIE NMeHa, U HCIOIb3YIOT CIeIn(PUKATOPhI TOJBKO B CIydae
HEOOXOIMMOCTH.

B03MOXKHOCTH MCIOIb30BaHUS KBAJIUMUITTPOBAHHBIX UMEH MTO3BO-
JIsIeT TIOJTHOCTBIO KOHTPOJUPOBATD JIOCTYI K TPeOyeMOMYy OObEKTY, UTO
JIaeT BO3MOYKHOCTD OTIPEJIE/IATh B MOJyJIe (DYHKIIUYU U JPYTHE BEJTTIN-
HBbI C TeMU K€ UMeHaMW, 4YTO U UMIIOPTUPYyeMble CYIITHOCTH.

» Vnpaorcnenue VIIL5.3

Nmmoptupyem momyib Prelude, ykKazaB HpH 3TOM KJIIOUYEBOE CJIO-
Bo qualified. ITocie momobHO# meKTapanum, UMeHa BceX (DYHKITHI,
OTIPeIeIEHHBIX B TIPEIIOINH, CIEIYET YKA3bIBATH C MTOMOIIHIO TTpeuK-
ca, HO 3aTO TMOSBUJIACHh BO3MOYKHOCTH OINPEHesIsiTh HOBbIe (DYHKIIUN
(nnm omepaTophI) € TEMHU JKe NMEHAMH:

import qualified Prelude

import List

XS + ysS = xs ++ ys
succ = (Prelude.+ 1)
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Temeps 17151 omepanuu coeTuHe s ( «CIOKEHUsT» ) IBYX CIIUCKOB MOZK-
HO HCIOJIb30BaTh NPUBBIYHLINA cuMBOJI +. Ho mpu 3Tom ocTamachk BO3-
MOYKHOCTH WCITOJTb30BaHUA CTAHAAPTHOTO OIMepaTopa +, A JeTro I0-
CTATOYHO yKa3aTh KBAJN(MUKATOP MepPe ero MMEeHEM.

---> [1..3] + [3..6] H
[1,2,3,3,4,5,6]
---> succ 5
6
<

[Tpu nmmopre MOXKHO JaTh HOBoE (HampuMmep, 6ojiee KOPOTKOe) UM
UMIIOPTUPYEMOMY MOJYJIO, J0OABUB K JeKJIapalliid MMIIOPTa KJIde-
BOE CJIOBO as, MOC/Ie KOTOPOTO yKa3bIiBaeTcs eceBnonnM (alias) momyiis,
HaTIpUMep:

import qualified Complex as C A

[Tocae Takoro OOBSABIEHNST MOYKHO YIIOTPEOISATH OOJlee KOPOTKUIA TIpe-
duxkce C. BMecTo Complex. — cTtaHmapTHOrO npedukca. Jlomyctumo nc-
II0JIb30BaHIE IICEBIOHNMOB I B HEKBAJIU(MUIIMPOBAHHBIX TeKIaPAIIAAX:

import Foo(f) as A A

Temepsb kK umMnopTupyemoit pyHKIIUN MOKHO 00paIaThcsd Kak f, Tak u
A.f.

Heknapannu sK3eMIuIsApa (instance) He MOryT ObITH BKIIOUEHBI B
CIIMCOK 3KCIIOPTa WJIN UMIIOPTA, TaK KaK BCe TaKUe JIeKJIapallui, CoIep-
JKaIecss B MOJYJIe, 6ce20a aKCNOPMuUpyomca 1 Bce OHU OYIyT BUIHBI
IOCJIe UMITIOPTA TaKOTO MOy isi. Hapsimy ¢ sK3eMIasipaMu KJIacCOB, He
MOT'YT OBITH CKPBITHI IIPU UMIIOPTE U KJIACCHI, OTIPEIeIEHHbIE B IIPEJTIO-
muu (ctp. 170).

KBamudukaTop mMeHN TOJIbKO UIEHTUMUITIPYET MOIY/Ib, U3 KOTO-
pOTO MPOU3BOAUTCA MUMIIOPT; 3TO UMA MOZKET OTJINYAThCA OT UMEHU
TOrO MOZYJISA, TJie NefiCTBUTEJIbHO OlpeeseHa SKCIOPTUpyeMasd CyIIl-
HoCTh. Hampumep, eciu Moj1yJib A skctopTupyer B. ¢, To st jjocTyma,
K 9TOIl BeJIMYnHe cjellyeT yKa3blBaTh A.c, a He A.B.c.

5.4. Moaynab kKak crocod peaam3artum AT]I

KpoMme KOHTpOIUpPOBaHUs MPOCTPAHCTBA UMEH, MOAYJIH IpeIoCcTa-
BJISIOT CIIOCOO TIOCTPOEHNs abCTPAKTHBIX THIIOB JaHHBIX, COKPAIIEHHO
AT]I (abstract data types, ADT). XapakrepHoii 4epToii abcTpakTHOrO
THIA JAHHBIX MOXKET CYATATHCA COKPBITHE IIPEICTABICHUS THUIIA, BCE
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onepamnuu ¢ ATJI ocymecTBisgioTcs Ha aOCTpaKTHOM YPOBHE, CKPBIBa-
IOIIM peajibHOe IIPeJICTaBJIeHne JAHHBIX. Tak, HaIpuMep, XOTs THII
Tree JI0CTATOYHO TIPOCT, HO MbI €0 €Ille He MOYKeM CUYUTATh aDCTPaKT-
HBIM, TTIOTOMY YTO MPU padoTe ¢ BEJIUIUHAMH ITOTO THUIA HAM SIBHO
IPUXOINTCS YKA3bIBATh KaKHe KOHCTPYKTOPHI JAHHBIX TPEOYIOTCS JIJIsT
CO3JaHUS U UCIOJIb30BaHUS BEJIMUYUHBI JAHHOTO TUIIA.

«Xoportruity abCTpaKTHBIN TUT OTparkaeT BarkKHeIe CBOWCTBA,
00bEKTOB, He TPUBJIEKAs BHUMAHNSA K HECYIIECTBEHHBIM IETAJISIM Pe-
anmum3amnuu. JIpyrumu cioBaMu, Xopolmasg aOCTpakIus SBHO OTparKa-
eT MOTPEOHOCTH MOIH30BATE/ISA U CKPBIBAET OCOOEHHOCTH pPeaJIN3aIlN.
[Mogxomsamuit AT, npennasHayeHHBIN st PabOTHI C JPEBOBUIHOM
CTPYKTYPOIi, MOJKET BKJIFOUATH CJIEIYIOIIIE OMepaIii (U3 MepedHs KO-
TOPBIX U (POPMUPYETCsT CIIUCOK IKCIIOPTA):

data Tree a -- TOIBKO UMA THIIA

leaf :: a -> Tree a

branch :: Tree a -> Tree a -> Tree a
cell :: Tree a -> a

left, right :: Tree a -> Tree a

isLeaf :: Tree a -> Bool

Moy b, mo3Bosromnnii paboraTsh ¢ 3tuM A JIT, MOKeT BBINISIIETh TaK:

module TreeADT (Tree, leaf, branch, cell, left,
right, isLeaf) where

data Tree a = Leaf a | Branch (Tree a) (Tree a)

leaf = Leaf

branch = Branch

cell (Leaf a) = a

left (Branch 1 r) =1
right (Branch 1 r) =r
isLeaf (Leaf _) = True
isLeaf False

OOparure BHUMaHKe, 9TO CIHUCOK SKCIOPTUPYEMBIX (DYHKIIIA comep-
JKUT TOJIBKO MM« Tuma Tree, T. €. 6e3 KOHCTPYKTOPOB JaHHBIX. Tak
KaK Leaf m Branch He 3kcmopTupoOBaHbI, TO UX HEJIb3d yZKe UCIOJIb-
30BaTh JJid NOCTPOEHUA WJIN BBIJIEJIEHUA YacTell JepPeBbeB, JIJII 3TUX
1eJiel ciaeyeT uCroIb30BaTh ONpeie/IeHHbIe B MOy e (DYHKITUN, 00ec-
MMeYnBaIoIe JOCTYN K KOHCTPYKTOPAaM JIAHHBIX TUNA Tree.
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[TompoOyem ompemennTs GpyHKINN A1 PaOOTHI ¢ TuoM Tree Tax,
KaK MBI 9TO JIeJaJd paHbIlle — C IIOMOIIBIO 00PA3I0B, COAEPIKAIIIX
KOHCTPYKTOPBI JAHHBIX:

module MainADT1 () where A
import TreeADT
fringe :: Tree a -> [al

fringe (Leaf x)
fringe (Branch left right)

[x]
fringe left ++ fringe right

Ho xoncTpykTOophl Tuma Tree CKpbBITBI, IIOSTOMY COIIOCTABJIEHUE C
obpa3iaMu HeBO3MOZKHO:

Dependency analysis H
ERROR "MainADT1.hs":6 - Undefined
constructor function "Leaf"

151 TOro 9TOOBI 33/1aTh BEJIUUNHY TUMA Tree, MOXKHO HCIOJIH30BATH
TOJILKO T€ (PYHKIIMU, KOTOPhIE BKJIFOUEHBI B CIIMCOK YKCIIOPTA:

module MainADT () where /X
import TreeADT

fringe :: Tree a -> [al
fringe x = if isLeaf x then [cell x]
else fringe (left x) ++ fringe (right x)

Temeps MOKHO pabOTATh C JAHHBIM TUIIOM, KAK C aDCTPAKTHbBIM:

---> fringe (branch (branch (leaf 3) (leaf 2)) (leaf 1)) H
[3,2,1]

HecoMueHHBIM TIPEMMYIIIECTBOM TAKOTO MPEICTABIEHUS TAHHBIX
SIBJISETCS TO, UYTO B JlaJbHEHNIIIeM MOXKHO JIETKO N3MEHUTh BHYTPEHHEe
npejcTaBieHne Tuma Tree 0e3 mepenuchbIBAHUS BCETO MPOTPAMMHOTO
obecIieueHnst, KOTOPOE ero UCIOJIb3YeT.

