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IlpeaucaoBue

Obwuti npuHYUN PAcCnPoCMpPaHeHUuA 3HAHUL: Ho80€
nobesicdaem He NOMOMY, YMO CMAPUKY €20 GbLYYU-
8a10M, G MOMOMY MO NPULOOAM HOBHLE NOKOAECHUS,
Komopovie €20 3HAOM.

Krura sBisercsa yueOHBIM IOCOOMEM IO OCHOBAM IIPOrPAMMUPOBa-
HIS B TaK HA3bIBaeMOM (PYHKITMOHAJLHOM CTUIe. B KauecTBe OCHOBHO-
r'0 s3bIKa TIporpaMMupoBaHus ncmoab3dyerca Haskell — coBpemennbrIin
SI3BIK, TTO3BOJISIONINN TTPOUJLIIOCTPUPOBATH BCE OCHOBHBIE KOHIIEIIIAN
PYHKIMOHAJIBHOIO CTHUJIsSI IIPOrPAMMUPOBAHMSI.

[IporpamvupoBanue B (pyHKIIMOHAJIHHOM CTHUJIE 3HAYUTEHHO OT-
Jau4gaeTcs or 6osee NIMPOKO PACIPOCTPAHEHHOTO MMIIEPATUBHOIO (Ju-
PEKTUBHOTO) cTuJIsi. [10 HCTOpUYIecKUM IpUYMHAM — [IE€PBbIE IPOrPaM-
MbI COCTOSIJIA W3 TIOC/IEI0BATETHHOCTU MAITMHHBIX WHCTPYKITUiT — TTPO-
rpaMMbl Yallle BCETO MPEICTABJIAIOT CO00l HAOOP WHCTPYKIUi IJIsd
paboThI ¢ gUeiikaMu KOMIbIOTepHO# mamaTu. lIpucBamBanus, nsme-
HEHWE COJIEP’KUMOTO sST9eeK, Iepejada yIpaBJeHnus Ha JApyrue OJIOKA
WHCTPYKIIUH — BOT OCHOBHBIE YaCTHU IMPOTPAMM, HATUCAHHBIX B IIPOIIE-
JIyPHOM CTHJIE.

[Iporpammbl, HamMCcaHHbIE B YUCTO (DYHKIIMOHAJIHHOM CTHUJIE, CO-
CTOSIT JINIITh U3 OObSIBJIEHU U OnpeaeseHnit (PyHKIINi, OHU HE COJIEP-
JKaT OIIePaTOPOB MPUCBAWBAHUS U ITO9TOMY HE MOTYT UMETh IIOOOTHBIX
9(pHEKTOB, CBA3aHHBIX C U3MEHEHNEM 3HAYEHU mepeMeHHbIX. Pe3yinb-
TaTOM PaAOOTHI TAKOH MPOrpaMMbI SBJISIOTCS BBIYNCIEHHbIE 3HAUEHUS
OJTHO¥ MJTM HECKOJIbKUX (DYHKITHA.

Haskell aBasercs sa3bIKOM, TOAIEPKUBAIOIIAM ITOJIUMOP-
)\ ¢du3M THUIIOB U JIEHUBbIE BHIUNCIEHNUS, OH OTHOCUTCS K UNCTO
PYHKIMOHAIBHBIM sI3bIKAM MPOTPAMMUPOBAHUS, OTINYASICH

opur 3TOM OT BCEX JPYTHUX CI)YHKI];I/IOHa,JII)HbIX A3BIKOB.

Haskell 6asupyercs na mambaa ncauciennu (lambda calculus), mo-
3TOMY TpedecKasl OYKBa A SBJISETCH €ro SMOJIEMO.
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IIpeducaosue 7

CBoe uMs 9TOT A3BIK MOJy4YUJI B 9€CTh MATEMATUKA U JIOTUKA Xac-
kesuta Bpyke Kappu (Haskell Brooks Curry), ubu paborsr mo mate-
MATUIECKOI JIOrMKe ABUINCH (PyHIAMEHTOM I ceMeiicTBa (pyHKIM-
OHAJIbHBIX sI3bIKOB (Hampumep, Curry).

[Ipu m3moKeHUUM MaTeprasa MPEINOoIaraeTCs, YTO YUTATETh YIKe
00J1a1aeT HEKOTOPBIM OIBITOM PAOOThI HA KOMITBIOTEDPE W UMEET TIPE/I-
CTaBJIeHHE O COBPEMEHHBIX MH(POPMAIMOHHBIX TEXHOJIOTUsX (B 9acT-
HOCTHW, 3HAKOM C TIOHSTHEM WHMOPMAIINY U MPUHIINTIAME €€ KOTUPOBa-
HUs, HA3HAYEHUEM OIE€PAIMOHHBIX CACTEM U WX COBPEMEHHOM COCTOSI-
HUEM, yMeeT padoTaTh C peJakTopamMu He(OPMATUPOBAHHOI'O TEKCTA
U T. II.).

B kHure wncnosb3yloTCs HEKOTOPbIE OOO3HAUEHWS, IOMOTAIOIINE
CTPYKTYPHUPOBATh M3JIaraeMblii MaTepuaJs. TakK, Ha4ajao yIpaKHeHuH
OMeYeHO 3HAKOM P>, a WX OKOHdYaHme 3HaKOM «. Ha3zuauenwe mome-
ok A u H na monax xmuru ceg3ano ¢ ompemesieHUSME U BBI3LIBAME
dyHKIMi, OHO OyIeT YTOYHEHO B CJIEIYyIOIIel TyIaBe.



I'maBa 1

DyHKIIMOHAJbHAadA IIapaanurMma B
IIpPOrpaMMUPOBAHNAN

1. Cruan mporpaMMupPOBaHUSI

B copokoBBIX Tomax ABAAIATOrO BeKa OBLIN IIOCTPOEHBI II€PBbLIE
KOMIIbIOTephl. OHU YIPaBASINCH C IIOMOIILIO OTPOMHBIX ILIAT IIepe-
KJIfouaTeJiell, HO KaK TOJIbKO CTaJla BO3MOXKHA 3alliCh MTPOTPAMMbI B
MaMATh KOMTbIOTEPA, MOSBUJIMCH M TIEPBbI€ A3BIKW TTPOTPAMMUPOBA-
HUA.

N3-3a TOro, 94ro B TO BpeMs HCIIOJIb30BaHIE KOMIIbIOTEDPA OBLIO
BECbMa JIOPOr'0, OYEBUIHBIM BBIXOIOM OBLJIO CO3JaHIE A3bIKa IIPOTPAM-
MUPOBAHUS C APXUTEKTYPO, HACTOJBKO OJIN3KOM K apXUTEKTypPe KOM-
HIOTEPA, HACKOJIBKO BO3MOKHO. OCHOBHBIMU KOMIIOHEHTAMH KOMIIBIO-
Tepa SBJISIOTCS IPOIeccop u namsaTh. [loaToMy mporpamma cocTosiia,
13 WHCTPYKIINH, M3MEHSIIOMMUX MaMsITh U UCIOJHAEMbIX IIPOIECCOPOM.
Hactynumo BpeMs umnepamuetozo cmuas npozpammuposaHUus.

A B maremaruke, yxKe Ha IPOTSKEHUH HECKOJbKUX CTOJIETHUH,
aKTUBHO HCIOJIb30BaJIOCh MOoHATHE pyHKImUH. C mOMOIbI0 (YHKIUI
MOXKHO BBIPA3UTh CBI3b MEXKIy IapaMeTpaMu (apryMeHTaMU, BXOIHbI-
MU JAHHBIME) U PE3yJIBTATOM (BBIBOZOM) OIPEIEIEHHOrOo Ipomecca. B
KA KJIOM BBIUYHMCIEHUU PE3YJIbTAT OIPEJeIEHHBIM 00pa30M 3aBUCUT OT
mapameTpoB. [loaTomy pyHKIIME — XOPOIINt MHCTPYMEHT JJIs IPOBeE-
JIeHUsT BBIYKCJIeHnii. VX MCIoIb30BaHUe W JIErJI0 B OCHOBY (PYHKUUO-
HAAbHO20 CMUAA TIpOrpaMMupoBanusd. [IporpaMma, HamucaHHas B Ta-
KOM CTUJIe, COCTOUT U3 ONIPeJIeIEHN OTHOM NIV HECKOTbKUX (PYHKITHH.
[Tpu BbIMOSTHEHUN TTPOTPAMMBI (PYHKITUSIM TIEPETAIOTCSA TapaMeTphl 1
BbIYUC/IAETCA UX PE3YJIbTAT.

[Ipu mpomomzkatorieiicss TEHIEHIUN YIEIIeB/IeHUsT KOMIIbIOTEPHO-
0 BPpEMEHHU U YBEJUYEHUHN PACXOMO0B Ha OILIATy TPY/Ia pa3pabdoTImKa,
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2. Oyndamenmarvrvie KOHUENUUL 9

(mporpamMMucTa) CTAHOBUTCS BCe GOJIee BarKHON BO3MOXKHOCTH OIIUCA-
HUS BBIYUCJIEHUN B sI3bIKE IPOIPAMMUPOBAHUS TepMUHAMT OOJTee O3~
KAMU K «9eJI0BEYECKOMY MUPY», YeM K MUPY KOMIbioTepoB. OyHKIH-
OHaJIBHBIEC 4d3BbIKU COYETAaIOT B Ce6e TpaIulyy MAaTEMATUKNW WM HE3aBU-
CUMOCTH OT KOHKDPETHOH! apXUTEKTYPhl KOMIIbIOTEPA.

Teoperudeckass OCHOBa UMIIEPATUBHBIX SI3bIKOB OblLIa pa3padboTaHa,
B TPULATHIX FOIAX ABAANATOrO Beka AjanoM Triopuarom (B AHrimm)
u JIzxonom ¢don Hetomanom (B CIITA). Teopusi dyukimit, Kak MOJIeJH
JUIsl BBIYMCJIEHUI, TaKzKe IIPUILIA U3 JABAAIATHIX U TPUIIATHIX TOJ0B.
Cpenu ocuosateeit 6btu M. [loudunkens (B [epmanun u Poccun),
Xackesur Kappu (B Aurnun) u Anonco Yepu (8 CIIIA).

B Hagaje naruaecsaThix rogoB IOSBUINCH WA PEAJIbHOIO HCIIOIb-
30BaHUS ITOI TEOPHUM B KQUY€CTBE OCHOBBI JJIsI sI3bIKA IIPOIPAMMUPOBA-
Hud. f3bik Lisp /Ixoma MakKaptu ObL1 mmepBbIM (DyHKITHOHAJIBHBIM
SI3BIKOM IIPOIPAMMMPOBAHUS U OH OCTABAJICS €IUHCTBEHHBIM JOJITHE
rogsl. HecmoTps Ha TO, uTo Lisp 0 cuX IOp HMCIOIL3yeTcs, OH He
VIOBJIETBOPSIET MHOTUM COBPEMEHHBIX mnorpedHOCcTaM. B 80-X mosiBu-
JIOCH OOJIBITIOE 9MCJIO PYHKIIMOHAJIBHBIX I3BIKOB IMPOTPAMMUPOBAHMS:
ML, Scheme (mopudunuposanusiii Lisp), Miranda — BoT HeCKOIbKO
IIOJOOHBIX A3BIKOB.

ITpakTuyecku KaKJbIit yUeHBIf TOTO BPEMEHU MbITAJICA pa3pado-
TaTh CBOH s3bIK. OObeIUHMBINNCHL BMECTe OOJIbINas I'PYIINa BbIIAI0-
IIAXCS YYEHbIX CO3/1aJ1a HOBBIM $3bIK, COYETAIONIWI JIydIlne CTOPO-
HbI PA3JIMYHBIX SA3bIKOB. [lepBble Bepcuu 3TOTO s3bIKA, HA3BAHHOT'O
Haskell, mogBunuch B Hagase 90-x, u OH OBICTPO CTAJI MOIMYJISIPHBIM.

2. OyHIaMeHTAJbHBbIE KOHIIEIIITINI

QyHKIMOHAJBHOE IPOrPAMMUPOBAHIE 00I3aHO CBOMM HAa3BAaHHEM
TOMYy (DaKTy, YTO IPOrPAMMBI MOJHOCTBIO COCTOAT U3 (pyHKIMi. Xa-
PaKTEPHOIN YepTOoil PYHKIIMOHAJILHOIO IPOrPAMMUPOBAHNS ABJISETC
TOT PaAKT, YTO, HECMOTPS HA OTCYTCTBUE 33 JaHHOIO TOPSIIKA BHIUUCTIE-
HI, pe3yJIbTaT OIpeIesieH OQHO3HaYHO. JIpyrumu ciaoBaMu: 3HAYEHNE
BhIpaykeHUst ((DYHKIN) — 9TO BEJININHA U 33[a9a KOMIIBIOTEPA YIIPO-
CTUTH BBIPasKEHNE U BBIYUCIUTD €r0 3HAUYECHHE.

IIpomegypHast mporpaMma COCTOUT U3 MOCJIEI0BATEILHOCTH Ollepa-
TOPOB U TPEJIJIOKEHNH, YIPABIALIOIINX IOCIEI0BATEIbHOCTHIO UX BbI-
IIOJIHEHUSA. | UIMIUIHBIMY OIEPATOPAMU SIBJISIOTCSA OIEPATOPHI IPUCBA-
WBAHUS U TePEeadl yIPABJIEHNsI, OePATOPhI BBOJA/BBIBOJA U CIIEIU-
aJIbHBIE TIPEJJIOKEHNS JIJIsI OPraHu3alluy ITUKJI0B. VI3 HUX MOXKHO CcO-
CTaBJISATH (PparMeHThl IPOrpaMM U HOAIPOrpaMMbl. B OCHOBE Takoro



10 I. Qynxuyuonasvras napaduzma 6 NPOPAMMUPOSAHUL

IPOrpaMMHUPOBAHUS JIEXKAT B3ATHE 3HAYEHHE KAKOW-TO IepeMEeHHOI,
COBEpIIEeHNe HaJ, HUM JIefCTBUS U COXPaHEeHHEe HOBOTO 3HAYEHHUS C II0-
MOIIBIO OIepaTopa MPUCBAMBAaHUSA. DTOT MPOIECC MPOMOJIZKACTCH JI0
TeX MOp MOKa He OymeT mosrydeHo (1, BO3MOXKHO, HAIleYaTaHO) JKejae-
MOe OKOHYATEIbHOEe 3HAYEeHHe.

QyHKIMOHAIbHAS TPOTPAMMa COCTOUT M3 COBOKYITHOCTHU OIIpeie-
sgenuit pyukmnuit. QyHKIMM, B CBOIO OYEPE/b, TMPEIACTABJISIOT COOO#
BBI3OBbI IPYTUX QYHKIUHN U MPEJIOKEHNH, YITPABJISIONINX TOCIEI0BA~
TEJIbHOCTBHIO BHI30BOB. BbIUNC/IEHNS HAYUHAIOTCS C BI30BA HEKOTOPOA
dyHKIIMY, KOTOpPas B CBOIO OYepeb BbI3bIBAET (DYHKIIUW, BXOJSIINE
B €€ ollpedesieHue U T. JI. B COOTBETCTBUM C MepapXueu OlpeleseHuil
U CTPYKTYPO#l YCJOBHBIX TIpe/tozKeHnit. OyHKIMM 9aCcTO JINOO MPSAMO,
76O OMOCPETOBAHHO BBI3BIBAIOT CaMu Ce0sl (peKypceus).

Kaxx b1t BbI30B BO3BpalllaeT HEKOTOPOE 3HAYEHUE B BBHI3BABIITYIO
ero (pyHKIUIO, BBIYUC/IEHTE KOTOPOI ITOCIE ITOrO IPOJIOJIZKAETCST; ITOT
IIPOLECC TMOBTOPAETCA OO TEeX NHOP, HNOKA 3AIlyCTHUBIIAA BBIYNCICHUA
dyHKIMS HE BepHET KOHEUHBIN Pe3yJIbTaT MOJIB30BATEN0. « JucToes
dyHKIIMOHAJIBHOE TTPOrPAMMUPOBAHNE HE MPU3HAET MPUCBAMBAHUN U
rnepegad yIpaBJIeHUA.

Yacto ompenensioT (GpyHKIMOHAJIHLHOE MPOrPAMMUPOBAHUE Yepe3
OTpUIlaHUE, TOBOPS, 9TO (PYHKIIMOHAJIHHOE TTPOTPAMMUPOBAHIE — ITO:

e [Ipozpammuposarue, 8 KOMOpom Hem nobownnr spdexmos (side
effects), 6 mom wucae mpaduyuonmnozo npuceausanus. FEoun-
CMBEHHBIM «IPPHEKMOMS SBINOAHEHUSA A1000T PYHKUUY ABAAENCH
BLIUUCACHHDLT Pe3yabmam.

BriBaioT penkme MCKIIOUEHWs, HAIpUMED, OIEpali BBOIa-BHIBOIA,
KOTOpbIE, €CTECTBEHHO, M3MEHSIOT (PU3NIECKOE COCTOSIHME BHEIIHUX
YCTPOMCTB.

° HOC’KIO./L'b’K}y HEM NMpucsauaHUA, NEPEMEHHDIE, NOAYHUE 3HAUEHUE
8 Hauase baoka GbL%UCJLeHU’Ij, boavue HuUKo20a €20 HE MEHANOM.

DTO TIOXOXKe Ha POJIb TEPEMEHHON B MaTeMaTHYeCKUX (OpMyJIax u
B mMaremaruke BooOie. Takum oOpa3oM, mepeMeHHbIE — ITO IIPOCTO
COKpAIllEeHHAd 3aIMCh WX 3HAYEHWI, 1 HAa MECTO II€PEMEHHBIX B IIPO-
I'paMMe BCE€rJa MO2KHO BCTaBUTb CaMU 3Ha‘IeHHH).

e Hem sa6mo020 ynpasaenus nocaedo8amMesbHOCIDIO BLINONHEHUS
onepayut (flow control).
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OrcyrcTBue MOOOIHBIX 3(PPEKTOB BEIET K TOMY, UTO MOPSIOK IIPOBE-
JIeHUsI BBIYUCJI€HUI CTAHOBUTCS HECYIIECTBEHHBIM: MTOCKOJIbKY HA BbI-
YUCJITEMbIH Pe3yJIbTaT He BIUAIOT HUKaKue mobouHble 3PdeKTh, He
BaXKHO, KOT/Ia, BHIYUCIATD ITOT PE3YJIHTAT.

[IpakTuyecku Bcerma IporpaMma, HAIUCAHHAS B (PYHKITHOHAJIb-
HOM CTHJE, ObIBaeT Ha IOPSI0K KOpPOUe IMPOrpaMMbI B CTHUJIE HMIIE-
PATUBHOM.

2.1. BeaunuuHbl

B dyHKIMOHAIBHOM NPOTPAMMUPOBAHNN, KAK B MATEMATUKE, BbI-
pakeHre HCIOJIB3YeTCs TONbKO JJIst OMUCAaHns (Man 0003HAUEHNUST) Be-
auunabl. Cpen TUTIOB BEJUYWH B BBIPAYXKEHUSIX MOTYT BCTPEUATHCS
CJIeIYIOIINE: YUC/Ia PA3JIMIHBIX THUIIOB, JIOTMYeCKre BeaudnHbl (truth
values), cumBouIbI, yropsiodeHHble MHOXKeCTBa (tuples), dyHKIMM 1
cuucku. Bce oHm OymayT ommcaHbI B HaJJIEXKAIeM MecTe Kypca. Kak
MBI Jlajiee YBUIMM, BO3MOYKHO CO3/[aHNe HOBBIX TUIIOB BEJIMYUH U OIIPe-
JleJIeHre onepanyii Jjisi reHepalul U MaHWUITYJIAIAN STUMU TUITAMHU.

MoxkeT OBITH HECKOJBKO IPEICTABICHUN OJHOI 1 TOM Ke BeJINYN-
ubl. Hanmpumep abcTpakKTHOE YHCIO COPOK JIEBATH MOXKET ObITH IIPEe]-
CTaBJIEHO JECATUYIHBIM ducjaoM 49 uju Beipaxkenuem 7 * 7. KoMmboTep
0OBIYHO OllepUPYeT C NBOUYHBIM mpencTaBaenneM duces (110001).

2.2. ®yHKOIUU

Hawubosiee BaxKHbIM TUTIOM JAHHBIX B (DYHKITMOHAJIHHOM ITPOTPAM-
MUPOBAHUU ABJIAIOTCS PYHKIUU. MBI MOXKEM TPUMEHUTDH (PYHKITUIO K
KAKMM-JII00 apryMeHTaM U BBIBECTH PE3yJIbTAThI (B MPEIIIOIOKEHNUH,
9TO PE3yJIbTAT MOKET ObITh MOKa3aH). [OBOPS SI3bIKOM MaTeMaTHUKH,
dysKIMS f — 9TO 3aKOH COOTBETCTBUS, KOTOPBIN COMOCTABJISET Ka-
JKJIOMY JIEMEHTY U3 JAHHOTO MHOXKeCTBa A odun eduncmeeHHbil
s7eMeHT u3 MHOkecTBa B. Tum amemenToB m3 mHOX)ecTBa A Ha3bIBaA-
eTCsl UCXOMHBIM (SOurce) THIIOM, THII JIEMEHTOB U3 MHOXKeCTBa B —
neseBbIM (target) tumom dyukumu. COKpaIeHHO MBI OyIeM 3aMHCHI-
BaTh Ty uHdopmanuio kKak f :: A — B. Hanpuwmep, dbyukmusa square,
aCCOIMUPYIOMIAs C KayKIbIM IEJIBIM YHUCIOM €ro KBaJIpaT, UMeeT CJie-
YOI THUII:

square :: Integer -> Integer

O dyukmun f :: A — B roBopsr, 9To OHa OepeT apryMeHT u3 A u
BO3BpaIaer pe3yabrar u3 B. Eciu x ecTh 371€MeHT u3 MHOXKeECTBa A,
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Torja Mbl nmmieM f(z) uiam npocro f x s yKa3aHuUs pe3yJsibTraTa [IpH-
menenus pyakimn f K x. Bropas ¢popma 3amnmcu He UCTIOIB3yeTCs, KO-
TJ1a aPIyMEHT He SIBJISeTCS TPOCTOM KOHCTAHTON WU BEJIMYUHON. TaK,
caeayer 3anucarh square (3 + 4), moromy uro square 3 + 4 o3nadaer
(square 3) +4. D10 cBsA3aHO ¢ HOIEe BHICOKUM IIPUOPUTETOM IIPUMEHE-
HUSA PYHKIIUYM K BBIPAYKEHUIO 1O CPABHEHUIO C OIEpaIneil CI0KEHUS.

JIBe byHKIMK paBHBI, €CJIM OHU JAIOT PaBHBIE PE3YJIbTAThI Ha PaB-
HBIX apryMmenTax. Tak f = g, Torma u TOJIBKO TOraa, Korna f ¢ =g «
IUIst JII000T0 . DTO ONpeesieHre PABEHCTBA, (IKCTEHCHOHAIBHOCTH,
extensionality) dyHKuuMil CBUIETENBLCTBYET O TAKO BAYKHOM BeIU, KAK
COOTBETCTBUE MeXK/Iy apryMeHTaMU U pe3yJbTaTaMu, HO HUYero He ro-
BOPHUT O TOM, KaK 3TO COOTBETCTBHE OIUCHLIBAETCH.

B kagecTBe mpmMmepa mpuBemeM Ba PA3IAIHBIX CIIOCO0A OIpeie-
JIeHUsI (PYHKIINH, YBEJUIUBAIOIIYIO CBOM apryMeHT B TpU pa3a:

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

2.3. Komno3unus dyHKOTi

s nosyyenus pe3ysbTaTa TPOTPAMMbl TPUXOIUTCS TPUMEHSTH
dyHKIMM K pe3ynbTaTaM BbIYUCIEHUS APYruxX GyHKIUi. B Marema-
THKEe TOT MPOIECC HA3BIBAIOT KoMmmno3unuei gpyuknuii. Komnosunus
nByX GyHKIUH f u g obo3nagaercs f - g m OMpeIeasieTCs Tak

(f-9)z=Ff(g9m)

Puc. 1. Komnosurius GyHKiumit
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Jpyruvmu cioBamu, f - g IpUMEHEHHAsT K X OIPEHEISeTCs Kak
pUMEHEHNEe CHAYaJIa (DYHKIUMU ¢ K X, W 3aTeM npuMmeHeHne [ K pe-
3yabTaTy. He kakmas mapa QyHKIU MOXKET COCTABUTH KOMIIO3UIIAIO
dyHKIUit, HY’>KHO COOTBETCTBUE TUTIOB: MbI TpeOyeM, 4TOObI ¢ UMEJIO
un g :: X — Y, A7d HeKOTOpbIXx TumoB X u Y, u 4YTOOBI [ mMe-
jgo tun f 1Y — Z, nad HeKoToporo tuma /. Torma MbI IOJyYnM
f-9:X—Z.

Kowmmosurus ¢yaKImit — accoruaTrBHAs Oepanns. JTO O3HAYIA-
eT, 9TO TIOPS/IOK PACCTAHOBKM CKODOK i Bcex (pyHKumit f, g u h,
MMEIONINX COOTBETCTBYIOIINAM TUII, HE BaYKEH U UX MOYKHO OIMyCTHUTh:

(f-9)-h=f-(g-h)=f-g-h
nys Bcex yHKRmuit f, ¢ u h, nMmeromux coorBeTcTBytomuit Tum. [lo-

9TOMY HE HYZKHO JI00aBJIATH CKOOKHU IIPU 3AIIUCH IIOCJIEI0BATEIHHOCTHI
KOMIIO3UIIUAMA.

B a3bike Haskell, rome xommosumnust GpyHKIU BCTpedaeTcs MpaK-
TUYECKU B JIFOOOU mporpaMmMe, JJjisd yKa3aHUs ONepallny KOMIIO3UITUN
dbyukuuit ynorpebssiercsi cuMBOJI . (TOYKA).

3. Bunabr BerumncjaeHmin

B wuMmnepaTuBHBIX (IEKJIAPATUBHBIX) SA3BIKAX HPU TIPUMEHEHWUN
GYHKIUN K apryMeHTy MOCAeIHUN CHaYaJa BBIYUCISIETCS, a 3aTeM
yxKe meperaercsd QyHKIuu. B 3TOM ciydae roBOpST, UTO ApPTyMEHT
nepegaercd o 3Ha4YeHUI0, IoApa3yMeBas IIPpA ITOM, 9YTO TOJIBKO €ro
3HaUEHNE TepelaeTcd PYHKIUU. TaKoe MPaBUI0 BIYUCIEHUNH WU Me-
XaHW3M BBI30Ba Ha3bIBAECTCA BBI3OBOM II0 3HAYEHUIO.

[TpenmytiecTBO BBI30Ba 10 3HAYEHUIO 3aKJIIOYAETCH B TOM, UTO
3 deKTuBHAS pean3aliis MPOCTA: CHAYAJIA BBIYUCISIETCS apryMeHT,
a 3aTeM BbI3bIBaeTCsd QyHKmsa. HemocTtaTrkoMm sBiIsieTCs M30BITOIHOE
BBIYUCJIEHNE, KOT/Ia 3HAUEHWE apryMeHTa He TpeOyeTCs BbI3bIBAEMOM
dyuKIMA. AJTBTEpHATUBON BBHI30BY 110 3HAYEHUIO SBJISIETCS BBHI3OB II0
HeoD0X0MMOCTH, B KOTOPOM BCE apTyMEHTHI IepelaloTcs PyHKITUN B
HEBBIYNCJIEHHOM BUJI€ ¥ BBIYUC/ISIOTCS TOJIHKO TOT/IA, KOT/Ia B HUX BO3-
HUKAET HeOOXOAMMOCTh BHYTpH Tejia pyHKIuu. [IpenmyiiecTBo 3TOT0O
BBI30Ba, COCTOUT B TOM, UTO HUKAKWE 3aTPAThI HE MPOMAIYT TMOIYyCTYy
B CJIydae, eCc/ii 3HAUYEeHWe apryMeHTa, B KOHIE KOHIIOB, HE MOTpedyeT-
csd. A HemocTaTOK — B TOM, YTO IO CPABHEHWIO C BBI3OBOM I10 3HAYE-
HUIO BBI3OB 10 HEOOXOJIMMOCTH sIBJseTCs Oojiee JTOPOTUM, MOCKOIBKY
dyHKIMAM TeperaloTcad He 3HAUEHUS TeX WM WHBIX IapaMeTpPoB, a
HEBBIYNCJIEHHBIE BbIPAKEHUS.
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B koHTekcTEe (DYHKIIMOHAIBHBIX S3BIKOB MOXKHO TOBOPHUTH O JIBYX
BHU/IaX BBIYUCJICHUS, SHEPIUYHOM M JICHUBOM, XOTA BO3MOXKHBI U JIPY-
rve BapuaHThl. B TepMUHAX TPAJIUIIMOHHOTO TPOrPAMMUPOBAHUS SHED-
TUYIHOE BHIYUCIEHNE MOXKHO TPUOJIM3UTEIHHO COOTHECTHU C BHI30BOM I10
3HAYEHUIO, a JICHMBOE — C MEXaHU3MOM BbI30Ba IO HEOOXOIUMOCTH.
OHAKO MEXKy STUMU MOHSITUSIMU HET TOXKJIECTBEHHOT'O PaBEHCTBA.

3.1. JIeruBble n HEPIrMYHbIE€ BbIYUCJ/ICHN A

Crparerust BoraucyieHnii (T. €. cocob BBIYMUCIEHUS] BbIPaXKeHUil ),
npumensiemasi B Haskell, HaspiBaeTcss cTparerueit AeHusvx svivucae-
HUll, TaKzKe HA3bIBAEMBIX OMAONHCEHHIMYU BbIAuCIeHusiMu. Ilpu Je-
HMBOM BBIYUCJICHUMU BbIPaKC€HUNA (I/IJII/I €ro qaCTI/I) OHO IIPpOU3BOIUTCA
TOJIBKO TOT/Ia, KOTJIa €r0 pe3yJbTaT AeficTBUTEIbHO HeooxomuM. [1puH-
AT JIEHUBBIX BBIYUCIEHUN — «He deaati Huue20, noka 9mo He nompe-
byemcsay. IIpOTUBOMOIOKHOCTHIO ITOU CTPATETUN SIBJIAIOTCI dHEP2UY-
noie (KagHbIE) 6bivucAeHus. [IPUHINT SHEPIUIHOTO BBHIYUCICHAS —
«denati 8ce, wmo mooticewvs. I pyrumu cioBaMu, He HAJIO 3a00TUTCS O
TOM, IIPUTOUTCS JI B KOHEUHOM CJIydae TOJyYEeHHBIN pPe3yJIbTaT.

S13bIKHM, peanu3yolue CTPATEruio SHEPIUYHBIX BbIYUCIeHNH (a Ta-
KOBBIMU SIBJISIIOTCSI OOJIBIITMHCTBO UMIIEPATUBHBIX SI3bIKOB I HEKOTOPHIE
U3 S3BIKOB (PYHKIMOHAJIHHOTO MPOrPAMMUPOBAHNS), HE MOTYT OIEPH-
poBaTh OECKOHEUYHBIMU CTPYKTypPaMU JAHHBIX, KOTOPBIE TITUPOKO MPU-
MeHa0TCAa B a3bIKe Haskell.

YT10o6bI MOXKXHO OBLIO TOBOPUTH BCE-
r/1a, 6e3 UCKJIF0YEHU O BBIYUCIEHUN TIPa-
BUJIBHO OIIPE/IEJIEHHBIX BbIPAKEHUI, BBO-

UCNOALIYEMER  PYNKYUA | nures cumson L (bottom, ocmoamme),
undefined. JIJIs 00O3HAYEHNS HEOIIPEIEJICHHON BeJIn-

YUHBI JIIOOOTO THma. B gacTHOCTH YMCIIO
00 (GECKOHEYHOCTH) €CTh HeOIIpe/esIeHHAs BeJIWJYNHA THUIa Integer,
1/0 ects mHeonpeneennas BenmanHa Tuma Float, T. e. 1/0 = L. Jlenn-
BocThb si3bika Haskell mpuBoguT K TOMY, 9TO BCE THUIIBI JAHHBIX TOTO
sI3bIKA, BKJIIOYAIOT 3HAYEHME | .

B aswxe Haskell 6 xa-
yecmee — BEAUMUMHB, L

3.2. Crporue pyHKIIUN

[oBopsT, uTo (byHKIMSA, KOTOpas BCerga TpedyeT 3HAUYEHUE OJTHO-
I'0 U3 CBOUX apI'yMEHTOB, SIBJIZ€TCS CTPOT'OM IO OTHOIIEHUIO K STOMY
aprymenty. Ipyrumu cioBamu, eciu f 1 = 1, To roBopst, 4To f ecThb
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CTpOTasi, TOYHO OIpejesieHHas (DYHKIWS, B TPOTUBHOM CJIy9ae T'OBO-
PSIT O HECTPOT'O OIPEIEJIEHHON (DYHKITUH.

HeBo3MOXKHO TpUMEHUTH OmEpaIuio +, MoKa 00a ee djIeMeHTa He
Oy/lyT BBIYHCJIEHBI, IIO9TOMY OHA SIBJISIETCS CTPOTrOil 10 OTHOIIEHUIO K
oboum aprymenTam. OgHaKO HEKOTOpPBIE (DYHKIMY MOTYT BO3BPAIIAThH
pe3ybTaT, U He 3Has 3HaYeHUil OJHOTO WJIU HECKOJIbKHUX CBOUX apry-
MeHTOB. Hanpumep, onpeesierHas mob30BaTeieM PYHKIUSI BUIA

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

He Bcerga TpebyeT, 9ToObI OblIa N3BECTHA BeIUYNHA y. B TO XKe Bpems
BEJINYMHY X 3HATH HEOOXOIUMO, IIOCKOJIBKY TPeOyeTCs Onpeae/InTh M-
TuHHOCTH HepaBeHCcTBa X < 10. [losromy dymkIms f saBasercs cTpo-
I'Oil 110 OTHOILIEHUIO K X U HEe CTPOT'Oi 110 OTHOIIIEHHUIO K ¥; 9TO O3HAYAET,
YTO BEJIMYNHA X TpeOyeTcst 00a3aTeIbHO, a BEJINYNHA § — HET.

UTak, ecan B TOYKE BBI30BA BHIYUCIISIOTCS BCE APTYMEHTHI (T. €. OHU
[IepealoTCA 110 3HAUYEHUIO, YTO COOTBETCTBYET JHEPTUYHOMY BBIYUCIIEC-
HUIO), TO HEKOTOPBIE U3 MPOJIEJAHHBIX BBIYUCIEHUNA MOTYT OKAa3aThCs
sutHuMu. Eie Oosibiias HEMPUATHOCTh MOYXKET CJIYIUThCH B CIydae,
eCJI IIporpaMMa He CMOXKeT BBIYUCIUTD 3HaUeHUe TOro apryMeHnTa, 10
OTHOIIIEHUIO K KOTOPOMY (DYHKIUA He sBjseTcd crporoii. Hampumep,
MPYU BBIYUCJEHUU TIOJIOOHOTO apryMeHTa MOXKeT MPOU30NTHU 3aIUKJIN-
BaHMNE U OKAXKeTCAd HEBO3MOXKHBIM BBIYUCIUTH apryMEHT 33 KOHEYHOe
BpeMsi, TOrJa KaK €Cjau Obl 3HAYEHUs] MEPEIABAJINCH IO HEOOXOTUMO-
CTH, TO apryMeHT, KOTOPbI!i HEBO3MOYKHO BBIYUCIUTH, MOT' ObI U HE
moTpPedOBaThCsI, U TOTJA MPOrPpAMMa, OJIATOTIOIYYHO 3aBEPIITAIACH ObI
33 KOHEYHOE BpeMd:

f (4, <sauukneHHOe BHpaxeHue>) = 4

Koneuno, 3T0 He 03HaYaeT, YTO IPU JIEHUBOM BBIUYMCJIEHUU MOXKHO
BCcerma m30eKaTh 3ANUKJIUBAHUS: IPUMEDPOM 3TOTO MOXKET CJIyKUTH
BbIpazKeHUe

f (<3anukneHHoe BHpaxeHue>, 4)

KOTOPOE HE MOXKET 3aBEPIIUTHCHA 33 KOHEYHOE BPEMs HE 3aBHUCHUMO OT
crioco0a BBIYUC/ICHUS.

PaccMmoTpum onpenenenns HECKOIbKUX (DYHKITAN:
infinity = infinity + 1
three x 3
square x X*X
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Ounpenenenne dynkuuym infinity (6€CKOHEYHOCTH) He SIBJISETCS JO-
CTATOYHO KOPPEKTHBIM. HO KOMIBIOTED MOXKET, TEM HE MEHEe, NCITOJIb-
30BaTh ero. Paccmorpum Beipazkenue three infinity. B ciayuae xa-
HBIX BBIYMCIEHUN TIPEIBAPUTEIHHO TPEOYETCS BBIYUCIATH APTyMEHT
dyHKIIMY three, IPUMEHUB MPABUJIO €T0 BHIUUCIECHUS:

infinity = infinity + 1 =

8 suipasicenuu scmpemuaacy pynryusa infinity,
CAEA0BAMENDBHO CHOBA NPUMEHAEM NPABUAO €€ SbLUUCACHUS

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

IIpotmecc BeIunC/IeHus aprymeHnTa (yHKIuU three He cymeeT 3aBep-
IIIATHCS, TIO9TOMY U CaM BBI30B (DYHKITUN HE 3aBEPIIUTHCS.

IIpu crTparermm OTJIOXKEHHBIX BBIYWCJIEHWH NPU BbI30OBEe three
infinity He moTpebyeTcss BBIYUC/IATH APryMEHT, TaK KAK B JIIOOOM
ciydae orBeT Oyner pased 3. Ho npu monbiTKe BbluncieHus square
infinity Jaxe JIeHUBasg CTpaTerud He CyMeeT IIOMOYb B BbIYUC/ICHUN
BBIDasKeHNd, TaK KaK JJIg TOTO, YTOOBI BO3BECTH apPIyMeHT (DYHKITIN
B KBaJpaT, €10 HEOOXOINMO IIPEIBAPUTE]HHO BHIUNCIUTD.