» Vnpaorcnenue VIILH.4

OpHO# U3 MMUPOKO M3BECTHBIX aOCTPAKTHBIX CTPYKTYDP JAHHBIX SBJIS-
ercd cmek. DJIeMeHThI IOMEIIAl0TCsa B CTeK IO OmHOMY. ToJbKO IIo-
CIeIHUI dJIeMeHT CTeKa JOCTYIeH B KaxKIblii MoMeHT. VHorma crek
CPaBHUBAIOT C KOPOOKO#, comepxKamieit mncThl Oymaru. HoBwrit amct
KJIAJIETCSI B CTOIKY IOBEPX OCTAJILHBIX. TOJIBKO BEPXHUI JINCT MOYKET
OBITH IPOYNTAH WM U3BJIeUYeH U3 KOPOOKH. I TOro 4ToOhl M3BI€UYD
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HEKOTOPDIi JTUCT 13 KOPOOKM, HEOOXOANMO CHaYaJ Ia U3BJI€Ub BCE JIeZKa-
Iue HaJl HUM JIUCTHI.

Crexk PyHKIUMOHUDPYET aHAJOTUIHO. HOBBIN 3/IeMEHT MOMeIaeTcs
B BEPINNHY CTeKa C MOMOIIbIO onepanuu push (BTosKHYTH). Bugen B
CTeKe TOJIbKO ero BEepPXHUI 3JIeMeHT, 3HaUYeHne KOTOPOTO MOYKET ObITh
TIOJTy9eHO C TIOMOIIbIO onepanuu top (Bepmnua). Hakoner, Bepxumii
SJEMEHT MOYKeT ObITh U3BJIEYEH U3 CTeKa Orepalueil pop (BBITOJK-
HyTh). VIHOrA omepanuu top u pop OOBEAUHSIOT MPHU PeATU3aIH.
O creke Takxke rosopar kKak o6 ouepenn tuna LIFO (Last In First
()ut,HOCﬂeaHHﬁlunﬂneﬂ-—-HepBbﬁiBbHHeﬂ)

Omnpenenenne creka kak ATJ/l mHaumHaeTcs ¢ OmMCAHUS €ro ornepa-
it Ha, abCTPAKTHOM YPOBHE:

emptyStack :: Stack a

push 11 a -> Stack a -> Stack a

pop :: Stack a -> Stack a

top :: Stack a -> a

isEmpty :: Stack a -> Bool

showStack :: (a -> [Char]) -> Stack a -> [Char]

K Tpem OCHOBHBIM oOrlepalusiM OOBIYHO JODABJIAIOT €Ile HECKOJIbKO
dyHKIIHT, KOTOpbIe Aeal0T paboTy co cTeKOM DoJiee ya00HOM, HaIIpH-
Mep, emptyStack, co3garonyo mycroit crek, 1sEmpty, nposepsrolyro,
mycT Jin cTeK, n showStack, medaTarolniyo colepKuMoOe CTEeKa.

[Ipeanonoxkum, uro AT/I, onuchbiBaomuil CTEK yrKe peaan30BaH, u
paszpaboTaeM MOMYJIb s pabOThI ¢ 3TUM TUIOM. Tak Kak IpuBeIeH-
HBII BbIlle nHTep(eic cTeka MoMUMOp(deH, CO3Ma UM CTeKH, IIpeaHa-
3HaUYEHHbIE /I XPaHeHnsd MHOOPMAIINT PA3JINIHBIX BUIOB: CHMBOJIOB,
IIEJIBIX UHMCEeJI W 3amuceil, comepKammx nHMOOPMAIND 00 IMEHI W BO3-
pacTe meTei:

module Main where

import Stack (Stack,
emptyStack,
push,
pop,
top,
isEmpty,
showStack )

-- CTeK CHMBOJIOB --
stackl :: Stack Char
stackl = push ’d’ (push ’f’ (push ’k’ emptyStack))



5. Unxancyrauus 0aHHHT 6 MOOYAAL 235

sl = putStr(showStack show stackl)

-- CTeK LeJHX YUCEeNl --
stack2 :: Stack Int

stack2 = emptyStack

stack3 = push 5 (push 5 (push 2 stack2))
stack4 = pop stack3

s4 = putStr(showStack show stack4)

-- cTex map (ma, Bospact) --
stack5 :: Stack Record

type Age = Int
type Name = [Char]
type Record = (Name,Age)

showRec (name,age) = "(" ++ name ++ " " ++ show age ++ ")"

stackb = push ("Kate",6) (push ("Jan",5)
(push ("Ann",10) emptyStack))
sb = putStr(showStack showRec stackb)

[Ipuctynum K paspaboTke moayias Stack. Haseproe, ogHolt 3 ca-
MBIX ITPOCTBHIX €r0 Peaan3aluii siBIgeTCa peau3alus Ha 0a3e CIucKa:

module Stack (Stack,
emptyStack,
push,
pop,
top,
isEmpty,
showStack ) where

-- peanusanus Ha b6ase coucka --
type Stack a = [a]

isEmpty :: Stack a -> Bool

emptyStack :: Stack a

push ira -> Stack a -> Stack a
top :: Stack a -> a

pop :: Stack a -> Stack a

showStack .+ (a -> [Char]) -> Stack a -> [Char]
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isEmpty [] = True
isEmpty _ = False
emptyStack = []

push item oldlist = item:oldlist
top (first:_) = first

pop (_:rest) = rest
pop [] error "pop:empty stack"

showStack f [] ="Bottom"
showStack f (x:xs) = f x ++ " , " ++ showStack f xs

3arpysus Moay/b Main MOXKHO IPHUCTYIATh K pabOTe ¢ aDCTPAKTHBIM
Tunom Stack:

---> s1

’q? , ’f’ , ’k’ , Bottom
---> g4

5, 2, Bottom

---> sb

(Kate,6) , (Jan,5) , (Ann,10) , Bottom

Tenepsb mpeacTaBuM, YTO JaHHBIE, TOMEIIAEMbIE B CTEK, IIOCTYIAIOT
CepUSAMHU U3 TTOBTOPSIONINXCS BEINYNH, HAIIPUMED, Ha BBOJI TOCTYIIAIOT
HYJIU U eIUHUIBI B caeayomem nopsaake: 1,1,1,0,1,0,0,0,1,1,1,1,1,0,0,0.
DTy Ke MOCIeq0BATETFHOCTH MOYKHO 3aMncaTh B Bue nap (Bemuyusa,
konuyecTso): (1,3), (0,1), (1,1), (0,3), (1,5), (0,3). Takoit meTon xpa-
HEHHsI 3HAUUTEJIHHO 3(deKTuBHee, eCan CPeIHdAs IJINHA IOBTOPAIO-
IIIUXCS TPYTIT JJOCTATOYHO BEJITUKA.

Hwuxke nipencraBiena peann3alius CTeKa, UCIOJIb3YIOMIAS I XPa-
HEeHUs JaHHBIX CIUCOK Tap:

module Stack’ (Stack,
emptyStack,
push,
pop,
top,
isEmpty,
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showStack ) where

-- peanusanusa Ha 6ase cnucka map --
type Stack a = [(a, Int)]

isEmpty :: Stack a -> Bool

emptyStack :: Stack a

push :: Eq a => a -> Stack a -> Stack a
top :: Stack a -> a

pop :: Stack a -> Stack a

showStack :: (a -> [Char]) -> Stack a -> [Char]

isEmpty [] = True
isEmpty _ False

emptyStack = []
push item [] = [(item,1)]
push item oldlist
| top_item == item =((item,top_cnt+1l):rest)
| otherwise ((item,1) :0ldlist)
where
(top_item,top_cnt) :rest = oldlist

top (( top_item,_):_) = top_item
top _ error "top:empty stack"

pop ((top_item,1):rest) = rest
pop ((top_item,n):rest) = ((top_item,n-1):rest)
pop _ error '"pop:empty stack"

showStack f [] ="Bottom"

showStack f ((x,1):xs) = f x ++ " , " ++
showStack f xs
showStack f ((x,n):xs) =f x ++ " , " ++

showStack f ((x,n-1):xs)
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5.5. bubamorekmu mporpamMmm

MmuoroseTauit OIBIT MHOTUX THICAY MTPOTPAMMUCTOB MOKA3aJI, ITO
HaIMUCaHWe OOJIBINTON TPOrPAMMHONW CUCTEMbBI 3HAYUTE/IHHO OTJINIAET-
cs OT Pa3pabOTKU OTAEIbHBIX HEOOJBINNX MporpaMM. B sTtux ciayda-
SIX TPeOYIOTCSI TpUMeHeHUe TOMOJHUTETbHBIX METOIO0B U MHCTPYMEH-
TAJbHBIX CPEJICTB, BBIXOIANINX 3 PAMKHU ITPOCTOTO ITPOTPAMMUPOBA-
uust. Tepmun npoexmuposanue npozpammnozo obecnevwernus (software
ingineering) wmcmosib3yercs st 0003HAYEHUsI METOIOB U WHCTPYMEH-
TAJbHBIX CPEJICTB, NMPeIHA3HAYEHHBIX /19 IPOeKTUPOBAHUS, KOHCTPY-
MPOBAHUS U YIIPABJIEHUS TPU CO3TaHUU MPOTPAMMHBIX CUCTEM.