B wmamem mpumepe square — CTPOroO oOmpeieseHHas (PYHKIHS,
a three — Hectporas. JleHuBble BBIYUCIEHUs JTOIYCKAIOT HECTPOIOe
onpesesienre PYHKIWH, IPyTrue CTpaTeruu — HeT.

4. Haskell kak a3pik PII

[anbHeliee n3/I0KeHNE MaTepuajIa OCHOBAHO Ha MCIOIb30BAHUN
s3bika mporpammupoBanusi Haskell. Haskell ects umcro dynkimo-
HaJIBHBIN SI3bIK TIPOrPAMMUPOBaHUsS. Pe3ybTaT BBIYUCIEHUS JIFOOOTO
BbIDaKE€HUS €CTh WHBAPUAHT, HE 3ABUCHAIIUN OT TOPSJIKA BbIYUCIIE-
HUS €r0 MMOJBbIPAKEHU, YTO BEChMa, YIIPOIIAeT 00CYKIEHNE CBOWCTB
nporpaMM. J[aHHBIN S3BIK UCIOIB3YET CTPATETHIO JIEHUBBIX BBIYUCTIE-
HU — TOABBIPAXKEHNS HE BBIUYUCIAIOTCI JI0 TEX TOP, ITOKAa OHU SBHO
He TIOTPeOyI0TCS.

Haskell ssBusicst pe3ymbraToOM MOMBITOK BBITTOJHEHUS 00s13aTE/IHCTB
0 pa3paboTKe CBOOOIHO-PACIPOCTPAHSIEMOTO HE CTPOrOTO, YHUCTO
G yHKIHMOHAJIBLHOTO si3bIKa IporpaMmmupoBanus. Haskell ouens nomys-
PeH B akaJeMuiecKux Kpyrax. MHorue ctaTbu U KHUTH, TTOCBSTIIEHHBIE
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IpodJIeMaM METOHOJIOINH PAa3pPabOTKU IPOrpaMM, IIPEIIO/IAraoT 3Ha-
HIU€ 9TOTO SI3bIKA. €M He MeHee, OH MaJIO0 PACIPOCTPAHEH B IIPOU3BOJI-
crBe (XOTsl €CTh IPOMBIIIEHHBIE SKCIIEPTHBIE CUCTEMbI, HAIIMCAHHbIE
na Haskell). OnHoit u3 npuuauns siBjsieTcs m10xasi OCBEJOMJIEHHOCTH 00
9TOM S3bIKe U (DYHKITMOHAJIHHON METOIOJIOTUN CPEIU TPOrPaMMUCTOB-
MIPAKTUKOB U HAYMHAIOIINX ITPOIPAMMUCTOB. DTOT MIPOOES U TPU3BAHO
WCIIPABUTh JaHHOE y4eOHOe mocoodue.

Copemennoe coctosinne sizbika Haskell omuckiBaercss ctanmaprom
Haskell 98. Bosbiioe kom4aecTBO MaTEpUaIOB, TOCBIIIEHHBIX STOMY
SA3bIKY, MOKHO HafiTu Ha cafite http://www.haskell.org.

JlanpHelilee N3JI0;KeHEe MaTePUaJia B OCHOBHOM OPUEHTUPOBAHHO
Ha ucronb3oBanue nuTepuperaropa Hugs 98 (coxpammenne or Haskell
User’s Gofer System) B cpege OC Linux. Hugs sBrstercst camoii mpo-
croit peanusamnueii s3bika Haskell u mmeanpHO momgxomurT s 1eseit
0Oy JeHmsI.

[Topter Hugs 98 obecnieunBator pabory Haskell-koga Ha Bcex ocHOB-
HbIX m1aTgopmax, B Tom aucie u g OC Windows n Linux. Vcmosn-
30BaHHUE ITOr0 MHTepuperaropa B Windows mpakTudecKu HUYEM HeE
orin4daercsa oT padorsl ¢ HuM B OC Linux.

OTKpBITOCTH CTAHIAPTA ¥ BO3MOXKHOCTH CKA4ATh MCXOJIHBIE KOIbI
sI3bIKA IPUBEJTHU K MTOSTBJIEHUIO OOJIBIIIOTO YMC/Ia KOMIUIATOPOB C 9TOTO
s3pika. Cpenn nux HBC (Haskell B) — komnusisitop n uaTepriperaTop,
TIO3BOJISIET BBITIOTHATH IIPOrpaMMbl 3HaUNTEIbHO ObicTpee, 1 GHC —
ONTUMUBUPYIONINH KOMIIUIITOP B MamuHHbIH Koa u C. /lomomHuTenb-
Hyto uuadopmanuio o sa3bike Haskell u paznoobpasnoe mporpammHoe
obecredenue Iyt pabOThI ¢ HUM MOXKHO HAWTW B CETU MHTEPHET TIO
CJIETYIOIIIAM QIPECAM:

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 ¢ sa3bIKoOM Haskell

1. Hauamno padorsr ¢ Hugs

1.1. KomaHabpl MHTEPIPETATOPA

s 3amycka MHTepPIpeTaTopa BBIMOJHUTE KOMaHAy hugs. UuTep-
peTaTop B HadaJie pabOThl aBTOMATUYECKH 3arPyrKaeT OMPeaeIeHUsT
HamboJIee JaCTO MCIOIB3yeMbIX (DYHKIWi, pa3MmerneHHnbie B daiire
Prelude.hs, 1 HA3HIBAEMOM IIOITOMY NpPeAt0OUET.

[Ipu crapTe BHIBOAUTCS HEKOTOPAs CIIPABOYHAST MH(POPMAIINS O CH-
cTeMe U MOABJIgeTCA IpUIVIalleHne Jisd BBOLa KOMaH/l, 3HAYEeHUEeM II0
YMOJIYaHUIO KOTOPOI'O ABJIAETCA UMd 3arPy2KEeHHOI'O MOLYJId U 3HaK >.

Prelude>

[Iocne mosgBIeHNS TPUTIANIEHNS MOYKHO MPUCTYNATh K BBOAY KO-
MaH[. /1 BRIYUCIEHNS TOTO UJIN WHOTO BBIPAKEHUS JOCTATOYHO BBE-
CTHA €ro CTaHJAPTHYI MaTeMaTUYEeCKYIO 3alliCh, IOCJIE Yero HayKaTh
Ha KJjaBuiny Enter:

Prelude> 2+3x4
14

Prelude> (2+3)*4
20

Prelude> 2.5%4

18
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10.0
Prelude>

Kak Bumum, nHTEPHIPETATOP PA3IUYAET I€JIble UUCJIA W YUCIA, TPE-
CTaBUMbIE B BUJE JAECATUIHON npodu. [jis ornenenus: ipobHO gacTn
OT IIeJION UCIOIb3yeTCs AecATuYHas ToYKa. Kpyrible CKOOKU MCIIOJb-
3yIOTCs JIJIsi M3MEHEHUs TOPsKa BbIuucieHuit. Ecim xoTs Obl OgHO
YUCJIO B BhIPAXKEHUU HE SBJIFETCS TEJIBIM, TO U Pe3yJbTaT OyIeT mpe/i-
CTaBJIEH B BHUJE JECATUYHON npobu. B ciemyrorieit rimaBe Mbl paccMo-
TPUM pa3JIUYHbIE BUIBI JAHHBIX, NCIOJIb3yeMbIX B sa3bike Haskell.

st 3aBepiiieHusi paboThl ¢ mHTEpIperaTropoM Hugs ciiykuT Ko-
MaHza :quit (a Takyke ee cokpaleHHasi popMa :q), KOTOpas TaK¥Ke
BBOJIUTCSI TIOCJI€ TIPUTJIAIIIEHNUS CUCTEMBI:

Prelude>:quit

Bung cumBosia mpuriaiieHnss MOXKHO MEHSITh, 3aJaBasi IIPU CTAPTE
KJIIOY -P, HalIpumep,

hugs -p’---> "~

3allyCcK MHTEPIIPETATOPA C YKA3aHHBIM KJTIOUOM IIPUBE/IET K YCTAHOBKE
NpUIJaleHns --->:

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

——>

B nmanbmeiiniieM m3/10)KeHUUW MbI OyJIleM WCIIOJIB30BATh IIPUTJIAIIECHTE
--->, 9TO HO3BOJIUT OTJINYATh BBIBOJ] HHTEpIpETaTOpa OT COJEpPIKU-
MOI'O IIPOrPaMM.

1.2. Ceccum m CKpPUIITHI

[TocsiegoBaTENIBHOCTD MHTEPAKTUBHBIX B3aMMOIEACTBHI 110J1b30Ba-
TeJist U KOMIIbIOTEpA Ha3biBaercs ceccumeit (session). s Bblaenenus
B TEKCT€ KHUTHU 9JIEMEHTOB MHTEPAKTUBHBIX CECCUIl HA MOJISIX J00aBIIs-
erca 3HaK H, curmanmsupyrommuit o BBOme U BLIBOJE MHTEPIPETATOPA
Hugs.

Habop obbsiBiiennit u onpeesnennit pyHKIUi, Pa3MEIEHHbIH B OT-
neabHOM baiisie, Ha3biBaeTcs cKpunTom (script). Hugs we nossosis-
eT OIpeeNIATh HOBble (DYHKIIUN B MHTEPAKTUBHOM PEXKUME, & TOJIHKO
pas3peraeT BBOAUTH BbIPAYKEHUs, UCIIOJb3YIOIINE YKe OIpeIeIeHHbIe

GYHKITHIN.
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Kax nast nporpamma (ckpunt) Ha sizbike Haskell, HazbiBaemast Tak-
JK€ MOJLYJIEM, PA3MENIAeTCa B OTAEILHOM (haiiie, MMEIOIEeM pacIImpe-
rme hs. CuMBOm A Ha TIONSX KHWIM O3HAYAET HAMAJO TEKCTA TPO-
rpammbl Ha s3bike Haskell, koropast monkHa co31aBaThCS C ITIOMOIIBIO
pemakTopa plain-rekcra.

» Ynpaorcnenue I1.1.1

CozmaiiTe ¢ TOMOIIBIO JIIOOOTO TEKCTOBOIO PEIAKTOPa (aiis, comepra-
Uil CJIeIyIONIne IBe CTPOKM:

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

Coxpannre daiia mom nMeHeM myprog.hs.
<

Haim mepBbiit cKpunT comepkut obssasaehue (TepBasi CTPOKa) U
onpedesenue (Bropasi ctpoka) dbyHkimn square. O6bsiBienne QyHK-
MM YKa3bIBAET, OTKYIA U KyJa JAeficTByeT (PYHKIWSI, & OIpeJIeJIeHe
3aJaeT crocod mpeodOpa3oBaHus aprymMmenTa X. CUMBOJI i1 YUTAETCS KAK
«HMeeT THII».

st o3Hakomyienus uHTeprperaTopa Hugs ¢ comepxkumbiM daiisia
mCcnob3yeTcs KoMauaa :load (u ee cokparennas gopma :1), Hampu-
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

HamomHMM, 9T0 KOMaHIbI OJIH30BATEJIS BBOIAATCS IIOCIE CHMBOJIA
npurnaiienus (gamee --->). B daiine, npeioxkeHHOM HHTEPIPETATO-
Py, OIINOOK He 0OHAPYKEHO U CJEAYIONasd KOMaHIa OblIa yKa3aHIEeM
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BBIYUC/INTH 3HAYEHWE ONpeae/ienHol Hamu pyrkimu. [locte Berauce-
HUA pe3yJbTaTa MHTEPIIPETATOP CHOBA BBIJAJI IIPUIVIAIIIECHUE K BBOLY
KOMAaHJ.

IIpu BBI3OBEe KOMaHABI :load 0e3 aprymMeHTa MHTEPIIPETATOP <«3a-
OymeT» BCe paHee BBEIEHHBIE OIPEIETEHUSI, KPDOME 3arpPyKeHHBIX 13
daiina Prelude.hs.

---> :load

Hugs session for:
/usr/share/hugs/1ib/Prelude.hs
---> square 15

ERROR - Undefined variable "square"

Tak kak ompejesieHnss BceX (DYHKIUN U3 IPEJTIOIUN OKA3BIBAIOTCS
BCeTJla 3arPYKEHHBIMU II0 YMOJIYAHWIO, TO UX MOXKHO HCIIOJIb30BaTh
KakK B JI0OOM MeCTe MPOrpaMMBbI (CKPHUITA), TAK U BO BPEMsl CECCHM.
OpHako WHOTIA BO3HUKAET HEOOXOINMOCTH OMPEIESUTh (PYHKIUIO C
TeM JKe MMeHeM, 4TO U TpuBelieHHas B (aiisie Prelude.hs. B sTtom
ciIydae CjeJlyeT B Ha4daJlo CKPUITA BCTABUTH CTPOKY, KOTOpAs JEJIAeT
«ueBuaumoit» (hide — ckpbiBaTh) Ty nim uHy0 GyHKIMIO, HAIIPUMED,
dyHKIIMY map u even:

import Prelude hiding (map, even)

Ecnn B Hagaso daitna ¢ mporpaMMoit TOMECTUTH BBINIEIIPUBEIEHHY O
CTPOKY, TO JIaJiee MOXKHO JaBATh CBOU COOCTBEHHBIE OMIPE/IEIEHUST ITUX
dyukimit. OOBIYHO HEOOXOINMOCTH B 9TOM BO3HUKAET TOJIBKO B yUeO-
HBIX IIeJIX, KOTJa HAUMHAOIIUN TPOrPaAMMUCT MIPOOYeT CBOU CUJIBI B
HANMCAHUY CTaHZAPTHBIX QyHKnt. Onpenenenus QyHKINA, pa3Me-
IIIEHHBIE B MIPEJIIOINY, MOXKHO CIATATH ITAJOHAME (DYHKITMOHAIHHOTO
CTHJISI IPOrPAMMUPOBAHUS W MIOITOMY OHU PEKOMEHYyIOTCS JIJIsi BHU-
MaTeJIbHOIO W3yIeHUs.

st Toro 94To0OBI He MOOABJSTH TOJOOHYIO CTPOKY B CKPUIT, HO
OCTAaBUTh <«y3HABAEMOE» WMs y IIPOEKTUPYyeMO#l (DyHKIWH, JaCTO K
VIMEHU CTaHJAPTHOW (PyHKIMU NOOABJISIOT CUMBOJI ’ (amocTpod, Ko-
TOPBIit HE cle/lyeT IMyTaTh C CUMBOJIOM OOpaTHOTO amocTpoda ¢, ume-
forriero B a3bike Haskell cnenmanbroe HasHaueHue).

Komanma :reload ucnosb3yercs 6e3 apryMeHTa U 3arpyzKaeT TOT
’Ke Qaiiy, 9To U mocjie Hsss KoMaHaa : load. Ee mose3Ho ucmnob30BaTh
IIOCJIe BHECEHUS M3MeHeHuil B (bailyi ¢ mporpaMMOoii.

KOM&H,Z];& :type IIO3BOJIAET Y3HATDh THUII BbIPaK€HUN A NUJIN d)YHKIJ;I/II/IZ

---> :type square

H
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square :: Integer -> Integer

[To ymom9aHUWI0O MHTEPIPETATODP BBIBOAUT MWHUMAJIbLHOE KOJIUYE-
CTBO WH(OPMAIUU O IIPOIECCe BHIYMC/IEHUS U €ro pe3yibratax. Ko-
MaHJa :set ucrnoablyemad BCeraa ¢ JONOJHUTEJIbHBIMU apryMeHTaMu
MTO3BOJIIET U3MEHUTD BBIBOJ IO yMoJdaHuio. CUMBOJ + yCTaHABINBAET
Ty WJIX UHYIO OIIINIO, a CUMBOJI - oTMeHseT ee. Haubosiee mose3nnr us
OIIUU S U t, nepBad U3 KOTOPBIX 3a/aeT BbIBOJ CTATUCTUYECKOU WH-
dopmanyu mocse KazkKJI0r0 BIYUCIEHNS, & BTOPasd OTBEYAET 38 BBIBO/I
TUTIa pe3yJabTaTa BbIYUCJIEHNU, HAIIpUMep,

---> :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 kagecTBe mMeHu aprymMeHnTa B (PYHKIUSIX MOYKHO HCIIOJIb30BATD
HE TOJIBKO X (9TO SIBJISI€TCS JAHBIO MATEMATHIECKUM TPAIUIUSIM ), HO U
700y 10 KOMOMHAIMIO JIATUHCKUX OYKB, CUMBOJIOB TIO{4epKUBanus (_),
anocTpodoB (’) u 1udp, TP ITOM MIEPBbIfi CUMBOJI B UMEHU apryMeH-
Ta 00s13aH OBITH MIPOMKUCHOM JaTUHCKOM OyKBOit. [ludpbl n anmocTpods
MCIIOJIB3YIOT JJIsl TOrO, YTOOBI YKAa3aTh HA MCIIOJIb30BAaHNUE PA3IUIHBIX
TIepeMEeHHBIX WU (PYHKINN, HUKAKOW IPYyTroif CHHTAKCUIECKOM HATrPy3-
ku OHM He HecyT. CMMBOJI TIOMYEPKUBAHUS B OCHOBHOM WCIIOJIb3YeTCS
JJIg OTJEJIEHUud OJHOI'O CJI0Ba OT APYrOro B MMEHAX, COCTOAINUX U3
HECKOJIbKUX CJIOB. J[pyroit crocob ciesarbh 9TO — KaxKJioe CJI0BO, Ha-
YUHAS CO BTOPOTO, 3AIIUCHIBATD C 3aIVIaBHOI OYKBBI, HAIIPUMED:

three oneTwoThree’’ = 3

M5! onpeie i KOHCTAHTHY IO (DYHKITUIO, KOTOPas AJIs JIF0OOTO ap-
rymenTa Bo3Bparnaer uucio 3. Haskell mosBonser omyctuth 00bsiBIIe-
HUe (PYHKIWU, OJHAKO UIE0JOTHUs (PYyHKIIMOHAJHHOTO MTPOTPAMMUPO-
BAHWS TAKOBA, 9YTO OObSIBJICHHE THUIA (PYHKIIAA CINTAETCS JACTHIO WH-
TEJIJIEKTYaJbHOTO IPOIECCA MPOrPAMMUPOBAHUS U ITOTOMY CUMTAETCS
obs3aTesbHBIM. [[puHIUTIIAIBEHOE TPEUMYIIECTBO CTPOTO TUITA3AIAN
3aKJII0YA€TCA B TOM, 9YTO MHOTHE IIPOIPAMMHbBIE OINMUOKKA MOTYT OBITH
yCTpaHEeHbI TIpexK e, YeM IIporpamMMa, OyIeT 3amyIeHa Ha, BHITOJHEHTE.
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OrpoMHOE KOJMIECTBO MPOrPAMMHBIX OITMOOK MTPOUCXOIAT U3-33
TOrO, 9TO B (PYHKIUSIX YKA3aHBI HEIPABUJIbHBIE THUIIBI APTyMEHTOB.
Eciu ke ucnonb3lyercss oObsiBJIEHUE TUTIOB, TO MPU MPOBEPKE THUIIOB
MIPOrPAMMUCTY BBIIa€TCs COO0OIIeHne 00 ommOKax, u Jioboe HecooT-
BETCTBHE TUIIOB B IIpOorpaMMe OyaeT cpa3y obHapyxkeHo. Takasd op-
raHU3alus IPeJCTaBsgeTcsa Oojee yI00HO, MOCKOIbKY B TPOTUBHOM
caydae OIMMOKa TPOSIBJISIETCS Y2Ke BO BPEMS BBITIOJTHEHUS TTPOTPAMMBI
1 €€ aHaJIu3 1 JIOKaJIn3alnud Tpe6yeT SHA4YUTEJIbHbBIX 3aTpaT BPEMEHHN.

Eite omauM 60bIITUM TOCTOMHCTBOM CTPOTOi TUTTU3AINNA STBJISET-
Ccs TO, 9TO ITO 3aCTABJSIET TPOrPAMMUCTA OoJiee AUCITUILIMHUDPOBAH-
HO MBICJIUTH, & UMEHHO IPUAYMBIBATH HMOAXOAANINNA TUN BEeJIUYUHAM
B WX OINpEJIeJIeHNSIX paHee OIpeesieHns mX caMuX. pyrumm cioBa-
MU, TPUBEPKEHHOCTh JUCHUIJINHE CTPOrON TUIM3aIUd MOKET CyIlle-
CTBEHHO TTIOMOYb B HAIIMCAHUU SCHBIX U XOPOIIO CTPYKTYPUPOBAHHBIX
IPOrpaMM.

BynpTe BHUMaATE/NIBHBI TP CO3AaHNN CKpUITOB: a3bIK Haskell mme-
€T IBYMEPHBIA CHHTAKCHC! DTO 03HAYAET, YTO MHTEPIIPETATODP Pearu-
pyer He TOJIbKO Ha CHHTAKCUYECKHE OIIMOKMU, COAEPIKAIIUEecs B IIPO-
rpamMMe, HO M Ha PaCIOJIOKEHNe TeKCTa B (aiise.

OObsBiieHne U ompejeseHre (PYHKINU PA3MEIAOTCA HA OTIE/Ib-
HBIX CTPOKaX (IpU JKeJaHUU UX MOJKHO Pa3MeIN[aTh U Ha OJHOMN CTPOKE,
OTIeJIsISI UX TOYKOI C 3aIsTOoi, 9TO, OHAKO, 3SHAUUTEIbHO YXY/IIIaeT
«anTabesIbHOCThy MOMOOHOro cKpunTa). Ecnm onpenenenne dbyHKImm
pa3MeIeH0 Ha HEeCKOJIBKUX CTPOKAX, TO BCE MOCJEAYIOIINe, HATMHAS
CO BTOPOIA, JOJI2KHBI CJIEJIOBATH C OTCTYIOM B HadaJje CTPOKMN.

Kak u B smobom gpyrom si3vike, B Haskell mmeercs neckonbko 3a-
PEe3ePBUPOBAHHBIX JJIsI CJIYKEOHBIX IIeJieil CJIOB, KOTOpPbIe HEJb3s MC-
MIOJTb30BATh B KAUECTBE UMeH (DYHKIWI WU TepEeMEeHHBIX:

case class data else 1if in infix infixl
infixr wnstance let of primitive then type where

1.3. «Literate style»

C0XHO JaTh aJIeKBATHBIA IEPEBOJ 3TOrO TEPMUHA, IIPEJII0KEH-
moro Jlomampmom KuyTom, Ha pycckuit s3biK. OCHOBHAsSI KOHIIEIIIIHS
9TOr0 MOHATUSA — CaMOJOKYMEHTHPOBAHHOCTH IporpaMm. OHU TOIXK-
HBI OBITH MTOHSITHBI JIIOOOMY YMTATEJIIO, 9TO JOCTATAECTCS BHEIPEHUEM
B T€JIO IPOrPAMMBbI IOCTATOUYHOTO KOJIMYIECTBA KOMMEHTAPUEB.

s BKItoYeHus B TeJio mporpamMMbl Ha s3bike Haskell ogrocTpoy-
HBIX KOMMEHTAPUEB HCIIOJIb3yeTCsd KOMOMHAINMSA CHMBOJIOB --. TeKCT,
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PACHOJIOZKEHHBIN MEXK/Ty HUMU U KOHIIOM CTPOKH, CYUTACTCA KOMMEH-
TapueM.

KoMbunanusamu cumBosioB {- ... -} OrpaHUYUBAIOT MHOT'OC-
TPOYHbIE KOMMEHTapuu. [eKCT, 3aKJIFOUYeHHBI MeXKy HUMU, UTHOPU-
pyetrcs. Takoit komMeHTapuit MOXKeT ObITh BCTABJIEH HA MECTO JIFOOOTO
npobesia B mporpamme. J[OmyCKaroTCs u BJIOKEHHBIE KOMMEHTAPUN:

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

B npuBenentoMm Bhiliie (pparMeHTe TPOrpaMMbl He ONpeeieHa PyHK-
nus £, TaK KaK BECh (PPArMEHT SIBJISI€TCSI KOMMEHTAPUEM.

» Vnpaorcnenue 11.1.2

U3zmenure daiin myprog.hs, 100aBuB B HE'O KOMMEHTAPUU U HOBbIE
dyHKIUU:

{-

Ina monydeHus GYHKIUM, BO3BOAAmMEH Ilejloe YHUCJIO B YETBEPTY
CTENEeHb, BOCIOJb3yeMCH KOMIO3WIuel QyHKIUWE square

-}

square, quad :: Integer -> Integer -- oObABIEHH OBe QYHKIUU
square X = X*X
quad x = (square . square) x

-- Jlpyroe ompeznelneHue
quad’ :: Integer -> Integer
quad’ x = square (square x)

<

MHorue coBpeMeHHbIE SI3BIKK ITO3BOJISIOT BHEJIPHUTH B TEJIO IIPO-
IrpaMMbl KOMMEHTAPUN TAKKIM 00pa30M, UTO IIPH COOTBETCTBYIOIIE 00-
pabOTKe ee TEKCTa MOJYIUTh NCUEPIIBIBAIONILYIO JTJOKYMEHTAIINIO K Hel.
Hamomuum, HampuMmep, 0 KOMMEHTapUSX Buma /** ... */ B 93bIKe
Java u coorBercTByIOIIei mporpamme javadoc, obpabaThiBatoIEeh nX.

Y4aurbiBas TOT PaKT, IYTO IPOrPAMMbI, HAIIUCAHHbBIE (DYHKITIOHAJIb-
HOM CTHJI€, OY€Hb KOMIIAKTHBI, HO JAJIEeKO He BCErJa sICHbI HEMCKYIIIEH-
HOMY UHUTATEJIO B IIEPBOTO B3IJIAA, IIOHATHO, YTO OYEHDb JKeJIAaTeIbHO
yMeTh IPaBUJIbHO JOKYMEHTHPOBATH IIPOrPAMMY.

[Iporpammer Ha g3bike Haskell, Hanmcanuble B TaKOM CTHIIE, JTOJIK-
HbI COXpaHATbCA B (paityiax ¢ pacmmupenneM lhs. OHu npeacTaBiIsSiOT
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coboii J1I000# TEKCT, KOTOPBI MOXKET KaK COIEePrKAaTh, TAK U HE COJEp-
)kaThb memeHThl pa3merku. Komx ma Haskell, pasmeraemsbrit 8 Takom
draiiie, JOMKEH OTHEISATHCA OT OCTAJIBHOI'O TEKCTa IyCTHIMU CTPOKa-
MU ¥ B [I€PBO#i MIO3UIANA CTPOKH COAEPKATH CUMBOJI >, TIOCIE KOTOPOTO
0643aMeAbHO CIIEIyeT IPOoOe.

» Vnpaorcnenue 11.1.3

[TomecTure ciemyromuii TekcT B ait sq.1lhs, BHUMATEILHO CJIENIA 33
pa3MeleHneM IBYyX CTPOK KOIa:

®yurnus squareNew, omnpemeneHHas Ha MHOXECTBE )\
LIeJHX YKUCEeJ, BO3BpallaeT KBaZpaT CBOEr0 apryMeHTa.

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

3mech MCIONL30BaHaA JApyras ¢opMa BH30BA QYHKINH :
apryMeHT 3aKJ4YeH B Kpyriusle ckobku. [lna yHKImi,
3aBUCANUX OT OLHON IepeMeHHOH, HomycTuMsl o6e GopMH
BH30Ba, HampuMep, squareNew(123) um squareNew 123.

<

Taxkoit daiin 3arpykaeTcs CTaHIAPTHBIM CIIOCOOOM 1 00padaThIBa-
eTCs UHTEPIPETATOPOM aHAJOIMMYHO (haiiyiaM ¢ paciimpenremM hs:
---> :load sq.lhs H
Reading file "sq.lhs":

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

---> squareNew(123)

15129

---> squareNew 123

15129

JIpyroit criocod moAroTOBKM CaMOJIOKYMEHTHPOBAHHBIX IIPOrPAMM
Ha s3bike Haskell mpennasnaden fjis mosb3oBaTesieil, UCIOIb3YOINUX
CHCTEMY KOMIIBIOTEPHOI BepCTKM TeKcTa TEX. DTa CHCTeMa IIHPOKO
HCIIOJIb3yeTCs HAyYHBIMU U WHXKEHEPHBIMEU PaOOTHUKAMU, TAK KaK OHA,
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MTO3BOJISIET MOJUTPAPUIECKN OE3yIPEIHO MOATOTOBUATD JIFOOOM CITOXK-
HBII MHOI'OSI3BIYHBIN TEKCT U JI00YI0 MaTreMaTndeckyo dpopmysry. Ha-
el 1eJIbl0 He SBJISIeTCs 3HAKOMCTBO C 3TUM SI3BIKOM Pa3METKH TeK-
cta. OTMETHM TOJBKO, YTO €CJIU B TEKCTE CONEPIKUTCSA (DPArMEeHT IIPOo-
rpaMMbl, HAITMCAHHOW Ha TOM WJIM WHOM SI3bIKE IIPOrPAMMUPOBAHUSI,
TO €ro PeKOMEHIYeTCs 3aK/II0YaTh MeXKIy cTpokamu \begin{code} u
\end{code}.

Hugs npu nmpocMoTpe 1mo100HOT0 TEKCTa UTHOPUPYET BCE, 9TO Pac-
IIOJIO’KEHO BHE OKPY2KeHMsI code, a TEKCT, pa3MeIleHHbI BHYTPH HETO,
cunTaeT mporpaMmoi Hamncanuoi Ha Haskell.

[Iycts daitsr, cCOmepKUT CJIeAy IO TEKCT:

\centerline{Marcumy™ uz mByx uucen}

®YHKIWDO, ONpeZeNdomyl MaKCUMAIbHOE U3 ABYX YHCeI,
MOXHO 33ZaTh C IOMOWbBO KOHCTPYKIUU

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

\begin{code}

myMax :: Int -> Int -> Int

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

BarpysuB GyHKLINO, MOXHO HCIOJIB30BATH €€ BMECTO
dyuxmuu {\tt max}, ompezmeneHHO! B IpEIOAWX.

Kak u B mpenpiayiiem ciaydae, paiti T0IKEH UMETh PacCIInpeHne
lhs, manpumep max. lhs:

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

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

---> myMax 100 200

200

Bonpocws. u 3adanus
I1.1.1

[IpuBeauTe NIPUUMHBI, II0 KOTOPBIM CJIE/IyeT IPUAEPKUBATHCS IIPUHITU-
OB CTPOrOi TUNU3AIUN.
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I11'1.2

KakoBo nasznauenne ¢aiisa Prelude.hs?

I1.1.5

Omnpenenure GyHKIMIO cube, BO3BOALAILYIO B KyO umncsa Tuma Float.

2. ba3oBbie Tunmel g3bika Haskell

B dyHKIIMOHAIEHOM IPOrPAMMUPOBAHIN BCE MHOXKECTBO BEJIMINH
pasjieisieTcsl Ha OPraHM30BaHHbIE I'PYIIIbI, Ha3biBaeMble munamu. Mol
y2Ke CTaJIKUBAJIUCh C esbivu (Integer) unciaamu. s paboTst ¢ 4pob-
HBIMM YKCJIAMU Yallle BCero mcrojb3yercs tTuin Float. Kpome Hux cy-
IECTBYIOT emle apyrue tumnbl dnced (Hanpumep Int u Double), soru-
YecKue BeJUYUHbI (JeMeHThl MHOKeCTBa Bool), cuMBoibI (3/1€MEeHTHI
muoxkectBa Char), crucku, nepeBbs u T. 1. Jlaee MbI TO3HAKOMIMCS
C 9TUMU THUIIAMU, a TaKyKe y3HAaeM, KaK OIpeIessiTh HOBbIE TUIIBI.

OpHolt 13 0coOeHHOCTEN A3BIKOB (PYHKIINOHAJIBHOTO IIPOrPAMMUIPO-
BAHUS SBJISIETCS TO, YTO (PYHKIIUKM YaCTO BHICTYIAIOT B POJIU JTAHHBIX.
Tak dyHKIUA MOXKET SBJIATHCSI apPTyMEHTOM APYroil (dyHKIUU UJIH
OBITH PE3YJIbTATOM BBITIOJTHEHUS (DYHKITUN.

Kazxaprit Tumm acconumpyeTcs ¢ OnpeaeIeHHbIM HaDOPOM OTIEpaIuii,
KOTOPbIE MOTYT HE MMETb CMbICJIA JJI JPYyTUX TUMOB. Tak, HeIb3d,
HaAIIpUMep, Pa3ieJInTh OJHY JIOTUYECKYIO BeJINYNHY HA APYTYIO UJIA HE
MIEPEMHOXKUTH JBe (DYHKITUH.

BaxkHbIM TPUHITUTIOM MHOTHX S3bIKOB IPOIPAMMUPOBAHUS SBJISET-
csI TO, YTO KarKJI0€ IPABUJIbHO COCTABJIEHHOE BhIPAaXKEHIE MOXKET ObITh
COOTHECEHO C HEKOTOPBIM TUIIOM. Kpome TOoro, TOT THII MOXKET ObITh
BBIBEJICH HCKJIIOUYUTEJIbHO U3 TUIOB COCTaBHBIX YaCTe BbIPAKCHUS.
Jpyrumu cjoBaMu, 3HaYEHWE BBIPAYXKEHUs TTOJTHOCTHIO ONPEIesISaeTC s
BeJIMYUHAMHU, COCTABJIAIOIINMU JaHHOE BbIpaKeHUE.

Eie pa3 orMeTnM BasKHOCTH CTPOrOil TUIIU3AINN: KAXKI0€ BbIParKe-
HIE, KOTOPOe HEe MOXKET ObITh aCCOIMUPOBAHO C IIPUEMJIEMBIM THUIIOM,
CYNTAETCS HEBEPHO COPMHUPOBAHHBIM M OTBEPraeTCs KOMIIBIOTEPOM
1o Bbruuciaenus. Hampumep, BbipakeHune square square 3 OygeT OT-
BEPrHYTO HHTEPIIPETATOPOM, IIOTOMY UTO OHO He SIBJISIETCS IPABUJIbHO
chOpPMUPOBAHHBIM.

AHaJjloru4yHoO, ec/ii K HaIlleMy CKPUITY J00aBUTH (DYHKIIIIO

quad :: Integer -> Integer
quad x = square square X
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TO OH OyJeT OTBEPIHYT KOMIIBIOTEPOM, [OTOMY 9YTO BBIDAIKEHHE
square square X He sBJISeTCs IIPABUJILHO CHOPMUPOBAHHBIM (ISt
VICIIPABJIEHUs! OIIMOKM JIOCTATOYHO 3aKJIIOYUTh B CKOOKU BBIPAIKEHUE
square x).

Jlpyrum OOJIBIIAM JOCTOMHCTBOM CTPOIOMl THUIIM3AIMHU SIBJISIETCS
TO, 9TO OOJIBINION AUAIa30H OMINOOK — OT IIPOCTOH OopdorpadmaecKoi
OIMOKM JIO0 HAIIMCAHHOI'O KOe-KaK OIIPEIeJIEHNsT — BBIABJISETCS 10 BbI-
UUCJICHUS.

Mo2kHO BBIAEIUTH ABE CTAANN AHAJIN3a BhIPAKEHUsI, KOTOPbIH IIPO-
BoaMTCs Tiepen BbraumciernueM. CHadajia mpOBEPsieTCs KOPPEKTHOCTH
BbIpaxK€HHndA C TOYKH 3PpeHnd CHHTaKCHCA. ECJII/I BbIpazKE€HHME HE KOP-
PEKTHO, TO BBIJAETCS CHUTHAJL O CUHMAKCcuueckol owubke (sintazs
error). Eciu cuHTakcmueckux ommbOOK He ODHAPYIKEHO, TO IIPOU3BO-
JIUTCS KOHTPOJIb HA Pa3yMHOCTh COOTBETCTBYIOIINX TUMOB. Kciu BbI-
parkeHue He MPOIILIO ITY CTAIUIO, TO BBIIAETCS COODIeHne 00 owubke
muna (type error). Toabko ecsu BbipakeHue IpouIo 0be ITU CTa uu
aHaJM3a, MOYXKET HAYMHATHCS MIPOIECC BBIYUCIEHNS. AHAJOTUIHOE 3a-
MeJYaHUe OTHOCUTCS W K OIPeIesIeHUSIM, CO3aHHbIM B CKPHUIITAX.

2.1. ®yHKINN

HamomamM MaTemaTudeckoe ompejiesieHne (pyHKIUN.

Dynryus — 2mo npasu.so, obecnevusarowee omobpasice-
HUE 00BEKMOB U3 MHONHCECTNBA BEAUNUN, HA3DBAEMO20 00AG-
cmuvio onpedenerus GYHKEUUY, 8 006eKMBL HEKOTNOPO20 Uee-
8020 MHOHCECTNBA, UMEHYEMO20 0DAGCTNDIO 3HAMEHUT PYHK-
yut usu Quanas3ornom 3HaveHuth GYHKYUL.

Jpyrumu cioBaMu, pu ompeesieHnn (PyHKIUN CJIeAyeT 3aJ1aTh Clie-
nyromyo mpotky: orkyza (X), kyza (Y) u kak (f). OcuoBroe Tpebo-
BaHUE IIPU 33IaHUY IPABUJIA: KAZKJIIM JIEMEHT MCXOIHOIO MHOYKECTBA
oTOOparkaeTcs B €IMHCTBEHHBIN JIEMEHT IJIEBOIO MHOXKECTBA.

[Tosre3no npejcraBiieHne 0 PYHKINU KAK O «9EPHOM SIIIIAKE»: HA
BXOJI, TIOJIA€TCST JIEMEHT M3 00JIACTU OIPEESIeHNSI, HA BBIXOJE ITOJIy-
JaeTcsd dJEeMEHT u3 00JIacTh 3HAUYeHUU, OmpeesseMblil IO IIPaBUILY,
3aJa0M1eMy (pyHKIIHIO.

Paznuuator ciemyrormmue criocodbr 3aaaust Oy HKITHII:

e TaOJIMYHBIN — TPOMO3IKUiL, TPEOYIOMNii TBHOIO yKa3aHUS pe-
3yJIbTaTa, JJI JI0OOr0 3JIEMEHTa U3 00JIaCTHU OIpe ieeHns, PaK-
TUYEeCKH TpedyeTcs 3aJaHue MHOXKECTBa COOTHOIICHHUII BHJIA

y= f(z),Vz € X.
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® C [IOMOIIBIO IPABIJI, 38 JAIOIINX CIIOCOD MPeodPaA30BAHUI NCXOI-
HOI'O MHOzKECTBaA.

Paccmorpum byHKIHMIO Stgn, ONpeaeseHHYI0 Ha MHOXKECTBE IEJIhIX
quces CleAyomuM crnocobom: sign(z) = 1 mis HONOXKWUTENbHBIX T,
sign(x) = —1 myisg OTPULIATEIHHBIX T, B HyJe (PYHKIWS IPUHIMAET
3HavYeHne paBHOe HYJ0. [Ijs1 Hee 00/1aCThIO ONpeIeSIeHUs SABJISETCS
MHOYKECTBO IIEJIbIX YKCeJI, 00JaCThI0 3HAYEHUNH — MHOXKECTBO, COCTO-
suiee u3 tpex uuces: {—1;0;1}. dus soboro uesoro uucia sign(zx)
OJIHO3HAYHO OIIPEJIEJIEHEHHO.

[Tpu TabaugnoM criocobe 3aanHus HAM MPUILIOCH Obl 33/1aTh Oec-
KOHEYHOEe YUCJIO YPaBHEHUN BUJIA!

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

3) =1

szgn 3

Wuade 3Ty PYHKIINIO MOXKHO 33/IaTh C TIOMOIIBHIO CJIETYIOIINX TPABUII:

-1, ecmz <0,
sign(x) = 0, ecimz =0,
1, ecmm x > 0.

Kak ompenenuts Takyio ¢dpynkiuio B a3bike Haskell, Mbr y3naem ayTh
O32Ke.

B coorBeTcTBUM ¢ MaTemaTuueckoii Teopueit B si3bike Haskell pas-
JINYAI0T 005A6AeHUE T onpedesenue PYHKIUN: TIEPBOE YKa3bIBAET, OT-
KyJa U KyJa JIeficTByeT (DYHKIHUsI, & BTOPOE — II0 KAKOMY IIPABUJIY.

[Tepen n3ydenumem criocob0OB 3a1aHus PYHKIINAM, TOZHAKOMIMCS C
MHOXKE€CTBAMU BEJIWYNH, KOTOPBIMU Yallle BCEr0 ONepUupPyIOT OpOrpaM-
Mbl (siBJsifonuecs: Habopom yukuuii) Ha s3bike Haskell.

2.2. Yucaa

B a3pike Haskell uncia 3amncsiBaioTcss B CTAaHIAPTHON JeCATHIHON
cucteMe cuuciaennsd. OHE MOTYT OBITh KaK ITOJIOXKUTEJbHBIMU, TaK U
oTpHUIATeIbHBIMHA. IIpU3HAKOM OTpHUITATEILHOIO YUCIa, SABJISETCS 3HAK
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MUHYC, PACIIOJIOXKEHHBIN Tepes] 9ucaoM. Jljisi mpeacTaBieHus MEeIbIX
YHCeJI UCHOJIb3YIOTCS JIEMEHTHI JBYX 0a30BbIX THIOB: Integer u Int.
Yucna tumna Integer momo0HbI OOBIKHOBEHHBIM I1€JIBIM, 3HAKOMbBIM HAM
u3 MareMaTuku. VX MOXKHO CKIaIbiBaTh (+), BblYUTaTh (—), YMHO-
XKaTb (*), menuTh Haresno (div), HAXOAUTH OCTATOK OT JeJIeHUS Ha
apyroe ducio (rem u mod ) ¥ BO3BOAUTD B IeIyI0 cTenens (~). Yuca
tuna Int ornaatorcest ot Integer TobKO TEM, 9TO OHU MOTYT TIPEJICTa-
BJISITH YUCJIA TOJIBKO M3 HEKOTOPOTO OIPAHUYEHHOTO JMana3oHa (Kak
npasuyo, or —23 no 231 —1).

---> 12345678-123

12345555

---> 234+123456
123690

---> 234%567
132678

---> 2710

1024

---> 120 ‘div‘ 7
17

--=> 120 ‘mod‘ 7
1

-—=> T*17+1

120

ObpaTuTe BHUMAHUE, 9TO €CIU (DYHKIUS WCIOJb3YeTCSI B KAYECTBE
oneparopa (T. e. pa3MeIAeTCs MeXKJLy CBOUMMU JIBYMsI apryMEHTaMH),
TO ee uMs TpebyeTcs 3aKJ/IIOUYUTh B 00OPATHBIE allOCTPOdHI.

--->div 120 7
17

---> 120 ‘div‘ 7
17

PesynbraT oneparyn gesenust (/) AByX IEJIBIX YUCES HE SIBJISIETCS
IeJIbIM JucjoM B sa3bike Haskell.

_—=> 4/2
2.0

Tak kKaK 3HAK MUHYC HCHOJB3YEeTCSd M KAaK yKa3aTeJb OTPHUIIATE b
HOCTHU YWCJIa W KAK ONepaIms BIYUTAHWUS, TO WHOT/IA IIPUXOAATCI 3a-
KJIFOYAaTh OTPUIATE/IbHBIE Yncia B ckoOku. Hampumep, mpu Bbraucie-
HHUY OCTATKA OT JIeJIEHUs YUCJIa { HAa OTPHUIATETbHOE YUCI0 —5 CIIeIyeT
3a0UCaTh
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--->mod 7 (-5)
-3

Ecin onyctuth ckobku (3ammcaB mod 7 — 5), TO MHTEPIPETATOD WC-
TOJIKYeT 3Ty 3amuch Kak (mod 7) — 5, 94TO HE UMeEeT CMBICIIA.

Hcnonb3oBanue 3TUX IBYX TUTIOB TEJIBIX YMCEJT TIO3BOJISIET C/Ie/IATh
nporiecc Bhruncyienuit 6osee apdekTuBHbIM. PaboTta ¢ ducaamMu TUIIA,
Integer mpoucxoauT B COTHU pa3 MeJJIEHHEH, YeM ¢ auciaamu Tuma Int,
MMO3TOMY WX CJIEJIyeT MCIOIb30BATh TOJHKO TaM, TJe JeHCTBUTETHHO
HY>KHbBI JIOCTATOYHO OOJIBIINE YUCTIA.

» Vnpaosrcnenue 11.2.1

CosmaiiTe CKpPUIT, COMEpPKAIWI ONpemeseHnsT IBYyX TOXKIECTBEHHBIX
dbyukumit (1. e. Takux dyskumi, yro f(z) = x ans mwoboro x u3
obsactu onpenesenus Gyskimn f): idInt, onpeneseHHYIO HA IHCIAX
Tuna Int, n idInteger, onpenesieHHyI0 Ha MHOXKeCTBe Integer:

idInt :: Int -> Int
idInt x = x

idInteger :: Integer -> Integer
idInteger x = x

3arpy3uB CKPUIIT, BBITIOJHUTE CJIEIYIOIINE BHIYUCICHUS:

--->idInteger (2731 -1)
2147483647

--->idInteger (2°31)

2147483648

--->idInteger (-(2°31))
-2147483648

--->idInteger (-(2°31)-1)
-2147483649

--->idInteger 27100
1267650600228229401496703205376
--->idInteger (-27100)
-1267650600228229401496703205376
--->idInt (2731 -1)

2147483647

--->idInt (2°31)

-2147483648

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

Kak Bumum, GyHKIWM, OmpenejeHHas Ha MHOXKeCTBe Integer, crio-
cOOHa MIPOBOJAUTDH BLIYUCIEHUS Ha JIIOOBIX HMEIbIX YUCIaX, B TO BPEMs
Kak (QYHKIWs, ONpeaeJeHHas Ha Ha MHOMKECTBe Int, WHOTZa BbIga-
eT <«HEOXKWJAHHBbIe» Pe3yJbTaThl. g TOro 4TOOBI MOHATH, ITOYEMY
HOJIy9€HbI TAKHE PE3YJIbTAThI, CIELYeT IPEACTABIATH Ce0e MHOKECTBO
BEJIMYMH TUIIA, Int B BUJE 3aMKHYTOI'O KOJIbIIA, B KOTOPOM CaMoe 60JIb-
moe 3uadenue (231 — 1 = 2147483647) «npukjenBaercs» K HaUMEHb-
memy (—23! = —2147483648). Onepaius CIOXKEHUS TIPUBOJIUT K Tie-
PEMEIIEHNIO BAOJb KOJIbIIA, BIPABO, a BLIUMTAHUSA — BJIEBO. IlosToMYy,
npubapiasg 1 K HanbOIbIIEMy YHCILY, Mbl IOIydaeM HauMeHbIIee,

<

B npemntoaun ompesesienbl PyHKIME i PAOOTHI C MEJIbIMA YACTIaAMH.

DyHKIUS Ha3znauenue
ged Haxoxxgenne HauboJIbIIero OOILIEro  JeJIUTeJIs
IBYX YKCEJ
even IIpoBepka geTHOCTH YMCIA
odd IIpoBepKa HEUETHOCTH YUUCIA
fromInt [IpeobpazoBanue B 9MCIIO C TJIABAIONIEH TOYKOM

fromInteger | [IpeobpazoBanue B 9nCIO ¢ TJIABAIOIIEH TOYKOIM

Bce dyHKIMN 13 mperogun 3arpy;KaloTCs IPU CTapTe WHTEPIpEeTa-
TOpa, IO3TOMY UMH MOXKHO IIOJIB30BAThCs 0e3 3arpy3Ku KaKoro-Jimbo
daitna. Bor mpumepbr paboThl 3TUX PYHKITHI:

---> gcd 45 5
5

---> even 3
False

---> even 34
True

---> odd 3
True

PesynbraTer, Bo3Bpammaembre GyHkimsayMu even u odd, — JIOTHYECKIe
BesnmanHbl True (ucTuna) u False (J0XKb), ¢ KOTOPBIMA MBI IIO3HAKO-
MUMCSI IyThb IIO3KE.
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Junst upepcraBienusi APOOHBIX 4uces (TaK HA3bIBAEMBIX YUCEN C
IJIaBAIOIen TOqKOI‘/’I) ncnosb3yiorcst Tunbl Float u Double. Yucio tu-
ma Float He MoxkeT comepkaTh Oosee 7 1udp mocse 3aIsToi, B TO Bpe-
Ms Kak Tuil Double mo3BosisgeT onepmpoBaTh yxkKe 16 3HAKaM®W ITOCHE
3angToit. JlomycTuMbl Be pOPMBI 3aITUCH TAKUX YUCEN: C UCIOIH30Ba-
HUEM JIECITUIHON TOYKH, Hampumep, 2.3, 0.5984, n 3ammch B 9KCIIOHEH-
nrajabHOM dopme, Hampumep, 1.2e3, 0.5e-2. CumBoOI € B Takoii 3a-
MCU O3HAYAET «YMHOXKUTH HA JIECATh B cTereHu». Tak 1.2e3 =1200,
a 0.5e-2 = 0.005.

Cpemn QGyHKIM, OIpeaeeHHBIX B IIPEJIOAUN, OTMETHM eIle
HECKOJIbKO, IIpeJHa3HaYeHHBIX JIJIs PaOOThHI C YHUCIaMHU.

DyuKIUS Hazuauenue
abs Haxoxnenne abCoMIOTHON BEJIMUYNHBI YHCIIA,
signum Haxoxenune 3naka uucia
round OxkpyryeHue 10 MeJI0ro Ynucya

OyHKINY, HA3BIBAEMbBIE NPUMUMUBAMU, T3HATATHHO BCTPOEHBI B
uHTepIpeTaTop. B ux ducse ects n QPyHKINA /719 PabOOTHI C IPOOHBIMUT
IHCJIAMU.

DyHKIUA Haznauenue
sqrt OyHKIMA U3BJIEUYEHUS KBaJIPATHOIO KOPHS
sin Cunyc uncia
cos Kocunyc gucna
tan Tanremnc uunciaa
asin Apxkcunyc uncia
acos Apxkkocunyc uncia
atan ApxkTanrenc uncia
log Harypamnbubrit torapudm
exp DkcnoneHTa (DYHKIMSA BO3BEIECHNUS YNUCIA € B CTENEHb )

JI1o0ble [Ba YHWCIa UIU YKMCIOBBIX BBIPAXKEHUS MOXKHO CPABHUTD
MezK 1y coboii ¢ momoIbio onepanuii > (6osbie), >= (6osbIie niu pas-
HO), < (MeHbIe), <= (MeHbIIEe UK PaBHO), == (paBHbI) U /= (HEe pas-
ubl). Pe3yapraToM moso0HOl onepanun Takike saBisoTcsa True (ucTu-
Ha) wian False (JIOXKB).

--=>1 >= 0.5
True
--->2+ 3 >9
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False

———> 2 + 3 ==

True

--->1/3 == 0.3333
False

2.3. Jlormueckue BeJINYMHDBI

Cy1ecTBy 0T BCero /e Jorndeckux Beuduubl True u False. 9Tu
JIBE€ BEJIMYMHBI MCUEPIIBIBAIOT CO0OM BeCh TUI JaHHLIX Bool mmm Oy-
JIEBCKUX BeJWYNH (HA3BAHHBIX TAK IO NMEHU JKUBIIErO B 19 cTonerun
aoruka JIxxopmxa Byms). 3amerum, uro st umena — True, False,
Bool — muIyTcs ¢ OOIBINON OyKBHI.

Ha muOXkecTBe BestmunH Tumna Bool ompeesieHbl CTaHIAPTHBIE JIO-
rUYecKre OTepalnu: OTpUIlaHme, 3a7aBaeMoe (pyHKIMedl not, KOHSb-
IOHKIWsL (JIOPMYECKOe YMHOXKEHUE), 3aJaBaeMasi OIlepaTopoMm &&, u
JMU3BIOHKIWS (JIormaeckoe caoxkenne) — | |. DTu oneparuu nepednciie-
HbI B TIOPsiJike yObIBaHUS TpuopuTeTa. Kak OOBIYHO, JJIT M3MEHEHUS
MIOPsiJIKA BBIYUCIEHUH MCIOIb3YyIoTCsd CKOOku. JlaBaiiTe mocMoTpum,
KaK WHTEPIPETATOP OMEPUPYET C JOTUIECKUMU BEJIMINHAMU:

---> True && False

False

---> False || True

True

---> not False

True

---> not False && False
False

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

» Vnpaorcnenue 11.2.2

Omnpenennm dbyukimio myNot, KoTopas Oy/1eT SKBUBaJEHTHA CTAHIAPT-
nomy orpuriaumio. Co3maiite daitr bool.hs, B KOTOPHI moMecTuTe
CJIeIYIOIINE CTPOKH:

myNot :: Bool -> Bool
myNot True = False
myNot False = True
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Tak kak MHOXKeCTBO 3HaYeHHUit Tua Bool COCTOMT TOJBKO M3 ABYX
9JIEMEHTOB, TO HAM JIETKO ObLIO ONPEIeanuTh (PYHKIWIO, 337aB BCETO
B YPaBHEHUSI.

3arpy3uTe CKPUIT W IIPOBEPhTE, KaK pabOTaeT 3aJaHHAsS HAMU
dyHKIHS.

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

Hugs session for:
/usr/share/hugs/lib/Prelude.hs

bool.hs

---> 3 == 56-53

True

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

OtcyTcTBuEe CKOOOK B TOC/IETHEM TpUMepe MPUBEIET K OIMMOKE: TaK
KaK npumeHenue Gyrkuuy umeem naubosvwut npuopumem, TO Oy-
JIET TPEINPUHSATA TONBITKA BBIYUCIUTh QyHKIWI0 myNot ¢ aprymeH-
TOM HENOAXOMSIIEro TUla, (YUCI0 BMECTO JIOTMYECKOW BEJMYUHBI ).

<

Bce paccmarpuBaembie HamMu paHee (PYHKIIAW 3aBUCEJHU JIUIIb OT
omHoro aprymenTta. Omupemennm (QyHKIHIO, 3aBUCAIILYIO OT Hapbl apry-
MEHTOB 1 Ha3bIBaeMylo «uckjaounreabuaoe NJIy, pesynbraT KoTopoit
paBeH True, ecau OAuWH W3 apryMeHTOB paBeH True, a apyrou False,
n False BO BCe€X OCTaJIbHBIX CIIy4adX:

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

Koneuno, Mbl MOTIN, TaKyKe KaK W B MIPEIbIIYIIEM CIyvae, 33/1aTh
€€ C IOMOIIBIO OTJEJIbHOI'O YPAaBHEHUA JJIs KazKJI0OM U3 Y9eTbIpeX BO3-
MOZKHBIX IIap apryMEHTOB, HO IIPUBEJCHHOE PEIICHUE BBITVIAINT 3HA-
YUTEJIbHO U3dIIHee.

» Vnpaoscruenue I1.2.3

CoznatiTe ckpunt ex0r . hs, B KOTOPBIit TOMECTHUTE OpeiesieHrne PyHK-
i ex0r. Yoequrech B TOM, 9YTO OHA pabOTaeT KOPPEKTHO.

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

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

---> ex0r (True, False)

True

---> ex0r (True, True)

False

---> ex0r (False, True)

True

---> ex0r (False, False)

False

<

Ha MHO>KecTBe jIormyecKux BeJINYUH TaKIKe o1mmpenesicHbl OTHOIIIE-
HHUA IIOPpAJKa M PaBEHCTBA:

---> True > False
True

---> True < False
False

---> True == False
False

---> False >= False
True

2.4. CuMBOJIBI

Bemuuwnnsl, Bxogsiiue B ctanmaptayio Tabmuiy ASCII-xkomoB u Ha-
3bIBAEMbIE CUMB0AGMU, OTHOCSATCS K Tty Char. Cpenan Hux:

L aJI(i)a,BI/ITHbIe CHUMBOJIBI
e nudphI

® 3HAKW IIyHKTYyallul

® CIICIIAJIBHBIC CHMBOJIBI

[Tpu 3anucu J1ir060# CUMBOJI JIOIKEH ObITH 3aKJI0YEH B AllOCTPOdbI
(He caemyeT myTaTh ¢ OOPATHBIMU AIOCTPOMAMHE, UCIIOIb3YEMbIMU JIJIsT
npeBpaleHns GYHKIUNA IByX apIYMEHTOB B ONEPAIHio, CM. ¢Tp.71).

HekoTopbie cuMBOJIBI, TaKMe KaK JBOWHBIE KABBIYKHU, AIOCTPOd U

cumBoun \ (backslash), nenb3st 3anucars 06br9bIM criocobom. Ux cie-
JIyeT 9KPAHUPO6aM® TIPU TOMOIIY CUMBOJIA \:

KAaBHYKHU AR
anocTpod AN
backslash "\’
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BripaxxeHnue Tun 3HaueHue
'x? Char | CumBon 'x’
X e Umsa aprymenTa (mapamerpa)
' 3? Char | CumBos nmudpsr '3’
3 Int Yucmno 3

) Char | CumBoOJ 3HAKa MyHKTyaluu (TOYKA)

. e Onepanust KOMIO3UIMHN (DYHKITHH
£ Char | CumBoa f’

f e Nms dyukmun f
¢f¢ - Oyukiug f, npuMeHeHHasT KaK OIepaTop

OTmMeTnM ellte HECKOIBKO CHEINAJIbHBIX CUMBOJIOB, UCIOJIb3YEeMbIX
JI71si 0(pOPMJIEHUST BBIBOJMMOTO Ha, 9KPAH TeKCTa: ’\n’ — CUMBOJI TIepe-
X0Jla Ha HOBYIO cTPOKY (newline) u >\t’ — cumBos tabyssiuu (tab).
Jnsa 3a7aHnsg 9TUX CUMBOJIOB TaKXK€ HCIOJIb3YeTCS YIKPAHUPOBAHUE C
IIOMOIIBIO \.

JIBe BCTpOEeHHBIE CTaHIaPTHLIE (DYHKIMU YCTAHABINBAIOT COOTBET-
crBre Mexay cumBosiom u ero ASCII-komowm:

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

IIOCMOTpHN[Ha@HpHMprIHXZHCHOHB3OB&HHHZ

---> ord ’A?

65

---> ord ’a’

97

---> ord ’A’ - ord ’a’
-32

---> chr 51

)3)

---> ord ’3’

51

CuMBOJIBI MOZKHO CPaBHHBATH MEXKJIY COOOIl — OHU YHOPSATOYEHBI
B coorBercTBuu ¢ ux ASCII-komom.

——-> 737 == p0
False

——D> 7b7 < 7a7
False

R ’C’ >)A)

H
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» Ynpaorcnenue I1.2.4

Onpenenum pyurnmio capitalize, MePeBOISIILYIO TPOTUCHBIE OYKBBI
B 3aryiaBHble. CHaUa A OIPEeIesINM PA3HUITY B KOJAX MEXK /Iy 3arJIaBHOM
u nponucHoit OykBamu. OHa TOCTOSHHA JJis BceX OYKB. B mpenbiay-
IIeM TIpUMepe MbI BUIEIN, UYTO JJIS WCIOJb3yeMO# HAMW KOJWPOBKU
CUMBOJIOB 3Ta Pa3HWIA PaBHA oTpuiareabHOMy duciay —32. OmgHaxko,
BKJIIOUEHUE B TEJIO TMPOTPAMMBbI TAKUX «MATUYECKUX YUCET» SIBJISET-
cs TIJIOXWM CTWJIEM TIporpaMMmupoBanus. lIpemamoururesibHee MCIOJb-
30BaTh CJIEAYIONIAEe CTPOKHU, OObSICHSIONINE HAa3HAYEHUE ITON BEJININ-
HBbI:

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

[esoe aucio offset (cMmerneHue) MOMYUYEHO [IyTEM BBIYUTAHUS KOJIA
cuMBoOJIa 'a’ u3 Koma cuMBosia 'A’. Temepb MOXKHO ONPENEIUTDb U CaMy

dyHKIHIIO:

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

[Ipumenum 3Ty PyHKIHIO:

---> capitalize ’4d’
)D)

<

A Tenepnr mompobOyem TPUMEHUTH 3Ty (DYHKIWIO HE K IIPOMUCHOMN
OykBe, a K KAKOMY JIU0O WHOMY CUMBOJLY:

---> capitalize ’Q’
717
---> capitalize ’x*’
)\n)

st Toro uToObI M30aBUTCS OT MOAOOHBIX HEOXKMIAHHOCTEN, cie-
JIyeT IpeIBapUTeIbHO YOeUTHCsI, YTO aPIyMEHTOM SIBJISIETCS UMEHHO
nponucHas OyKBa.

B daiisie Prelude.hs y»ke onpeesieHbl HECKOJIBKO (DYHKIUMA, IIPO-
BEPSIIONINX IPUHAIJIEIKAT TOT WJIA MHOM CUMBOJI K OIIPEAEJIEHHOMN IPyII-
me cuMBOJI0B. HazHaueHne 3Tux (GyHKINM SCHO M3 UX Ha3BaHUi, BCe
OHHU B Ka4eCcTBe MCXOJHOIO TuUlla mMeioT Tull Char, a B KauecTBe Iieje-
BOro — Tun Bool.
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Oyukusa | HaznaueHnue

isDigit fABastercs nudpoit

isAlpha SBngerca OykBoit

isUpper SBasiercsa 3ariaBHOM OYKBOIX

isLower fABnsercsa nponucHot OYKBOIA

isSpace Asnsiercs npobesabHbIM cuMBoIOM (’ 7, ’\n’,
"\t 7)

isAlphaNum | fIBasiercst medarHbiM cuMBOJIOM (OYKBBI, IUQPHI,

1poGesIbHbIE CUMBOJIBI)

Ecnu nonk3o0BaTe 10 X09€TCS 1aTh CBOE OTIpeiesieHre TOM Il WHOM
dyHKIIIT (Hpe,ZJ;HOJm}KI/IM, 9TO 9TO HEKast (PYyHKIUsI Xxx), BMECTO OIIpe-
JleJIeHnsI, IpUBeIeHHOro B (paityie Prelude.hs, To ciiegyer B Havaje
CKpPHIITa Pa3MECTUTDh CTPOKY BHUIa

import Prelude hiding (xxx)

[TomobOHast HCTPYKIINAS CAeIaeT “HEBUAUMBIM 3arpyrkKeHHoe u3 daiiia
Prelude.hs omnpenesnenne pyHKIINU XXX.

JlaBaiiTe ompemesimM cBOM (DYHKIIUM JijIsI PabOTHI C CUMBOJIAMH,
aHaJIOTMYHbIE 33JaHHBIM B (paitie Prelude.hs.

» Vnpaotcnenue 11.2.5

[IomecTuTe B TekcToBBIN (aiiii char.hs ciemyiomiue oIpe eeHns
dyHKIHL:

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

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

isDigit ¢ = ¢ >= ’0’ && c <= ’9’
isUpper ¢ = ¢ >= A’ && c <= 72’
isLower ¢ = ¢ >= ’a’ && c <= ’z’
isAlpha ¢ = isUpper c¢ || isLower c

3arpy3uTe CKpUNT W yOeauTech, 9TO Bce (PYHKIUNA OMPEILIEHBI KOP-
PEKTHO.

<

Bepuemcs: Tenepp k dynkiuu capitalize. IlogmpasBum ee Tak,
4TOOBI OHA U3MEHSJIa apPIyMEHT TOrIa U TOJIBKO TOT/Ia, KOTAa OH SIBJIS-
eTcd MPOIUCHOM OyKBOit. [Ijis 9TOro McCmosib3yeM CHEeIraJIbHYI KOH-
crpyknuio s3bika Haskell, ouens moxoxxyro Ha cTaHIAPTHBIN YCIOBHBIN
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OTIEPATOP B IMPOIEAYPHBIX st3bIKax. OOmuit Bu 9TOM KOHCTPYKIUMHU Ta-
KOB:
dyukims apryment = if ycioBue then 3nagenuel else 3nauenne?

B mamem ciaygae dpyakums OyaeT BbIMVISIETb TaK:

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

ObpartuTe BHUMaHUE HAa OTCTYI BO BTOPOM CTPOKE, SIBJISIOIIUHACS CJIe/I-
CTBUEM [BYMEPHOIO CHHTAKCHCA SI3BIKA (MBI Pa3MeCTHIN (DYHKIHIO
capitalize Ha AByX crpokax). [TogpobHee 0 HByMEPHOM CHHTAKCHUCE
gynTaliTe Ha cTpanure 61.

2.5. Coucknu

CroucKku SBISIOTCS KOJLIEKIUSIME 3JIEMEHTOB, OTHOCSIIIAXCS K 00-
HOMY U momy Ke TuTTy. Tak, TOBOPAT O CITMCKAX IEJIBIX YUCEST, CITICKAX
JIOTUYIECKUX BEJUYWH, CIUCKaX (pyHKIuit u T. 4. Tum cnucka 3a7ar0T
KaK THUII €r0 9JIEMEHTOB, 3aKJIIOYEHHBIH B KBaJapaTHbie cCKOOKU. Crmc-
KU B CBOIO OYEPE/Ih TAKyKe MOTYT ObITh 3JIEMEHTAMU JPYTUX CIUCKOB.
DJIEMEHTBI CIMCKA MPU 3AIMCHU 3aKJI0YA0T B KBaJPAaTHBIE CKOOKH W,
epeunciad uX, OTAEJHA0T APYyT OT Apyra 3alsaTou.

B o6miem ciiydae, CIIMCOK MOXKET COAEPKaTh U HYJIEBOE YHUCJIO dJIe-
MeHTOB. Takoi#l CIMCOK HA3BIBAIOT ITYCTBIM CIMCKOM M ODO3HAYAIOT
Tak [].

[lepBbiit 91€MeHT CHUMCKA Ha3biBaeTcs roJioBoi crnwucka (head).
TonbKo mycToii cniucok He mmeeT rojioBbl. OcTajbHas 9aCTh CIUCKA,
Ha3bIBAETCS XBOCTOM. B oT/imyne OT TOJIOBBI CIIMCKA, €r0 XBOCT TOXKE
SIBJITETCST CIIUCKOM.

Croucok Tun 3HaueHne

[1, 3, 5] [Int] Crncok m3 Tpex Iie-
JIBIX YHCEJT

[1, 34, 5, 2345, 1] | [Int] Crucok u3 maTu Ie-
JIBIX YHCEJT

[True, False, True] | [Booll] Crucoxk gornyecKkux
BeJINYNH

[sin, cos, tan] [Float -> Float] | Coucok dpyukmit

[([1, 2, 3], [4, 511 | [[Int]] Cnmcok, comeprka-

Uil J1Ba CIIUCKA
II€JIbIX YUCeJI
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Kpowme mepeunciieruns 3,ieMEeHTOB, CYyIIECTBYIOT APYTHUe CIIOCOOBI 3312~
HUS CIUCKOB, C KOTOPBIMU MbI TO3HAKOMUMCS ITO3JTHEE.

B draiine Prelude.hs onpeesieHbl HECKOJIBKO CTAHIAPTHBIX (PYHK-
it 1715 paboThl co cimckamu. OTMETHM HEKOTODBIE U3 HUX:

DyHKIUS PesyabTaT

head OuH 371€MeHT, TOJIOBa CIIMCKA,

tail XBOCTOBOIT CIIMCOK 3JIEMEHTOB

length [emoe uncao, KOIMIECTBO JIEMEHTOB CIIUCKA
reverse Cnucok, 3anrCcaHHbIA B 0OPATHOM IOPSIIKE

[TocmoTpuMm Ha paboTy 3TuxX (QYHKINNH HA TPUMEPaX.

---> 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]]

Oneparmus : 100aBJII€T JIEMEHT B HAYAJIO CIIACKA:

——=> 1:[] H
[1]

-—->1:2:3:[]
[1,2,3]

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

» Vnpaorcnenue 11.2.6

OnpenenuM QYHKIUIO MOCTPOEHUs CIKCKA IEJIBIX UNCEJ, aHAJOIUY-
HYIO TIpeablayIeit oneparnuu. Hara dyHKIug 100aBiisgeT 3J1eMeHT B
HaJyaJo coucka (T. e. cesa). [lomecTure B daitsn ciepyomue CTpoKu:

myBuildLeft :: Int -> [Int] -> [Int] A
myBuildLeft x 1s = x : 1s

Barpysure (QyHKIMIO U IPOBEPHTE €€ PAbOTOCIOCOOHOCTS.
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Jljist 0ObeIHEHNsT ABYX CIIMCKOB OJHOI'O M TOI'O YK€ THIIA HCIIOJIb-
3yeTcst oneparop ++, HaupuMep,

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

» VYnpaorcnenue I1.2.7

Onpenenum apyryio GyHKIUIO TOCTPOEHUS CINCKA IIEJIbIX YUCEJI, KO-
Topast JOOABJISIET HOBBIM y1eMeHT (IIEPBBIA apryMeHT (DYHKIUK) B KO-
Hel| CIUCKa (BTOPOit apryMeHT), T. €. Cnpasa.

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

3arpy3ure (OYHKIIAIO U IPOBEPHTE €€ PabOTOCIOCOOHOCTD.

<

J1J1st TOro YTOOBI CJINTH B OJUH CIIMCOK 3JE€MEHThI CIIICKA, CIICKOB,
HCIIOJIb3yeTcsa PYHKIUsI concat:

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

Crucky CMMBOJIOB Ha3bIBAIOT TaKyKe CTpoOKaMm. [ljisa nx 3amumcu
OOBIYHO TIPUMEHSIOT JAPYTYI0 (POPMY: 3aMUCHIBAIOT BCE CUMBOJIBI TTOM-
P4, OJVH 33 APYTUM, HUUYEM He pa3lesidsd, U 3aKJII0YaloT MOy YUBIILY-
I0Cd CTPOKY B JBOIHBIE KaBbIYKH, HAIIPUMED,

> [7a7 , ’b’]
|labll

---> head "abcd"
)a7

---> reverse "abcd"
"dCba"

PaccMoTpum HecKosIbKO YHKIHIL 17151 pabOThI CO CTPOKAMHU, OIIpe-
neneHHbIX B daitie Prelude.hs.
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D yHKITUSA Tun PesyabTaT

words [Char] -> [[Char]] | Paznenser cTpoky Ha CIUCOK
CJIOB, yIaJisisi BCe TIPOOeIbHBIE
cumBostel (? 7, ’\n’, ’\t?)

lines [Char] -> [[Char]] | Pasmenser cTpoKy Ha IOACTPO-
K1

unwords [[Char]] -> [Char] | Oyuknus, obOpaTHas words,

00beTuHIET CIUCOK CTPOK B
OJIHY CTPOKY, Pa3JeJisisi UX IIPO-
besramu

unlines [[Char]] -> [Char] | Oyukuus, obOparHas lines,
00beTuHSAET CIUCOK CTPOK B
OIHY CTPOKY, HOOABJISISI B KOH-
1€ KasKJIOrO JIEMEHTa CHUMBOJI
HOBO#l CTPOKU

[TocmoTpuTe Ha TPUMEPHI UCIOJIH30BAHUS ITUX (DYHKITHIH:

---> words "this is \n a string"
["thiS" , ”iS" , ||a|| , "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 moapobro cnucku um GyHKIUU i pabOThl ¢ HUMHU OYIyT
PaCcCMOTPEHBI B CIEIYIONIUX IJIaBaX.

2.6. YnopsimoueHHble MHO2KecTBa (tuples)

Bce snemenThl B crmcke HOZKHBI OBITH OJHOTO M TOTO K€ THUIIA.
HeBO3MOXKHO IIOMECTUTDH IIEJI0€ YMCJIO, HAIPUMEP, B CIMCOK CTPOK.
Opnako B mpomecce MpOrpaMMHUPOBAHMA BO3HUKAET HEOOXOIMMOCTH
CTPYIIHUPOBATH JIEMEHTHI PA3JIMYHBIX THIIOB. B 3TUX CIIydYasx MCIOJIb-
3yI0T CII0COO OpPraHm3anuyu KOMOMHUPOBAHHBIX TUIIOB: JAHHBIE TPy IIIIH-
pyIOTCs B THIOIJIBI (tuples) — ynopsizioueHHbIE MHOXKECTBA BEJIMYNH,
HA3bIBAEMbIE TaKKe€ KOPTEXKAMM. DJIEMEHThI ThIOILIA 3aKJI0YA0OT B
Kpy2.abie CKOOKM U pa3esidaioT 3anaThiMu. Huzke puBeIeHbl IPUMEPEI
TAKUX YIOPSAI0UYEHHBIX MHOXKECTB.
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ThrOma Tun 3HaueHUue

(2.4, "cat") (Float, [Charl) Thiomn u3 IByX 3J€MeH-
ToB (mapa), cocrosiuii
n3 unciaa 2.4 u CTPOKHU
“Cat”

(’a’,True, 1) (Char, Bool, Int)| Thiomr m3 Tpex 3jeMeH-
TOB: CUMBOJIa 'a’, JIOTUYe-
CKOl BeJuuuHbl 1True u
eJjoro 4yucia 1

([1, 21, sqrt) | ([Int], ITapa, cocrosimass u3
Float -> Float) CIINCKA IEJIBIX YHCed U
dyHKIMM sqrt uMmeromei
tun Float — Float

(1, (2,3)) (Int, (Int, Int))| Thiomr u3 OByX 3J€MeH-
TOB: IIeJI0€ YUCJIO U Tapa
IEJIBIX YUCEJI

C ThIOIJIAMK MBI y?K€ BCTPEYAJHMCh IIPU CO3MAHMNA (PYHKIUU <HC-
KJoYnTesbHoro uiamny ex0r (crp. 35).

B koprexke BakeH MOPSIOK IJIEMEHTOB. ['WMI KOpTEXka OIpee-
JIS€TCS TUIIOM KaykKJIOro ero sjaeMmenra. lTak Teromiabl (1, (2,3)) u
((1, 2), 3) ecTb pa3JMYHbIE THIOILIbLI, IMEIOIIE€ COOTBETCTBEHHO CJIe-
nytore tunbl: (Int, (Int, Int)) u ((Int, Int), Int).

J11st KOopTeska U3 IBYX 9JIEMEHTOB YaCTO UCIIOIb3YI0T TEPMUH Napa,
JIJIsl THIOILJIA U3 TPeX JIEMEHTOB — mpotika niu 3-Thiomt u T. 1. He
ObiBaer 1-THIOIIIOB: BhIpazkenue (7) €CTb IPOCTO IEJIOE UHCIIO, BEIH
MbI BCETIa MOXKEM 3aKJIIOUUTh J000€ BhIParKeHne B KPYIJIble CKOOKH.
Tem me menee, cymectByer O-Thiomn: Beanduna () mmeer Tum ( ).

®Daiin Prelude.hs (4acTo Ha3bIBaeMBbIii IPENIOANE) COMEPIKUT
dyukuu 715 paboThl ¢ mapamu: st BO3BpallaeT MEepPBbIi JIEMEHT
napnl, a snd — BTOPOM, HaIIpUMep,
-——> fst ("Cat", "dog")
"Cat"
___> Snd (llcatll, lldogll)
|ldog||

» Ynpaorcrenue I11.2.8

Paccmorpum dynkmuio smaller, KoTropas OepeT KOPTEXK U3 ABYX Iie-
JIBIX YHCEeJ U BO3BpallaeT MeHbIlmee u3 HuX. CoxpaHHUTE CJIeXyIONInii
Koz B (baiize smaller.hs.
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smaller :: (Integer, Integer) -> Integer )\
smaller (x, y) = if x <= y then x else y

Hwmxke npuBeierbl mpuMepsbl BHI30BA, OIIPEIeIEHHON HaMu (DYHKITUN.