JI10boit mHxKeHep 3HAET O MPEUMYIINECTBAX, CBA3AHHBIX C UCIIOJIb-
30BaHMEM TOTOBBIX KOMIIOHEHT IpH pa3paboTKe TOTO MM WHOTO IIPO-
exTa. [lomobHOe mpuMeHeHNe 3aMMCTBOBAHHBIX KOMITOHEHT SIBJISIETCSI
pacrmpoCcTpaHeHHON PAa3HOBUIHOCTHIO WHYKEHEPHOW IesaTeJbHOCTH. B
UHYKEHEePUHU TTPOTrPAMM TaKKe BEChbMa IMOJIE3HbI 3aMMCTBOBAHHBIE KOM-
MTOHEHTHI, HA3bIBAaE€MbI€ B PA3JINUHBIX A3BIKAX MMPOrPAMMUPOBAHUS MO-
nynasvu (Haskell, Modula), makeramu (Ada) mnn xmaccamu (B C++,
Java). Ucnonb3oBanne OpOrpaMMHBIX MOIYyJIEH J@eT Dsiji TPenMy-
IECTB. DTU CPEJCTBA CTPYKTYPUPOBAHUS MPOTPAMM JAI0T BO3MOK-
HOCTBH MHKAIICYJISIUN JAHHBIX U METOIOB B OoJiee KPYIHbIE €IIMHUIIHL.
Ere omHuM MpenMyIiecTBOM MOy el SBJIsIeTCsT TO, 9YTO UX COTJIacO-
BaHME MOYKHO MPOBEPUTH MPU KOMIWJISIUU, 9TOOBI MPEJIOTBPATUTH
OIMOKU W HEIOPA3yMEHMUSI.

[IepBbIe 3bIKU IPOTPAMMUPOBAHUS He ITO3BOJISIN Pa30UBATh IIPO-
rpaMMbl Ha OTJEIbHBIE YACTH, UTO MPUBOANMO K CIOKHOCTSIM UX BOC-
npusdTusd u oriaagku. OnbeIT mokasas, 1ro, Bo3MoxkHO, 10000 cTpok
SIBJISIETCSI BEPXHUM IIPeIeIoOM IJi MOHOJUTHON IporpaMMbl. B cran-
mapre s3bIka Pascal, mampumep, He ompeeseHO HUKAKOTO MeTOa
JLJIST pa3/Ie/TbHON KOMIMIAINT UK JTeKOMITO3UIH Tporpamm. [lepsbrit
Pascal-kommuigTop Obl equHOI TporpaMMoOii, cojeprkaliieil CBbIIITe
8000 crpok koma Ha sa3bike Pascal. BmecTo Toro, 4robbl M3MeHATH
Pascal, ero cozmarens Hukmayc Bupt paspaborasn HOBbI (X0Ts U 110-
xoxkuit) s13biK, Hazanublii Modula, Tak Kak IeHTPAIbHBIM HOHATHEM
B HeM, SIBJSETCS MOMLY/Ib.. Ero mienm Hamum OTpaskeHne BO MHOITX
sI3bIKaX IporpaMMupoBaHus, B ToM uncie u B Haskell.

'Kommunsropsr Pascal, ucmomb3yeMble Ha HpaKTHKE, MONIEPIKABAIOT JEKOM-
TTO3UIINIO HA, MOJIYJIM, HO HUKAKUX CTAHIAPTHBIX METOJIOB JJIsi 9TOTO He CYIIeCTBYeT,
TaK 9To Oosbinme mporpaMMbl Ha Packal He mepernocumbr ¢ ogHO# mmaTdopMbl Ha

APYTYIO.
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HOBTOpHOG HCIIOJIb30BaHUEe ITPOTrPpaMMHOI'O KOJa BO BHOBDL CO3/1aBa-
€MbIX IIPDHUJIOZKEHNAX NMeEEeT PALd IIPEenMyIIeCTB.

e [IporpammucTy He TpeOyeTcsi pa3padaThiBaTh y¥Ke CYIIECTBYOIINIA
AJITOPUTM.

e OpraHu3alus-pa3padoTInK SKOHOMUT PECyPCHI.

e [IporpaMmbl, KaK TpaBUIO, CTAHOBITCS HaJeyKHee.

e [IporpamMmbl, KaK MPaBUJIO, CTAHOBATCS (D PeKTUBHEE.

BoabImmHCTBO COBPEMEHHBIX SI3BIKOB MTPOTPAMMUPOBAHUS TTOCTA-
BJISIFOTCSI C HADOPOM «CTaHIapTHBIX» OmOanoTek mporpamm, n Haskell
He sBJIsTeTcs ucKaoderneM. OObITHO B TOH Ke IMPEKTOPUH, TIe PACIIO-
naraercs daiin Prelude.hs (Bo MHOrMX Linux-cucremMax 3To AupeKkTo-
pusi /usr/share/hugs/1ib/) HAXOAATCS CKPUITHI, COIEPIKAIINE MTPO-
rpaMMHbBIE MOJIYJIH, Peaan3yollre MHOTHEe IINPOKO M3BECTHHIE aJIro-
PUTMBI U CTPYKTYPbI JaHHBIX.

» Vnpaorcnenue VIILH.5

Cpenan 6uOIMOTEYHBIX MOIYIeil HaXOauTCs MOy /T Complex, mpeiHA-
3HAYEHHBIN /)11 PabOTHI ¢ KOMILIEKCHBIMU unciamu. JI1oboe KkoMmiriekc-
HOEe YMCJIO TIPEICTABUMO B BUIE 2 = L+i-y = r-e'¥, Ille i eCTh MHUMAs
equauna (i = —1). Benuunbl 7 1 y HA3BIBAIOTCA JEACTBUTEIHHON 1
MHIMOM YacThI0 YUCIa U 33Jaf0T KOOPAMHATHI TOUKKM Ha IIJIOCKOCTH,
COOTBETCTBYIOIIEH JTAHHOMY YNCIY; ' PABHO PACCTOSTHUIO OT STOW TOU-
KU JI0 HadaJia KOOPIAMWHAT, a (0 — YIJIy MeXKIy ochbio 0x 1 BEKTOPOM C
KOOpIuHATAMU (T3 7).

[IpocmaTpuBasi CIUCOK SKCIOPTA, JAHHOTO MOIYJISI, Mbl BCTPEYaeM
BCE CTaHIAPTHBIE PYHKINKU I PAOOTHI C KOMILIEKCHBIMHU THCTIAMA.
Tabsmra nosgcHgeT UX Ha3HaAUYECHUE.

MeTon, Haznauenue

(:4) OmnepaTop co3maHus KOMILIEKCHOI'O YHCJIA IO 3a-
JTAHHBIM * U Y

realPart | Boigenenme meficTBUTEIBLHON YacTnH 9uCIa

imagPart | BeimesleHne KOMIIEKCHOM 9acTH 4nCTIA

conjugate | Berunciienne conpsaKeHHONO KOMIIJIEKCHOTO UHCIA
(ecim z = x 4 iy, TO CONMPsIKEHHOE YHUCJIO PABHO
r — iy)

mkPolar Boramcierne KOMIIIEKCHOTO YHCIa, 33IaHHOTO II0-
JIAPHBIMU KOOPDAWHATAMU " U O
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cis [Tosryuenne «HOPMUPOBAHHOIO» KOMILIEKCHOTO -
cna (z/r+1i-y/r = cosp + isinp)

polar Boruncienne moIspHBIX KOOPAUHAT TOYKH, COOT-
BETCTBYIOIIEH 3aTaHHOMY KOMILIEKCHOMY YUCILY

magnitude | Berancrenne r = \/x24—y2——'M0ﬂyﬂﬂ KOMILJIEKC-
HOT'O YMCIIa,

phase Brruncnenne ¢ — aprymenTa KOMILIEKCHOI'O YHCIA

He 3Has, kKak peaqn3oBaH abCTPAKTHBIN TUT JaHHBIX Complex, U MO/Thb-
3ysICh JINIIb IPEJOCTABICHHBIM STHM MOIYyJIeM HHTepMeicoM, MbI Jer-
KO MOYKeM pa3padoTaTh MPOrPaMMY, UCIIOIb3YIONLY 0 KOMILJIEKCHBIE Y-

cna. Hampuwmep,

module Main where
import Complex

cl

2 :+ 3

x1 = realPart ci

yl

imagPart cl

c2 = conjugate cl

c3

pl

mkPolar (sqrt 2) (pi/4)

polar ((-1) :+ 0)

Beraucianm 3nauenusa BeImuuH OIIpeeJICHHbIX B JaHHOM MOJIYJIE:

--->cl

2.0 :+ 3.0
-——>x1

2.0

--->vy1

3.0

-—-> c2

2.0 :+ (-3.0)
--->¢c3

1.0 :+ 1.0
--->p1
(1.0,3.14159)
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Bonpocwv u 3adanus
VII.5.1

MHuoxkecTBO sABIgeTCs 0Aa30BOM CTPYKTYPOit, KOTOpasd JIEKUT B OCHO-
BaHUU Bceil MareMaTtuku. [I[pu paszpaboTke aaropuTMOB MHOYKECTBA,
UCIIOTB3YIOTCS KAK OCHOBA JIJIT MHOTHX BarKHbBIX aOCTPAKTHBIX TUIIOB
TAHHBIX (HAIIPUMED, TAKOTO KaK CIOBApPh).

Mmnootcecmeom nasvieaemesa co8OKYNHOCMY IAEMERMOS, KAHCIBIT
ANEMEHM, KOMOPO20 UAU CAM ABAAETNCA MHOHCECTNEOM U ABNAAECN-
CA NPUMUMUBHBIM INEMEHMOB, HA3DBAEMBIM amomom. Bce sremen-
ThI JIFOOOTO MHOYKECTBA PA3AUYHDBI, TAaK KAK B MHOYKECTBE HE MOYKET
CoZIepKaThCs ABYX KO OJHOTO W TOTO YK€ dJIeMEeHTa.

[Tpemnoxxure Heckombko peasusanuii aroro AT/I. B Tabmume me-
PEeUNC/IeHbl OTIePATOPHI, BBHITIOIHSIEMbIE HaJ MHOMKECTBAMU, KOTOPbHIE
JaCTO BKJIIOYAIOT B PEAM3AIINIO.

MeTon, Hasunauenne

union O0benuHeHne IBYX MHOXKECTB

intersection | [lepeceuenue AByX MHOYKECTB

difference Pa3nocTs MHOXKECTB

merge O6beuHeHne HETIePEeCeKAIOIIUXCST MHOYKECTB (CJIi-
sHUe)

member Bosspamaer True, ecanm 37aeMeHT TPUHAIIEIKHUT
MHOKECTBY

makeNull Cozmaer mycToe MHOMKECTBO

insert JlobaBiisieT 3/1eMEHT B MHOXKECTBO (€CiIM 3JIeMeHT
y2Ke TTPUCYTCTBYET B MHOYKECTBE, TO MHOXKECTBO He
M3MEHSIeTCs )

delete YiaasieT SJeMeHT 13 MHOXKeCTBa, (ecin dJeMeHTa

HET B MHO2K€CTBE€, TO MHOZKECTBO HE MeHHeTCH)

equal Bosspamaer True, ecan aBa MHOMXKECTBA COCTOST
U3 OJHUX U TeX Ke 3JEeMEHTOB

VIL5.2

Eme ogauM mmpoko pacmpocTpaHeHHBIM abCTPAKTHBIM THUIIOM JaH-
HBIX dBJIgeTCS ouepeds Queue. OHa peannsyer cTpykTypy Buga FIFO
(First In, First Out — mepBbIM mpwuiest, mepBbIM Bbiles). [Ipumepsr
odepesieit BCTPEJalTCs OUeHb JaCTO KaK B OKPYYKAIOIIEeil HAC YKU3HM,
Tak 1 B nmporpammupoBannu. Quepeas MOKHO PacCMaTPUBATh KaK IO~
CJIeI0BATEIbHOCTE 00beKTOB. OOBEKThI CTAHOBATCS TOJHKO B KOHEI]
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ouepen, a OOCIYKUBAIOTCA U YIAJISIIOTCS TOJTBKO U3 ee Hadasa. OObIu-
HO HaJT 0YePEIbIO BLITIOMHAeTC Tpu oneparuu. Omeparus MOCTAHOBKI
B Ouepejib, YaCTO Ha3biBaeMas «BBecTn» (enqueue). Onepanus u3BJe-
deHusi U3 Ouepeu, NMeHyeMast «BbiBecTH» (dequeue). 3HaueHue mep-
BOrO OOBEKTA TOydaeTcs ¢ MOMOIIbIO OMepaIliy «IIepBbiii» (front).
[Ipennoxkure HECKOMBKO peanmsannii mannoro AT/l u mamumuTe Mo-
JIyJTh, UCTIO/IB3YIONINi ouepesib. [lobaBbTe K nHTEpdeiicy Takke dpyHK-
nun makeNull, ounmaromniyro odepeib, gesas ee IycToi, u isEmpty —
BO3BPAIIAONIYO 3HaUeHne True TOrga U TOJBKO TOT/Ia, KOT/Ia OUepeIhb
myCTa.

VIL5.3

Paccymorpum cTpykTypy, nIpeaHasHAYeHHYIO I/ IPeICTaBIeHNS MHO-
2KeCTB, COCTOSAIINX U3 CUMBOJIBHBIX CTPOK, U Ha3bIBAEMYIO «HAI'DYKEH-
HOe JiepeBo» (trie). 2 CTpyKTypa HAIPY’KEHHOTO JePeBa MOILIepIKIBa-
eT omepaTopbl MHOZKECTB, ¥ KOTOPBIX 3JIEMEHTBI IBJAAIOTCI CIOBAMH,
T. €. CHMBOJIbHBIMU CTPOKAMMU.

B marpyKeHHOM [epeBe KaxKIbIi IIyTh OT KOPHSA K JIMCTY COOT-
BETCTBYET OTHOMY CJIOBY U3 MHOXKecTBa. IIpm TakoMm moaxome y3iIbl
JlepeBa COOTBETCTBYIOT mpedukcaM ca0B. Ha pucyHke mpemacTaBiIeHO
HarpyKeHHoe jiepeBo s cyioB the, then, thin, this, tin, sin, sing:

Yr100bI n130€KaTh IPOOIEM, CBI3aHHBIX C COBIIAIeHIEM IIPeGUKCOB
1 CJIOB, MOJOOHBIX Haanmumio cjioBa '"the'm mpedukca "the'y cnoa
"then", BBemem crenmaabHBIN CUMBOJ * — MapKep KOHI[A, YKa3bIBA0-
it OKOHYaHMe J000ro CjIoBa. TOJBKO TOTAA CI0Ba OYIyT CIOBAMMU,
a He npedukcamu. Harre mepeBo Temnepnb BBITVISIUT TaK:

2 AHryTosI3BIYHOE HA3BAHME STOrO THIA trie (mMpom3HOCHTCS Kak “try”) o6pasoBa-
HO cpeaauME GykBamu ciioBa retrieval (Towck, BEIGOPKa, BO3BPAT). YCTOSIBIIErOCs
TepMUHA JJId 3TOI CTPYKTYPHI B PYCCKOU JIUTEpPaType MOKa HeT.
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Peanusyiire AT/l Trie u Habop MeTOIOB Ajist pabOTHI C HEM: T

MeTon HazuaueHnue

add JlobaBJisieT HOBBIH /IEMEHT B JIEPEBO

isMember | Bo3spamaer 3nauenme True, ecim dIeMEHT COIEP-
KUATCA B CTPYKTYPeE

remove Ynaisger 31eMeHT U3 JIepeBa

isEmpty ITposepsier mycTo 1 1epeBo

emptyTrie | Co3maeTr mycToe JepeBo

showTrie | Bermaer cnmcok Bcex CIOB, COMIEPIKAIINXCS B JepEBe

VIL5.)

[IpemmoxKuTe APYTyio peaan3aluio HarpyKEeHHOTO AepeBa, XPAHIIILY IO
B y31ax Kopre:k Tuna (Bool, Char). [lepBhlit a;ieMeHT KOpTexKa IpH-
HUMaeT 3HadeHue True, eCin y3eJl ABJdAeTCd OKOHYaHWEM CJI0Ba, W
False B IpOTUBHOM CJIy4ae.

VIL5.5

Hamummwure nporpammy, mncnonssymornryio AT Trie u3 mpembraymmx
yIpazkKHeHn#, IpeaHa3HAUeHHYIO [IJIs IPOBEPKU CHUHTAKCHCA CTPOK
rekcTa. CTPOKa COCTOUT M3 CJIOB, pasjeseHHbIX mpoberamu. CIoBO
CUNTAETCS HAITMCAHHBIM MTPABUILHO, €CJIN OHO €CTh B CJIOBape, peaJin-
30BaAHHOM C IIOMOIIBIO HAT'PYKEHHOTO JIepeBa.