---> :load smaller.hs H
Reading file "smaller.hs":

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

---> smaller (8,3)

3

---> smaller (8,38)

8

» Vnpaoswcrnenue 11.2.9

Omnpenenum HyHKINIO, KOTOpas OepeT mapy IeJbIX YNCeI U YIOPSI0-
YMBaeT UX 1O Bo3pacTaHuioo. Co3matite daiin smallBig.hs, B KOTOpBIi
IIOMECTUTE CJEJLYIOIIUNA KOJI.

smallBig :: (Int, Int) -> (Int, Int) )\
smallBig (x, y) = if x <= y then (x, y) else (y, x)
3arpy3ure QyHKIUIO U IPUMEHUTE ee K HECKOJbKUM IIapaM YHCeJI.

<

Kpowme nepedunciennbix TumnoB mporpamma Ha s3bike Haskell moxker
COJIepKATh MHOKECTBO JAPYTUX (KaK CTAHIAPTHBIX, TaK M OIpeJesisie-
MBIX [TOJIb30BATENIEM) TUIIOB U KJIACCOB JTAHHBIX. MBI IO3HAKOMUMCS C
HUMU B CJIEIYIONINAX TJIaBaX.

Bonpocwvt u 3adarus
I11.2.1

[TycTh 3nHauenue x paBuo 5. KakoBo 3HaueHue BbIpaKeHUil X == 3 u
x /= 37

I11.2.2
Beranciure: a) 4e3 + 2e-2; ©0) 4e3 * 2e-2; B) 4e3 / 2e-2.
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I11.2.3

HobasbTe B ckpunT char.hs omnpenenenue ¢pynkiuit isAlphaNum u
isSpace.

11.2.4

YKazKuTe TUIbI CJIeAYyIOIUX CIIMCKOB:

a) [[True, False], [True, True, Truel, [ 1, [Falsell;
6) ["alpha", "beta", "gamma"];
B) [["alpha", "beta", "gamma"], ["psi", "omega"l].

I1.2.5

YKazKuTe BbIPAYKEHUS, UMEIOIIHE CJIE IYONINe TUIIbL:
a) (Bool, [Char]), 6) ([Booll, Char), B) [(Bool, Char)].

I1.2.6

Ecnn dbynkmua f umeer tun String -> String, To KaKOB THII CIIemy-
forrero toiomia (2.4, £, ’s?)?

I1.2.7

Onpenenure yHKIMIO greater, 6epyILyio B KA4eCTBE apryMeHTa KOp-
TeXK M3 JBYX IEJIbIX YHCEI U BO3BPAIIAIOIILYO O0JIbIIee U3 HUX.

3. 3amaaue pyHKINII

Kak yxe ormeuasiocs, unteprnperarop Hugs He mo3BosisieT nHTEp-
aKTUBHO OIPENENATh (MPYHKIIUN, IOITOMY UX ONpEeIeIeHUs TTOMEIAI0T
B (bailsl, KOTOPHBI 3aTeM 00padaTHIBAETCA HHTEPIIPETATOPOM.

B aswike Haskell pasngesrero obbaBiaeHne yHKIUM, T. €. yKa3a-
HIe ee 00JIaCTU OIpPEeeHsT U 00JIaCTH 3HAYEHUI, OT ee OoIpeeie-
HUS — 33J[aHUS TPABUJIA, IO KOTOPOMY OCYIIECTBJISIETCS TPeodpa3o-
BaHUE BXOMAHOI MHMOPMAIUN B BBIXOIHYIO.

OO6bsiBieHne QYHKIMKA €CTh ONWCAaHWE ee muna, Tak, ¢pas3a
(Integer, Integer) — Integer onuchiBaeT TUI QPYHKIUU, KOTOPAs
6eper mapy uesblX (THIOIJ) B KAYeCTBE apryMeHTa U BbIpabaTbIBaeT
1[eJI0€ B Ka4eCTBE Pe3yJsbTaTa. 1akKoe ONMCaHue THUIIA, TAKyKe Ha3bIBa-
ercst Hasnauenuem muna (type assignment) wiu cuenamypot muna
(type signature).

CunTakcuc 00bABICHUA TAKOB:

uMa_(yHKIuM :: ob6lacThb_ompeneneHus -> 06JacThb_3HAaYeHUi
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[To HEKOTOPBIM JTAHHBIM yKa3aHUE O0bABICHUN PYHKINN TTO3BOJIS-
eT HaxoauThb 110 99% ommboK, UMEIONUXCS B IPOIPAMMe, €I1le Ha ITaIle
CUHTAKCUYECKOIO aHAJIN3a WHTEPIPETATOPOM.

Onpenensis QyHKIMIO, MBI JOOABIISIEM K OObSIBIIEHUIO TTPABUJIO €€
BBbIYUCJIEHUsI, HAIIPUMED,

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

3nech omnpejenena QyHKIUs, OeACTBYyOMAaA u3 MHOXKecTBa Integer B
MHO)KecTBO Integer u Beraucnsromas kyo duncia. B onpenenerun pyHK-
1Y UCIIOJIb30BAJICA BCTPOEHHBINM OIIEPATOP YMHOXKEHUS.

3.1. Kombunanum pyHKIIMit

3a9acTyIo Ipy OMPEIETCHUN TOW MJIM WHOU (DYHKIUU UCIIOIB3YIOT
WJIM BCTPOEHHbIE (DYHKIMK U OIEPATOPHI (HAPUMED, OLEPATOD yMHO-
JKEHUsI * B NPEJBIIYIIEM IPUMepE) WM PaHee ONpeJeJeHHbIe (DYHK-
i (JIu00 B IPeJTIoNuu, JTHO0 CaMUM IIPOIPAMMIICTOM ).

[Tomobubie onpeesienns (PyHKIINH UMEIOT CJIETYIOIIYI0 CTPYKTYPY:

nMsi PYHKIIAN;

nMsi(eHa) HeoOs3aTeIbHOrO(bIX) TapamMerpa(oB);

3HaK = (PaBHO);

BBIDasKEHNe, KOTOPOE MOKET COJEPKATh HMapaMeTphl, CTAHIapPT-
Hble (QYHKIUU ¥ ONPeIEIeHHbIE TIPOrPAMMUCTOM (DYHKIUN.

QyHKIWHU C HYJIEBbIM KOJUIECTBOM apryMeHTOB HA3bIBAIOTCS KOH-
CTaHTaMu, HaIIpuMep,

e :: Float
e =exp 1.0

B a3bike Haskell BozamozkHO onpenenenne pyHKINM ¢ HECKOJIBKAMEI
mapamMeTpaMu:

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

Oynakmus abcFormula BbITaeT CIMCOK KOPHEH KBaJIpaTHOTO ypaBHE-
"udg az? + bx + ¢ = 0.

---> abcFormula 1.0 2.0 1.0
[-1.0,-1.0]
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Oyukuu, BO3BpaIaiIme 0yJIeBCKue 3HAUEHNS, CIIPABa OT 3HAKA,
paBeHCTBA JOJIZKHBI COAEPZKATH JIOTMYECKOE BbIPAKEHUE, HAIIpUMED,

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

x == 0

Ob6paruTe BHUMaHE HA PA3TUUNST
B HCIIOJIH30BAHUU OAWHAPHOTO (=)
¥ JIBOWHOrO (==) 3HaKa PaBEHCTBA:
IIEPBBIA O3HAYaeT, 4TO Jajiee Cle-
JIyeT ompejesieHrne (pyHKIUU, B TO
BpeMd KaK BTOPOH — omepaTop
IIPOBEPKU Ha PABEHCTBO.

Ecau dsa onpedeaenus pasmewse-
HbL Ha 00HOT, cMpPoke, Mo UL Pas-
deastom cumsosom ; (mouka c
aanamot):

answer = 42 ; facSix = 720

3.2. HacTHble onpeaesieHUsI

B omnpenenenun paccmorpenHoit Boime pyHKInu abcFormula BbI-
paxkenust sqrt(b*b - 4.0%*a*xc) u (2.0%a) UCHOJBIYIOTCSA IBAKIBI.
HeymobcTBO Takoil 3ammcu 3akK/IH0YaeTCss HE TOJHKO BO BBOJIE IIOBTO-
pstoruxcs (pparMeHToB PYHKIUNA, HO U B TOM, 9TO IIPU BBIYUCIECHUN
TaKNX BbIPAKEHUI TepAeTCs BpPeMs: UACHTUIHbIE IIOABbIPAYKEHNS BbI-
YUCISIOTCS ABaKAbl. C 1eJ1bI0 Ipe 0TBPAIeHNs TOJ00HBIX BEIei IIpu
3aJaHun (POPMYJI HCIIOJIb3YIOTCsI, TaK HA3BIBAEMbIE, 4acmHbie onpede-
AeHUs, TIO3BOJIAIOIINE JaBaTh MMEHA IOABBIPAXKEHUSM B (DOPMyJIax.
YiydieHHoe onpeaeeHne OyaeT CIeIyIOIIIM:

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

Ob6paTuTe BHUMaHHE Ha ABYMEPHBIM CHHTAKCHC YaCTHBIX OIIpeesie-
HUN: UX AMEHa JOJIZKHbl HAUYUHATHCA C OJHON M TOU Ke IO3UIUU Pa3-
HBIX CTPOK. MOXKHO PacCIOI0KUATH OIIPEIe/IeHNsI HECKOIbKIAX YaCTHBIX
IIepeMEeHHBIX Ha OJHOI CTPOKe, Pa3fesiuB UX B 9TOM CJIydae CUMBOJIOM
; (Touka ¢ 3ansaTOi).

Co craTHMCTHYECKHMM ONIUSMU HHTEPIPETaTopa  (KOMaHIA
:set +s) pasHWIA B UCIOJIb30BAHUY OTYETIINBO BUIHA:

---> 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)

Kutogyesoe ciioBo where (re) — 910 He uMsi GYHKIHMHI, & OJHO U3 3a-
PEe3ePBUPOBAHHBIX KJI0UeBbIX Ci10B (cM. crp. 23). [Tocie where npuso-
JSATCS HECKOJIBKO OIIpeJieIeHnii, B JAHHOM CJIydae OIIPEJIeIAI0TCSa KOH-
cranThl d 1 n. Takue KOHCTAHTBI MOT'YT HCIIOJIb30BAThCS B BhIPAXKEHUH,
II0CJIe KOTOPOI'0 YKa3bIBAETCs KJIFOUeBOe C10BO where. OHu HE MOryT
MCITOTb30BATHCSI BHE 3TOM (DYHKIIMM — OTCIO/IA U HA3BAHUE: YACTMHDLE
onpedeaenus. MoxkeT OKa3aThCsd CTPAHHBIM, 9TO d ¥ N HA3BIBAIOT KOH-
CTaHTaMU, BeJb UX 3HA4YEHUd B PA3HbIX BbI30BaxX abcFormula’ moxker
ObITh pa3ubiM. Ho B MoMeHT BbI30Ba abcFormula’ ¢ 3agaHHBIME &, b
U C OHU BBIYUCJISIOTCS JIUNIb OAUH pa3, MOCJIe YeTo yKe He NU3MEeHTI0T-
cd; IPYTUMU CJIOBAMU, OHU SBJISIOTCA KOHCTAHTHBIMU BBIPAYKEHUAMU
B IIPOIIeCCe BBIYUCIEHUs (PYHKIUN.

Jpyras ¢popMa JacTHBIX ONpeeeHnil UCIOIb3yeT KIIFOUeBbIe CJI0-
Balet ... in (mycTs ... B). B Heil cHauaIa BBOAATCS YaCTHbIE OLIPEIE-
JIEHUSI, & 3aTE€M Pe3yJIbTAT BhIPAKaeTCst depe3 HUX. BOT Kak BBINISIUT
3a/laHHAs B TAKOM cTujie hOpMyJIa [JIsl HAXOK IeHUsT KOPHEHl KBaapaT-
HOI'O ypDaBHEHHUS:

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

[Ipu ucrnonb30BaHWU KOHCTPYKIUK 1let .. .in Tak»Ke HEOOXOIMMO
BHUMATEIHHO CJIEAUTHh 33 BhIPABHUBAHUSIME CTPOK; BCE OMPEIEICHU,
OTHOCSIIINECT K OMHOMY W TOMY XK€ YPOBHIO, JOJI2KHBI UMETb OJIMHA-
KOBBI#t oTcTyr. CUMBOJI, CIIeIYIONNi 33 KJIIOUYEBBIMU CJIOBAMU Where
niu let 3azaeT Ha4YaJAbHYIO MTO3ULMIO JIJId YaCTHBIX OIIPEeAeJIeHui, 3a-
JTABAEMbIX B 3TUX KOHCTPYKIMAX. Kciu B CIeIyIOIMMnX CTPOKAX OTCTYII
TAKOW 2Ke, TO YaCTHbIE OIPEJeJIEHUs] PACCMATPUBAIOTCI KAK IPOJIOJI-
JKEHUS ITUX KOHCTPYKIwmit. Ecim 2ke 0TCTyn yMEeHBIIUJICS, TO 9TO pac-
CMaTPUBAETCHd KaK OKOHYAHWE KOHCTPYKIUU. TaKuM 00pa30M yUIUThI-
BaeTCs «OKpyzxKeHues (layout) Kaxkm0# KOHCTPYKIMU. AIbTepHATHBOM
9TOMY SBJISIETCS MCIOJb30BaHUE (PUTYPHBIX CKOOOK W CUMBOJIA ; JIJIS
BbIZIeJIeHUs. TaK, CIeIyIoIne JIBe KOHCTPYKITUU SKBUBAJIEHTHDI:

let y = axb

fx= (x+y)/y
inf c+fd

A
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let {y = axb
; £ x = (x+ty)/y
+

in f ¢+ fd

OOmnit Bug 9aCTHBIX OIPEIE/ICHU TaAKOB:
let uma = Bupaxenmel IN BHpaxenue?
Wi
Bupaxerne2 where uma = Bupaxemmel

Boiparkeruel wHOrIa HA3BIBAIOT KEAAUPUUUPYOULUM SbLPAHCEHU-
em, WA K8AAUPUKAMOPOM, 8 BbIpaxKeHne2 — peaysvmarmom. Obde sru
KOHCTPYKITUU UMEIOT KBaJn(MUKATODP, HA KOTOPBIA MOYKHO CCBHLIATHCH
C IOMOIIIBIO UMEHU B PEe3yJIbTAHTE.

Konnenmus HUCII0JIb30BAHUS
Heckoavko wacmuwxr onpedene- JACTHBIX (private) TepeMeH-

rull Mo2ym pasmewyamocs na 00- HBIX B3aMeH OOIIeJOCTYITHBIX
HOT cmpoke, pa3dessemvie CuME0- (public) ~ sBasteTcs  cmocoBoM

aom 5 (mowura ¢ sanamot): VHKAICYJISAUU  (COKPBITHS) Ya-

fx=1leta=1; b =2 CTeil IpOorpaMMbl, YTO IIO3BOJIAET
g y = exp2 CKPbIBaTh BHYTPEHHUE J[eTajiu
in expl peanu3anyy  TOH WM WHOWM

dyHKIIME OT Jpyrux dYacTei
nporpaMMbl. VIHKamcy s sgBjsgeTcd OTHOM m3 Hambojiee BasKHBIX
naeit TpOrpaMMHON WHKeHepuu. be3 UCIoNh30BaHus II0J00HBIX
TEXHOJIOTH pa3paboTKa OOJIBINNX TPOrPAMMHBIX CUCTEM ObLIa ObI
HEBO3MOKHA.

» Vnpaorcnenue 11.3.1

OnpenenuM (QYHKITUIO, MOACYUTHIBAIONIYIO CYMMY JBYX ITOCTIETHUX
mudp IEeJOro Yucia, UCIOIb3YI0 JBAa BUIA YACTHBIX OIPEEJIEHUIL.
CuadaJjia BOCTIOJIb3yeMCsl KOHCTPYKITueil where:

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

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

3nech npu BbraucaeHnu d0 UCIOIb3yeTcs mapamMeTp MYHKIUT X, a IPH
Bbiuncaennu dl gactHaga nepemennad shift.

Jaaum ajibTepHATHUBHOE OIpeiesieHre 3ToM (DYHKIUN, UCIOIb3YI0-
1ee KOHCTPYKIUO let .. .1in:
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sumOfLastTwoDigits’ :: Int -> Int )\
sumOfLastTwoDigits’ x =
let dO = x ‘mod‘ 10
d1 = shift ‘mod‘ 10
shift = x ‘div‘ 10
in d1 + dO

Pe3ynbraThl mpuMeHeHUs 9TUX (DYHKITUN COBIIAJAIOT:

---> sumOfLastTwoDigits 5555555 H
10

---> sumOfLastTwoDigits’ 5555555

10

3.3. Onpenesennsa c ajJbTepHATUBAMMU

Nuorma OGbpiBaeT HEOOXOAWMO TIpW 3aJaHuM (PYHKIUUA yKa3aTh, B
KAKOM CJIy4ae WCIIOJIb3yeTCs Ta WJIM WHAsl 9aCTh OnpejeseHus. B mo-
JIOOHBIX CIIydasiX WMCIOJNb3YIOTCS TAaK HA3bIBAEMbIE OIIPEIEJICHUS C
ajbTepHaTUBaMu. PaccMOTpUM B KaduecTBe MOJOOHOIO OIpeesIeH s
PYHKITMIO, BBIYUCIAIONTYIO aOCOTIOTHYIO BEJIMYNHY 4YncIa. B cooTBeT-
CTBUU C MATEeMATUIYECKUM OIIpeeeHIeM

x, ecmmx >0,
abs(x) =
—x, ecmmx <0

IPUXOUTHCSA BHIOPATH OJTHO MIPABUJIO U3 JIBYX B 3aBUCHMOCTH OT 3HAKA
aprymenTa. B sa3bike Haskell sty dpyHKIMIO MOXHO Ompene/inTsh C
IIOMOIIBIO KOHCTPYKInK if . .. then ... else (ecau... mo... unaue).
Mg 6ymeMm 106aBJAITH CUMBOJ ’ K MMeHaM (DYHKIUi, KOTOpPBIE yiKe
OTIpe/IeJIEHbl B TIPEJTIO/IAN:

abs’ x = if x >= 0 then x else -x )\

Ipyrast dbopma ompemesieHns: ¢ aJIbTEPHATHBAMU UCIIOJIb3yeT KOH-
CTpyKIuio case ... of:

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

3aMeTHnM, 9YTO KOJINIECTBO aJbTEPHATUB B KOHCTPYKIINN case He 00s-
3aHO PABHATHCI JIBYM.
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» Vnpaorcnenue 11.3.2

Onpenennm napy dyukunii: digitChar — MO3BOJIAIOILYIO TIEPEBECTH
nndpy B cuMBOJI, ee obo3Havartomuii, 1 charValue — OCyIIECTBIISIO-
IIy(0 oOpaTHyIo omnepamuo. /s 3Toro Ham moTpedyIoTCs OImpeae/eH-
Hble B npesoanu Gpyrkimn ord, Bo3spamaromas ASCII-kox cumBoa,
7 chr, KOTOpas 0 KOJy OIIPEJIeJISIET COOTBETCTBYIOIIUI €My CUMBOJL.
Hamomuuwm, uro B Tabsmie ASCII-kom0B Koab! 1indp pacioioKeHbl B
TTOPSIIKE BO3PACTAHUS.

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

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

---> digitChar 5
)5)

---> charValue ’5’
5

3.4. OxpaHHBIE BbIpaYKE€HUH

PaccmoTtpennyio Bbllie (pyHKIINIO HAXOXKIECHUSA aOCOTIOTHON BEJIN-
YHUHBI YUCJIa MOXKHO OINPEIE/INTh TaKKe CJIEAYIOIIM 00Pa3oM:

abs’ x | x>0 = x
| x < 0 = -x

Taxkast popma 3anucy mpeAnodTuTeIbHee KOHCTPYKIUHU 1f, ecu 9ucio
Pa3IMYHBIX ciydaeB Oostee nByx. Hampumep, dynkiusa sign, KoTopas
yKe YIOMHHAJACh Ha CTP. 29, MOKeT ObITh 3a/IaHa TaK:

sign x

|x>0 =1

| x =0

|X<O = -1
Br130B 110100HBIM 00pa30M OIpe ieIeHHOR (DYHKIUKA OCYIIEeCTBJIISIETCS
CTAHJAPTHBIM CIIOCOOOM:

---> sign (-6)
-1
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Onpenenennsi Pa3IUIHBIX CIIy9A€B «OXPAHAIOTCsSI» OyJI€BHIMU BbI-
PaKeHUSAMU, KOTOPhIE TIOITOMY HA3bIBAIOTCH OLPAGHHBIMU BbLPAIHCE-
Husamu. [Ipu BbraucaeHnu Takoi (QYHKIIUKA OXpPaHHBIE BbIPAXKEHUS
MIPOBEPSAIOTCS TTOCIIEIOBATENBHO OJIHO 33 JIPYTUM JI0 T€X TOP, MOKa O/I-
HO W3 HUX He mpuMeT 3HadeHme True. B sToM ciyuae BbIpakeHwme,
CTOsIIIlee CIPaBa OT 3HAKA = M OyJeT ABJIATHCS 3HaYEeHNEeM (DYHKITUAU.
[TociiemHee B cnimcke OXpaHHOE BhIpaKe€HWE MOXKHO 3aMEHUTH HA Be-
avuanHy True win Ha ClenuajbHYIO KOHCTaHTY otherwise (unadve, B
IIPOTUBHOM CJIy4ae), HAIPUMED,

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

Temepp MbI MOXKeM J1aTh OoOJiee TIOJHOE OnucaHue (POPMBbI OIIpPEIe-
sennsi pyuknwu. [Ipu onpegenennn pyHKIMNA CIEAyeT yKA3aTh

e uMs PYHKIINH;

e VMeHa HyJIs WIn 00jiee TapaMeTpOR;

e 3HaKk = (PaBHO) ¥ BBHIPAXKEHWs, UAU OJHO WM HECKOJIBHKO
OXPAHHBIX BBIPAYKEHWIA;

e IpW HEOOXOAWMOCTH CJIOBO where, 3a KOTOPBIM CJIEAYIOT JIO-
KAJIbHBIE OTIPEJICJIEHUSI.

3mech Mo OXpaHHBIM BbIPAyKeHMEM IIOHHMAETCS 3HAK |, JOTMIECKOoe
BbIpazKeHNE, 3HAK = U HEKOTOPOE BbIpaKeHUeE.

Tem He MeHee U 3TO ONUCAHKE eIle He NCUYEPIIBIBAET MHOIOOOPa3HS
dopm npencrasienus pyskiun B ss3bike Haskell . . .

» Vnpaosrcuenue I1.3.3

Onpenenum GYHKIIAYM, BBIYUCSIONIE MAKCUMYM U3 JIBYX U U3 TPEX
resbix uncesi. OyHKIMs max, mpe Ha3HaYeHHAS JJIsT HAXOXKIEHUST MaK-
CUMYyMa U3 JIByX UYHCEJI, yKe OIPeJIeJIeHa B ITPEJIIOJINY, TIOITOMY HAIITY
pyHKIMIO HA30BEM max’:

max’ :: Int -> Int -> Int
max’ x y

| x >=y = x

| otherwise =1y

-- MarcuMyM m3 Tpex d4ucen
maxThree :: Int -> Int -> Int -> Int
maxThree x y z
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| x >=y && x >= z = x
|y >=z =y
| otherwise =z

Co3pmaiiTe CKpUIT, COAEPXKAIIMI ITU OIpeHeeHNsI, 3arpy3UTe €ro U
IIPUMEHNTE K Pa3JIndHbIM unciaaM. /lobaBbTe B HETO aJIbTEPHATHBHOE
ompenesieHre (pyHKIUN, OMPEAeIAIONel MAaKCUMYyM U3 IBYX YHCEJ:

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

Onpenenure pyuknuio maxThree’, TakyKe BBIYUC/ISIONIYI0 MAKCAMYM
13 TPEX YUCes, HO yKe C MOMOIIbI0 (DYHKIINY, HAXOIAIIEeH MaKCUMyM
JBYX YHCeJI:

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

DTO ompesiesieHre MOXKET OBITH 3AIMCAHO C WCIOJIb30BAHUEM OITe-
paTopHO#t (popMbI PYHKIINYU Max:

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

BxtounB oToOpazkeHne CTAaTUCTUIECKOM nH(MOPMAIUN B UHTEPIIpe-
TaTOpE, BBISICHUTE, KAKOe U3 ONpee/IeHnil MaKCUMyMa, TPpeX duces 60-
Jlee SKOHOMUYIHO.

<

3.5. ComnocraBjieHue ¢ 0O6pa31om

[TapameTpsl (aprymMenTbl) (DYHKIUY B €€ ONpPeeeHIr, TOJ00HbIE
IIEPEMEHHBIM X ¥ ¥ B onpenesieEnn £ X y = X * y, HA3bIBAIOTCH (Hop-
MaABHBLMY TapaMeTpaMu GyHKIuA. [Ipr 3anpocax GpyHKIUHU nepesa-
10TCa axmuueckue napamerpbl. Hampumep, B (pyHKIMOHAJBHOM 3a-
poce

f 17 (1 + g 6)

17 — dakTuueckuit napameTp, coryiacoBanublii ¢ x, u (1 + g 6) dak-
THYeCKUil mapamerp, corsacoBanusiii ¢ y. [Ipu 3anpoce dbynknun dpak-
TUYECKHe ITapaMeTPhl 3aMeHUIu cobol (popMasIbHBIE IapaMeTpPhl U3
onpenenenus. [losromy pesynbrar 3ampoca — 17 * (1+ g 6).
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Nrak, dpaxkTmyeckme mapamMeTrpbl — 3TO suipasicerus. Popmab-
HbIE TIApAMETPbI ObLIN Ha36aHUAMY (MIMEHAMY) IePeMEeHHbIX. B 60sib-
IIITHCTBE SI3bIKOB IIPOTPAMMUPOBaHUs (DOPMAJIbHBIE TAPAMETPBI JOJIK-
HbI Bceryia ObITh mMeHamu mepemeHHbIX. B a3bike Haskell nmerorcs
HECKOJIbKO JIPYTUX BO3MOXKHOCTel: (hopMaJbHBIN MapaMeTp MOXKET
TaKKe OBITh 00pa3UoM.

Paccmorpum crieayroriee byHKIIMOHAJIbHOE OpeaeIeHne, Tae oopa-
3€ll, UCTOJIB3YETCSA KaK (POPMAJIbHBINA apaMeTp:

f [1, x, yl = xty

Takass yHKIMS TPUMEHSIETCS JIWIIh K CIUCKAM, COIEPIKAIIAM TPH
9JIEMEHTa, TPUYEeM TIEPBbIN JIEMEHT JIOJI2KeH ObITh paBeH 1. BTopoit u
TpeTuit J1eMeHT B HEM MOTYT OBITh TpOu3BOJIbHBIMU. Ho 3Ta (hyHK-
[IAsT HE OTpeeieHa IJist 60jiee KOPOTKUX WJIN JJIWHHBIX CIUCKOB, WJIN
CIIMCKOB, ¥ KOTOPBIX TEPBBIA d1eMeHT He paBeH 1. To, uro dpyHKIMN
HE OIPEJIEJIEHBI IPU HEKOTOPHIX (PAKTUIECKUX MAPAMETPAX, ABJISIETCS
BIIOJTHE HOPMAJIbHBIM siBjieHUEM. Tak (pyHKIns Sqrt He OmpeeseHa
JUTsl OTPUIATEJIbHBIX YUCes, a oneparop / (meseHue) He OnpejeseH
[P HYJIEBOM BTOPOM ITapaMeTpe.

MoxkHo ompenensaTh PYHKIUN C Pa3JIUndHbIMU O0Opa3llaMu B Kade-
cTBe POPMAJILHOIO MapaMeTpa, HallpuMep,

sum’ [] =0

sum’ [x] = x

sum’ [x, y] = x+y

sum’ [x, y, z] = x+ty+z

DTa PYHKIMS MOXKET MPUMEHSIThCs K crrckam ¢ 0, 1, 2 uim 3 semen-
TaMu (B JaJbHelieM 9Ta QGyHKIuUs OyIeT onperesieHa Ha, CIIICKaX IPO-
W3BOJILHOM JynHEBI). [Ipu BbI30Be (DYHKIMM HHTEPIIPETATOD CONOCMNA-
gasem pakTUIecKuit ¢ GOpMaJIbHBIM MapaAMETPOM; HATIPUMED 3aIPOC
sum’ [3, 4] cooTBeTCTByeT TpeTbell CTPOKE OmpejeseHus. 1 poika,
Oy/eT COOTBETCTBOBATH X B Olpejesennn, a 4 — y.

AHaJIOrMYHO TOMY, KaK B OIpEAeIeHNN (PYHKIINUA HEBO3MOXKHO I10-
sIBJIEHUE OJHOTO W TOTO K€ TapaMeTpa JIBarKIbl, B 00pa3ax He JIOMyC-
KaeTCsd MCIIOTb30BaHMe OBTOpAoIuxca uMen. ClieIyroree ompeiesne-
Hiie PYHKIUU HEPaOOTOCIOCOOHO, TAK KAaK MMs II€pEeMEHHOI X BCTpe-
YaeTcs IBasKIbI:

member x [] = False
member x (x:ys) = True -- Ommbra: ZBaxIE HCIONB3yETCH X
member x (y:ys) = member x ys

A
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Bor mpumepbl KOHCTPYKIHii, JOMyCTHMBIX B KadecTBE OOpa3IlOB
COOTBETCTBUA:

yncia (HampuMmep, 3);

koHCcTaHTHI True u False;

Ha3BaHUs MapaMeTpoB (MMeHa) (Hampumep, x);

CIIUCKY, B KOTOPBIX JIEMEHTHI SIBJIIOTCS TaKyKe obpasuamu (Ha-
upumep, [1, x, yl);

e omepaTop : ¢ 0Opa3lamu cjeBa u cupasa (Hampumep a:b);

e omepaTop +, CJIeBa OT KOTOPOrO PacCIOJIOXKeH obpasel, a CIpaBa
HATYpaJbHOE YUCIIO (HAmpmMep, n+1).

OTMmeTuMm, 9TO B 0Opa3Iax, CoAepzKaIuxX ornepaTop +, mepeMeHHbIe BCe-
TJIa CIUTAIOTCS HATYPAJbHBIMU YUCIAMU.

» Ynpaocnenue I1.3.4

CospaiiTe CKPUIIT, B KOTOPBIN ITOMECTUTE CJIEIYIOIIAA KOJI

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

3arpy3ure CKpUOT B HMHTEPIPETATOP W BLI3OBUTE (QYHKIUIO qq C
HECKOIBKUMU (PaKTHIECKUME [IapaMeTPaMu (CKOOKH B IOCIIEIHEM BbI-
30Be 00s13aTesIbHBI!):

---> qq 34

27

---> qq (34+4)
31

[IpuBenuTe mpuMep BbI30Ba (DYHKIINH, B pe3yJbTaTe KOTOPOTO OyIeT
BbIBeIeHO gucao 100.

<

C momorrbio 00pa3ioB coorBeTcTBUA B s13bike Haskell onpeneneno
MHOXKecTBO pyuknmii. Hanmpumep, orneparop KOHbIOHKINN && B (aiie
Prelude.hs onpegesien Tak:

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

Mb! y2Ke 1mO3HAKOMUJIUCH C BCTPOEHHBIM OMEPATOPOM :, KOTOPDIHA
WCIIOJIB3YeTCsl IPU MOCTPOEHUM CIHUCKOB. BbIpazkeHue X:y, O3HAYAIO-
IIee «3JIEMEHT X, Pa3MeIleHHbIH Mepe/ CIIMCKOM y», UCIOJIb3YeTCsS B
KadecTBe 00pa3Ka MpHU 33 JaHUU (DYHKINHA J1JId pabOThI CO CIUCKAMH.
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[Ipu ncrob30BaHME OMEpaTOpa : B 00pA3IlE, IEPBBIN JIEMEHT CIUCKA
JIOJI’KEH pa3Merarhes mepBbiM. C MCIIOIB30BAHWEM TAaKUX OOPAa3I0B
MOKHO OTPEJIEIUTD JIB€ OUYEHb IOJI€3HbIE CTAHIaPTHbIE (DYHKITUN:

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

Dynkrums head Bo3Bpalaer IepBBIil 1eMeHT ciucka (rososy, “head”);
a tail — Bce Kpome mepBoro iemenTa (xBoct, “tail”). Dru GyHkIMNM
MOI'YyT IIDUMEHATBCA K JIIO6OMy CIINCKY 3a UCKJIIOYE€HHEM IIyCTOI'O (CHI/I—
COK 0€3 JIEMEHTOB): y IyCTOrO CIHCKA HET HU IIE€PBOrO JIEMEHTA, HU
XBOCTA.

B HekoTOpBIX ciiydadax yI0OHO WCHOJB30BATh JAPYrylo Gopmy
00pa3noB, Tak Ha3bIBaEMbIE «as-00pa3iply. OHA IPUMEHSAETCs, €CJIH
nMsi 00pa3Iia MPeIIoIaraeTCsl UCI0JIb30BaTh B IIPABOMl 9acTU ypaB-
HeHus, 3amaromiero gynknuo. Hampumep, dyHkImg, aydbaupyroias
TIEPBBIi JIEMEHT CITMCKA, MOXKET ObITh 3alucaHa TaK:

f (x:x8) = X:x:X8

Hanomuaum, uro omepanusi : mpaoacconuaruBHa. ObparuTe BHUMA-
HHWE, 9TO BbIPazK€HUE X :XS BXOAUT B ITO OIIPECACJICHNE NBaXKIbI: KaK
obpaser (as-pattern) B JeBOW CTOPOHE ONPE/EJICHUSI U B BbIPAYKEHUU
cupasa. s yiydmierus 9uTabebHOCTH HTPOTPAMMBbBI XOTEJI0CHh ObI
BKJIIOYATH X:XS B IOJ0OHOE OIpeesieHne JIUIIb ONWH pa3. DTHUM Iie-
JIIM U CJYKHAT IIPUMEHEHUE aS-00pa3uo8 B cenyoIeii popMme:

f s@(x:xs8) = x:8

B apyrux, 10BOJIBHO 94aCTO BCTPEUYAIOIINXCS CUTYAIUAX, B TTPABOM
CTOPOHE OIpeJieIeHns (PYHKIINN HCHOJIb3YIOTCA JIUIIb HEKOTOPbIE da-
cTu oOpa3ma cooTBeTcTBUdA. TaK, B PACCMOTDPEHHBIX BBIIIE OIPeJeJIe-
HuAX GyHKIMil head m tail TOJBKO OHA M3 ABYX dYacTell oOpa3Ia
ydJacTByeT B BBIYUCJEHUSX. B TOMOOHBIX CIIydasX JJjisi 0003HAUEeHUs
TeX JacTeil 0Opa3la, KOTOpble He HUCIOIb3YIOTCS, MPUMEHIEeTCS CAM-
BOJI _ (IOJUe€PKUBAHKE), HA3BIBAEMBIH AHOHUMHOT Nepemernot:

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

X

y

B srleBocTOpOHHEN WacTu OmpejesieHus MOI00HbBIE 00PA3IIBI MOTYT
BCTPeYaThCs HECKOJbKO pa3. Kaxkblit u3 Hux obdpabaTbhiBaeTcs He3a-
BHUCHMO, II09TOMY, B IIPOTUBOIIOJIOXKHOCTh (POPMAJIbHBIM ITapaMeTPaM,
OHU HUKAK HE CBA3aHbI MEXKJIy CODOIA.
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» Vnpaorcnenue 11.3.5

Onpenenmum ¢dynakimio middle, BO3BPAIAOIIYI0 CPEIHUI IJIEMEHT
KOpTEXKa U3 TPEX BEJIWYHNH. TaK KaK HaC H€ HMHTEPECYIOT 3HAYCHUHA
IIepBOIro M IOCJIEOHEro 9JIEMEHTOB, TO Mbl 1 HE BBOJUM HNX MMEHAa!:

A\ middle (_,x, ) = x

[TpumenuTe 3Ty PYHKINIO K PA3IUIHBIM JTAHHBIM.
<

OxpaHHbIe BbIPaXKEeHUS MOTYT OTHOCUTBHCS K JIFOOBIM TTePEMEHHBIM
B 00pa31ax cCOOTBETCTBUs. FiC/i HET OXPAHHOTO BBIPAXKEHUsI, COOTBET-
CTBYIOIIIET0 MCTUHHOMY 3HAYEHWIO, TO MOUCK 00Pa3Ia COOTBETCTBUS
BO300HOBJISIETCS CO CJIEIYIOIIETO YPABHEHUS.

» Vnpaorcnenue 11.3.6

Onpenenum QYHKIINIO, COYETAIONLYIO B cebe 00pa3Iibl COOTBETCTBUAA 1
oxpaHHbIe BbIpazkeHns. Oyuknusa isO0rder mpoBepsieT, YIOPSAJ0UEHbI
JIA TIEpPBBIE ABa JIEMEHTA CIUCKA UHCEJI:

)\ isOrder :: [Int] -> Bool
isOrder (x1:x2:xs8) | x1 <= x2 = True
isOrder _ False

[Ipumenute dpyuknuo isOrder K pa3jaudHBIM CIIUCKAM:

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

3.6. Onpenesnenne pekypcueii nan MHAYKITAA

Kak y»xke oTmeuasoch, B ompejiejieHnu (PYHKIIUU MOXKHO HCITIOTb-
30BaTh pPa3/imdHble (PYHKINN, KAK CTAHIAPTHBIE, TAK U PAHEE OIPEe/Ie-
JIEHHBIE IPOrpaMMuCTOM. Kpome 3Toro, QyHKIUS MOKET BbIPAXKATHCS
qepe3 camy cebs! Takoe ompeesnenne HA3bIBACTCA PEKYPCUBHBIM ONPE-
desenuem (CJIOBO «peKypcHsi» OYKBAJIBHO IEPEBOJAUTCS KAK «IPUXOJIS-
A CHOBa»; UM (PYHKIUN (PUTYPUPYET B €e COOCTBEHHOM OIIpe/ieie-

[Tpocreiituit npuMep PeKypCUBHOMN (DYHKIIUY BBITJISIAT TAK:

)\ fx=1£fx
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3aech umMs oupegensiemoii dyukiuu (f) Bcrpedaercs B BbIPAsKEHWH,
PACIIOJIOKEHHOM CITPaBa OT 3HaKa paBeHcTBa. OIHAKO OTMETHM, UTO
TAKOe OIpeJieJIeHne JTOBOJIBHO 0€CCMBICJIEHHO: YTOObI BHIYUCIUTD 3Ha-
gyeHue f 3, ciienyer BbIYUCINTH 3HaYeHUE £ 3, nyid BBIYMCIEHUS KOTO-
pPOTO TaKKe CjIeayeT BeIYucauTh £ 3, u Tak gaJsiee 10 OECKOHEYHOCTH.