I'taBa VIII

BBoa u BbiBoa mHMOpMau

1. VInTepaKTUBHBIIT BBOJ 1 BBHIBOJI

BBos 1 BbIBOJI KOHTPOIUPYIOTCS onepalnnonHoit cucremoii. Haskell
00IIIaeTCs ¢ OMepaIoHHOl CUCTEMOM /IS BBIIOJIHEHUS OIepalliii BBO-
JTa-BBIBOJIA, UCIIOIB3Ys HAOOP BHYTPEHHUX (PYHKINN, KOTOPbIE Ollepu-
pytor Benmnannamu 10 tuna. Haskell unrepnperupyer Besimanab: 3T0r0
THIIA, 00paIasiCh C 3alpOCaMi O BBOJIE U BBIBOJIE K OMEPAITUOHHOI CH-
cTeMe.

Tak, coenyomuii CKPUIT KCIOAb3YyeT BCTPOEHHYIO (DYHKIIIIO
putStr mns BeiBoma crpoku "llpuser, mup!" Ha SKpaH.

main = putStr "llpuseT, mup!\n"

ITo cormamrenuto, ckpunt Ha s3bike Haskell, koTopbrit ocyiecTBiaser
oTlepallii BBOJIa-BBIBOJIA, JOKEH COJIEPZKaTh OIpeJie/IeHue TepeMeH-
HOIf main B cBoeM ryiaBHOM Moy ie. Bo Bpems ee Boraucienusi Haskell
HCITOTH3YEeT OMEPAIMOHHYI0 CUCTEMY IJIsi TTPOBEIEHUST OMepaInii BBO-
JTa-BBIBO/IA.

---> main
[lpuBeT, Mup!

menHo 3Ta BeIMYMHA U ABJISETCS PE3yJIbTaTOM BBITTOIHEHUS OTKOM-
nuanpoBaHHoil mporpammbl Ha Haskell. /lo cux mop mblI mosab3oBa-
JIUCh TOJBbKO WHTeprpetaTopoMm Hugs miag momydeHus pe3yabTaToOB
nporpamm. [ljisi 3amycka KOMIUISATOPa U MOJIYyUEeHUs BBITIOJTHIEMOTO
daiina, comeprxkaliero nmporpammvy Ha sizbike Haskell, cienyer crnauana
OTKOMITJTUPOBATH MOYJIb C IIOMOIIBIO, HAIPUMeD, KOMIMIATOpa ghc,
a 3aTeM BBITIOJHUTH TOJIYIEHHBIHI OTKOMIMINPOBAHHBIN (aiil, Ha3bI-
BaeMbIll 110 yMOJIYaHUIO a.out:

$ ghc Hello.hs
$ ./a.out
[lpuBeT, Mup!

244
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3aech cuMBoI $ ecTh mpurialieHne K pabore, BbIBoanMoe okHoM shell.

[Ipu KOoMIUAATINT MOYKHO YKa3aTh UMsi BBIXOJHOTO haiijia ¢ momo-
MIBIO KJII0Ya -O:

$ ghc Hello.hs -o hello
$ ./hello
[lpuBeT, Mup!

KomaHabl BBOZA JaHHBIX JIA0T BO3MOYKHOCTH aCCOIMUPOBATH JIaH-
Hble, BBeJEHHbIE C KJaBHATypPbl, C II€pEMEHHOI B IporpaMme Ha
Haskell, mociie 1ero sta mepemeHnHas MOKeT ObITh MCIIOJIH30BaHA B KO-
MaHgaX BbIBOJa. CKPUNT MOXKET COIEpPyKATh HECKOJIBKO BXOIHBIX M
BeIxOgHbIX AupekTuB. B Haskell mrobast mociemoBaTesbHOCTH KOMAH/I
BBOJIa-BbIBOA OIpeiesisdeTcsa do-BhIpaskKeHIeM.

PaccmoTpuM cKpunT, 3aIpalluBaioONInil ¢ KJIaBUATYPHI UM OIb-
30BaTeNId, TIOC/Je Yero OHO UCIOJIb3yeTCsd B KOMaH/Ie BBIBOJIA.

main =
do
putStr "BBemuTe Bamwe mMsa, moxamyiicta:\n"
name <- getLine
putStr ("3gmpaBcTBylfiTe, " ++ name ++ ".\n" ++
"Ceromusa 3aMevaTenbHH# meHb! (:-)\n")

[Tomo0HBI CKPUNIT MOKHO OTKOMITUINPOBATEH U BBIIOJHUTE IIOJIYYeH-
HBII baitr:

$ ghc enterName.hs -o enterName
$ ./enterName

BBenmuTe Bame mms, moxamyncTa:
Ban

3mpasBcTByHiTe, lBaH.

Ceronmua 3aMevaTenbHHB merb! (:-)

Konedno, MOXKHO BOCIIOIH30BATHCS U WHTEPITPETATOPOM:

---> main

BBemuTe Bame uMsa, moxamy#cTa:
Ban

3mpaBcTByHiTe, lBaH.

Ceronmua 3aMevaTenbHHB meub! (:-)

[lepBasg cTpoka, HamedaTaHHas B IPOIECCE BBIMOTHEHUS (QYHKIUN
main, ABJI4eTCA Pe3yJbTaTOM BBIIIOJIHEHUd Olepaliyl BbIBOJA, BTO-
pasd — OTpazKeHueM OIllePallMOHHONW CUCTEeMOW BBO/la, IIPOU3BEICHHO-
o C KJIaBUATYPbI, TPEeThd U YeTBepTad CHOBA ABJIAIOTCA Pe3yJIbTaTOM
BBIMIOJTHEHUS Ollepaliiili BBIBOIA.
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3a KI0YeBbIM CJI0BOM do JIOIKHA CJIeI0OBATh MOCTIEI0BATEIHHOCTD
ommepaluii BBOJa-BbIBoJga. B 3ToM mpumepe mnx 6bu1o Tpu. IlepBas u3
HIX BbIBeJIa cTPOKy '"Beemure Barmre mmsi, moxkamyiicra:\n'"Ha 5KpaH.
Tak kax B KOHIIE CTPOKH j100aBeH cuMmBoI "\n'", To mocie okoHUaHMS
BBIBOJA KypPCOP IMePEeMeCTU/ICI B HAYAJIO CJIeLyIomeil cTpoku. Bropas
KoMaHIa (name <- getLine) WmTaeT CTPOKY, BBEJEHHYIO C KJIaBHa-
TYpPbI U ACCOIMUPYET IMOCJIEI0BATEIHHOCTD MOJIYUYEHHBIX CHUMBOJIOB C
IIepeMeHHOll, yKa3zaHHOM nepej crpesikoii (<-). B namem npumepe mne-
peMeHHasl HOCUT MMsI name.

Jltobast caedyrowas nupekTuBa do-BbIParKeHNUsT MOXKET OIIepPHPO-
BaTh 9TOI MEPEMEHHOI, HO OHa, He 6UJIHA 6He dO-BhIPAKEHNUSI.

I1, nakoHel, TpeThbsl KOMaHJa MOCLLIAET Ha SKPaH MOCIeI0BaTe/b-
HOCTh CHMBOJIOB, BKJIIOUAIONLYIO JBa CHMBOJIA II€pexoma Ha HOBYIO
crpoky (’\n”?).

[Tpu ucnosnb3oBaHuu KOHCTPYKIUU do CJIe/lyeT HOMHHUTEL O JIByMep-
HOM CHHTAKCHCE A3bIKa: Hy?KHO BHIMATEJIbHO CJICJUTh 3a TJIyOnHOil OT-
CTyIa B CTPOKAX, ABJILIONIIXCS IPOJOJIZKeHIEeM do-BhIPaskKeHHsI. 31eCh
IPUMEHSIOTCS Te Ke [MpaBUa, 9YTO U B KOHCTPYKIUAX let u where.

[TocnemoBaTeIbHOCTH AUPEKTHUB BBOMA-BBIBOIA MOYKET, KOHEUTHO,
colep:KaTh HECKOJBKO IIAaroB. 1aK B CIEAYIOIIEM CKPHUIITE C KJIaBHUa-
TYypPBI 3alIpAIIUBAIOTCSI ABe BEJIUYUHBI, 3aTeM OCYIIECTBJISAETCSA BbIBO,
ITocjIe 9ero 3aInparimBaeTCsd CUTHAJ TTOATBEPIK A0 OKOHIaHTEe BBO-
aa:

main =
do

putStr "BBemuTe Bame uma, moxamyiicTa:\n"

name <- getLine

putStr "BeezuTe Bam e-mail azpec::\n"

adress <- getLine

putStr (unlines [
"3mpaBcTBy#iTe, " ++ name ++ ".",
"Mer BrmIeM BaM coobmenume Ha azgpec
++ adress ++ ".",
"HaxvuTe Enter nma 3aBepumenus paboTs'])

sign0ff <- getLine
return()

Ob6MeH coobIeHnsIMI BO BpeMsi THaJIora ¢ (DyHKIMEH main MOXKeT BbI-
TJISIETh TaK:

---> main
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BBenmuTe Bame mms, moxamyncTa:

IBan

BeBemuTe Bam e-mail azpec::

pypkin@qqq.com

3mpascTByHiTE, lBaH.

Mo BhmITEM BaM coobmeHue Ha azpec pypkin@qqq.com.
HaxMuTe Enter nnsa moOTBepXIeHUS COTLJACUA

[IycTasg cTpoka, MOSBUBIIALACA IIOCTE IOCTEIHENH HalledaTaHHOUW IIpO-
rpaMMoii ppasbl, ABISETCsS 0TOOpaskKeHneM HayKaTus KJIaBuIu Enter.

Ucnonb3yemasi B cKpunte (GpyHKINS unlines ompejesieHa B IIpe-
Joun U (POPMUPYET OJIHY CTPOKY U3 CIUCKA CTPOK, BCTABJISAST MEXK LY
HUMHU CHUMBOJI TIePeBO/Ia Ha HOBYIO CTPOKY:

---> unlines ["linel", "line2", "line3"] }{
"linel\nline2\nline3\n"

[Tpu BBIBOME yI0O0HO MCMIOB30BATh PYHKINIO putStrLn, KoTopas
IIOCJIe TeYaT CTPOKHU J00aBIIeT CUMBOJ > \n’ s IepeBoIa Kypcopa
Ha, HOBYIO CTPOKY:

main = do putStr "Beemure uTo-HHOyOB: " ;X
str <- getLine
putStrLn ("Bu BBemu: " ++ str)

---> main H

BeemuTe 4uTO-HUOYIL: 2+3
Bu BBenu: 2+3

Haskell maeT BO3MOKHOCTH BBOJIa MM BBIBOJIA OJHOTO €IMHCTBEH-
HOT'O CUMBOJIA, JIJI 9er0 UCTOAb3yioTcsa (byHKInn getChar u putChar:

el = do ¢ <- getChar )\
putChar c

[Ipu BBI3OBe pyHKINU €l BBEJIEHHBIM CUMBOJ OTOOPA3UTCI JIBAZKIIbI:
CHaJaJIa KaK X0 KJIaBUATYPHOTO BBOJA, 3aT€M KaK Pe3yabTaT PadOThI
dyukiun putChar.

---> el H

WW

Paccmorpennas Bbitiie pyHKIMA putStrln onpeenena B MPETIOINN C
moMoIIbio pyHknuu putChar:
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putStrLln :: String -> I0 ()
putStrln s = do putStr s
putChar ’\n’

WNTak, MBI MOYXKEM BBITIOTHATH HEKOTOPbIE MEHCTBUS U MCIOTH30-
BaTh MOJYYEHHBIH pPe3yJbTaT, HO KaK HAM BEPHYTb BEJIUYNHY, TOJIY-
YEeHHYIO W3 MOCIeI0BaTeIbHOCTH AeficTBuii? K mpumepy, mycth yHK-
usa ready, CIUTHIBAET CUMBOJ U BO3BpalaeT True, ecin BBeIeHHBIN
CUMBOJI paBeH ’y’:

ready = do ¢ <- getChar
c == 7y7

Omnpenenennas TakuM 00pa3oM YHKIHUS He OyaeT paboTaTh — MHTEP-
MIPETATOP BBIIACT OIMTNOKY HECOOTBETCTBUs THUITA, TAK KaK BhIPayKEHUE
¢ == ’y’ umeer Tun Bool, B TO BpemMa KaK HaJIU4YNEe KOHCTPYKIUU
do TpebyeT, UYTOOBI pe3yabTarT uMea Tum 10, T. e. ABIAICA OBbI Jeii-
crBreM. B momoOHo# cuTyarun TpedyeTcs co3aaTh Beanduny Tuma 10,
OepyIIyIO JOTUYIECKYIO BEIMIUHY, U HUYIEro He JeJIaolyio, KpoMe BO3-
BpAIIEHNs Pe3yJIbTaTa JIOTUIECKOrO TUTIA.

s perienusi mpoOJIeMbI  BOCIOJb3yeMcs (pyHKIMell return,
BKJIIOUYEHHOI B ITpeTIoAnto 1 nMeorieil tum a -> I0 a. Ormernm, 9To
dyuknusa getline, ucrmomb3dyemMas HAaMU B MPEIBIIYIIAX MPUMeEPAX,
olrpejiesieHa B TMPEJTIOIUN TaKzKe ¢ TOMOIIbI0 (DYHKIINKN return:

getLine :: I0 String
getLine = do ¢ <- getChar
if c¢==’\n’ then return ""
else do cs <- getLine
return (c:cs)

Ob6parure BHUMaHIe Ha BTOpOe yTBep:KaeHne do, BXOJdIlee B BETBb
else. Kaxmoe do-yTBep:KIaeHue dBJISIETCA €IMHCTBEHHON ITEIIOYKOi
yTBep:K AeHuit. JIrodbas BHEAPSIOMIAsICS B Hee KOHCTPYKIINS, TaKas KaK
if, JoKHA MCOOJB30BaTh HOBOE dO-yTBEpXKJEHWE I WHUIAAIAN
JaJbHENIIe 1mocjae10BaTeJIbHOCTU JeCTBUA.

OyuKIns return OepeT HEKYIO BEJIMYNHY U IIPEBPAIIAET ee B Jeii-
CTBUE, CBI3aHHOE C BBOJOM-BBIBOJIOM HJAaHHBIX. Kakmm ke oOpasoMm
OCYIIECTBUTH OOpaTHOe IpeoOpaszoBaHne? MOoOXKHO JIM HCIOIB30BATH
BemmunHbl TUMA 10 B OOBIYHBIX BbIpaykeHusax! OTBeT Ha MOCTIeTHUN
BOIIPOC — OTpHUIATe/bHbI. Heab3ss cMmemmBaTh AeficTBAS W BEJIUYN-
HBI B OJTHOM BBbIParKeHUN.
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» Vnpaorcnenue VIIL1.1

Omnpenenure dyuknuio ready c¢ momornibio return. /Ing nmeyatu pe-
3yﬂbTaH1HpHMEHHTe(byHKuHK)print(T&Kﬂ«BCOﬂepHQﬂuyKXEIB(baﬁ—
Je Prelude.hs% KOoTOpasi mpeodpa3yeT CBOil apryMeHT B CTPOKY U
megaTaeT ee, 100aBJIASI CUMBOJI > \n’ B KOHIIE.

ready = do ¢ <- getChar A
return (c == ’y’)

e2 = do r <- ready
print r

Temepp MBI MOXKeM YBHIETHb De3yJbTaThl paboTel (GyHKIHU ready
(True, eciu BBemeH cuMBo ’y’ u False B IPOTUBHOM CIIydae):

-—-> e2 H

dFalse

---> e2
yTrue

Ormerum, uTo dyHKIUIO ready HeNlb3d HCIOIbB30BATH AHAJOTTYIHO
OOBITHBIM HOFquCKHMiBeHHqHHaW[(HaHpHMep,BKHKﬁHHE>B Joruye-
CKoe]ﬂMpaJKeHHe),TaK,KaK ee Tunn — 10 Bool:

---> ready && True H
ERROR - Type error in application

*** Expression : ready && True

***x Term : ready

**x*x Type : 10 Bool

*xx Does not match : Bool
---> print (ready)

<<I0 action>>

---> :type ready

ready :: I0 Bool

<

OyuKIns print BHIBOAUT HA MeYaTh CBOU apryMeHT, eCu OH OT-
judeH oT tuna I0 t mia aoboro t.

---> print True H
True

---> print"Hello"

"Hello"

---> print 3

3
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---> print (putChar ’p?’)
<<I0 action>>

Bemnunnsr tuna I0 paszgendioT MUP IpOorpaMM, HAIHCAHHBIX Ha
sa3bike Haskell, na Benmmunnabl u meiictBusa. B mpeablaynux pasmgenax
KHUTY MBI KCIIOJIB30BAIN TOJHKO BEJINYUHBI, HO TEIepPh Y HAC IOSBU-
JIaCch BO3MOKHOCTD BBITIOJIHATH Te WK UHbIE deficTBus. Hugs maet Ham
nHQOpPMAIUI0 O THUIlE BbIpaxkKeHusd ImedaTasg ero. OmpeneanM CINCOK,
cosieprKalnii Tpu BeJUYNHBI Thna 10, MOcae Y4ero BhIBEIEM €ro:

todoList :: [I0 O]
todoList = [putChar ’a’,
do putChar ’b’
putChar ’c’,
do c¢ <- getChar
putChar c]

---> todolist
[<<I0 action>>,<<I0 action>>,<<I0 action>>]

Kaknm ke 00pa3oM MOYKHO BBIIMOJIHUTH JIefiCTBUs, 3aJaHHBIE B
criucke todoList? Bkiodennass B mpenmonnio OyHKIUS sequence_
IIO3BOJIET BBINOIHATH JeCTBUA, 3aJaHHble BeanunHamu Tuna I0 ().
Ecniu ee mpuMeHUTH BeIMYNHAM, aHAJOTHYHBIM CIUCKY todoList, To
neficTBus OyIyT BBHITTOTHEHDI:

---> sequence_ todolist
abc!!