PexkypcuBHO omnpenesienable MYHKIIUU OyayT MOJE3HBI JUIIb TPU
BBITIOJTHEHUY CJIEIYIOIINX ABYX YCJIOBHIL:

® napamemp peKYpPCueHo20 6bv1308a doaxcen bvimb bosee mpocm
(nanpumep, wucaenno menvwud, uau bosee Kopomrul cnucox),
yem napamemp onpedeasemoti GyHKuuU;

® UMEEMCA HEPEKYPCUBHOE onpedeserue 0ai 0CHO8H020 (6a306020)
CAYHaAA.

XopomuM MIPUMEPOM PEeKYPCUBHON (DYHKIUN SABJIAETCS CIEIYIO-
1tee onpesesieHre pakTopuaa;

fact :: Integer -> Integer
fact n | n == =1
| n > 0 =n * fact (n-1)
YcnoBue n == 0 gBigeTca 6a30BBIM; B 9TOM CIydae Pe3yJIbTaT MOXKET

OBITH OIIpEJIENIeH HEOCPEJCTBEHHO (T. €. 63 PEeKyPCHUBHOTO BBI30BA).
Onpenenenne mis caydasg n > 0 COMEpP:KUT PeKypCUBHOE oOpallleHue,
a mMenHo Bbi30oB fact (n-1). [Tapamerp sToro Bb3oBa (n-1), Kak u
TpedyeTcsi, MEHbBIIIE YeM 1.

Jpyrum cocob6oM OTIMYUTE 3TH 1Ba Cirydas (6a30BbIi U PeKyp-
CUBHBI) SIBJISIETCSI COMIOCTABJIEHUE TIPY TIOMOIIY 0OPa3IOB:

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

B sToM mpmmepe mapamerp PEKypPCHBHOI'O BbI30Ba (1) MEHbBINE, YeM
napamerp onpezeisemoit yukiun (n+1).

Vcnonb3oBanue 06pa3IioB COOTBETCTBUSA MEPEKINKAETCI ¢ MaTeMa-
TUYECKON MPAKTUKON «OIpeesIeHnsd 110 WHIYKIuu». Kcim pekypcus-
HOE OIpee/IeHre Pa3/IesiseTcsd Ha HECKOIbKO Pa3JIMYHbBIX CIydaeB Co-
OCTaBJIEHUsI C 00pa3namMu (BMECTO UCIOIb30BAHUSI OXPAHHBIX JIOIH-
YECKUX BBIPAKEHWUIA), TO €ro HA3bIBAIOT UHIYKMUEHbIM ONpedeseHuem

pyHrUUL.

» Vnpaorcnenue 11.3.7

HanuMm pekypcuBHOe ompejeseHne (MYHKIUH Power2, sABJIAIOINIeiics
aHAJIOTOM MaTeMaTU4IeCKo# pyHKnm 2":
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power2 :: Int -> Int

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

<

OyHKIMKM Ha CIUCKAX TaK:Ke MOILYT OBITh 3aJaHbl PEKYPCHUBHO.
CHMCOK CTAHOBUTCH «MEHbIIE» 4eM APYLOi#, el OH COOEPKUT MEHb-
ree KOJIMYECTBO JIeMeHTOB (ecam OoH Kopode). 3menum byHKImO
sum’ w3 OpeabLIYIIEro pasjesia Tak, YTOObI OHA IO3BOJISIA CKJIAIbI-
BaTbh 3JIEMEHTHI CIIMCKA, IIPOU3BOIBHON JIJINHBI. DTOrO MOYKHO JOOUTHCS
pasimaHbiMu criocobamu. OOBIYHY IO PEKYPCUBHYIO (DYHKIUIO (HCIONb-
3YIOIIYI0 OXPAHHbIE BHIPAKEHNST) MOKHO OIPEIEIUTH TaK:

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

NunykruBHas ¢opma (comeprralnasi COMOCTABICHNE ¢ 0Opa3IaM)
TaKOW (DYHKIIMM MOXKET BBITVISIETh CJIeIYIOMNM 00pa30M:

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

B sTom onpenenennu nepemennas hd (or ciosa head) coorBercTByeT
roJiose cuucka, a tl (or tail) — xBocroBomy crmcky. [Ipu BbibOpe nmen
IIEPEMEHHBIX, BXOAIINX B 00Pa31ibl, Mbl PYKOBOICTBOBAJIVCH TPUHIIV-
IIOM «TOBOPSIIIIX UMEH», IIO3BOJIAIONINM IIOJTHEE OTPA3UTh CMbIC OIIPe-
JeJJeHNd.

B OGonbmmuHCTBe ciiydaeB ompejiesieHre, UCIOIb3YIONe 00pa3Ilbl
COOTBETCTBUs, MOHITHEE U siCHEee, TaK KaK KarkJI0e IPaBUJIO, OIpee-
JITEMOE OTIEeJbHBIM 00pPa3I[OM, MCIOJb3YeT 3JIEMEHTHI 00pa3ia Ccpas3y
MTOCJIe €r0 YKA3aHUS.

» Ynpaocuenue I1.3.8

HaBaiiTe onpenennm dyHKIMO length’, aHAJOTMYHYIO CTAHIAPTHOMN
dyHKIMU OomnpeesieHus JIJIMHBI CIIUCKa. J[JInHa MyCcTOro CIMCKa, ecTe-
crBerHo, pasua 0, a jymHA JIOOOTO CIUCKA, Y KOTOPOIO €CTh XBOCT
(T. e. HEIyCTOrO) Ha €AWHUILY OOJIbIIE JJIUHBI XBOCTOBOIO CIIUCKA!

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

OTmMeTuB, 9TO B BBIPAXKEHUN, CTOSIIEM CIIPaBa OT 3HAKA =, HE UCIIOJb-
3yercst mepeMenHass hd (OHA JIWIIb YKA3bIBAE€T HA TO, YTO y CIHCKA
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€CTh IOJIOBHOW SJIEMEHT), 3aMEHUM €€ Ha aHOHUMHYIO nepemenuyio. C
ee WCIOoJIb30BaHWEeM (DYHKIIAS ITPUMED BU/I:

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

3.7. CHOBa 0 AByMEpHOM CUHTAKCUCE

Hcnonb3oBaHue IOMOJHUTEBHBIX IPOOEJIOB U MYCTHhIX CTPOK IIO-
3BOJIIET OOBIYHO CIeJIaTh TEKCT MPOTrPaMMbl, HAIIMCAHHON Ha JIIOOOM
sI3bIKe, OoJlee TMOHATHBIM JIJId UTeHus U aHaju3a. [loutu B 1000e Me-
CTO IporpaMMbl, HamucaHHO# Ha a3bike Haskell, moxker ObITH mH00a-
BJIEHO MTPOU3BOJILHOE YKCJIO TPobesioB. Tak, B TIOC/IeIHEM TTIPUMEPE MbI
JI00aBUIIN HECKOJIBKO TPOOEJIOB, BbIJIE/IsIs U BbIpaBHUBAs 3HAK =. FicTe-
CTBEHHO, HeJIb3s BCTABJATH MPOOEbI B UMC/Ia, UMeHA (DYHKITUN U TIe-
PEMEHHBIX, B KJIIOYeBBbIE CJIOBa: 3ammch 1 7, KOHEYHO Ke, O3HA4YaeT
HEYTO OTJIMYHOe OT 17.

Kpowme 31010, MO:KHO, UCXO/1s M3 ITUX K€ IPUHIUIIOB, PAa3PhIBATh
CTPOKK M A00aBJSTH B TEKCT IPOrpaMMbl IycThie CTpoku. OIHAKO
ABYMEPHBIA CUHTAKCUC A3bIKA HAKJIAAbIBACT JONOJHUTEIbHBbIE OIPDAHU-
YeHUs Ha Pa3PbIBbI CTPOK. TaK Caeayiolue JIOKAJbHbBIE ONPEeaeICHUS
AMEIT COBCEM Pa3JIMYHBIN CMBICII:

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

Omnpenensis GYHKINN, pYKOBOICTBYATECH CJIEAYOIMIUMY IPUHITUIIAMA:

® CTPOKa, PACHOJIOKEHHAA C MOYHO MAKUM IHCe OTCTYIIOM, KaK
U TIpebIayIias, pacCMaTpUBaeTCd KaK HOBOe ONpeJIeJIeHNE;

® CTPOKa, UMEKIas 604bwWuli OTCTYII, 9eM MIPEeIbIIyINasi, pac-
CMATPUBAETCH KaK IPOJOJIKEHNEe NpeJIblIylIell CTPOKY;

® CTPOKa, UMemIlasd MeHdbwWul OTCTY, 03HAYaeT, YTO IIPOJIOJI-
JKeHWe NPeJIbIIyINX CTPOK 3aBEPIIEHO.

HawubonbImnit mHTEpEC MPeICTaBISIIOT CTPOKHU, B KOTOPHIX (ppasa ¢
MCIIOTb30BAHNEM KJIIOUEBOTO CJIOBA Where WCHOJb3yeTCsd BHYTPHU JIPY-
ro#t where-dpa3bl, HapuMep,

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

A

A
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w=2+y

3/1ech W eCTh JIOKaJibHAs mepeMeHHas 1y GpyHKiun £, HO He I g.
DTO cilelyeT U3 TOro, 9TO OTCTYI CTPOKHU, B KOTOPOM OMPEIe/ITeTCS W
MEHBIIE, 9eM B CTPOKE, omnpejessiomeir v. Ecau ke caenats orcTy
IIPY OIIPeeJIeHUN W MEHbIIE, YeM B CTPOKE, OIpeeSIIoNnieil g, To UH-
TepIpeTaTop BbIAACT coobinenue oo omubdke. CaeayiiTe mpaBuiIy:

aKeuUBaANEHTVHbLE 0np606./L€Hu,FL QONIHCHDL UMEMD pasHdbLE OTMCTNYTIL.

DTO 0O3HAYAET TaKKe, 9TO BCE TIIOOAJIbHBIE ONpeeenns (pyHKIui
JOJIZKHBI UMETh OZMH ¥ TOT K€ OTCTYI (HAIpUMep, BCe JOJKHbI HAYu-
HATHCsI C HYJIEBON HO3UIMN ).

Bonpocws. u 3adanus

I1.5.1

OO0bsicauTE, B 9eM pa3/indue B MCIOJb30BAHUN KOHCTPYKIAA X = 3 u
X ==

I11.3.2

3amaiite GyHKIUIO greater, BO3BPAIIAONLYIO OOJIbIINI U3 IBYX apry-
MEHTOB.

I11.3.3

Onpenenure GYHKIMIO, BO3BPAIIAIOIIYIO IUIOMAIs KPyra C Dauy-
coM r (MCHONB3yiiTe BMECTO Yucia 7 9ucio 22/7).

11.3.4

Hamwummre nBe Bepcun dpyuknuu numberSol, koTopas Oeper Tpu Uu-
cJla a, b U C ¥ BBIYUCJILAET YUCJIO PENIeHNl ypaBHEHUS ax’+brx+c=0
(1) ucnonb3yst oxpaHHbIE BbIparXkeHust; (2) KOMOMHUDYsI CTaHIAPTHBIE

byuaxmuun’.

I11.3.5

IIyctb onpenenenne pyukiunu middleNumber, Haxodieil cpeaHee 10
BEJIMYMHE U3 TPeX UUCeJI, TAKOBO:

1Bocno.nbayfrrecr, oIIpejiejleHHON B mpesoguy DYyHKI@eR signum, Koropad
ABJIAETCA AHAJIOIOM PACCMOTDPEHHOM HaMu (pyHKIUU 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

SaMeHnTe IIPUBEIEHHOE B IIOCIAEIHENH CTPOKE CKPHUITa (QUKTHB-
HOe ompejeseHne (yHKIuU between Ha Takoe, 94TOOBI (QYHKIIHAST
middleNumber Oblja KOPPEKTHO OIPEIEJICHA.
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Oyuknun B a3bike Haskell

1. Ilonmumopdusm u neperpy3ka (pyHKIIMIA

Hekoropsie dbyHKIMKM 1 OmrepaTopbl MOIyT padOTaTh C Pa3JIMYHbI-
My TUnaMu JaHHbIX. [l GonbmmHeTBa DyHKIMN HA COMCKAX (HAIPU-
Mep, length) He BarKHO, KAKOB THUII JIEMEHTOB CIIHCKA. Beb MOXKHO
TOBOPUTH O JIJIMHE CIIMCKA, COCTOAIIET0 U3 IEJIbIX YUCET, OyJIeBhIX IIepe-
MEHHBIX WK Jake n3 pyuknuit. Tum sToit pyrknuu B a3bike Haskell
TaKOB:

length :: [a] -> Int

DTa 3aMUCh TOBOPUT O TOM, UTO apTyMEHTOM (DYHKIIWU SABJISIETCS CIIU-
COK, IIpUYeM He BayKHO, K KAKOMY THUIy IPUHALJIEKAT €r0o JIEMEHTHI.
Tun mepeMeHHBIX YKa3bIBAE€TCS C TIOMOIIHIO TIEPEMEHHOUN TUIAa, B
JTAHHOM CJIy4ae mepeMeHHoOU a. MMsa mepeMenHOl Tuma, B OTJIUYNE OT
Ha3BaHUU caMUX TUMOB, TAKUX KaK Int niau Bool momKHO HAUMHATHCA
¢ nponuchoti OYKBBHI.

Oynukims head, KoTopasi BO3BPAIIAET TEPBBINA 3JIEMEHT HETYCTOTO
CHUCKa, UMeeT TUII

head :: [a] -> a

DTa QYHKIUS TaKKe OMEPUPYET CIUCKAMU W TUIl JIEMEHTOB CITHC-
Ka JIJIsi Hee He BaykeH. TeM He MeHee, pe3ysIbTaT MpUMeHeHus: (PyHK-
oy MMeeT TOT 2K€ THII, 9YTO M BCE JJIEMEHTBI CIIMCKAa. HOJII/IMOp(l)HbIe
JYHKINN, aHAJOTUYHBIE BBIIIE PACCMOTPEHHBIM, UCIOIL3YIOT TOJBKO
CcmpyKmypy CIUCKA.

Tun, cogeprKamuii mepeMeHHbIe THUIIA, HA3BIBACTCS NOAUMOPPHHBIM,
T. €. IPUMEHSIeMbI K pa3jaudHbiM Tunam. OyHkust, 00bsIBIEHHAS C
TOJIMMOPQHBIM THUIIOM, HA3BIBAETCS TL0AUMOPPHOU Pynryuet:. s
CaMOr'0 TOrO SIBJIEHUS HCIIOJIb3YeTCA TEPMUH TL0AUMOPHU3M.

[Tomumopduble (DYHKIMKM BCTPEYAIOTCS OYE€Hb YacTO. DOJIbIINH-
CTBO (DYHKIIMH B MPEJTIOIUN SIBJSETCA MOJUMOPQMHBIMUA PYHKITUIMHA.

64
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He Tonbko dyukimm Ha crmckax MOTyT 0OOJIaIaTh CBOMCTBOM IIO-
smumopduocTu. IIpocreiimmas moaumopdHas QyHKINS eCTh QYHKIIAST
«TOXKJECTBEHHOCTH» (TOBODsI SI3bIKOM MATEMATHUKH, 3TO Takas (DyHK-
nust £, aro £(x) = x jus maoboro x). Hazosem ee id’ (or identify —
YCTAHABJIMBATEH TOXKIECTBO, (DYHKIHUS id ONpereseHa B IPEITIOINN):

id’ tra => a )\
id? x = x

Oynkmus id’ MOXKeT OIEePUPOBATH IeMEeHTaMu J1I000ro Trta. Fe Mox-
HO NIPUMEHATDH K YUCJIaM, JOTUIECKUM BeJIUIMHAM, CIIUCKAM, CITUCKAM
CIIUCKOB U T. [I.

---> id’ 456789 H
456789

--->1id’ 3.4

3.4

--->1id’ [1,2]

[1,2]

-—-> id’ [[True, Truel, [1, [Falsell

[[True,Truel, [], [False]]

Bcnomuum nmannoe Ha cTp. 59 ompenenenve pyukiun fact:

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

[Ipu BbI30BE C HEOTPUIATEJHLHBIMA APTYMEHTAMHU dTa, (PYHKIUs Pado-

TaeT 3aMevYaTeTbHO, OJTHAKO €CJIN BhI3BATDH €€ C aPTyMEHTOM, MEHbBIITUM
HyJisi, To Hugs BhIIacT He OUYeHb siCHOe CcOODIeHne 00 ommbdKe:

---> fact 30 }{
265252859812191058636308480000000

---> fact O

1

-—--> fact (-4)

Program error: {fact (-4)}

Heno B ToM, 9TO 3Ta PYHKIIUAS He OIIpeiesIeHa /I OTPUIIATETbHBIX ap-
ryMeHTOB. B mogo0HBIX cUTyanusx MpUTroanTCs moauMopdHas QyHK-
1isl error, 3aJaHHasi B MPEJIIOINN, KOTOPas UCIOJIb3yeT B KAaUYeCTBE
apaMeTpa CTPOKY TEKCTa C MOsiCHEHUSIMU:

fact :: Integer -> Integer )\

factn | n == =1
| n > 0 =n * fact (n-1)
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| n < 0 = error "oTpuuaTenbHh# apryMextT!"
Tenepb BBIBOJL CTAHOBUTCS OOJI€€ TTOHATHBIM:

-—--> fact (-4)
Program error: OTpUIATEJbHHE apryMeHT!

O6cynum tun dyukimn error. OHa UCHIONB3yeT CTPOKY B Kade-
CTBE apryMeHTa, IO3TOMY ee TN String -> A yIg Kakoro-To THUIIA
A. I3 ontmcaHus mporpaMMbl CHO, 9TO A = Integer, Tak KaK TOJBKO
aCCOIMUPOBAHHAS C 9TUM THUIIOM JAHHBIX PYHKIMS fact gBJIsgeTCs X0-
POIIIO OIIPEAEJIEHHOM: IIEPBbIA ¥ BTOPOM IIYHKTHI OIIEPUPYIOT C [EJIBIMU,
[IO9TOMY TPETU# IYHKT, JOJI2KEH CJIeJ0BaTh TOMy 2Ke. Ho 310 HEBO3-
MOKHO, TaK KaK (PYHKIIAS error BO3BpaIaeT CTPOKy. Kciu ke Mbl
OTPAHUYUMCS TOJIBKO BBIBOJIOM YHCEJI, 3aIMU(MPOBLIBAIONINX HAIIE CO-
obOrenne 00 ommoKe, T. €. OIIPeIesInM ee TUI KaK String -> Integer,
TO MBI CHJIHO OFPAHUYMM HAIIIX BO3MOXKHOCTHU B BBIBOJE COOOIIEHUIA.
Kpowme sToro, moxxetr nmorpeboBaThCcsi BO3BpalleHne (DYHKIMEH error
3HAYEHUH 1 KAaKUX-JIMOO JIPYyTUX TUTIOB, HAITPUMED, B CJIETYIOIIEM PU-
Mepe BO3BpAallaeTCd JIOTUYECKOe 3HaUEeHNE:

el :: Bool
el = error "el"

Beraucium 3navuenne el u yoeauMmcs B KOPPEKTHOCTH OIIPEIeJIEHMS:

---> el
Program error: el

[TomobubIe OmpeesieHnsT BO3MOKHBI TOJIBKO ITOTOMY, 9TO (OYHKIHAS
error sBJjigercs moauMmopdHoit pyukimeit. B ee 00bsaBIeHNN UCTIOJb-
3yeTcs TepeMeHHas TUTIA:

error :: String -> a

Ha nmpakTuke QyHKIMA €rror 9acTo UCIOIb3YeTCS B POJIA HEOIPe-
nesierHoro 3uadenusi (L) s3wika Haskell. Beizos error npusogur
MIPEKPAIIEHNIO BHITIOJIHEHUS U TIEYaTH COOTBETCTBYIOIIETO COOOIIEHNS.
QyHKIUA error TaK»Ke IPUMEHSeTCa IS CO3JAHUS <3arjIylIeK» —
IPOrPAMMHBIX KOMIIOHEHT, KOTOPBIE IIOKA, €Ile¢ He HAIUCAHBI, WJIA Be-
JINYWH, BXOJSINIAX B Pa3/IMYHbIE CTPYKTYPhI JAHHBIX, [J€ BeJUIUHA
JIOJIZKHA, IIPUCY TCTBOBATD, HO HUKOI/Ia HE MOXKET OBbITH HCIIOJb30BaHA.

» Ynpaorcrenue I11.1.1

OmnpeneuM KOHCTAHTHYIO (PYHKITHIO, KOTOPas JJIsi JJI0OOr0 CBOETO ap-
T'yYMeHTa Bo3Bpalaer 1:
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constl :: a -> Int )\
constl x =1

e2 :: Int

e2 = constl (error "e2")

Tereps nonpodyeM BBIYMCIATH 3HAYECHHUE €2:

> e2 H

1

Kak BuguMm, dpyaknusa constl gBiigeTcs HECTPOrOil IO OTHOIIEHUIO K
CBOEMY apryMeHTy, T. €. constl | = 1

<
[Tpumepom mosmmmopdHOMH DYHKIMHU C HYJEBHIM YUCIOM apryMeH-
TOB MOYKET CJTyKuTh pyHKIus undef ined, koTopas mom00HO QyHKINN

error ymorpeoJisieTcsa Ajisi 0OO3HAYEHUsI HEOMPEIeJIeHHON BeJIMINHBI
mo6oro tuma (L):

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

---> True || undefined

True

Muorue QyHKIUE OT HECKOJHKUX MEPEMEHHBIX SBJISIIOTCS TIOJIU-
MopdubIiMEu. HamoMauM, 9TO TIpu yKazaHuM TUMa (PYHKIUU, 3aBUCS-
1€l OT HECKOIBKUX aPryMEHTOB, Pa3MeI[al0T CUMBOJIBI -> KaK MEXKTY
TUIAMU [TAPAMETPOB, TaK W IEPE TUIIOM Pe3ysbTaTa. 1ak, PyHKIAS
abcFormula, npuBenennast Ha cTp. 47, Oepyimas B Ka4ecTBe Mmapame-
TPOB TPHU YUCJIA U BO3BPAIIAIONIASA CIIUCOK YUCEJI, UMEET THUIIL:

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

OmauM U3 IpuUMepoB MOIUMOPGHON (DYHKIIUK OT ABYX apryMeH-
TOB SABJI€TCA (DYHKIUS map, onpejeseHHas B npeoauu. e mepBblit
apryMeHT sBjisgeTcd (yHKImel, a Bropoit — cuuckom. OyHKIMs map
npuMeHsieT GYHKIUO (MEePBbI apryMeHT) K KaXKIOMY JIEMEHTY CIIUC-
Ka U pa3MeIaeT pe3yJbTaThbl TAKyKe B CITMCKE, HATIPUMED,

---> 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 m3 KaxKI0ro 3jieMeHTa CIIICKA ObLI M3BJIEYEH KBa-
JpaTHBIN KOPEeHb, a BO BTOPOM 3JIEMEHThI CIIMCKA OBLIN IPOBEPEHBI Ha
qeTHOCTb. OObaABIeHNe TuMa (QYHKIIUU Map BBITVISIUT TaK:
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map :: (a -> b) -> [a] -> [b]

Ee nepsbiit apryment (B ckoOKax) npousBojibHas (QyHKIHs, PO KO-
TOPYIO M3BECTHO JIUIIb TO, 9YTO €€ apTyMEHT JOJI’KE€H UMETh THII, 000-
3Ha4YaeMblll IePEeMEeHHON TUlla a, & BO3BpalllaeT OHAa BEJIMYNHY THUIA b.
[TosToMy BTOpOI aprymMeHT (CIHCOK) JIOJIKEH CONEPIKATH BEJUUIUHBI
THUIIA @, a Pe3yJIbTaT — CIUCOK BequduH Tuna b. OTMeTuM, 9T0 CKOO-
KI, B KOTOPbIE 3aKJJ049eH TUN PYHKINU, Heobxoqumbl. VIx orcyTcTBUE
OyjeT o3Ha4YaTh, YTO y (PYHKIMU HE JIBA, a8 MPU ITapaAMETPa.

[Torpobyem ompemesnTh T KOMo3unuu GyHKmuit. Paccmorpum
JaBe PYHKIUU, 00bSIBJIEHHbBIE CJIEILYIOIIIM O0Pa30M:

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

Breipaxxenusa square . square u sqrt . square OCMBICJIEHHBI U Me-
IOT CJIeIYIOIINe TUTIbI

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

Oprako koMmmo3urnss PyHKIUNA UMeeT B 9TUX JABYX CIydasX Pa3jInd-
HbIE TUIIBI, & TMEHHO

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

Kak Bumum, omepalusa KOMIO3UINY (DYHKIINH TaKKe ABJISETCS TIOJIU-
MopdHoii. [Ipu 0ObsBIEHUN ee TUIa UCHOIB3YIOTCA MUNOGHLE NEPE-
MeEHHDLE:

(.) :: ®->¢c) > (a->b) -> (a -> )

3nech a, b u ¢ 331a0T TUI IepeMeHHbIX. [Ipu 3amucy TUIIOBBIE IEpe-
MeHHbIE OOBIYHO 0003HAYAIOTCA IPOMUCHBIMU JIATHHCKUMU OyKBaMU.

PacopocTpanenHoit mpakTukoil sBjseTcs oOO3HAYEHUEe OJHUM U
TeM K€ MMeHeM (QYHKIMH, OJWHAKOBBIE MO CYTH, HO IPUMEHseMbIE
K BeJIMUYMHAM PA3JIMIHOrO THUIA. 1aK, OmepaTop + MOXKET MPUMEHSITh-
cs KaK K 1eiabiM guciaM (Tuna Int wim Integer), Tak u K 9ucsiam
¢ wiasaroweit Toukoii (Float). Pesysbrar 9T0it onepauuu umeer ToT
ZKe TUII, YTO U IIapaMeTphl oepanuu, Haupumep, Int -> Int -> Int
nnu Float -> Float -> Float. Ho Henb3s cumraTh + meiicTBUTED-
HO ITOJIUMOPQHBIM OorlepaTopoM. Ecau Obl Tum ero ObL1 2 -> a -> a,
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TO ITO O3HAYAJO ObI BO3MOMKHOCTH CKJIAJLIBATH, HAIIPUMED, JOrHIe-
CKM€ BeJIMYIMHBI WX (DYHKIMK, 9TO HeBO3MOKHO. D yHKIMY, SABJIAIOIIHN-
ecsl «OTPAHWYEHHO MOJUMOP(HBIMIAY HA3BIBAIOTCH NEPE2PYHCEHHBLMU
(overloaded) dynkumsMu.

J1j1st TOrO 9TOOBI UMETHh BO3MOKHOCTD YKa3bIBATh TUII IIEPETPY KEH-
HBIX (PYHKINN, BCE TUIILI PA3/IeSioT Ha Kaaccol. Kaacc — amo mHo-
2HCECMB0 MUNOB C HEKOMOPHIMU 00U UMY Tapakmepucmuramu. B mpe-
JIFOJTVY OTIPEIEJIEHHO MHOT'O PA3JIMYHBIX KJIACCOB, CPEIN KOTOPHIX

e Num — kJjacc, 37ileMeHThl KOTOPOI'O MOTYT CKJIQbIBATHCS, BbITH-
TAThCsl, YMHOXKATHCS U JEJUTHCsL IPYT Ha Jpyra (YUCIOBbIE TUIIbI);

e Ord — kuracc, d71€MEHTBI KOTOPOTO MOTYT OBITH YOS OYEHBI
(ynopsiioYeHHbIe THIIBI);

e Eq — kJjacc, a75eMeHThI KOTOPOTO JIOIYCKAIOT MPOBEPKY HA PABEH-
cTBO (CpaBHUBaeMbIe THUIIHI).

Omnepatop + umeer Turm Num a => a -> a -> a. ITa 3aIUCh YUTaA-
erca Tak: «OmepaTop + UMeeT TUII @ -> a -> a, e a u3 Kjaacca Numy.
OTmeTnM, 9TO B TAKO# 3aIIUCH UCTIOIBH3YETCsl CTPEJIKA BUIa => (MHOTIA,
B JINTEPAType UCHoyib3yeTcs 0bo3Hauenne = ). He ciemyer nyraTs ee ¢
O/IMHAPHOU CTPEJIKOM: TaKad JBONHAA CTPEJIKA MOZXKET UCIIOJIb30BATHCA
B OObSIBJIEHMM THUIIA, JIAIIL OJWH pa3. BoT eme HECKOJIBKO IPUMEPOB
eperpyzkKeHHbIX OIIepaTOPOB:

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

[IeperpyXeHHbBIME MOTYT OBITh U (DYHKIIUH, OIIPeIessieMble TTPO-
rPAMMUCTOM, HaIpuMep, PyHKIHAS

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

ABJIAETCA KOPPEKTHO OIIPEJEJIeHHON, TAK KaK OHAa MCIOJIb3yeT olepa-
TOP *, KOTOPBIil B CBOIO O4Yepelb TAKXKe IIeperpy KeH.

» Vnpaorcnenue 111.1.2

Onpenenum nonmuMopduyo OYHKIWO, aHajJorndnyio smallBig, pac-
cMmoTpenHoi Ha crpanure 45. Ha sror pa3 dyHkius Oeper aBa 9ucia
U BbIJIAET KOPTEXK, COJEPKAIUi nX B HEYyObIBAOIIEM MOPsiAKe. Apry-
MEHTbI (DYHKIIUU CPABHUBAIOTCS MEXKJY COOOM, TO3TOMY OHH JIOJIZKHbI
npuHagJIekarb Kiaaccy Ord.

Onpenenss (YHKINO, BOCIOJIb3YEMCA OXPAHHBIMU BbIPAXKEHUA-
MU:
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newSmallBig :: 0rd a => a -> a -> (a, a)
newSmallBig x y | x <=y = (x, y)
| otherwise = (y, x)

Bonpocwst u 3adanus

I1.1.1

YKaxKuTe TUI CIeayIOMui BeauunH: 3, even u even 3; head, [1, 2,
3] nhead [1, 2, 3]. Yrto mpomsoitfeT, ecin NIPUMEHUTDH IOJIUMOPd-
HYI0 QYHKIINIO K PAKTUIECKOMY TapamMerpy?!

I1.1.2

BribepuTe mpaBUIbHBIN OTBET CPeIU YKA3aHHbBIX:

1) IMomumopduas dyHKIA

a) U3MEHsieT THIIbI CBOMX apryMeHTOB;

6) KOMOMHUDYET JAaHHbIE PA3IUIHBIX THUIIOB;

B) MOKET IPUMEHSATHCS K PA3INIHBIM TUIAM apryMeHTOB;
I') MOCTENEHHO W3MEHSET CBOI BUJ B IMPOIECCE BBIUMCIICHMUS.

2) Oyukius, obbsiBieHHas Kak [a] -> [[all,

a) npeobpasyer CUMBOJ B CTPOKY;

6) BbLIEJISIET HOACTPOKY U3 JAHHOW CTPOKM;

B) BO3BDAIAET MOJYIEHHYIO B KAYECTBE apryMEHTa CTPOKY, W3-
MeHss MOPAJOK CUMBOJIOB B Heli;

r) TpaHcGOPMUPYET CTPOKY B IIOCIIEA0BATEIHHOCTD TIOJICTPOK.

3) ®yukuus, umetomas tun Eq a => a -> Bool,

a) Tpebyer apryMeHT C UMEHEM a;

6) npeobpasyer True B apryMeHThI THIIA a;
B) sIBJIsIETCsI TIOMUMOPQHOI yHKIuUelH;

) J0JDKHA OBITH PAaBHA a.

4) Ecnu B 00bsiBiernu QyHKuuu f COMEPKUTCS TPU CTPEJIOYKH, TO
tun £ x Oyzer comep:KaTh
a) OJJHY CTDEJIKY; 6) JBe CTpesKy;
B) TPU CTPEJIKY; I') 9eThIPE CTPEJIKH.
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2. Oneparopsbl

2.1. IIpedukcHasa n nHpPUKCHAA HOTAIIUN

Bb130BBI yHKIIMIT, KOTOPbIE MBI PACCMATPUBAJIHU BBIIIIE, UCIIOIb30-
BaJII TaK Ha3bIBaeMy0 Ipe@UKCHYIO HoTalmio. B aToMm ciydae umsa
GYHKIIMM TPEaITecTByeT ee apryMenTy uian aprymerntam. OmgHako n3
JIEMEHTAPHON MaTeMAaTUKNA HAM XOPOIIO 3HAKOMbI BhIPAXKEHUS BUIA,
1 + 3. B HUX QyHKIIMOHAJIBHBIN CUMBOJI PACIIOJIOXKEH MEXK/y OIepaH-
namMu. OyHKIIWIO, NCIOIB3YIONIYIO TAKYIO 3aIlliCh, HA3BIBAIOT MH(PUKC-
HOU (PYHKITMEN 1 OIIepaTOPOM.

B a3bike Haskell moxkHO /1106y10 DYHKITNIO, 3aBUCAIIIYIO OT JIBYX ap-
I'yMEHTOB, 3aIlUCaTh B MHQPUKCHON (omepaTopHoii) dopme. g sroro
ee UMs 3aKJIFOUAETCS B 00PAMHLE aGNOCTPOPdb, U TIOMEITAETCI MEXK LY
apryMeHTaMu, HallpUMeD, BbI30B (pyHKINK newSmallBig MoxkeT ObITH
caejiaH KaK B peUKCHOM, TaK u B nHMUKCHOHN popme

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

---> 31 ‘newSmallBig‘ 4

(4,31)

Cunrakcuc s3bika Haskell mo3BossieT onpenensaTs onepaTopsl, T. €.
Takue (PYHKIMHA OT ABYX apryMEHTOB, IPU BbI30BE KOTOPBIX (DyHKIM-
OHAJIBHBII CHMBOJI Pa3MeIIaeTcsa MexKIy aprymMenTamu. Vms omepato-
pa MOXKeT COCTOSITh KaK M3 OJHOrO (HampuMep, +), Tak U U3 ABYX UJIN
6osnee cumBosioB (&&). I[Ipu mocTpoenun nmeHu oneparopa MOIYT HUC-
HOJIB30BATHCS TOJBKO CJIEIyIOINNe 3HAKM:

# % % & x + - = . / \ <> 7t @ ~ |
JomycTumbl, HATTIPUMep, CIEAYIOINE UMEHa OlePaTOPOB:
+ ++ && || <= == /= . // $
% 0@ -x- \/ /\ L. <> 7 D>

OmepaTopsl, paclooKeHHbIE B TEPBOil CTPOKe, yKe OIpeIe/IeHbl B
npesoauu. OmepaTopsl U3 BTOPOit CTPOKKA MOYKHO onpenaeanThb. Omnepa-
TOP, HAYWHAIONIMHCS C JBOETOYns (:) O3HAYAeT (PYHKIUIO-KOHCTPYK-
Top (noxpobHee Takue MyHKIUK OyAyT PACCMOTPEHBI B OAHON U3 Ce-
JYIOIUX [JIaB).

Nmeercst oguHEAAIATE KOMOMHAIIAM CUMBOJIOB, KOTOPbBIE HE MOT'Y T
MCIIOJIb30BAThCH B KAYECTBE NMEH OTIEPATOPOB, TaK KaK OHM yKe HaJe-
JIeHbI cnennduryeckuM cMmbiciaoM B sa3bike Haskell:

= .. - @ \ | < > 7 =
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OmepaTop ompeesisieTcss Tak ke, KaK 1 MpeuKCHbIE (DYHKIUH, C
y49eToM TOro, 410 €r0o mMd B O6'])HBJI€HI/II/I THUIIa W IIPpKU OIIPEOCICHUU
ero B Buje npedukcHON dyHKIMK (T. €. IIOMEIasi €ro uMsi Iepes] ap-
I'YMEHTAMU) UM ONEPAMOPa CACOYEM 3AKAOUUMD 6 KpPY2avie CKOOKU.
Ecnu ke B ompeiesieHUN UCIOIb3yeTCsd WHPUKCHAST HOTAIUS, TO UM
oTepaTopa He CJIeIyeT 3aK/II0YaTh B CKOOKMU.

» Vnpaorcuenue I11.2.1

OmnpenennM omepaTop, KOTOPBIHA I ABYX IEJIbIX YHCEJ BBIJIAET IIa-
PY, COCTOAIILYIO U3 YMCJIA, IIOJIyYeHHOI'O IIPU JeJIeHUU HalleJ0 IIepBOro
4ucsa Ha BTOPOe, U OCTATKA OT JICJICHUL:

(%%A) :: Int -> Int -> (Int, Int)
(h%) x y = (div x y, rem x y)

C ucnonb3oBaHneM MHMUKCHON HOTAIMU IOCJIEIHEE OIPEIe/IeHre 3a-
[UIIETC TaK:

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

IIpu BBIZOBE OmMEpaTOpPa MOXKHO MCIIOJIH30BATh KaK MPEeMUKCHYIO, TaK
¥ WHPUKCHYIO HOTAIIHIO:

-—=> 23 %% 4
(5,3)

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

<

Kpowme omnpenesnenns oneparopa, aHAJOTUIHOTO OTPEIEIEHUIO TIpe-
puKCcHOI PYHKIUN, 9aCTO YKA3hIBAETCS IIPUOPUTET OIlepaTOPa U TUTI
€ro aCCOIMaTUBHOCTMU.

2.2. IIpuoputrer onmepaTopoB

s OTHO3HAYHOTO OIpeJiesIeHUs MOPSIKA BBIYUCIEHUS BbIpaKe-
HUsI, COMEPIKAIIET0 HECKOJIHKO PA3JIMIHBIX OMEPATOPOB, yIUTHIBAIOT
MPUOPUTET OTEPATOPOB. B mepByI0 0dYepeib BBHITIOJHSAIOTCS T€ OMepa-
TOpPBI, KOTOPbIe UMEIOT OOJIBINNY MPUOPUTET. B YacTHOCTH, B SA3BIKE
Haskell, kak u maTemaTuke, BO3Be/IeHE B CTEIEHb NMeeT Oojiee BBICO-
KUli TPUOPUTET, YeM YMHOYKEHHUE, KOTOPOE B CBOIO OYEPE/Ib BBITTOTHSI-
€TCsl PAHBIIE CJIOKEHUSI.

--=>1+3 "4 % 2
163
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IIpuopureTt OnepaTopsl
9 . !
8 S, 7T mokx
7 * /, :h by ‘dive, ‘quot®, ‘rem‘ m ‘mod‘
6 +u -
5) T U+t
4 == /= <,<= > >= ‘elem‘ u ‘notElem*
3 &&
2 | |
1 >> >>=p =<<
0 $,$! u ‘seq’

DTOT BBI30B 3KBUBAJEHTEH Bb30BY 1 + ((3 ~ 4) * 2).

HamomumM, uTO omiepaTop nmpuMeHeHusi (PyHKIIUM UMEET Ca-
MBIi1 CTapIIuil IpuopuTeT. Tak, 3anuch square 3 + 4 TpakTyeTcda
kKak (square 3) + 4.

B sa3wike Haskell mpuopuTer oneparopa 3a1aeTcs 1EJIbIM IUCIOM.
Yewm OoJIBIIIE 9MCIIO, TEM BBIIIE IPUOPUTET OIEPATOPA U TEM PAHBIIE OH
BbITIOJIHSIETCsI. Hike mpuBepeHa Tab/miia MpPUOPUTETOB OIMEPATOPOB,
OTIPEJIETIEHHBIX B IIPEJTIOINM.

2.3. AcconmaTuBHOCTH OIIEPATOPOB

Kornma B BhIpakeHHHU HCIOIb3YIOTCS OIIEPATOPHI C PABHBIM IIPHO-
PUTETOM, TO HOPSIIOK BBIYUCIEHUN 33,/1a€TCsI C IIOMOIIBIO CKOOOK HUJIH,
IIPU UX OTCYTCTBUH, TUIIOM aCCOIMATHUBHOCTHU omepaTopoB. OmepaTo-
pPbI MOTYT OBITh aCCOIMATHBHBI, 00/1a/1aTh TOJHKO CBONCTBOM aCCOIH-
ATUBHOCTHU CJIEBa WMJIM aCCOIMATUBHOCTHU crpaBa. OmnepaTopbl MOIyT
OBITH U HeacCONMaTUBHBI. HamoMHUM Ompe/iesieHne acCOIMaTUBHOCTH.

[IycTb @ mekwmii onepaTop. Ecim Beipaxkenne x @y P 2 BBIUUCTIETC
Kak (x@®Y) Dz st Jr00bIX 3HAUYEHUH T, Y U 2 COOTBETCTBYIOIIUX THUIIOB,
TO TAKON OMepaToOp HA3BIBAETCS GCCOUUAMUBHBIM caesa. Omepariust
BbIYUTAHUA ABJIAETCA Ollepaliueil acCOLMaTUBHON CIIEBA:

——>8-4-1
3

CuauaJia OBLIIO BBIYNC/IEHO BhIpaxkKeHue 8 — 4, paBHoe 4, a 3aTeM yiKe
4 —1.
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Eciu nipu Bbraucienuu Bbipaxkenne * Gy G z = ¢ P (y ©® z) I
JIOOBIX 3HAYEHUN T, Y W 2 COOTBETCTBYIOIINX THUIIOB, TO TAKOW OIepa-
TOP HA3BIBAETCHA ACCOUUAMUBHBIM cnpasa. [IpumepoM accoruaTuBHO-
CTU CHpaBa dABJIFE€TCA Ollepalid BO3BeJeHUd B CTeneHb ~: 2 =~ 2 = 3
paBHO 28 = 256 Kax 9TO U IPUHATO B MaTeMaTHKe, a He 43 = 64.

Jpyrumu npuMepaMu npaBoACCOLUATUBHBIX OIEPATOPOB SBJISIOT-
Cst OIIepaTopsl : (HOMECTHUTDH IEMEHT B HAYAJIO CIKCKA) U OLepaTop ->
(yxa3zanwe Tuna dyskmuun): A -> B -> C o3magaer A -> (B -> C).

OmnepaTop @ HA3BIBAETCH GCCOUUAMUBHLM, €CIIN
(r@y)@:=28ye:) —rya:

[IpumepamMu acCONMATUBHBIX ONEPATOPOB ABJIAIOTCSI + u *. Jla
TaKUX OIEPATOPOB BHIOOD MOPSIAKA BBIYUCIEHUN HE MMEeT 3HAUCHUSI.

U, nakonerr, oepaTop @ HA3bIBAETCI HEACCOUUAMUBH LM, ECTTU BbI-
pakeHue T @ y B 2z HEe WMEeT CMbBICJIA U BCerga Tpedyercs JobaBiieHme
CKOOOK JIJIsi 3aJIaHMsI TOPSIKA BBIYUCJIEHNS OJO00HOTO BBIPAYKEHUS.
HeacconmaTuBabl Bce onepaTopbl CpaBHEHUsI, HAIIPUMED,

---> True == False == False

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

True

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

True

JLjist TOro 9T00BI TPOBEPUTD, MPUHAIJIEIKUAT JIV BEJIMINHA X UHTEPBAJIY
(2;6), me caemyer mucarh 2 < x < 6, IPABWJILHO CJIEIYIONIEe CpABHe-
Hue: 2 < x && x <6.

OTrMmeTuM, YTO IpUMeHeHne (PYHKITUI BCerjia acCoIaTUuBHO
caeBa, 3anuch f x y o3Havaer (f x) y (IPUYUHBI ITOrO 0OCYKIAIOT-
cs magiee).

2.4. OnpegejieHne onepaTopoB

[Ipropurer 1 accOMMATUBHOCTD OMEPATOPOB 33 JAIOTCSI C TTOMOIIHIO
OJTHOT'O M3 CHeAYIOIINX KJIOYEBBIX CJIOB: infixr nmd omeparTopa acco-
UATUBHOrO crpasa, infixl gmoa omeparopa acCOUaTUBHOIO CJIEBa
n infix g HeaccomumaTUBHOrO omeparopa. Ilocie KiroueBoro ciosa
YKa3bIBaeTCsd YUCJIO, 3aJalolllee IIPUOPUTET, a 3aTeM UM ollepaTopa.
Cmpoxka, 3adarowas accoyuamusrHocms u NPUOPUMEM, JOAHCHA PAC-
noaa2amvbca 0o onpedeaerus onepamopa.
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Bot kak, nanpumep, 3a/aeTCs B TIPEJIOIAN TPABOACCOIIUATABHbIM
, ) Sl 7, I
oneparop ~ (BO3BeJEHUE B CTENEHB) C IPUOPUTETOM PABHBIM §:

infixr 8 ©

» Vnpaorcnenue I11.2.2

Onpenenum onepatop !-!, aHAJIOrMYHBIA BHIYUTAHWIO, HO ACCOIIMATHB-
HbIi cripaBa. Beizos 7—3 — 1 momken obpabaThiBaThest Kak 7 — (3 —1).
st sToro momectum B paitst sub.hs ciiegyromuit TEKCT:

infixr 6 !-! A

('-1) :: Numa =>a ->a ->a
(- xy=x-y

3arpy3uB CKPHUIIT, MOYKHO IPUCTYTIATh K MCIOJb30BAHUIO HOBOT'O OITe-
paTopa:

> 7 -1 3101 H
5

<

Ecimu Ty wim uHyio QyHKIWIO, ONpeaessieMyi0 ITPOrPaMMUCTOM,
IJIAHUPYETCS UCTIOIb30BATh B KAUECTBE OIePATOPa, TO MOJOOHBIM 00pa-
30M MOKHO 33JIaTh €€ aCCOIMMATUBHOCTD U TPUOPUTET.

» Vnpaorcnenue 111.2.3

3 Kypca MaTeMaTHKy U3BECTHO OHATHE uncia codetannit CX| wacro
obo3HaUaEMOe TaKXKe, KaK (Z) U BBIYHCIIEMOE TI0 (pbopmyJie

(1) =mmm

Onpenenum yaKIMIO choose W IKBUBAJEHTHBIN eif omeparop !~!,
HaXOASINUNA YUCJIO COUYETAaHUA.

Tak Kak MHOTA TPUXOIUTCS BBIYUCISITH BBIPAYKEHWS, aHAJTOTHY-
HBIE (ajb), TO, 9TOOBI HE WCIIOJb30BATH JOMOJHUTETbHBIE CKOOKT, XO-
TEJIOCh OBl UMETh MPUOPUTET y OMPEIEIIeMOr0 OIePATOPa MEHbBIIINIA,
yeM y cioxkenus (pasubiil 6). C npyroit CTOPOHBI, JOBOJIBHO YacTO
UCIIOJIB3YIOTCSI BBIPAYKEHUs BUIA (Z) < (2), U [I09TOMY I[IPUOPUTET
JTOJIZKEH OBITH OOJbINlEe IPUOPUTETA OEPATOPOB CPABHEHMWS, KOTOPBIi
paBer 4. CjemoBaTelbHO, CAMBIM MIOAXOISAIIAM ITPUOPUTETOM OyIeT

3HaUYeHUe 5.
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Tak kak cmbics Bbipazkenus a ‘choose® b ‘choose‘ ¢ He odeHb
MIOHSATEH, TO CAEeJIaeM HAIll OlepaTop HeacconuaTuBHBIM. [lomecTuTe
caemytomuii ckpunt B daits choose.hs:

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

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

| n < 0 = error "oTpunmaTembHHN apryMextT!"

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

3arpysure CKPHIIT, ITOCJIE Yero IPUMEHNTE OII€PATOPHI IOICUETa YUCIA
COYeTaHWi K TeM WJIN WHBIM JTaHHBIM:

-—-> 4 ‘choose‘ 3

4.0

--->4 1~1 3

4.0

-——->4 + 2 1-1 3

20.0

--—->4 171 3<5 171 2
True

--->5 1712

10.0

Bonpocwv u 3adanus

I1.2.1

YKaxknuTe, KAKHe U3 IPUBEICHHBIX HIKe KOMOMHAIUH CUMBOJIOB, €CJII
OHU BCTpedvaroTcs B mporpaMmMme Ha s3bike Haskell, sBistorcs

® 33pEe3epPBUPOBAHHBIM CJIOBOM WJINA CUMBOJIOM;
e yMeHeM (DYHKIUK WJIK [IapaMeTpa;

® OIIepPaATOPOM;

® HUYEeM U3 BBIIIE IePEUYNCIECHHOTO.

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

a’a X %k % - A in 1 =<
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3. Kappunr (currying)

3.1. HacTuyHada mapaMeTpu3anus

OOBIYHO B OCHOBE TIPOIIECCA YIIPOIIEHUs BIPAYKEHUS JIEXKUT MIest
3aMeHbI CJIOXKHOTO, CTPYKTYPUPOBAHHOTO apryMeHTa MOCIeI0BATE Ib-
HOCTBIO 00JI€€ TTPOCTHIX.

st mmocTpanuu paccMOTpUM CHOBA yHKIMIO smaller, ompe-
JIEJIEHHYTO CJIEIYIONUM 00pa3oM

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

OyHKIa smaller GepeT MpPOCTOil apryMeHT, COAEp:KaIluil Mmapy Iie-
JIBIX YMCeJI, U BO3BpAIaeT nejioe. /lagum apyroe onpejeienue Toi xe
caMoil TI0 CyIIeCTBY (PYHKIINU

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

Oyukimsg smallerc Oeper aBa apryMeHTa, OJIMH 33 ApyruM. bosee Tog-
HO, smallerc — yHKIMSA, KOTOpas OepeT 1esioe X KaK apryMeHT U BO3-
BpataeT GyHKIuo smallerc x. B cBoio ouepenb dyukmug smallerc
x OepeT 1ejI0e ¥ B KAYeCTBe apryMeHTa W BO3BPAIIAET IEJI0€, SIBJIAIO-
Ieecss MEHBIINM U3 X U ¥.

Hpyroit npumep. [lycrs dpynaKIUa plus cKIaJabIBaeT JBa apryMeH-
Ta:

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

plusc :: Integer -> Integer -> Integer

plusc x y = x+y

g xaxoro 1esoro x GyHkius plusc x 106aBIgeT X K CBOEMY Iie-
JoMy aprymeHTy. B wactHOocTH, plusc 1 — dyHKIus, KOoTOpas yBe-
JUYUBaeT apryMeHT Ha 1, plusc 0 — TOXIecTBeHHas (PYHKIUS HA
MHOK€eCTBe IeJIBIX YuCel.

DTOT TPOCTON TPUEM 3aMEHBI CTPYKTYPUPOBAHHBIX BbIPAKEHUN
IOCJIEJOBATE/IbHOCTHIO HECKOJBKUX IIPOCTBIX HA3BIBAETCS KAPPUH20M
(currying), niau 9acTUYHBIM IpUMEHEeHMEM (YHKIMU, O BTOPOW ya-
ctu uMmeHn amepukaHckoro joruka Haskell B. Curry, ube umsa HocuT
n a3bIK Haskell. Takzke ucnosb3yoTcs TEpPMUHBI YACMUYHOE BHIYUCAE-
HUe GYHKUUY T YACMUYHAA napamempudayus. [IpuMeHUB KappuHT,
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MbI M30aBUJINCH OT COCTABHOIO OO'bEKTA — IAPhI, IIOJIYyYnB (PYHKIHUIO,
3aBUCHILYIO OT JBYX IPOCTHIX 00bEKTOB (4YUCeI).

Kak y»xke ynmomuHaJ0Ch, oniepalius TpuMeHeHusi (DyHKIUNA aCCOIM-
aTUBHA CJIEBA, TOTOMY 3AITUCH

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

Kaxk Bugum, B mocsieHeM mpuMepe HeOOX0uMO J06aBUTh CKOOKY (3a-
nucaB square (square X)), TaK Kak BbIparkeHHe square square He
nMeeT CMbIC/Ia ITOTOMY.

fAswik Haskell mo3Bosister mepenath mpu BbI30BE (PYHKIUMU JIUIIH
JacTh ee mapaMerpoB. Eciau dysknnm plusc HOJyYUAT TOJHKO OJIWH
napamerp, Haupumep, plusc 1, To oHa OCTaHETCHa B COCTOSAHUU OXKU-
JIAHWS OCTABIIUXCS MapaMeTpoB. Takas (QYHKIINS MOXKET HUCIOJIb30-
BaTbCS JIJIs OIPeJIe/IeHNsT HOBBIX (DYHKITHI:

successor :: Integer -> Integer
successor = plusc 1

BbI30B 9acTW9YHO TpUMEHEHHON (DYHKIMU HUYEM HE OTJIMIAETCS OT
BBI3OBOB JAPYIrux (PyHKIHUIL:

---> successor 4
5

ObpaTuTe BHUMaHHUE Ha OIpeeseHrne (pyHKIINU: B HEM HE YIaCTBY-
eT mapamerp. Takas popMma 3amucu ABJIsSETCS 0ojee «PYyHKIIMOHAIb-
HOI», YeM C MCIIOJIb30BAHWEM ApPTyMEHTA!

successor x = plusc 1 x

OTrMeTnM IBa MPEMMYIECTBA YaCTUYIHO IIPUMEHEHHBIX (DYHKITHIL.
Bo-1iepBhIX, KApPUHT TOMOTaeT YMEHBIIIUTh YUCJIO CKOOOK IIPY 3AITUCH
BbIpakeHus. Bo-BTOPBIX, yrnoTpebiieHne KapPUHTOBBIX (DYHKIIAHA I10-
3BOJISIET CHEJIaTh MPOrpamMmy ele «dyHKIuoHaabHeey. [losgcHuM mo-
cieHee yTBepKIaeHne npuMepoMm. PaccMorpuM QyHKIUIO twice, KO-
TOpas TO3BOJIIET TPUMEHUTD OJIHY U TY K€ (PYHKIIAIO JTBAYKIbI

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

Takoe ompee/ieHre IOJHOCTHIO COOTBETCTBYET CHUHTAKCHUCY SI3BIKA,
Haskell. IlepBbriit aprymenT ¢dyHKIun twice sBiserca (QpyHKIHE
oObgaBileHneM Tuna Integer -> Integer, BTOPOil apryMeHT — II€JIOe
qncyo. [IpuMmennB twice JuIib K IepBOMY apryMeHTy f, MbI IOy IUM
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dyukmoo twice f, aBaxkabl npuMensoonLyo gyakmuio f. C ee momo-
IIHI0 MO2KHO OIPEIEJINTh PYHKIWIO quad, BO3BOASIILYIO CBOI apryMeHT
B YETBEPTYIO CTEIEHb, HAPUMED, TaK

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

Mpsbr mosyunsu onpejiesienre (DYHKIMKM, B KOTOPOM HeE 33,1efiCTBOBAHBI
HUKAKUE [TapaMeTPhI.

C mpyroit cTOPOHBI, IPHU ONPEIe/ICHNN tWwice B HEKAPPHUHIOBOM
dopme

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

y2Ke HEeBO3MOKHO BbI3BaTh (PYHKIWMIO 6€3 yKa3aHWUs apryMeHTa, K KO-
TopoMy QYHKIS TpuMeHsieTcss. BmecTo cioB «quad, 2de quad = twice
square», MbI JIOJKHBI TOBOPUTH «quad, 20e quad & = twice (square, )
oaa a106020 T». BTopoii cTuIb Oosiee TPOMO3IKMIA.

B ciyuae HeobxoquMoCTH BCerja MOXKHO IIpeodpa3oBaTh PyHKITHIO
K BUJIY YaCTUYHO MIPUMEHEHHOU C TOMOIIBIO (PYHKINH CUrTY, KOTOPAs
OepeT He KappHUHTOBYIO (PYHKIIUIO U IPeodpa3yeT ee K YaCTUIHO IPU-
MeHeHHOM dopme. Bor ee ompemesrenne, comeprKaleecss B MPETIOINN

curry :: ((a,b) ->¢c) ->(a->b ->c) A\
curry f x y = f (x,y)

Tun 3arooBka B pyHKIMEU Curry Oy1eT paCCMOTPEH f1ajiee. 3aMeTuM,
YTO CUrry CaMa IPEJCTABJSeT COOOM YaCTUIHO MPUMEHEHHYIO (PyHK-
IIAIO: OHA TOJIy9aeT TPU apryMeHTa, OJUH 33 JAPYTuM. Ternepb MbI MO-
K€M UCIIOJIb30BaTh Curry f AJId TTIOJIYH9YE€HU A 9aCTUYIHO IPUMEHEHHOT'O
BapuaHTa J000#t pyuknuu £f. Hanpumep, plusc = curry plus.

OyHKIMA Uncurry OCyIIecTBJIeT oOpaTHOe ImpeoOpa30BaHUE —
OHa IIpeBpalIaeT PYHKIHUO C ABYMs IIapaMeTpaMU B €€ HEeKappHUHIO-

BYIO popMy:
uncurry :: (@ ->b ->c) -> ((a,b) -> c) A

uncurry f (x, y) =f xy
3.2. Cko0ku B (pyHKIIMOHAJIbHOI 3aIINCH

Bo3MOXKHOCTH YaCTUYHON TTapaMeTPU3AINU IO3BOJIET II0 HOBOMY
B3MJIZHYTb Ha Tul GyHKInU plusc. Oyakimsg plusc 1 uMeeT TOT XKe
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THUII, 9TO U successor: Integer -> Integer. CaenmoBarebHO, (DyHK-
1ud plusc, KOTopad B KadeCTBe IIapaMeTpa IIoJIydaeT OJHO IeJIoe Y-
cJ10, JOJKHA uMmeTh Tun Integer -> (Integer -> Integer) (Beup
ee pe3yabTaT — (QYHKIWsI, AaHAJOTUIHAsI SUCCESSOT).

[Ipeamosokum, 910 -> ACCONMATUBHA CIPABA W OITYCTUM CKOOKH:
plusc :: Integer -> Integer -> Integer

DTO 00bsIBJIEHNE B TOYHOCTHU COBIAJIAET C O0bABIeHHEM (DYHKITUU, 3a-
BUCAIINI OT JABYX apryMeHTOB, 00CYKIABIITYIOCS Ha CTPAHUIE 77.

B neficTBuTEIBHOCTH 9TO HE €CTH (PYHKIUS C IBYMS TapaMETPAMU.
D10 (yHKIUsI, 3aBUCIIIAs OT OJHOIO IIapaMeTpPa M BO3BPAIAOIIAS
JyHKIMIO, KOTOpasi TaKyke OepeT TOJHKO OJUH MapaMeTpP, W BBIIOJ-
HsIeT JKejlaeMoe JelicTBre. A Bce BMeCTe CO3[aeT MILTIO3UI0 TOTO, UTO
ncxoHas (PyHKIMs 3aBUCUT OT JBYX apryMeEHTOB.

IIpuem npedcmasaenus GyHKUUY 0M HECKOALKUL NAPAMEMPOS, 6
sude PyYHKUUU 0OM 00H020 AP2YMEHMA, HA3BLEAEMC A KAPPUHT.

«HeBuauMmblit» omepaTop NpUMeHeHUs (QYHKIIUU GCCOUUGMUBEH
cAe6a. DTO O3HAYAET, YTO BhIpaxkeHme plusc 1 2 BBIYUCISIETCS KaK
(plusc 1) 2, 9YTO B TOYHOCTH COOTBETCTBYET TUIY (PYHKIINK plusc —
oHa Geper onuH apryMeHnT (HanmpuMep, 4ucio 1) u Bo3Bpam@aer dyHK-
U0, KOTOPAasi [IPUMEHSIeTCs K CJIeAyomeMy aprymenty (2 B Hamem
pumepe).

[IpeamosioxkuB, 9T0 TprMeHeHWe (PYHKIUKA ACCOIMATUBHO CJIEBA,
To mosty4yuin Ol plusc (1 2), 9To o3HAYaeT mpuMeHeHHe dnciaa 1 K
yncry 2 (COBEpIIeHHO HEMOHSATHO, KaK 9TO MOXKHO ObLIO ObI cresaTs!),
a 3aTeM K pe3yJbTaTy NMpuMeHseTcsa pyHKIUS plusc.

Orcroma mosrydaeM cjIeayionme mpaBujia PacCTaHOBKY CKOOOK. Eic-
JI UMEETCsI TIOCJIEI0BATETHHOCTh HEKOTOPHIX BEJIMYNH B BBIPAYKEHUN,
mepBasi U3 KOTOPBIX MPUMEHSeTCs K Apyrum, Hampumep, £ a b ¢ d,
To ona mHTeprperupyercsa kKak ((((f a) b) ¢) d). Ecau Bennamna

a mMeerT TN A, BequmumHa b — Tun B m Tak gaJjiee, TO TUN (DYHK-
mum £ B 3Tom ciydae tfakoB £ :: A -> B -> C -> D -> E, niam, no-
OaBJisis Bce ckooku, £ :: A -> (B -> (C -> (D -> E))). Koneuno,

3annch 06e3 CKOOOK HaMHOTO ynoOHee M MOHSATHee. AcCCOIMaTUBHOCTH
-> ¥ TpuMeHeHus (PYHKIIMHU, BHIOpAHHBIE TAKUM 0OPa30M, TTO3BOJISET
IPUMEHSITH KAPPWHI COBEPIIIEHHO HE3aMETHO: IMpUMeHeHue (PyHKIUN
aCCOIMATUBHO CJIEBA, & OIePaIys —> acCOMMAaTUBHA cipaBa. JIerko 3a-
IIOMHHUTD CJIEIYIOIIee MPaBUJIO:

ecau 20e-mo omcymemeyrom ckobku, mo onu JoAHCHDL
PABMEWAMBCA MAK, YMOOVL OblA BOZMONHCEH KAPPUH2.
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CkOOKY PEKOMEHIyeTCsl CTABUTh TOJILKO TaM, T/ie OHU JAeHCTBUTEIHHO
HeoOxommMmbl. [IpuBeeM HECKOIBKO TPUMEPOB.

Ckobku TpebyIOTCs IpK YKa3aHUM TUTIA, (DYHKIIAY, €CJIN OHA Hepem
dynryuro 6 xavecmse napamempa (Ipu KappuHre (QYHKIUS BBIIAET
dbyukuuio B KavecTBe pe3yibrara). Hampumep, B mpesmonun onucana
dyHKIMS map, KOTOpasi MPUMEHSIET Ty WJIN WHYIO (PYHKIUIO KO BCEM
9JIeMEHTaM CITUCKA!

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

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

[False,True,False,True]

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

[2,3,4,5]

Twun dysknny map Takos:
map :: (a -> b) -> [a] -> [b]

Ckobku B Beipakenuu (a -> b) HeoOXOAUMBI, TAaK KaK MHaYE TOTyda-
JIOCh OBbI, 9YTO (PYHKITUS map 3aBUCUT OT TPeX IapaMeTpPOB.

CkoOKM HEOOXOAUMBI TAKIKE, €CJIN B BHIPAYKEHNN PE3YJIbTAT BBIIOJI-
HEHWsI OJHOM (DYHKIUN IIePEeJAeTCs APYTroil, HAIIPUMED, eCanu TpedyerT-
C4 BBIYMCJIUTH KOPEHb KBAJIPATHBIN U3 CUHYCA 4UCIIa:

-—-> sin (pi/2) H
1.0

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

1.0

B mepBoMm ciiydgae cKoOKM HEOOXOAMMBI, TAK KaK IPUOPUTET OIEPAIUN
npuMeHeHnsT (DYHKIMH BbIIIe MPUOPUTETA, JEJIE€HUS, 8 BO BTOPOM CIIy-
qae 0e3 CKOOOK TOJIydmrIoCh Obl BOOOIE O0€CCMBICIEHHOE BBIPAYKEHUE
sqrt sin (pi/2) — momBITKA M3BJIeYb KBAIPATHBIN KOpEHDb U3 (PYyHK-
IIAH.

3.3. OmepaTopHbIe CEeKIINNI

YacTtuyaO mapaMeTpru30BaHHBIE OIIEPATOPHI JOIIYCKAIOT MCIIOIb30-
BaHWE JIBYX CHEIUAJIbHBIX HOTAIUNA MPU UX 3AIUCH:

e (Gx) — omeparop @ YACTUIHO NAPAMETPU30BAH [I€PEMEHHOT
2 B Ka4eCTBe IIPaBOro apryMeHTa;

e (@) — omepaTop @ YACTUIHO MAPAMETPU3OBAH II€PEMEHHOIA
2 B Ka4eCTBe JIEBOIO apr'yMeHTa.
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Takve HOTAIIMU HOCAT HA3BAHUE ONEPAMOPHBIE CEKUUU. alle BCEro
OTIEPATOPHBIE CEKIIMK WCIOJb3YIOTCS, €Cau TpebyeTcs mepeaaTh da-
CTUYHO TTapaMeTPU30BAHHYIO (DYHKIINIO B KaUYeCTBE MapaMeTpa:

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

» Vnpaorcnenue I111.5.1

PaccMmoTrpum HecKOIbKO IpuMepOoB OYHKIHUIA, 3alIICAHHBIX B BUJIE OIIe-
paTopHbIx ceknuit. Co3maiiTe ckpunt sections.hs, B KOTOPBIH moMe-
CTUTE CJIEAYIOIINIT KOMI:

successor = (+1) -- yBenu4uTh 4YuCio Ha 1
double = (2%) -- YMHOXWUTBH HYHCJIO Ha 2

half = (/2.0) -- monoBWHa YHCIa

reverse’ = (1.0/) -- obpaTHad BeJIUYUWHA

square = (~2) -- KBaZpaT 4ucia

twoPower = (27) -- BO3BEIEHHE IIBa B CTENEHb
oneDigit = (<=9) -- YHCJO U3 OFHON IMOpH
isZero = (==0) -- umcuao paBHO 0

3arpy3uTe CKpUNT U mopaboTaiiTe ¢ QYHKIUIMU, OIPeIeI€HHBIMU
B BHU/Ie OEePATOPHBIX CEKITHI:

---> 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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Bonpocwvt u 3adarus
I11.5.1

Onpenennre QyHKINIO Uncurry, KOTopas OCYIIEeCTBJIsIET peodpa3o-
BaHIe, 0OpaTHOEe K JeiCTBUIO (DYHKIUU CUrTY.

II11.5.2

Kakwue CKO6KI/I ABJIAIOTCA JIMIIHUMMY B CJIEAYIOIUX Bpra}KeHHHX?

(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)

I11.3.3

JlaiiTe onpeneserns Tpex PYHKIAN CO CAEAYIOMUMI O0bABICHUSIMA
TUTIA:

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

I11.3.4

B sa3sike Pascal omeparop && mmeeT TOT ke IPUOPUTET, 9TO U *, a | |
TOT 2Ke, 94TO 1 +. SBjsgercs Jim 3T0 IpaBUJIbHBIM



I'nmasa 1V
CDYHKIJ;I/II/I BBICIIIEI'O HOpﬂ,Z[Ka

B »s7oit rmaBe Oymer pacCMOTPEHO eIme OIHO BayKHOE CBOWCTBO
JyHKIIMOHAJIBHBIX SI3bIKOB, a4 MMEHHO, — BO3MOYKHOCTH IIPUMEHEHUST
dyHKIMI BBICIIErO TOpAAKa. B paHee NMPUBEJIEHHBIX IPUMEPaX Ka-
Kaas (QYHKIUS PAcCMATPUBAIACH KAK CTATHYECKas (HEM3MEHHAas )
JacTh KOJIA /I Tpe0OpPa30BaHus BXOIHBIX BEJIUUYNH B BBIXOIHBIE. DTO
— TaK Ha3bIBaeMble (DYHKITUHU IIEPBOTO TOpsaKa. Kontentusa GyHKIni
BBICIIIETO TIOPS/IKA BO3HUKAET U3 UJIEU O TOM, UTO (PYHKIIUU JIOJIZKHBI
UMETH TOT YK€ CTaTyC, YTO U JIF0OOW WHOM OOBEKT: OJHU (PYHKIINU MO-
I'yT OBITh BXOJIHBIMU U BBIXOJHBIMA JAHHBIMU JAPYTHUX.

B 3Toit ritaBe MBI TO3HAKOMUMCS CO CTUJIIMU TPUMEHeHUs (PyHK-
Ui BBICHIETO MOPAIKA U PACCMOTPUM P/ IPUMEPOB UX MCIOJIb30Ba-
HUS HA TPAKTUKE.

1. OyHKOUM Ha CIIMCKAX

B dyuknuonaspHOM TpOorpaMMUpPOBaHWU (YHKIUKA BO MHOTUX
acIeKTax BeIyT cebsi Tak »Ke, KaK M JPyTUe TUIbI JAHHBIX, HAIIPUMED,
YUCJIa WM COUCKH. Tax,

e (YHKIUU UMEIOT MUN;

e (DYHKIIUM MOTYT OBITh Pe3yJbTAaTOM pPabOTBI APYruxX (yHK-
I

e (DYHKIMU MOTYT MCIIOJIH30BATHCS B KauecTBe mapamerpa (ap-
IyMeHTa) APYTuX OyHKIHA.

QyHKINN, UCTIOIH3YIOIINE IPYyTHe (DYHKIINYA B KAUECTBE TapaMeTpa
9aCTO HA3bIBAIOT (PYHKIIMSIMU BBICIIIETO TOPSAIKA, OMIEPKUBA
TAKUM HA3BAHWEM WX OTJIMIUE OT OOBIKHOBEHHBIX (DYHKITHIA.

BerpeuaBmasics Ham panee (DYHKIMS Map sBJISETCS ITPUMEDPOM
¢ yHKIUU BBICIITIEro mopsaka. 10, KaK OyayT mpeoOpa30BbIBATHCS e~
MEHTBI CITHCKA, OIpeessseTcs (DYHKIeH, ABISIONeCca IepBbIM apry-
MEHTOM map.

84
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OyHKIUS map MOXKET ObITH ONPeIe/IeHa CJIEIYIOMnUM 00pa30M:

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

DTO ompenesieHne WCIOJIb3yeT CPaBHEHHE ¢ 00pa3moM: (QyHKIUS
OIIpEIeNIAETCS OTAENBHO I CJIydas, KOTIa BTOPO apryMeHT sBJIsSeT-
Csl TTyCTBIM CIUCKOM, W JIJIsl CJIydast CIMCKa, COCTOAIIETO W3 TIEPBOTO
3JIeMeHTa X W ocTaTKa (xBocta) xs. OyHKIUS pEeKypCUBHA: B CJIydae
HEITyCTOTO CIMCKa (DYHKIUS map BbI3bIBAETCS CHOBA. [Ipm 3TOM ee ma-
paMeTp CTAHOBUTCS KOPOYe (XS KOpOYe, YeM X:XS), TaK Y4TO B KOHIIE
KOHIIOB Oy/IeT UCIIO/Ib30BaHa HEPEKYPCUBHAS YaCTh OIPeJIEICHUS.

Jpyroit gacTto ucmnosab3yeMoit (pyHKIueil BBICIIETO MOPSIKa, ITPU-
MEHsIeMOM K cruckaMm, siBjasiercs: pyHkmus filter. Ona BO3BpaImaer
Te 3JIEMEHTHI CIIICKA, KOTOPhIE Y/IOBJIETBOPAIOT HEKOTOPOMY YCJIOBHUIO.
Yro 310 OymeT 3a ycioBue, ompejensercda (pYHKIHei, sSBsSOIeiics
mepBbIM apryMeHToM dyuKimu filter. Crneayromiue CTPOKU JeMOH-
CTPUPYIOT €€ UCIOJb30BAHUE:

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

—--> filter (>10) [2, 17, 8, 12, 5]

[17,12]

Eciu sieMeHThI ClIMCKa UMEIOT TUII &, TO PYHKITHI-TIapaMeTp JTOJI2KHA,
nMeThb Tuil a -> Bool. Omnpenenenne filter Tak»Ke pPeKypCHUBHO:

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

| otherwise = filter p xs

B ciyuae, Korpa cucok He mycr (T. e. IpeJCTaBUM B BUJIE X :XS), BO3-
MOZKHBI JIBa BAPUAHTA: JUOO MEPBBIA 3JIEMEHT X YIOBJIETBOPSET YCJIO-
BUIO p, 1100 HeT. Ecam ymoBIeTBOPSET, TO X MOMEIIEH B Pe3yJIbTHDY-
IOIWI CIMCOK, a OCTABIIAsCAd 9acTh CHUCKA TPHU IIOMOIIM PEKypPCHAR
OyZer 3aTeM TaKzKe IIOABEPrHyTa «(PUIbTPOBAHUIO.

HaBaiiTe ompenesiiM ere OIHY OYEHb TOJE3HYIO (DYHKIUIO BbIC-
Iero Topsifgka, MpuMeHseMyo K cuuckam. CHadaja MOCMOTPUM Ha
OIIpeJIeJIEHNST TPEX, KA3aJ0Ch Obl, TAKUX PA3HBIX (DYHKIWH, KaK sum
(BBIUMCIISIONIEH CyMMYy BCEX JIEMEHTOB CIMCKaA 4uced), product (mpo-
M3BeJIeHUe CIUCKa duces) u and (KoTopas Bo3Bpainaer True, ecyiu Bce
9JIEMEHTBI CIIUCKA, COIEPIKAIIET0 JIOTUIECKUE BeJIMINHbI, paBHBI True):
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sum [ ] =0
sum (x:x8) = x + sum xs
product [ ] =1

product (x:xs) = x * product xs

and [ ]
and (x:x8)

True
x && and xs

CTpyKTypa BCeX 3TUX TPeX ONpeesIeHnii ONMHAKOBa. Pa3auaus juib
B 3HAYEHUAT, 6036paujaemuir Ha nycmwuz cnuckaxr (1, 0, True) u
ONEPATNOPAT, UCTLONDIYEMBIT OAL NPUCOCOUHEHUA NEPEO20 INEMEHNA
K Pe3yJIbTaTy PEKYPCUBHOTO obpatieHus (+, * min &&).

[lepenaBast 9Tu /1Be TIepeMeHHbIE KaK MTapaMeTpPhl, MOXKHO OTPe/Ie-
JINTH OJHY W3 CaMbIX ITOJIE3HBIX (DYHKIWI BBICIIErO MOPSIKA!

foldr :: (a->b->b) ->b ->[a] ->Db
foldr f e [ 1] = e
foldr f e (x:x8) = x ‘f¢ foldr f e xs

Terneps mpeabiayIe TP PYHKIIUNA MOTYT ObITh OIPEE/IEHbI TTPH
TTOMOIIY YaCTUIHON TapaMeTpU3aIuu OJHOW U TOH ke (PyHKIINH:

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

®yukuus foldr (mpomsnocurcs kKak «fold right» ), HasbiBaemast B pyc-
CKOSI3BIYHOI JIUTEpaType CBEPTKOM CITPaBa, MOXKET OBbITh MCIOJIB30-
BaHA JIJIsT ONPEJEJIEHNs] MHOXKECTBA APYTruX (PYHKIHH, ONepUpyOImx
CIMCKAMHU, U TIO9TOMY €€ OIpe/ieJieHne BKJI0IeHO B ¢aiis Prelude . hs.

» Vnpaorcnenue 1V.1.1

[TomectuTe onpenenenne pyukiuu foldr B ¢ OTHEIbHBIN CKPUNT U
3arpy3ure ero. He 3abyapre m00aBUTH B CKPHUIT CAEAYIOMIYIO CTPO-
Ky, JEJIAIOIIyI0 «HEBUINMBIM» KAHOHUYIECKOE OlpejesieHrne (PyHKIUN
foldr:

import Prelude hiding (foldr)
[TocmoTpuTe Ha PE3yIbTATHI MTPUMEHEHUs (DYHKIUY:

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

HobaBbTe B cKpunT onpeesenns pyHkmnuii sum, product u and, npu-
BesieHHbIE BhIe. He 3a0yabTe CKPBITH UX CTAHIAPTHBIE OMPEIeIeHU,
3arpyzkenubie u3 npesoauu. [[pumennuTe nmojrydeHHble QYHKIUN K Pa3-
JITYHBIM CITACKAM.