3mech cHadasa OBLIM HaledaTaHbl CUMBOJBI 'a’, 'b’, 'c¢’, mocite dero
OKUJAJICS BBOJI €I1e OJTHOTO CUMBOJIA. B maHHOM mpuMepe OBLT BBEIeH
cuMBOJI '!”, «3X0» KOTOpPOro OBLIO HAIIEYATAHO IPU BBOIE CHMBOJA, a
3aTeM OBLIO BBITIOJIHEHO jnelicTBue putChar ¢ — mevaTbh BBEIEHHOTO
CUMBOJIA.

2. XpaneHnue nmadopMannmu B aiigax

Mpbr Hayunauch mucaTh MPOTPAMMBI, OCYIIECTBSIONINE UHTEPAK-
TUBHOE B3amMMoOjieficTBHMe C TOJb30BaTe eM: WHPOPMAINUS OT TOJIh30-
BaTeJid mepegaeTcsa MOCPeICTBOM BBOJA JAHHBIX C IMMOMOIIBIO KJIaBUA-
TYphI, a uHMOPMAIUd IJg IOJIb30BaTe/Id BBIBOAUTCA Ha dKpaH. Om-
HAKO MH(OpMaInsd, oTodpaskaemMast Ha dKpaHe, CIUIIKOM U3MEHUINBa,
U He MOYKeT XPaHWUTCSI Ha HEM OYeHb JIOJITO — OHa CKOPO «3aTHpa-
ercda» Apyroit mudopmalueit. KoMmboTepHble CHCTEMBI IPEIIarafoT
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crrocob coxpaHeHnsa NHQGOPMAIINN B TEUYEHUN IPOIOIKUTEILHOTO Bpe-
MEeHH, OCHOBAHHBIII Ha HUCIOJIb30BaHNH (hailoBoil cucreMbl. B3ammo-
neiicTBys ¢ (paiiaMu, IporpamMMa MOKET HOJIYYUTh HWHMOPMAIIIIO U3
daiima, Kak TOJIBKO OHa moTpedyercs. HTepakTUBHO B3anMOIeCTBY A
¢ aitIoBoit cucTeMOli, IporpaMMa MOXKET BOCIIOIb30BATHCS HHQOP-
Manueit u3 aiisa, co3gaHHOrO paHee OO €0 cCaMoil, JuOO APYTUM
IPOrPAMMHBIM CPEICTBOM.

[Ipeanomoxkum, aTo TpedbyeTcs HamucaTh mporpammy Ha Haskell,
KOTOpasi OyJIeT 3aMnChiBaTh B ailjl CTPOKY TEKCTa, BBEJIEHHYIO C KJla-
BUATYpPHI. [Iporpamma MoOKeT BBITJIAAETH TaK:

main = )\

do
putStr (unlines["BBemuTe ozuy cTpoky:'"])
lineFromKeyboard <- getLine
writeFile filename lineFromKeyboard
putStr ("BBemeHHas cTpoka 3amucara B daim\"'"++
filename ++ "\"")
where
filename = "onelLiner.txt"

Bamucek B (haily OCYIIeCTBIISETCS TOCPEICTBOM KOMAHIBI BHIBOIA, Ha-
3piBaeMoit writeFile. IlepBbrit aprymMeHT 3TO#l (DYHKIINM — CTPOKA,
cofiepzKalias uMs co3maBaeMoro aiia, a BTOpoil — CTPOKa, 3aIliChI-
BaeMasi B Hero. B 1anHOM cilydae BBIBOJIMMasi CTPOKA, COJIePrKajia BCEro
OIVH CUMBOJI OKOHYAHUSI CTPOKH, HO B ODIIEM CIydae X MOXKET OBITH
HeCKOIbKO. Cleayomuii CKPUIT co3aaeT (haill, comep:KuMoe KOTOPO-
ro pa3aesieHoO Ha TPU CTPOKU TEKCTAa:

main = writeFile "books.dat" (unlines books) /X
where
books = [

"A.C. Nymkmr, \t \"Ckaska o pubake u pubre\"",
"I.H. TomcTo#, \t \"Boiima u mup\", u.1",
"B.A. 3opuu, \t \"Marematuueckuit amamus\", T.2"

]

Huxke nmokazana pabora 3Toi porpaMMbl. Ijis moydeHns: BbITIOTHSIE-
MOTO KOJ[a NCIIOIb30BasICsa KoMuaaTop ghc. Komanga 1s -1 BbIIaeT
nHdopMaIuo o pa3Mepe daiijia U mpaBaxX J0CTyIa K HeMy. Mbl BH-
M, 9TO (paiil writeBooks, OIyUeHHBIN B Pe3yabTaTe KOMITHISIINN,
SIBJISIETCSL UCIIOJIHSIEMBIM (B MpaBax JOCTYyIa COJEPIKUTCS CHMBOJL X).
Kaxk yx)e ormedaoch, OTKOMIUJINPOBAHHAA TPOTPAMMa, IIPA €€ BbI30-
Be BBIUNC/IAeT (DYHKIINIO main, KOTOpas B JaHHOI IporpaMMe CO31aeT
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daiia ¢ KoJIm4ecTBOM CTPOK, paBHBIM JJIMHE CINICKa books. Komammga
cat BBIBOIUT cOAepKUMOe baiijia MOCTPOYHO Ha SKPaH.

$ ghc writeBooks.hs -o writeBooks

$ 1s -1 writeBooks

-rwxrwxr-x 1 test test 370558 Hoa 18 17:40 writeBooks
$ ./writeBooks

$ cat books.dat

A.C. TNywmxku=n, "Ckazka o poibake u pubxre'"
JI.H. ToncToii, "Bontma um mMup", u.l

B.A. 3opwuu, "MaTeMaTuyeckuit aHamus", T.2
$

Nrak, komanga writeFile co3maer TekcToBbIll daitn. Komanmga
readFile ocymiecTBiasieT 0OpaTHYIO OMEPAINI0 — CYNTHIBAET JaHHBIE
13 CYIIECTBYIOIIEr0 TeKCTOBOTO daiia.

» Vnpaotcnenue VIIL2.1

Hamumrem mporpammy, 3ampaiinBaioniyo IMeHa BXOIHOTO M BBIXOIHO-
ro (bailJIoB U KOMUPYIOIIYIO TECT, COAEPIKAIINICA B IEPBOM, BO BTOPOIA.

)\ main
= do
putStr "VkaxuTe uMa BxomHoro ¢aima: "
ifile <- getLine
putStr "VkaxuTe uMa BHXOZHOTO ¢aiima: "
ofile <- getLine
s <- readFile ifile
writeFile ofile s
putStr "®aiin ckomnuposax\n"

HaTepakTUBHBIN IIPOIIECC B3aUMOIECHCTBHS TOIb30BATENSI U IIPOTPaM-
MBI MOYKET BBITJISAETh TaK:

H ---> main
YrkaxuTe uMa BxomHoro ¢damna: testl.txt
YkaxuTe uMA BHXOZHOTO ¢aiina: test2.txt
®aitn CKONUpPOBAH

-—=>

:HOqueHHbﬁiBmXOAHoﬁ(baﬁnHﬂeHTquHBXQHHOMy(BOCHOﬂb3yﬁTeam
HampuMep, KoMauoit diff 1y mpoBepKM ITOTO YyTBEPXKICHUS ).
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M3mennMm mporpaMmy, H00aBUB B Hee (DUIBTP, KOIMUPYIOIINNA U3
BXOJHOIO (baiijia TOJbKO OYKBBI U UM PHI:

)\ main
= do

putStr "VkaxuTe mMa BxomHoro ¢aima: "
ifile <- getLine
putStr "VkaxuTe uMa BHXOZHOTO ¢aina: "
ofile <- getLine
s <- readFile ifile
writeFile ofile (filter isAlphaNum s)

putStr "®aiin oTtdunbTpoBam\n"

Teneps mpu KonMpoBaHWH, HApUMeD, daiiaa, comepKaIIero Ciaeayo-
Iue TPU CTPOKU

Ctpoka 1.
Ctpoxka 2.
Ctpoka 3.

MbI IIOJIYIUM OJHOCTPOYHBIN (haill

CtpoxalCrpoka2CTpokald

Bonpocwv u 3adanus

VIII.2.1

KakoB OymeT pe3y/bTaT BBIIOJIHEHMS KOMaHIbI main, ompemeaeHHOM
CTEIYIOMINM 00pPa30M

main =
do putStr ("BeemuTe Bamm damunupo u umMg " ++
" (manmpumep, [leTpos lBam):")
firstLast <- getLine
putStr (reverse firstlLast)

a) Crauasia OyJer BBIBEJIEHO UM, a 3aTeM (DaMuIus.

6) Byzner BbiBeIeHO TOMBKO UM, a (haMUIHsT MPOUTHOPUPOBAHA.

B) Byser BbiBeieHO nMs, HO B OOPATHOM MOPSIIKE CJIeOBAHUS OYKB.
r) Byzner BiBesieHO Bce, 9TO BBEJIM, HO B OOPATHOM IMODPSIIKE CJIeI0Ba-
HIIST OYKB.
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VIII.2.2

Kak moirkHa BBITJISIETH KOMAHIa BBOIAa-BhIBOIA B IIPEIbIIYIIEM IPH-
Mepe, 9TOObI OblTa HamedaTaHa ofaHa gavuans (6e3 uMeHn):

a) putStr (take 1 firstLast)
0) putStr (drop 1 firstLast)
B) putStr (takeWhile (/=’ ’) firstLast)
r) putStr (dropWhile (/=’ ’) firstLast)

3. I'pacduueckuit uarepdeiic (GUI)

Pabora B COBpeMeHHBIX OIEPAIMOHHBIX CHUCTEMaX HEMBICIUMA
0e3 UCIOIb30BAHUS PA3TUYHBIX OKOHHBIX CHCTEM, ITPEIOCTABJISIONIX
TOJTh30BATEII0 YI0OHBIE CPEICTBA, B3AMMOMEHCTBIS ¢ TPOrpaMMaMu 1
JOCTyTA K pecypcaM cucrembl (Hanpumep, daitiram). Opranusanus Ta-
KOT'O JTUAJIOTa C TOJH30BATEIeM OCYIIECTB/ISIETCA ¢ TIOMOIIHI0 rpadu-
yeckoro mHTepdeiica mosib3oBaresas (Graphical User Interface,
GUI), nosBossioniero ynpasJsiTh MPUIOKEHUEM C MOMOIIbIO MBI
WJIV ITyTeM BBOJIa MHMOPMAIUN B T€ WU UHBIE 1O/ OKOH. [TomobHbIe
rpacudeckue nHTEpQENCH MOTYT CO/IEPKATH KHOIKH, MepeKTIovaTe-
JIA, pa3/ITIHBIE TTOJIOCHI TPOKPYTKH, BHITIAAIOIINE MEHIO U PYTHUE e~
MEHTBI yTIPaBJICHUSI.

B coBpemeHHOM MpOrpaMMUPOBAHNN TaK¥Ke SPKO BbIPayKeHa, TEH-
JIEHITNST K HAITMCAHUIO TTPOTPaMM, MHTEPAKTUBHO B3aNMO 1€ CTBYIOIINX
C moJib30oBaTeIeM depe3 rpadudeckuit narepdeiic. Takue mporpamMmmb
B 00IIIeM CIy4ae ABJIAITCA 00olee THOKIME, YeM IPOrPaMMBI C TEKCTO-
BbIM mHTepdeiicom. Tpaanmuonno, GUI-nmporpamvupoBanme qoOMUHNI-
POBAJIO B MMITEPATUBHBIX SI3BIKAX MPOTPAMMUPOBAHUSI.

YaurbiBass BayKHOCTh Tpaduyeckoro umHTepdeiica i sI3bIKOB
P YHKIIMOHAJIHHOTO TTPOTPAMMUPOBAHUS CPa3y HECKOJHKO T'PYIII TPO-
I'PAMMUCTOB pa3pabdaThIBAIOT /i HUX cpencTBa co3manns GUI.

HekoTopsle u3 3Ttux cpen paspaboTku rpaduieckoro nurepdeiica
OCHOBBIBAIOTCS Ha OOIIUX aOCTPaKINAX, 3aJJOXKEHHBIX B MMITEPATUB-
ubie cpeabl pazpaborku GUI, m Tepuar Heymady mpu MOTBITKE Haii-
TH CBOe OyyIee B (DYHKIIMOHAJHHOM TporpamMmupoBanunu. JIpyrue
J)Ke pa3paboTaHbl B (DYHKIIMOHAJBHOM CTHUJIE, UTO TO3BOJISET UCIO/Ib-
30BaTh WX, OCTaBasCh B paMKaX (DYHKIIMOHAJIHHON MapaaurMbl TPO-
IPaMMUPOBAHUSI.

[TepeunciuMm mporpaMMHBIE CPEJICTBA, TMO3BOJISIONINE Pa3padaThI-
BaTh rpaduyeckuit naTEpdeEiic s MporpamMM, HAMUCAHHBIX Ha (DYHK-
ITMOHAJIBHBIX S3bIKAX:
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Fudgets
FranTk
TclHaskell
FRUIT
Gtk2HS
Haggis
Clean I/0O
Gtk—+HS

Ocobo ormernm Fudgets, FranTk, Haggis, Clean I/O, kotopsie siBis-
foTcsa npenctaButenaMu dyHknnonaabHbix GUI. B wamy 3amagy He
BXOJUTH OOyYeHre TPUHIINTIAM Pa3paboTKu rpaduyueckoro narepdeii-
ca, MbI JINIIb TPOJEMOHCTPUPYEM UX BO3MOYKHOCTU Ha Da3e OJIHOTO 13
Hux, a nMeHHo FranTk.

FranTk (mpousHocurcs Kak «(ppaHTUK») — OIHO U3 CPEICTB pa3-
paborku GUI gna Haskell. Ono ucnonb3yeT KOHIENIUIO TOBEIEHNS 1
COOBITHI, ITO TO3BOJISIET MOJIEINPOBATH PADOTY CUCTEMBI B T€UEHUU
JuTeabHoro BpeMenu. K momomaurenbubiM npenmytnecTsam FranTk
MOYKHO OTHECTHU €r0 He3aBHCHUMOCTH OT ILTIAT(OPMBI: C €r0 IIOMOIIHIO
MOYKHO CO3JaBaTh IIPOTPAMMBI C OKOHHBIM HHTepdeiicoM, (pyHKIINOHN-
pyfomue kKak B Linux, Tak u B Winows.

Cobvimus (events) UCIIOIB3YIOTCS JIJIs OITH-
CAHUS BEJIMIWH, KOTOPhIE TTPOUCXOSAT TUCKPET-
HO, HaIpuMmep, HaxkaTwme KHONKH. [losedenue
(behaviors) — ecTh HempepbIBHASI BeJIHYNHA B
TedeHne MPOJIOIKUTETHHOTO BpeMenn. Ben-
YUHBI TAKOTO POJA UCIOIB3YIOTCS IS TIPeJI-
CTaBJIEHUS COCTOsTHUS TpuioxkeHus. CoObITHS
U TOBEJEHUs] MOTYT OBITh WHTE€PAKTUBHBIMIU.
Hampumep, HaMm MoxkeT moTpebOBATHCS TTOBE-
JeHne, KOTOPOe N3MEHSeTCS B 3aBUCUMOCTH OT HEKOTOPOTO COOBITHSI.

[To cytu, FranTk ecTth mpumMeHeHUe MIMPOKO M3BECTHBIX CPEJICTB
Tcl/Tk. Huzke mpusemen koj mporpammbl Ha s3bike Haskell, koro-
pas co3IaeT OKHO, cojep:Kalllee JBe KHOIKU U TOJOCY MPOKPYTKU
(scrollbar). ITpu HaskaTum Ha COOTBETCTBYIONILYIO KHOIKY 3HAYCHUE
CYETUNKA YBEJINIUBACTCS, TNOO YMEHBITAETCS Ha €INHUILY:

module Main where
import FranTk

main :: I0 ()
main = display $ withRootWindow [title "CueTuux"]
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$ scaleAndButton

scaleAndButton :: Component
scaleAndButton = do { m <- mkBVar O; composite m}

composite, scale, counterB, 1lbl, incr, decr :: BVar Int
-> Component

composite m = above (counterB m) (scale m)

scale m = mkHScale [scaleValB (bvarBehavior m)]
(bvarInput m)

counterB m = above (1bl m) (beside (incr m) (decr m))
1bl m = mkLabel [textB (liftl show (bvarBehavior m))]

incr m = mkButton [text " +1 "] (telll (bvarUpdInput m)
(+1))

decr m = mkButton [text " -1 "] (telll (bvarUpdInput m)
(subtract 1))

18 KOMOUIANNN BBITTIOJTHUM KOMaHLY
ghc -0 -package FranTk -o exampleFranTk exampleFranTk.hs

B pesynbprare KOMMOUIAIUN —TOJYYIAETCs  BBIMOIHAEMbIH  baiii
exampleFranTk. Ilocme 3amycka mporpamMMbl TOSIBJISETCS OKHO,
O3BOJIAIONIee JIMOO HakKaTHeM Ha KHOIKY, JUOO IepeIBuKeHueM
OeryHKa Ha TOJIoce TTPOKPYTKHU MEHSTH 3HAUEHUE CUETUNKA.

Boitee moapobuyo naHGOpMaInio 0 BO3MOKHOCTIX FranTk u apy-
I'UX CPeICTB, MpPeTHA3SHAYEHHbBIX IJIsT CO3MaHUs rpaduyecKoro mHTep-
deiica, MOXKHO HAfTH B CeTU MHTEPHET IO CAEIYIOIINAM aIPeCcaM:

http://www.cs.chalmers.se/Fudgets/Manual/

http://www.dcs.gla.ac.uk/ “meurig

http://www.dcs.gla.ac.uk/fp/software/haggis/
haggis-doc/users_toc.html
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