<

HazBanne foldr Mo:KHO 00OBICHUTH ciemyromuM obpa3om. [Ipes-
IIOJIO’KKM, YTO y HAC €CTh CIHCOK [a, b, ¢, d]. DTOT XKe CIHCOK,
HCIIOJIb3YsI OIEPAIUIO JO0ABIEHNS JJIEMEHTa B HAYAJIO CIHMCKA MOXKHO
zanucath B Buze a: (b:(c:(d: [ 1))). Oyakuua foldr 3amenser my-
croit ciimcok [ ] Ha Hekuit HAYAJIbHBIN IJIEMEHT €, a OIMEPAIHUIO : Ha
OMHAPHBII onepaTop, KOTOPbIA Mbl 0003HAYNM CUMBOJIOM B, M BO3Bpa-
IIaeT pe3yJbTaT. 1. e. OHa Ipeodpa3yeT CIUCOK

a: Mb:(:@:[DH)
K BE€JIMYUHE

a®Mdd(cddde)))

Tak kak omepalusi : accolMaTUBHA CIPaBa, TO CKOOKW B MEPBOM
BBbIPAYKEHUU MOXKHO OBIJIO ObI onycTuTh. MbI, OHAKO, OCTABJIIEM UX B
Pe3yJIbTUPYIONIEM BBIPAXKEHUN, TTOTOMY YTO HE YBEPEHBI B TOM, UTO P
acCOIMATUBHA CIIPABA.

foldr (@) e [y, 22,...,2,] = 1D (2B (...(z,Be)...))

rie @ OuHAPHBIN OmepaTop, a € — CTAPTOBOE 3HAYEHUE.

Hpyrumu cinoBamu, pyukius foldr «cBOpaymBaeT» CIUCOK B OJHO
3HaUEHWe, BCTABJIAS MEXKTy BCEMU JIEMEHTAMU CIIUCKA, JIAHHBIN OTepa-
TOP, IPOJIBUTASCH TIPU 3TOM CIIPaBa HAJIEBO OT 33JaHHOTO HAYAJTHLHOTO
3HAYEHUSI.

MozkeT BOSHUKHYTH IIOTPEOHOCTh B aHAJOIMYHON (DYHKIIUH, OCY-
IITECTBJIAIONIEl CBEPTKY CIUCKA ciieBa. Jlyig mimocTpaiuu, mpemnoio-
KUM, 9TO MbI XOTUM TOJy4YnTh (PyHKINIO decimal, koTopas Oeper
criucok 1mudp [xg, X1, X2, - .., X,] ¥ BO3BpAIIAET COOTBETCTBYIOIIEE
JECATAYHOE YUCJIO, BBIYUCAAEMOe KaK

n
decimal [zg, X1, ..., Ty] = E 2,107 "
k=0
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Opur u3 goctaTrovHo 3(PHEKTUBHBIX CIIOCOOOB BhlumcieHns decimal
3aKJII0YAETCA B IIPOIECCE YMHOXKEHMS KaxKIoi mudpbl HA IECITH U
JI00aBJIeHNs K pe3yJibTaTy cieayiorieit mudpbl. Hanpumep,

decimal [zg, 71, 2] = 10 % (10 * (10 % 0 + zg) + z1) + T2

Takoit mpuem JeKOMIIO3UIUN CYMM CTeleHell n3BecTeH Kak crema [ op-
nepa. Omupenenum orneparop @ kak n Gz = 10 * n + x. Torma MmoxHO
IIEepPEeNnucaTh ypaBHEHNE, TPUBEIEHHOE BBIIIE CJIEIYIONUM 00pa3oM

decimal [z, 21, 23] = ((0 D x) B 1) B 22

DTO BbIpasKEHNE BBINVISAAT HOYTH KakK (yHKmusa foldr, 3a wuc-
KJIFOUeHIEM TOI'0, 9TO CKOOKM PaCCTaBJIEHBI IO JPYTOMY U BBIYHC]IE-
HISI HAaYMHAIOTCA CJieBa, a He crupaBa. PaKTUYeCKH, 3TO JIBOUCTBEH-
HBII TPOITECC: BMECTO OOpabOTKM CIIpaBa HAJIEBO, 3/1€Ch BBIYUCIEHUE
ITPOU3BOJINTCS CJIEBA HAITPABO.

PaccMmoTpenHblii mpuMep 00bACHSET IPUYNHBI TOABJIEHUS BTOPOiA
dbyHsKIMM cBepTKY, HaszbiBaeMmoii foldl (ot fold left — ceprka ciiesa).

foldl (@) e [z1,Z2,..., 2] = (...((e®z1)Dx2)...) D2y

rie ¢ OuHAPHBIN OMEpaTOP, & € — CTAPTOBOE 3HAUEHHUE.

3aMeTnM, UTO €CJIH € €CTh aCCOIUATUBHAS €IUHUIA JJIST OLIEPAIIN
@, To foldr (@) e m foldl (P) e ompenensroT OMHY U Ty ke (DYHK-
M0 HA KOHEYHBIX CIMCKAX.

» Vnpaorcnenue 1V.1.2

Coznaiite ¢aitn u momecTute B Hero ompeaesenne pyukmun foldl.
Obparure BHEMaHKE HA O0bABJICHUE €€ TUIIA.

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

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

3arpys3uTe CKpUIT B WHTEPIIPETATOp U mpuMenuTe QpyHKImO foldl K
Pa3JIMYHbIM OllepaTopaM U CIIMCKaM.

<

Pazbepem momompobHee mpoliecc IpUMeHEHHUsl 3TOit (DYHKIUM K
CIIICKY U3 TPeX JIEMEHTOB:
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foldl () e [ a, b, c]
= foldl (®) (e & a) [b, cl
= foldl (@) ((e & a) & b) [c]
= foldl (@) (((e @ )@ b) B c) []
= ((e ® a®db)dc

C momorpbio foldl dyakrmio decimal MOKHO ONPENEIATH TAK:

op :: Integer -> Integer -> Integer )\
opab=10x a + Db

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

Mer ncnosib3oBau B 00bsABIeHNHN THI Integer, a He Int mysa To-
r0, YTOOBI MOXKHO ObLIIO pabOTATh CO CHUCKAMU JIOCTATOYHO OOJIBITION
JIJTVHBI.

» Vnpaosrcuenue IV.1.3

CozmaiiTe CKPUNT, TO3BOJAIONINN BBIYUCIUTH YHUCTIO, IMIPEICTABJIEH-
HOE CITUCKOM cBoux 1udp. Vcmomb3yiiTe [jisi BhIYUCIEHUS (DYHKIIAIO
decimal. /IobaBbTe B cKpuNT ompejesenne pynkimu decimal’, ot-
JINYAOINeecs TOJIbKO OODBbIBJIEHWEM TUIA, Mg Yero 3aMeHWUTEe THUII
Integer Ha Int. OObACHUTE OTBET, TOTYYEHHBIH B OCTIETHEM U3 TIPU-
BEJIEHHBIX TTPUMEPOB BBIUMCJICHUS:

---> 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

<

QyHKIWU BBICIIETO MOPsAJIKa, Takme Kak map u foldr, urpaior
B (pYHKIIMOHAJIHLHOM MPOTPAMMUPOBAHUHU POJIb, KOTOPYIO BBITIOJIHSIOT
yIpaBJsomme cTpyKTypbl (anasoruunbie for u while) B mpouemyp-
HBIX 3bIKaX. OIHAKO, 9TH yIPABJISIONIAE CTPYKTYPbI SBJISIOTCS BCTPO-
€HHbIMU B s3bIK, B TO BpeMs KaK (PYHKITUA MOYKHO OIPEIEeTUTh CaMO-
CTOSATEJIBHO. DTO JiesiaeT (PYyHKIINOHAJIBHOE IPOrPAMMUPOBAHIE OYEHD
rIOKUM: MMEeTCsI JINIIb HEeOOJIbIIOe YHCI0 BCTPOEHHBIX (DYHKIUM, HO



90 IV. @ynxuyuu evicwezo nopsadka

MIPOrPAMMHUCT CAMOCTOSITEIHHO MOXKET CJIeJIaTh BCE, YTO eMy ToTpedy-
eTcH.

Bonpocwvt u 3adanus

IV.1.1

Ob6®bsicuuTe pasiuyus B 00bsiBieHnsx Tuna ¢yakmuit foldr n foldl.

IV.1.2

HOquy B MaTEMaATHUKE OHepaHI/IH BO3BCICHUA B CTCIICHDb NMECT HpaBYIO
aCCOIMaTUBHOCTD

2. Urepamnusa

[Tporecc umepayuu JOBOJIBHO IIUPOKO MPUMEHSIETCSI B MATEMaTH-
ke. OH 3aKJIIOYaeTCsa B CIEAYIOIIEeM: OepeTcs HeKOe HadaJlbHOe 3Hade-
HI€ U K HEMY IPUMEHSETCH KaKas-TO OIpeAesieHHas (DyHKIU 10 TeX
0P, TOKa He OyJeT MOJIydeH Pe3yJIbTaT, y0BJIETBOPSIONINN 33 1aHHO-
MY YCJIOBHIO.

Nrepamnusa MoxKeT ObITH JIETKO ONpeesieHa KaK (PYHKITUS BBICIIIETO
mopsiika. B mpenfoanio BKIOYEHA MOM0OHAs (PYHKIUs, Ha3bIBaeMast
until, co ciemyiomuM OObABICHUEM THUIIA!

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

Kak cnemyer n3 oO0bsaBieHns, QyHKIMA UMEET TPU IIapaMeTpa: JIOTH-
YECKOe yCJIOBHE, KOTOPOMY JIOJIKEH YIOBJIETBOPUTH KOHEYHBIN Pe3yJIh-
tar (dyHKIMs, nMeroImasi T a -> Bool), dyHKIMs, KOTOpas Iepu-
OIWYECKY NPUMEHSETCS K IPOMEXKYTOUYHOMY Pe3ynbraTy (a -> a), u
CTapTOBOE 3HAUYEHUE, UMEIOINee TUI a. KOHEUHBI pe3ysbTaT TaKrKe
uMeeT TUM a. Brr3oB until p f x ymTaeTcs Kak: «do mex nmop, noka
P HE 6bLINOAHEHO, NPUMEHAMD £ K dAeMEHMY X>.

Omnpenenenne dynknmy until — peKypcuBHO. PeKypCcuBHBIL 1 He
PEKypCUBHBIH CIyday BbI30Ba Ha 9TOT Pa3 HE UCIIOIb3YIOT COIOCTABJIE-
Hre ¢ oOpas3ioMm (patterns, marTepHbI), a coaepKAT OXPAHHbIE BbIPa-
JKCHHA:

)\untilpfxlpx = X

| otherwise = until p f (f x)
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Eciin HaganbHOE 3HAUEHUE X CPa3y 7Ke yIOBJIETBOPSET yCJIOBHIO P, TO-
Ila OHO ¥ SABJISAETCS PEe3yJabTaTOM. B mpoTuBHOM ciydae QyHKImMA f
oMH pa3 npumeHsiercst K x. [losydennsiit pesysbrar (f x) ucnonb3y-
eTCa B POJI CTAPTOBOIO 3HAYEHUS B PEKYyPCUBHOM BBI30BE until.

Kaxk u Bce dpyHKIIMYT BBICIIErO MOPsiiKa, PyHKIMS until MOXKeT BbI-
3bIBATHCS C YACTUIHO MAPAMETPU30BAHHBIMY (DYHKIINSIMU B KA4eCTBE
napamMeTrpa. Hanmpumep, BbIpakeHne, IPUBEIEHHOE HUXKE, BHITUCTISIET
HAMMEHBIIYIO CTEleHb YKMCa JBa, He npesbimaronlyo 1000 (HaunHas
C €IWHUIBI U yIBaWBas pPe3yJabTaT JO0 TeX IOp, ITOKa OH He CTAHET
oosmb1re 1000):

-——> until (>1000) (2x*) 1
1024

B orsinume oT paHee pacCMOTPEHHBIX PEKYPCUBHBIX (DYHKITHUH, Tapa-
MeTpP PEKYPCHUBHOTO BbI30Ba (PYHKIMK until we cmanosumcs MeHb-
we, 9eM ucxoaubIi mapameTp. [losTomy-To pyrKInsg until He Bcerga
crtocoOHa 3aKOHYUTH BBIYUCJIEHNE U BBIIATH Pe3yJabTar. [Ipu BbI3oBe
dyukmm until (<0) (+1) 1 yciaoBume HUKOTIA HE OyHAeT yI0BJIETBO-
peno; pyHKIus until OyAeT BITOJHATHCS HEOTPAHMIEHHOE 9HCIIO PA3
u pe3yabTar He Oyner nosydeH. [Ipu 3ToM Ha 3KpaH KOMIbIOTEpa He
BBIBOJUTCS HUKAKOUW WH(OPMAIWHU, TAK KAK BBITOJTHIETCSI OECKOHeY-
HOE YHCI0 pekypcuit. [ ocTaHOBKHU BBIYUC/ICHUM (interrupt — IIpe-
PBIBATH) B IOJOOHOM CIydae CJIeAyeT HayKaTb KOMOMHAIUIO KJIABUII
Ctrl wu C (HaxxmuTe KjaBunry Ctrl u, He OTIyCKas ee, HAXKMUTE KJIa-
Buiny C):

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

{Interrupted!}

-—=>

3. Kommo3uinmsa yHKImit

Mpsr1 yke 00CyzK/1a7 KOMITO3UIIAIO (PYHKIUN C TOYKU 3PEHUST MaTe-
MAaTHUKH, IOCMOTPHUM TeIlephb Ha 3Ty OIEPAINIO C TOUYKHU 3peHns (PYyHK-
IIA# BBICIIETO MIOPs/IKA B PYHKIIMOHAJHHOM IIPOrPaAMMUPOBAHUH.

Eciu f u g — dysknun, 1o f - g ecTh MaTeMaTrueCcKast 3a11Ch TOrO
daxkTa, uro dyHKIUT g 6vinoansemca nocae . Oupenenum QyHKITHO
after (mocsie), 3aBUCHIILYIO OT ABYX apryMeHTOB-MyHKIui f 1 g, KoTo-
padg npumender f nepsoii, a 3aTeM, 4 NOJIYYEHUA OKOHYATEJIbHOI'O
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pe3yiabraTa, npuMenser g. Hammune 1ogo0HONM (pyHKINK O3BOIHIO
Obl, HAIIDUMED, JABATH CJIEYIOIIUe OIPEIeseHrsi (Mbl UCIOIb3YEM €€

onepaTopHyio (opmy):

odd = not ‘after‘ even
closeToZero = (K10) ‘after‘ abs

Omneparop ‘after‘ moxker ObITH ONpEEsEH, KAK OIEPATOP BBICIIETO
ITOPSIJIKA CJIETYIONTIM 00pPa30oM:

infixr 8 ‘after®

g ‘after* f = h
where h x = g (f x)

Hamomuwum, uTo He aj1d Bcex (DYyHKIMI MOXKHO HAWTH WX KOMIIO-
aunmio. ObacTh 3HadYeHuit pyHKIUN f TOKHA SBIITHCA 00JIACTHIO
oupezesenus (jgomenom) mis g. Jpyrumu cioBamu, eciau GyHKuus f
uMeeT TUI a -> b, TO QPyHKIHUA g, COOTBETCTBEHHO, JOJIKHA NMETh
turn b -> ¢. Kommosurueit 3tux aByx dyakmuit Oymser dpyHKIuUs, KO-
Topas JeficTByeT u3 a -> c. Bce 3TO oTpaxkeHo B CJieyIOIEeM O0b-
sBJeHUN Tumna GyHKimun after:

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

Tak Kak -> accomMaTUBHA CIIPABa, TO TPETbU CKOOKU JIUIIHAE, W THUII
after MOXKeT OBITh OIMCAH U TaK:

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

Oyukiums after MoxkeT OBITH PACCMOTPEHA KaK (DYHKIINS C TPeMs
mapaMeTpaMu; B TO YKe BpeMs, BCIIOMHUB O KapPWHTE, €¢ MOYKHO CUU-
TaTh (PYHKIIMEH ¢ AByMs MapaMeTpaMu, KOTOpas BO3BpaIlaeT (PyHK-
1o (a TakKe ¥ Kak PyHKIMIO C OHUM ITapAMETPOM, BO3BPAIIIAOILY O
JaCTUYIHO TTapaAMETPU30BAHHYIO (PYHKIIUIO, 3aBUCSIILYIO OT OJIHOTO ap-
r'yMeHTa~-(pyHKIUN, KOTOPasi B CBOIO OY€EPE/Ib BO3BpAIaeT (DyHKIIHUIO C
opHuM mapamerpom). Bee 910 maer Bo3mokHOCTB onpenenuTh after,
KaK (DYHKIIAIO C TpeMs TTapaMeTPaMu:

after g £ x = g (f x)

IIpu Takom ompesesleHNN HET HEOOXOIMMOCTHU B JIOKAJHHOM OTIpeIieie-
HrY DYHKIMY h ¢ TOIOLIBIO KJIOYEBOrO CJIoBa where (XOTs 910, KOHeu-
HO 2Ke, JoiycTuMo). Bo3spaiasics kK oupezenenuo dyHskuu odd, Bu-
nuM, 9To after pakTUUeCKH SABJISETCSI YaCTUIHO ITapaMeTPU30BaHHON
nmapamerpamu not u even. Tperuit mapamMeTp Ipu TAKOM OIIPeIeIeHNN
He yKa3aH: OH OyJeT IepesaH Ipu Bbi3oBe byHKINHU odd.
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Ncnonp3oBanue oneparopa after MOXKeT IMOKA3aThCs W3JIMIITHUM,
Beb PyHKIWH, 10H00HbIe 0dd MOXKHO OBLIO OBI ONPEIEIUTD CIIELYI0-
M 00Pa30M:

odd x = not (even x)

Tem mHe Menee, KOMIIO3UIMS ABYX (PYHKIUI MOXKET CIYKHUTH ITapaMe-
TPOM JJIsi KaKOH-HUOYIb (DYHKIUNA BBICOKOT'O MOPSIKA WM B 9TOM CIIy-
Jae HeT HeOOXOAUMOCTH IIPUCBAMBATD el oTaejibHoe uMs. Ciremyomuii
npuMep JAeMOHCTPUPYET MOJYyUYEeHNEe CINCKA HEYETHBIX YUCeJI:

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

B npestonun kommo3utius GyHKIUN OnpeesieHa n3HavdabHo. Kak
y7K€ OTMEYaJIOCh, OHA 0003HAYAETCH KAK CUMBOJIOM . (TOYKA), TAK KaK
CHUMBOJIA - HET HA OOJIBITUHCTBE KjIaBuaTyp. VTak, BbI MOXKeTe BbIUU-
CJTUTD

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

DTOT orepaTop OCOOEHHO TIOJIE3€H B TEX CIydasx, KOTA HAI0 Haii-
TU KOMIIO3UIUIO TpeX u Oosiee pyuKIumii. [I[porpamMucT MoxKeT mpocTo
yKa3aTh KOMIIO3UINIO PYHKINH, 0e3 HeoOXOOAMMOCTA YIHOMWHAHWS B
KadeCTBe TTapaMeTPOB TaKWX BEJIWUWH, KaK Ynciia u cnucku. ['opasmo
IpUATHEE TTNCATH

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

fx =g @G G &kx))

Bonpocwv u 3adanus
IV.3.1

J1J1sT KaxKI0ro MyHKTa IPUBEIUTE MOAXOMSIY0 (DYHKITHIO:

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

IvV.3.2

Asngerca qm oneparop ‘after (.) acconmaTuBHBIM?

A

H

H
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IV.3.3

Ha cTp. 92 yrBepxkmaercs, uro after MoxKeT pacCMaTPUBATHCS KAk
dyHKIUA ¢ omHUM mapaMeTpoM. Kak 9To MOXKHO y3HATh U3 OIMUCAHUS
tuma napamerpa’ [laiire onucanue after B popme

after y = ---

4. JIambaa pyHKOUN

Yke orMedanoch (cM. crp. 82), 9To QyHKIMsI, KOTOpasi epenaeT-
Cs B KQ4eCTBE TapaMeTpa APYroi (pyHKIUM, 9aCTO ABJISeTCA IJaCTUIHO
apaMeTPU30BAHHON (QyHKIMEH, IIPU 3TOM B €€ 3aIllCU MOYKET HCIIOJIb-
30BaThCA WU HE MCIOJb30BATHCA HOTAIMSA ONEPATOPHBIX CEKIHIA:

---> 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 ciaygasx dyHKINs, IepegaBaeMas B KadecTBe MapaMe-
Tpa APYyroit GyHKINN, MOKET ObITh TTOJIyY€Ha, TTyTeM KOMIIO3UITUN JIPY-
X (pyHKIIIA:

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

Ho B HekoTOpbix ciryuyasx

Sanucy [n .. m], 2de n u m —
UEABLE YUCAG, ABAAEMCH COKPAULEH-
HOT PopMmoTi 3anuUCU CNUCKA UEABLT
yucesn 6 duana3one [n; ml, nanpu-
mep,

--> [1 .. 4]

[1,2,3,4]

OYeHb HEMPOCTO 33/1aTh (PYyHK-
IO IIOJOOHBIM OOpas3oM, Ha-
IpUMep, ecIu TPedyeTCss BhIUN-
conth 2 4 3x 4+ 1 11g Beex x u3
HEKOTOPOrO Chucka. KoHedHo,
BCET/Ia, OCTAETCST BO3MOYKHOCTH
omnpeeauTb PYyHKIUIO, 33/1aB ee

B BH/IE JIOKQJIBHOT'O IIapaMeTpa ¢ HOMOIIBbI KOHCTPYKIUU where:

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

OpHako, ecanm WCIoJIb3yeTcst OOJIBIIOEe KOTUYIECTBO MOMOOHBIX (DYHK-
M, CTAHOBUTCSI COBCEM HEIPOCTO MPUILYMBIBAThH BCE HOBbIE W HOBbBIE
MMeHa JJisd HUX. B Takux cuTyanuil UCIOJIBb3yeTCs CIeluajbHas HO-
TAIMs, [IO3BOJISIONIAA OIPEAEaTh (DYHKIUN 06e3 A68H020 YKA3AHUL UL
UMEH.

BosbInHCTBO  PYHKIUOHAJIBHBIX A3BIKOB IIPOIPAMMUPOBAHUSI
IIO3BOJIIET HCIOJb30BaTh, TaK Ha3bIBaeMble, JIMOIa-PYyHKINT
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(A-byskiun) — bysknun 663 HazBaHus. Tak Kak Ha KJIaBUAType HET
rpedeckoit OykBol A B s3bike Haskell ot rpedeckoit 6ykBbr A ocTaJiach
TOJBKO OJHA MAJIOYKa — \. Jaluch \ X CJIeAyeT MOHWMATh KakK
dbyuKuus or x (Haauuue pobesIa MKy CUMBOJOM \ U apryMeHTOM
dbyHKIUYM He SBISETCS HEOOXOIUMBIM ).

O6bmuit Bug A\-dpyukmuu B a3bike Haskell Takos
\ obpaszser -> BHpaxeHUe

OyHKIUA W3 TPEIbIAYINEro MPUMepPa C UCIOIb30BAHUEM A-HOTAIUN
3amuIreTcs Kak \x -> x*x + 3*x + 1. Takas 3anuch dmraercs cie-
IYIOIAM O0Pa3oM: «PYHKUUA OM X, B036PAULAIOULAA 3HAYEHUE X*X
+ 3%xx + 1». OO6bI9HO JIAMOIA-PYHKIIUNA UCIIOTB3YIOT, eC/ii TpedyeTcs
OJIHY (PYHKIMIO TIepe/laTh B KadeCcTBe apryMeHTa APYyroi (pyHKIUU,
HaIIpUMeD,

--->map ( \ x -> x*x+3*x+1) [1 .. 10] H
[5,11,19,29,41,55,71,89,109,131]

Tejto 1saMO61a-BbIpaXKeHUsT MOYKET ObITh IIPOU3BOJILHBIM BhIPaKEHM-
eM, OJHAKO CJIeIyeT y4eCTb, YTO OHO He MOKET OBITh PEKYPCUBHBIM,
IIOCKOJIbKY HE CYIIIeCTBYET TAKOI'O CBSI3aHHOIO C (PYHKIIMEH MMeHH, Ha,
KOTOPOE MOYKHO OBIJIO OBI CChLIATHCH.

Bonpocwv u 3adanus
IV.4.1

Omneparop KoMno3unuu pyHKIUH IMeeT THII
(.) :: (a->Db) => (c => a) -> (c ->Db)
JpyruMm KOppeKTHbIM O0ObsIBJIEHUEM THUITA 3TON (DYHKIUU SBJISETCS

a) (.) :: (b ->c) -> (a ->Db) -> (a -> ¢);

6) (.) :: (@a->¢c) > (b ->a) -> (b ->c);
B) (.) (c -=>a) -> (b ->c) -> (b -> a);
I‘) BCe€ BbIIIE II€ePpE€IUCIICHHBbIE.

IV.4.2

Oyuknust, nmeromas tun (a -> b) -> ¢ aBasgercs QyHKIHEH

a) HU3IIEro IOPSIIKA;
6) CpeIHEero TOpsIIKa;
B) BBICIIIErO MOPSIJIKA;
I') HEBO3MOXKHO OIIPEJIEJIUTb.



I'maBa V

YHucaoBble (pyHKITAN

1. Pabora c neabiMu 4mucjaaMu

[Ipu paboTe c 1eJBIME YKCIAMHU JIOCTATOYHO PACIPOCTPAHEHHOM
oneparyeil siBjseTcs HaxoXkaeHue ocmamka (remainder) ot geneHust
HAaIleJIO OJHOTO YHCJIa Ha JApyroe. Tak IpW AeJIeHUH HAIEJO0 YUCTIa,
10 ma umcno 3 octaTok paBeH 1. OmgHUM M3 CIOCOOOB HANTH OCTATOK
SIBJISIETCSI TIpUEM JeJIeHUS CTOJOMKOM, XOPOIIO M3BECTHBI M3 Kypca

cpenneit mKosbl. K mpumepy npu gesenun 345 Ha 12 gacTHOE PABHO
28 n octaTok — 9:

34512
24 |28
105
96
9

B npeambysie onpenenena (yHKIus rem, npegHa3HaYEeHHAST s
HaXOXKJIEHUS OCTATKA:

-—-> 345 ‘rem‘ 12
9

Omnpeneserne ocTaTKa OT AEJIEHUS MOXKET MOTPEOOBATHCSA B TAKUX 3a-
Jadgax, Kak

® BBLIUKC/IEHUE PA3JINYHBIX BPEMEHHBIX XapaKTEPUCTUK: HAIIPUMeED,
ecau ceirgac 9 gacoB, To depe3 33 yaca TeKyllee BpeMsi Oyler
paBaO (9+35) ‘rem‘ 24 = 20 9acos;

e oupejiejieHUe MMEHM JHs Henenu: 3akomupyem jguu (0 — Boc-
KpeceHbe, 1 — TOHEJENbHUK, ..., 6 — cybboTa), eciau ceromHs
cpema (meub ¢ HOMepoMm 3), To uepe3 30 aHeilt OymeT mATHUIA
(33 ‘rem‘ 7 = 5);

96
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® BBISICHEHIE BO3MOXKHOCTH PA3[eJINTh HAIIEJIO OJHO YUCJIO HA JAPY-
roe: 9ucjo OyIeT JeJUTCsS Ha YUCJIO 1, €CJIM OCTATOK OT JIEJICHUS
9TOr0 YKCJIa HAa N PaBEeH HYJIIO;

® OIpeeIeHre KOJIU4YeCTBa IUdpP B HECATUYHONR 3allUCHA YU-
cla: TOCHemHss Imdpa UYNUCIa X HAXOAUTCI IO QopMyse X
‘rem‘ 10, caenyromas mudpa paHa (x/10) ‘rem‘ 10, TpeTbs
(x/100) ‘rem‘ 10 m Tak maJee.

Ormerum, uro B s3bike Haskell numeercs eme ogna dyHKIus s
HaXOXKJIEHNUS OCTATKa 4ucja — 310 pyHKius mod. Pesynbrarsl hyHK-
Iy rem u mod COBIIQAAIOT HIPU HAXOZXKIEHUU OCTATKOB OT HOJOXKUTEJb-
HBIX YHCEJI, HO Pa3JIUYaIOTCA JJIsd OTPUIATE]bHBIX YUCET: (DYHKITHAS
mod JiyIst JTI000r0 Ymcsa (KakK MOIOKUTEIBHOTO, TaK ¥ OTPUIATEHEHO-
r0) HAXOJAUT OCTATOK B COOTBETCTBUHU CO CJIELYIOIIAM MATEMATHIECKIM
OIPEIEJIEHNEM OCTATKA:

s 2106020 4eA020 YUCAG M U NOAOHCUMEADHO20 UEA020 I
cywecmsyom u npu mom eduHCmeenHbvie q U T, maxue 4mo
m=gq-n+r 2de ocmamok r ydosaemeopaem Ycao8uUI0
0<r<n.

Hpyrumu cioBamu, (m ‘div¢ n) * n + m ‘mod‘® n TOXIECTBEHHO
paBHO m. [Ipu TakoM ompeesIeHNN OCTATOK JII0OOTO IEJIOTO YUCa, Hali-
JICHHBIN 1Ipu mmoMoIy (PyHKIWH mod €CTh 9HC/IO HEOTPHUIIATEThHOE, B
OTJINYWH OT (PYHKIUU rem, KOTOpasi ONEPUPYET MMOJOKUTETbHBIMU UM~
cJaMu, a JIUIIb 3aT€M YYUTHIBAET 3HAK.

---> 34 ‘rem‘ 10 H
4

---> 34 ‘mod‘ 10

4

---> (-34) ‘rem‘ 10

-4

---> (-34) ‘mod‘ 10

6

Paccmorpum emre gBe 3amaun, cBI3aHHBIE ¢ 00PAOOTKOIL 1EJIbIX UK-
cesi. B obenx 3a1auax ucnob3yercsd (yHKIAS Tem.

1.1. IToaxydyeHue cOomcka OPOCTBIX YHUCEJ

T'oBopsT, YTO IEI0€ YNCIIO M JIEJTUTCS HA IEJIOE N, €CJIM OCTATOK OT
) A I )

JlesieHrsi m Ha n paBeH HyJ 0. Pyukius divisible nposepser genurcs

JIX OJIHO 4UCJIO HA APYTroe:

divisible :: Int -> Int -> Bool )\
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divisible m n =m ‘rem‘ n ==

JlenmuresissMu 9ncyIa HA3bIBAIOT TAKKE IEJIbIE YUC/IA, Ha, KOTOPbHIE NCXO/I-
HO€ JuCjI0 JaeymuTcsa 6e3 octarka. Oynkiusg denominators ompesesseT
CIHCOK BCEX JeJUTeJel 3aJaHHOIO YUCIa:

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

SameTnM, 9TO 31meCch QyHKIMS divisible 9acTHYHO TapaMeTPU30Ba-
Ha mepeMeHHOl x; pyHKius filter «oTUIBTPOBBIBAET» U3 CIIUCKA,
TIEeJTBIX 9UCeST OT 1 /10 X TOTBKO Te, KOTOpPbIE ABJIAIOTCHA JIETUTETIIMNI
qUCIa X.

[estoe gmciio HA3BIBAETCS NPOCMbLM, €CJIA OHO UMEET POSHO 064 Je-

JINTeNs: equHUIy u camo cebs. OyHKIusa prime mpoBepseT, JeiiCTBU-
TeJbHO JIU B CIIUCKE JIeJINTeNell HaXOAdTCa TOJBKO TU JABa UMCIIA:

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

1 nakowner;, GyHKIMsS primes HAXOMIUT BCE MPOCTHIE JUCJIA, HE TPEBbI-
HIaoIye JTaHHOe:

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

N xoTs 3TOT c1tocoO BHIYUCIEHUS CIIUCKA MTPOCTBIX YHUCE, HE TTPEBBITIA-
IOIMUX JAaHHOe, He sBJsgeTcs Hanbosee 3(pHEeKTUBHBIM, OH UMEET HEeO-
CTIOPUMOE TIPENMYIIECTBO — BCEe (DYHKIIUU B HEM SIBJISIOTCS TTPOCTHIM
TepesIoKeHNeM MaTeMaTuIeCcKuX omnpejesennit Ha 36k Haskell.

1.2. Onpenenenue JHA HeIeJIN

Kakum goeMm Hemesau OymeT mocjegHuUil JeHb TeKyinero roga’ A B
KaKOM JIeHb HeJesu Bbl poamtuch? s oTBeTa Ha MOHO0HBIE BOTTPOCHI
nmaBafite onpenenuM GyHKIUIO day, KOTOpas MO 33aHHOMY JTHIO Me-
cAIa, MECSIly U Toay OyeT BbIIABaTh J€Hb HEIE/H, Ha KOTOPBIA OH
IIPUXOIUTCSI.

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

Ecnu yxxe usBecTen HOMED JTHA HEJEJN, TO, OCHOBBIBAsSICh HA IPE/I-
JIOZKEHHO}! BbIIIIe CXeMe KOAUPOBaHNUS, PYHKINIO day JIeTKO HAIIUCATh:

\ day d m y = weekday (daynumber d m y)
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weekday 0 = "Sunday" -- Bockpecenne
weekday 1 = "Monday" -- lloremenpHUK
weekday 2 = "Tuesday"  -- BropHEK
weekday 3 = "Wednesday" -- Cpezma
weekday 4 = "Thursday" -- UYeTsepr
weekday 5 = "Friday" -- llaTruna
weekday 6 = "Saturday" -- Cy66ora

Oyuknusa weekday MCHOJB3yeT CEMb IIAOJIOHOB JJIs ONPEIEJEHNs Ha-
VMMEHOBAaHUA JHA HEOeJIn (pe3yanaT0M ABJIAETCA CTPOKA, 3aKJIIOYECH-
Hasl B KABBIUKH).

Oyuknusa daynumber ompenenseT YuCIO JHEH, MPOIIEAIINX C II0-
CJIEJTHETO BOCKPECEHBSI, U JI00ABJISIET K HEMY':

® YNCJIO TIEJTBIX JIET, YMHOXKEHHOE Ha 365;

® TIOMIPABKY HAa YMCJIO TPOIIEITNX BUCOKOCHBIX TOJOB;

® UICJIO JTHEH BO BCEX Y Ke TOJTHOCTHIO TMPOIIEAITNX B TEKYIIEM
TO/Iy MECSIIIER;

® YKCJIO JIHEH, TIPOIIeIUX ¢ HadaJjIa MeCAIa.

3areM HAXOIUTCS OCTATOK OT JIEJIEHNsI Ha 7 TIOJIy9€HHOrO (OrPOMHOTO)
YUCJIa — ITO U OyHAeT HOMep IHA HeIesIN.

B mamem (rpuropmaHckom) KaJjieHjape, BBeieHHOM namnoii ['puro-
pueM B 1752 romy, NeficTBYIOT CJIedyIOIIe MPABUJIa OIIPEJIeIEHUs BU-
COKOCHBIX TO/IOB (JyinHa KOTOPbIX 366 mHeil):

® ecJIi HOMEp T'oJIa AeJINTCS Ha 4, TO TO[, ABJISIeTCS BUCOKOCHBIM
(manpumep, 1972);

® HO: eciim HOMeED roja seautca Ha 100, To rog He BUCOKOCHBIM
(mampumep, 1900);

e HO: eci HOMep roja smeymrceda Ha 400, To rox asasemcsa BACO-
kocHbIM (Hampumep, 2000).

Teneps, 3uass, aro 1 saBaps 0 roma OBLIO BOCKPECEHBEM, JIETKO
TIOJTHOCTBIO OIIPeIeSIUTh (pyHKIuIO 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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Boei3oB take n xs BO3BpAIaeT IEPBBIE N YJIEMEHTOB CIIUCKA XS. DT
dbyHKIUS MOXKeT ObITh OIpeesieHa, HAIPUMeED, TakK (JaHHOe OIpeje-
JIEHVE HEMHOI'O OTJIMYAEeTCsl OT [IPUBEIEHHOTO B IpeamoOyie):

take 0 xs = []
take (n+1) (x:xs8) = x : take n xs

Oyuking months Bo3BpallaeT YUCIO JHENH B KAaXKJIOM U3 MECHIEB 3a-
JAHHOTO ToJa:

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

Oyukius leap UCHOIb3YETCS B OXPAHHOM BbIPDAXKEHWU IIPE/IbLIyIIEN
dyHKIHUU:
leap y = divisible y 4 &&

(not (divisible y 100)) || divisible y 400

Ee ke M0xKHO OnIpesesiuTh U MO-APYTrOMY:

divisible y 400
divisible y 4

leap y | divisible y 100
| otherwise

JLj1st TOTO 9TOOBI C/Ie1aTh MOJTHOCTHIO KOPPEKTHBIM OIIpe/iesieHrne pyHK-
nuu day, 700aBUM OXPAaHHOE BhIPAXKEHUE, He TO3BOJIAOINIEee TPUMEHUTD
9Ty (DYHKIIMIO K IEPUO/Y 10 BBE/IEHUSI IPUTOPUAHCKOTO KaJICHIAPS:

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

Tenepb BbI3OB 3TOi (PYHKIMH C IIOCIEIHAM IAPAMETPOM, MEHbIIUM
geMm 1752, nmpuBeser K COOOIIEHNIO 00 OmmoOKe.

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

Program error: Homep roma Mermme 1752

1.3. Crparerum pa3paboTKm mporpaMm

HpI/I IIPOEKTUPOBAHUMU IIPOTPaMM JJIAA 9TUX ABYX IIPUMEPOB UCIIOJIb-
30BaJINCH JIBE PA3JIMYHbIE CTPaTerun pa3padorku. Bo Bropom npumepe
MbI TIEPBBIM JI€JIOM Ompeesimin QyHKimio day B TepMuHax QyHKIUi
weekday u daynumber. IIpu paspaborke dpynkuu daynumber MbI nc-
OJTb30BaJIM (PYHKITMIO months, KOTopasi B CBOIO OY€pe/ib UCIIOIH30Ba-
ja ¢pyukuio leap. Takas cTpaTerus HOCUT Ha3BAHUE «CEEPTY GHU3Y:
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HAYNHAETCs pa3paboTKa ¢ Hambosee BayKHBIX BEIeil 1, 3aTeM, II0 Mepe
HAJOOHOCTH, OIIPEIEJIAIOTCA JOIOJIHUTEIbHbIE (DYHKIIAMN.

B nepBom ke mpuMepe TPUMEHSIACH CTPATETHS «CHU3Y 68EPIT»:
cHavaJia ObLIa HammcaHa QpyHKIug divisible, ¢ ee TTOMOIIBIO OMIpe-
nennan GyHKnuio denominators, 3aTeM (DYHKIIWIO prime U, HAKOHETI,
primes.

[IpuMeHeHme TOM WM WHOM CTpaTEruyu HUKAK HE CKA3bIBAETCSA HA
OKOHYATEJIHHOM Pe3yJIbTaTe: Bedb WHTEPIPETATOP HUYErO HE 3HAET O
TOM, B KAKOM TIOPsiJiKe pa3pabaThiBanch QyHKIUN. TeM He MeHee, TIPH
pa3paboTKe IporpaMm Cjieayer oOpaliarh BHUMAHUE Ha TO, KAKOU U3
CTUJIEH UCIIOJIb3YETCH.

2. HucseHnHble BBIYUCICHUS

2.1. Yucnennoe muddpepeHnmpoBaHNe

[Tpu BbIUmCIEHUSAX, B KOTOPBIX yIaCTBYIOT Yucja tumna Float, To4-
HOE HAXOXKJIEHWe DPe3yJIbTaTa B OOJIBINIMHCTBE CIy4aeB HEBO3MOXKHO.
Pe3ynbTaT BhIUUCIEHNS OKPYTJISETCSI C TOYHOCTHIO /IO HECKOTBKUX JIe-
CATUYHBIX MU@P MOCTIEe 3AMATOM.

--->10.0/6.0
1.66667

[Ipu BbIYHMCIEHUN HEKOTOPHIX MAaTEMATUYIECKUX (PYHKIIUH, TaKWX
KaK sqrt, pe3yabTaT TakxKe OKpyrisgercs. [losromy u nmpu paspadbor-
Ke CBOMX COOCTBEHHBIX (PYHKIU, oniepupyomux ynciaamu tuna Float,
MIOJTy Y€HHBIN Pe3yJIbTaT TaKxKe OyJlIeT ABJIATHCS alpOKCHMAaIneit «pe-
aJIbHOTO» 3HAYCHUA.

[TpumepoM 3TOr0 MOXKET CIyKUTh BBIUYUCJIEHUE MTPOU3BOIHOMN TOM
I WHOU MaTeMaTWdecKoit pyHkmuu. MaTeMaTudeckoe ompeeeHme
npousBoAHOH f' oT pyHKIMHU f TaKOBO:

. flz+h)— f(z

h—0 h

TouHoe 3HaUEHNE TIpeaesia He MOXKET ObITh BHIUYMUCIEHO HA KOMITBIO-
tepe. OgHAKO, TPUOINKEHHOE 3HAYEHNE MOYKET TIOJIYIEHO C MCIIOIH30-
BaHMEM JOCTATOYHO MaJIbIX 3Ha4YeHuil h.

Onepanus muddepeHnupoBaHusi €CTh (DYHKIUS BBICIIErO MTOPSII-
Ka: (pyHKIUsS Oepercs B KadeCTBE apryMEHTa U (DYHKIUS SBJISIETCS
pe3yabraToM BhrauciaeHusi. Ompeesienre MOKeT ObITh TaKWM:

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

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

C menpio0 TOMyYeHWsT KAPPUHTOBOW (DOPMBI (DYHKIIMU MOKHO
yOpaTh BTOPYIO Mapy CKOOOK B OObSIBJIEHWW THIIA, TaK KAK —-> acCoO-
IMATUBHA, CIIPABA.

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

Tenepy dpyuknuio diff mMoxxHO cunTaTh QYHKIMENH OT ABYX Mapame-
TpoB: (1) dyHKIWY, IPOU3BOLHYIO KOTOPOH ClIeyeT BbIYUCIUTh, U (2)
TOYKM, B KOTOPO# 3HAYEHNE IPOU3BOMHON JOIKHO OBITDH IIOACIUTAHO.
C 3TOli TOYKHM 3pEHUs ONPEIEJIEHNE TelePhb BhITJISIUT TaK:

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

DTH [ABa OmIpeieseHns abCOMIOTHO SKBUBAJEHTHBI. BTopas Bepcus mpo-
IPaMMBbI IPEJIIOYTUTENbHEE, TaK KaK OHa IPOIIE U sicHee (B HEll oTCyT-
CTByeT HEOOXOIMMOCTH BBOjA jomnosauTeabHON dyukmun 2. C npy-
rofi CTOpPOHBI, IIEPBOE oupeaelieHne nogyepkuBaeT, 9To diff mozxker
OBITh PACCMOTPEHA, KaK Mpeodpa3oBaHue (PyHKIUH.

Oyukiuio diff odeHsb ya00HO MUCIIOIH30BATDH MOC/IE YACTUIHON T1a-
paMeTpu3anuu, KaK B CIEAYIOMIEM OIIPeIeICHNIN:

derivative_of_sine_square = diff (square . sin)

Bennunna h B oboux onpenenennsax diff 3amaercsa B mpeaIo:KeHIN
where. TeMm He MeHee, JIETKO II€pe/ieaTh IPOrPaMMy TaKUM 00pa3oM,
9TOOBI €e MOXKHO ObLI0 ObI B OyayimeMm Jierko m3meHsaThb. Hawmbosee
ruOKUM IIyTh — 9TO 33/1aTh h B KadecTBe mapamerpa diff:

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

3amaB h B kagecTBe mepBoro aprymenTta ¢yukmun flexDiff, MoxxHO
WCIIOJIb30BATh W €€ B JYaCTUYHO IapaMEeTPU30BAHHON (popme, ITOOBI
NOJIy4YUTh pa3JimyHble Bepcun diff:

roughDiff = flexDiff 0.01
fineDiff flexDiff 0.0001
superDiff flexDiff 0.000001

2.2. BpruucieHue KBaJApaTHOTO KOPHS

B mpentogun ompenesiena GyHKIUS SQrt s BBIYUCICHUS KBa-
JIPaTHOTO KOPHS M3 4mcjaa. B 3ToM pa3smesne OyaeT pacCMOTPEH IIpo-
IIeCC pa3pabOTKU ompejiesieHns: (PyHKIUU sqrt, B KOTOPOM He OyeT
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HCIIOJIb30BAThCS CTAHAAPTHAS (DYHKIUS, IPEIHASHAYCHHAS JJI STUX
1eJieii. DTOT mpUMEP ITO3BOJIMT IIPOJEMOHCTPUPOBATH TEXHUKY Pado-
ThI ¢ yncaamu Tuna Float. B cienyrommux pa3menax Oyaer pacCMOTPeEH
IIPOIIECC BBIYUCIEHNUS 00OPaTHON (DYHKIINK, YTO IO3BOJIUT AATh APYIYIO
peanu3anuio QYHKIUNA BBIYUCICHNS KBAIPATHOTO KOPHSI.

st KBaJIpaTHOrO KOPHS U3 YHCIa T HUMEET MECTO CJIeIyIOIee
YTBEPKJIEHUE:

eCJIU Y eCTh XOpOlllee IPUOIUKEHNE JJIst /T,
o5(y+ +) SBIIAETCS eIle JIyHIIUM IPUOIIZKEHIEM.

DTO CBONCTBO MOXKET ObITH WMCIOJH30BAHO JJIsT BBIYUC/IEHUS KOP-
Hs W3 YUCJIa &' BO3bMEM 1 B KaueCcTBe EPBOr0 MPUOJIMKEHUS 1 OyIeM
IO/IITPABJIATD MPUOIUKEHNE IO TeX MOP, ITOKa, PE3yJIbTAT HAC He YCTPO-
uT. Besmuuna y ABIS€TCA XOPOUMM TMPUOJIMKEHUeM /T, eci y? He
OYeHb OTIMYAeTCS OT . Jjis Benumdamubl /3 mpubImKeHns Yo, Y1 4
T.J. TAKOBBI:

Yo = =1
y1 = 0.5 % (yo + 3/yo) = 2
Yo = 0.5% (y1 +3/y1) = 1.7
ys = 0.5 % (y2 +3/y2) = L. 32142857
ys = 0.5 % (y3 + 3/ys) = 1.732050810
ys = 0.5 % (yg4 + 3/y4) = 1.732050807

Ksaapat mocyiegHel ampoKCUMAIIAN TOJIHKO Ha 10~!8 oramyaercs ot
TpeX.

st mporecca «IMOANTpaBKU» HAYAJBHOIO 3HAYEHUs] YI0OHO WC-
I0JIb30BaTh (PyHKIMIO until, paccmorpennyio Ha cTp. 90:

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

X
Omnepatop ~= (mpubIN3UTENBHO PABHO), MOKET OBITH OIPEJeJIeH Cie-
NYIOIIIAM 00pa30M:

infix 5 ~= A

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

B stom ompenenennn (pyHKIMsS BBICIIErO HOpsAKa until omepupyer
dynryuamu improve (ymydmarb) u goodEnough (mocraTouno xopo-
I1I0), UCTIOJIB3Ysl HadasbHOe 3HadeHue 1.0.
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[Tpubnuxkenne meromom HeuroToHa

XoTrg B 3anucu (pyHKIIUU root cpa3y 3a improve paclojiaraeTcs
1.0, dyuknus improve He TpUMeHSETCS HETOCPEACTBEHHO K yucy 1.0;
BMECTO 9TOT0 00a 3Tu 00bekTa mepematorcs pyukimn until. C Toukn
3pEeHUs MPOoIecca KapPUHTa, 3TO IKBUBAJIEHTHO CJIEIYIONIEH PaCCTAHOB-
Ke cKOOOK (((until goodEnough) improve) 1.0).Tombko 3arnamyB
B OllpejiesieHny (PyHKIUY until MOYXKHO YBUIEThH, KAK improve mpuMe-
Haetcs K 1.0.

2.3. Hynn dyukmun

Jpyroit BeraucImTeIbHOM TPOOIEMOiT, KOTOPasi MOXKET OBITH perre-
Ha C IIOMOIIbIO UTEPAIINY, ABJIEeTCA HaXOXKJIeHNe HyJiell (PYHKIIUHN.

Paccmorpum dyrknmio f, KopeHb Ty KOTOPO# TpedyeTcs HalTH.
BosbMmeMm b B KadecTBe MepBOrO MPUOJMKEHUsT IJisd HYJIsd (PYHKIUU.
Torma KacaTenbHas, IpoBeJeHHAA K (DYHKIUKU [ B TOUKe b mmepecekaer
OChb T B TOUKE, SBJISIOMIEHCS JIy UM TIPUOIIMKEeHreM HyJIsd, deM b (cM.
PUCYHOK).

Touka mepecedenms KacaTeJbHON C OCHIO & HAXOAUTCS HA PACCTO-
saun d OT mepBoro nmpubamkeHnsa b. Bemmunaa d MoxkeT OBITH BHIYK-
clleHa CJIeNyoImM 00pa3oM. TaHTeHC yryia HaKJIOHA KacaTeJIbHOI K

dyukuun f B Touke b pasen f'(b). C mpyroit CTOpPOHBI, 3TO 3HAYEHIE
pasuo f (b) /d, nosromy d = f(b)/f'(b).

JauHOE 3aMedaHue I03BOJISET HaM C/IeJIaTh CIIeLyOuil BBIBO: eC-
77 b ecTdb nepBoe npubsmkenne Hyna dyukmmn £, o b— f(b)/f'(b) —
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eCTh JIydlllee IPUOJINKEeHre. ITOT METO/I, U3BECTEH, KaK «MeTo Hbio-
ToHa» (9TOT MeTOx He BCerga paboraer jyis DYHKIUIA C JOKAIbHBIMA
9KCTPEMYyMAaMMU: Bbl MOYKETE «XOINUTh BOKPYT» HY’KHOT'O KOPHSI W HU-
KOIJIa B HErO HE MONAaCTh).

Jlnsg monydenus: (pyHKIINYU, BBIYUCILAIONIENR HYJX ITOM METOJIOM,
TaKKe MOXKHO MCIOJIb30BaTh pyHKIMIO until. B kauecTBe mapamerpa
OyJ1eM MCIoNIb30BaTh pubJKeHre (improve), 3a1aBaeMoe IPUBEIEH-
HOIt BbITIIE POPMYJIOit (,D;JIH 4ero BOCIIOJIb3YEMCA paHee OIIpelesIeHHOMN
dyukmueit diff ) YcioBreM OKOHYAHUS UTEPAINA OyIeT CJIYy>KUTDH J0-
CTATOYHO MAJIOE OTKJIOHEHWE (PYHKIIUKA OT HYJIE€BOI'O 3HAYECHUS.

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

Mpsr BoiOpasin 1.0 B KadecTBe 1mepBOro MPUOINKEHNS, HO C TAKUM K€
YCIIEXOM, 3TO MOIJIO ObITH 1 uncyio 17.93. Boobire, 370 MoxKeT ObITh
Jmobast TOYKa U3 00JacTy onpeaeeHns PyHKIun f.

2.4. Obparunasa pyHKIUSA

Homb dynkmun f, tne fr = 2% — a, pasen y/a. C yaerom 3T0T0 3a-
MEYaHUS Mbl MOYKEM BBIYHUCJINUTH /a KaK HOb pyuknunu f. [[pumenun
GYHKINIO Zero, root MOXKHO OIPEIE/INTh TaK:

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

Kybuueckuit KOpeHb MOXKHO BBIYUCIUATDH TaK:

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

Amnajyrornuno, jgobas GyHKIUS, oOpaTHasd K 3aJaHHON, MOXKET OBITH
BBIYMCJ/IEHA C UCIOJb30BAHUEM 3TON (PYHKIIMU B ONpeJ/ieeHnn (DYyHK-
muu £, mHanpumep,

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

arccos a = zero f
where f x = cos x - a
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Hasrmaue obiiHOCTH B OIIpeie/ieHusX 3TUX (DYHKIWHI SIBJISI€TCST CHT-
HAJIOM JIJIsi OIIpeIeJIeHusT (PYHKITUY BBICIIIETO MTOPSIIKA, KOTOpast 0000-
I1aeT 3TU CIydan @K)aHaHOPHH(:OHpeaeﬂeHHeM(byHKnMM:foldr,Ko—
TOpast NOsIBUJIACh KaK 00001menue sum, product u and). B nansom ciy-
vae PYHKINA inverse gBiseTcs PYHKIIMEH BBICIIETO MOPSIKa, TME0-
el JTOMOJHUTE/ILHBIN MapaMeTp — (PYHKIHU ¢, HHBEPCHUIO KOTOPOit
TpebyeTcss BhIYNCIUTD:

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

Ecnu BBI cry9aitHO 3aMeTHIN HEKYIO 3aKOHOMEPHOCTD, TO CJIeIyeT TIO-
TBITATHCSA OMPEIETUTh (PYHKIIMIO BBICIIIETO TOPSIKA TaK, IYTOOBI JIPY-
rve PYHKIUN CTAJIU TPOCTO YaCTHBIMU CIydasiMu ee mpuMeHenus. [Ipu
9TOM BC€ 4YaCTHbIE Cjydau CJeAyeT OIPEAEJUTb 4Yepe3 IIOJIyYEHHYIO
dysKIITIO, KOTOpas OyAeT YaCTUIHO MapaMeTPrU30Ba, PA3INIHBIMU T1a-
paMeTpaMu:

arcsin = inverse sin
arccos = inverse CoOS
1n inverse exp

OyHKIUIO inverse MOXKHO PACCMATPUBAThH KaK (DYHKIIUIO C JBYMsI
napamerpamu (byskims u Float) u Float B kKadecTBe pe3ysbTaTa,
Wn KaK GYHKIWIO ¢ 00num mapaMeTpoM (byHKIms) u QyHKIHeH Kak
PE3yIbTATOM. DTO CJIEAYeT U3 SKBUBAJIEHTHOCTH CJIEAYIONUX 00 bsBJIe-
HUil Tna QYHKIMKU inverse:

inverse :: (Float -> Float) -> Float -> Float
u
inverse s (Float -> Float) -> Float -> Float

(BCIOMHMM O TIPaBOi ACCOIMATUBHOCTHU -> ).
DyuKiyst HAXOXKJIEHWsI KODHs, UCnosb3yomas meron Heiorona,

MOKeT OBITh TOJIydeHa MOJ00HBIM ImyTeM. PaccMoTpuMm ormpesesenne
dyHKIMT root:

root a = zero f
where f x = xxx - a

3aMeHuB BbI30B (pyHKIUU zero f ero ompeaeeHneM, IOJIY IHM:

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 gamnoM ciiydae HeT HeOOXoauMOCTH onpeneaTh diff duciaeHHo:
npousBonHas f ectb dyHKIms (2%), mosromy dopmyna B dyHKIMA
improve b mMoxkeT OBITH yIIPOIIEHA:

_Jb
f'b

¥, a
b_2b/b+2b
— b a/o
—2+ 2

=0.5% (b+ a/b)

D10 u ecTh HOPMYJIa, UCIIOJH30BaHHAS HAMH erne Ha cTp. 103.

Bonpocwy u 3adanus
V.2.1

JlaiiTe onpenenenne dyHKInu cubicRoot, KoTopasi He UCIOIb3yeT Un-
ciaennoe nuddepeHnupoBanue (Jjaxe KOCBEHHOE, C HOMOIIBIO Zero).

V.2.2

Onpenenure GyHKIUIO inverse, UCIONB3Ys JIAMOIA HOTAIHIO.

V.2.3

OO6bsicHuTe pACIOIOKEHNE CKOOOK B BBIPAYKEHUMN:
(f (x+h) - £ x) / h.



I'maBa VI

CTpyKTYphl JaHHbBIX

1. Caucku

Crucku SIBJISIOTCS OMHOM M3 CAMBIX PACIPOCTPAHEHHBIX CTPYK-
TYP JAHHBIX, UCIIOJb3yEeMbIX B (DYHKIIMOHAJTLHOM ITPOrPAMMUPOBAHUH.
Crmcok — KOJJIEKINS JIEMEHTOB 001020 TUTA. THUIl CIUCKA 331aeTCs
THUIIOM 3JIEMEHTOB, COJICPZKAIINXCA B HEM.

1.1. OnpeneneHue cOmckKa

Cy1ecTBy 0T HECKOJIBKO CIIOCODOB OTPEIEUTh CIUCOK: SBHOE ITe-
pednc/ieHne ero 3JeMeHTOB, KOHCTPYUPOBaHUE CIMCKA IIPU ITOMOIIA
oIepaTopa :, yKa3aHue YUCJIOBbIX NHTEPBAJIOB.

Ilepeuncienne 3eMeHTOB CIMCKA — CaMbIil TPOCTOM CIIOCOD ero
CO3MAHUsI. DJIEMEHTHI 3aKJI0YAIOT B KBaJApPAaTHBIE CKOOKU U DPa3ieis-
0T 3aISITBIMU. DJIEMEHTAMU CIMCKA MOI'YT OBITh KAK KOHCTAHTBI, TaK
U BBIPasKeHUsl, KOTOPbIE OyIyT ONMpeIesIeHbI B MPOIECCe BHIYNCIECHUS,
HaIpuMep,

[1 + 2, 3x*x, length [1, 2]1] :: [Int]
[3<4, a==5, p&& q] :: [Bool]
[diff sin, inverse cos] :: [Float -> Floatl]

OrpanudeHuii Ha JJIMHY CIHCKA HET, OH MOXKET COJIEPrKATh, HAIIPH-
Mep, JIMIIh OJWH JIeMEHT (TaKue CIUCKU HOCAT Ha3BaHue singleton).
Tak, coucok [[1, 2, 3]] gBisgeTcs CUHIJIETOHOM — OH COJEPIKUT
OJIUH JJIEMEHT, SBJISIOIINICS CIICKOM.

Cruncok, He ComepsKallliii 9JIEMEHTOB, UIPAeT 0COOYIO POJIb B OIIpe-
JeneHnsax QYHKIUR 1Jig paboThl CO CIMCKAMK. TaKO# CIMCOK Ha3bIBa-
ercs mycrbiM. Ero o0bsiBiIeHre TOIUMOPQHO — ILyCTOMN CIIMCOK MOXKET
OBITH IIpeJICTABUTEJIEM CIIHCKA JTi00oro Tuna. HamomumM, 9TO B 10100-
HBIX CJIy4asX B OObsBJIEHUSX THUIIA UCIOJIb3YIOTCs, TAaK HAa3bIBAE€MbIE,
IepeMeHHble THIa (THIOBLIe mepemenuble), Hanpumep, [al. Ilycroi

108
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CIIMCOK MOYKET BCTPEYATHCS B JIIOOOM MeCTe, I'/le MOKHO Pa3MeCTUTH
0ObIaHBIN criucokK. Ero Tum onpemesnsercs: ncxoas n3 KOHTEKCTA: B 3a-
nucu sum [] mcnosb3yercs mycToit cnucok ducest; B and [] — mycToit
criucok Tuma [Bool].

KoucTpyupoBanue ¢ moMomibi0 ommepaTropa : — JIpyroi pac-
IIPOCTPAHEHHBIN CIIOCOD OIpeie/IeHnsT CIIMCKOB. DTOT OIEpPaTop IOMe-
AT JIEMEHT B HA4YaJIO CIUCKA, PE3yJbTaT €ro IPUMEeHEeHUdA €CTh CIIU-
COK OOJIbIIei JIJIMHBI.

(:) :ra -> [a]l -> [al

Tak, ecoim xs ecthb comcok [2, 3, 4], To 1: XS eCTb CIOHCOK
[1, 2, 3, 4].lcnoab3ys mycToil CIIMCOK U OIIePaTop :, MOXKHO IIOJY-
quTh 11060 crmcok. Hampumep, 1 : (2 @ (3 : [ 1)) ectsb ciucok
[1, 2, 3]. Yurg mpaBylO acCOIMATHBHOCTH ITOTO OIIEPATOPA, OIIY-
cruMm ckobkm 1 : 2 : 3 : [ ].

YKazaHne 4ncJI0BbIX MHTEPBAJIOB — TPETUl CIIOCO0, IO3BOJIS-
IOIIUiL ONIPEeNEUTh CIIMCOK YKCes. B 3ToM ciaydae B KBaJpaTHBIX CKOO-
KaxX pa3MemaloTcs JIBa YNCJIa, Pa3aeeHHbIe JBOETOINEM:

--=>[1 .. 9]

(1, 2, 3, 4, 5, 6, 7, 8, 9]
--=> [2.6 .. 6.0]

[2.6, 3.6, 4.6, 5.6]

XOoTsT CMMBOJI TOYKa, W MOKET WCIIOJIb30BaThCsI B MMEHHU OIepPaTopa,
KOMOWHAITUS CUMBOJIOB . . HE SIBJISIETCS OIIEPATOPOM — 3TO 3apPe3ePBU-
pOBaHHAsI I0CJIE[OBATENLHOCTH cuMBOJIOB s13bika Haskell (em. crp. 71).

Boipaxkenue [x .. y] Bburumcisgerca myTeM BbI3oBa enumFromTo
x y. Oysknusa enumFromTo MCIOIB3yeT PEKYPCUBHBIN BHI30B CaMON
cebs1: 106aBUB JIEBYIO TPAHUILY K CITUCKY, OHA BBI3HIBAETCS C apryMeH-
TOM OOJIBIIMM HA €aWHWILYy. Kciu mpaBasi TpaHUIA MEHbIIEe JIEBO, TO
cpabaThIBaeT TEPMUHAJBHBIN CIIydaii: BbIIAETCS IIyCTOM CIIMCOK.

» Vnpaotcnenue VI1.1

Cospaiire (aiiyi, B KOTOPBIA IOMECTUTE HUKEIIPUBEIECHHBINA CKPUIIT.

import Prelude hiding (enumFromTo)

enumFromTo x y | y <x = [
| otherwise = x : enumFromTo (x+1) y

Sarpy3uB onpenenenne GpyHKIun enumFromTo, MpuMeHHUTE €€ K pPa3-
JIMYHBIM CIUCKaM.

<
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1.2. ®dyHKIINN HA CIIACKAX

[Tpu onpenenenun QpyHKIMIA Ha CIMCKAX 9aCTO IPUMEHAETCS COIO-
CTaBJIEHIE BXOTHBIX ITapaMeTpPOB ¢ obpa3mamu (marrepHaMn): dyHK-
U 3aJa€TCS IIPXA TIOMOIIY OTAEIBHBIX IIPABUJI JJIS IIyCTOTO CIIMCKA 1
JIJIsT CIIMCKa, BUOA X :XS. JI000# CIIMCOK, OTJIWIHBIN OT MyCTOTO, TPe-
CTaBUM B BUJE IIEPBOIO jIeMeHTa (IOJIOBBI CIKMCKA) X U, BO3MOXKHO
I[yCTOrO, CIUCKA XS (XBOCT CIIMCKA).

Hekoropnie dbyHKIIMM, Onpee/ieHHbIe HA CIIMCKAX, YK€ 00CYyKIa-
quck panee (head, tail, sum, length, map, filter, foldr u foldl).
Jlaxke s Tex QYHKIMM, KOTOPBIE OIIPE/IEJIEHbI B IIPEJTIOAUN U JOCTYII-
HbI JIJIsI BBI30Ba 0e3 OIpeesieHus UX B MOJIb30BATEIbCKOM CKPHUIITE,
TpedyeTcs IMOHUMAaHUe TOrO, KAK OHM pabOTal0T M KaKOBO UX OIpee-
sernne. IIpexkme Bce mMOTOMY, YTO UX ONPENEICHUS SABJIAIOTCS 3aMeda-
TeJIbHBIMU IpUMEpPaMU (DYHKINMA, OINPENeIEHHBIX Ha CIMCKAX, U UX
TEKCT IIOMOTAeT IOHATH, KAK BCE K& OHM pabOTAIOT.

B sTom maparpade Mbl TO3HAKOMHUMCS C HEKOTOPBIMU U3 OIIPEIeIe-
HUY QyHKIUH 17151 paboThI CO CruCKaMu. BOJIBITMHCTBO U3 HUX SBJISI-
I0TCsSI PEKYPCUBHBIMHU, T. €. B IIPABUJIE, COOTBETCTBYIOIIEM 00pa3Ily BU-
JIa X:XS, 00sg3aTeslbHO Oy[AeT HMPUCYTCTBOBATH BBI3OB C IIApaMETPOM
XS.

CpaBHeHHEe U yIIOPAJOYNBAHUE CIIMCKOB

JIBa crircka paBHBI, €CJIM OHU COJEPKAT OJHU U Te YK€ IJIEMEHThI B
TOM 2ke Topsijike. Bor ompenesnenune pyHkinu eq, npoBepsiomeil 18a
CIIMCKa Ha PABEHCTBO:

L] ‘eq¢ [ ] = True
[ ] ‘eq¢ (y:ys) = False
(x:xs8) ‘eq‘ [ ] = False

(x:x8) ‘eq‘ (y:ys) (x == y) && xs ‘eq‘ ys

3/1ech KaK MEPBBIit TaK U BTOPOI apaMeTpbl MOTYT OBITh KaK ITyCTbI-
MW CIIMCKAMU, TaK W HE MyCTBIMU, TIO3TOMY JJI OnpeaeieHus (pyHK-
U TTOTPEOOBAJIOCH 3aJaTh YeThIPE MPABUJIA: IO OJHOMY Ha KaXKJIyIO
13 BO3MOXKHBIX KOMOuHaIu. PeKypcuBHBI! BBI30B IPUCYTCTBYET B I10-
cJIeHEM TIpaBUJIe: €Cinu 00a CIIMCKA HE MTyCThI, TO X IEPBbIE JJIEMEHThI
CPABHUBAIOTCS HA PABEHCTBO, IOCJE 4ero (PYHKIUs BBI3BIBAETCS CHO-
Ba, HO apryMEHTaMHU yzKe ABJIAI0TCA XBOCTbI HCXOTHbBIX CIIUCKOB.

Tak Kak B OIpeesIeHNU KCIOJIb3YeTCsS OIepaTOp CPaBHEHUS ==,
TO HEJIb3sI IPUMEHITDH 3Ty (PYHKIUIO K CIUCKAM IIPOU3BOJHHOIO THUIIA.
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Ucnons3yst B 00bsiBiaenun kiaacc Eq, Mbl orpannydnmM 00/1aCTh OIpe/ie-
JIEHWsSI 9TON (DYHKIIMU TAKAMU THUIIAMU JAHHBIX, KOTOPBIE JOITYCKAIOT
IIPOBEPKY Ha PaBEHCTBO:

eq :: Eq a => [a] -> [a] -> Bool

OyHKIWSA eq He OlpeesieHa B TPeToanu. [jis mpoBepKH CIIMCKOB HA
PaBEHCTBO MOYKHO HCIIOJIb30BATh OIEPATOP ==. 3aMETHM, 4TO JAJIEKO
HEe BCE COUCKU COAEPrKaT JIEMEHTHI, JJONYCKAIOINe IIPOBEPKY Ha pa-
BEHCTBO, HAIIpUMep, HeJIb3sl CPAaBHUTDH Ha PABEHCTBO JIBA CIUCKaA (DYHK-
OW.

» Vnpaorcnenue VI.1.2

CozpaiiTe cKpunT, B KOTOPBIN BKJIIOYUTE OIpejeseHne (PyHKunm eq.
[IpoBepbTe, Kak BemeT cebst 9Ta PYHKIMS HA CIUCKAX PA3IAIHBIX THU-
TI0B:

---> [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

[ToripobyiiTe mpuMeHUTH 3Ty (GYHKIAIO K CIUCKAM, COJEPIKAIIIM
dyHKIHUN.
<

Eciin 3/1eMeHThI CIIMCKa JOMYCKAIOT YIOPSAL0UYEHUE C IIOMOIIBIO OIIe-
pamuii cpaBHeHUs <, < U T. II., TO TaKHe CIIUCKN TAK:KEe MOXKHO CpaB-
HUTh, ONPEJIeJisiss KaKOi U3 ABYX CIIUCKOB «He Oouibire apyroros. [Ipu
9TOM CpaBHEHUE TIPOU3BOIUTCS 6 AeKcukozpagduieckom nopadke (Kax B
CJIOBapﬂX): CPpaBHHUBAIKOTCA IIEPBbIE 9JIECMEHTHI CIIMCKa, €CJIM OHU PABHBI,
TOr'Ja BTOPBIE U TaK JdaJiee, IIOKa TeKymI/Iﬁ AIIEMEHT OAHOI'O CIIMCKa HE
OyIeT OTIMYATHCA OT COOTBETCTBYIOIIETO dJIEMEHTa APYroro CIIHCKA.
Hampumep, [2, 3] < [3,1] u [2,1] < [2, 2]. Ecau ogun u3 cmuc-
KOB B IIPOIIECCE CPABHEHUS JIEMEHTOB 3aKOHYMJICS, a JIPYTOi eIle HeT,
TO D0JIee KOPOTKUM CIIUCOK «MeHbuLey» 0oJiee IIUHHOTO. 10T hpaKT, 4TOo
B TaKOM OIIpeJeIeHNN NPUCYTCTBYIOT CJIOBa <4 TaK JaJiee» O3Ha4daeT
HaJIM4Yre PEKYPCHUU B TeJie ONpeJiesieHus (PyHKIUN:

se :: Ord a => [a] -> [a] -> Bool
[ ] ‘se‘ [ ] = True
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[] ‘se‘ (y:ys) = False
(x:x8) ‘se‘ [] = False
(x:x8) ‘se‘ (y:ys) x<y |l (x=y & xs

(4 ¢ ¢

se‘ ys)

Temteps, korma yHKINS Se 3a/laHa, HE COCTABUT TPYJa OMpPEJIe-
JauTh apyrue QyHKIUU CpaBHeHusi: ne (He paBHbl), ge (Gosblie wim
paBHBI), st (cTporo mMenbine) u gt (cTporo Gosbiire).

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
Koneuno, u 3T pyHKIINM MOXKHO ONpPEIETUTH PEKYPCUBHO, MO aHAa-
joruu ¢ pyakimeit se. B npemtoauio onpeienenust 3Tux QYHKINAN He

BKJIIOYEHBI. J[JIsi cpaBHEHUsI CIIMCKOB MOYKHO MCIIOJIb30BATh CTAHIapT-
HbIE OIIEPATOPBI CpaBHeHUs (>=, <= u T. I1.)

» Vnpaorcnenue VI1.8

[obaBbre onpenenenns GyHKIMi se, ne, ge, st u gt B ckpunt. [Ipu-
BeJUTe IPUMEPHI UCIIOIb30BAHUS ITUX (DYHKITHIL.

<

O06bequHeHNE CIIVICKOB

JIBa cmmcKa OJHOTO M TOTO K€ THUIIa, MOTYT OBITb OObEINHEHBI B
OJMH C IIOMOIIIBIO OIEPATOPa ++. DTOT IMPOIECC HOCUT HA3BAHUE KOH-
xamenayus (concatenation, cuerienne Bmecre). Hanpuwmep, [1, 2, 3]
++ [4, 5] macr cmmcok [1, 2, 3, 4, 5]. Konkarenamnusi ¢ IyCTbIM
CIIICKOM HE€ M3MEHsIeT MCXOJHbIN crimcok: [1, 2] ++ [ ] maer [1, 2].

OmnepaTop ++ gBjseTcs CTaHIAPTHON (DYHKIMEH, opeiesieHne Ko-
TOpoi pa3meriieHo B daiie Prelude.hs. Ee onpenenenne TakoBo:

(++) 0 [a] ->[al -> [a]
[] ++ ys = ys
(x:xs) ++ ys = x : (xs ++ ys)

B sToM ompenenennn nMeroTcs JBa IPaBUJIa COIOCTaBJIEHUs C 00pa3-
IIOM JIJI JIEBOI'O apryMeHTa. B ciiydae HemycToro cuucka (yHKITHS
IIPUMEHSIIOTCS PEKYPCUBHO K MEHBIIIEMY apIryMEHTY — XBOCTY JIEBOI'O
CIIACKA.

Nmeercs eme ogua (pyHKINS, OObEANHSIONIAA CIUCKA. DTO (PYHK-
g concat, ¢ €IMHCTBEHHBIM apryMeHTOM — cnuckom cuuckoB. OHa
COeUHSIET BCE JIEMEHTBI BCEX CIIMCKOB B OJIMH CIIMCOK, HAIIPUMeED,
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---> concat [ [1, 2, 3], [4, 51, [1, [6] ]
[1, 2, 3, 4, 5, 6]

Omnpenenenne pyHKIUM concat TaKOBO:

concat i [[al] -> [al
concat [] = []
concat (xs:xss) = xs ++ concat xss

[Iepsoiit obpaser, [ ], ecrb mycToil CIIMCOK, B JAHHOM CJIydae TO IIy-
CTOM CIIMCOK CIHUCKOB. Pe3yJbTaTOM TaK:Ke SABJIAETCS IIyCTOH CIIMCOK.
Bo BTOpOM cCilyuae CIHCOK He IIyCT, OH COJEpP:KHUT IIePBbIN 3JI€eMEHT
CIUCOK XS ¥ (BO3MOYKHO ILyCTOH) XBOCT XSS, SIBJISAIOIIUICSH CIMCKOM
crurckKoB. VIMEHHO K 3TOMY CIIMCKY MEHBINEH JJIMHBI U IIPUMEHSIeTCS
cHOBa QYHKIIMS concat, pe3yIbTaT IPUMEHEHUsT KOTOPOoit OyaeT moba-
BJIEH IIPY IIOMOIIM OIEPATOPa ++ K CIIUCKY XS.

ObpaTuTe BHEMaHUE HA pAa3andne MEXIy ++ u concat: omeparop
++ paboTaeT c AByMs CIMCKAMH, B TO BpeMsd KaK y (pyHKIUu concat
MMeeTCs JIUIIb OJUH apryMeHT — CIUCOK ciuckoB. Ho obe 3tu pyHK-
I[UA B PAa3rOBOPHON peur Ha3bIBAIOT KOHKATEHAIAEH.

» Vnpaowcrnenue VI.1.J

O6benuaum coucku [1, 2, 3, 4] u [5, 6, 7] aByms cnocobamu (c
noMouIpIo yHKIuii ++ u concat):

---> [1, 2, 3, 4] ++ [5, 6, 7]

(1, 2, 3, 4, 5, 6, 7]

---> concat [ [1, 2, 3, 4], [5, 6, 71]
[1, 2, 3, 4, 5, 6, 7]

Pa3buenue crimcka Ha 4acTu

B npentonuu omnpeesnen 1enblit psjg QyHKIHUH, TO3BOISIONINX Bbi-
JIeJIATh TY WM UHYIO 9aCTh CIKUCKa. Pe3ybTaToM paboThl HEKOTOPHIX
SIBJISIETCSI JINIITH OJTWH SJIEMEHT, IpyTrue PYHKIIUNY BO3BPAIIAIOT CITUCOK.

[IpuBemem ere pa3 onpeaesieHuss PYHKIHM, BBIIEISIONNX TOJIOBY
1 XBOCT CIIHCKA.:

head i [a] -> a
head (x:x8) = x
tail 0 [a] -> [a]

tail (x:xs) xS

A
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B stux onpenenennsix mpucyTCTByeT comocTtaBierue ¢ oopasmom. O-
HAKO MbI HE BHAJUM IpaBuja js oopasma []1. 9t1o obbsicHsieTcs TeM,
YTO TIOHATHUS TOJIOBBI M XBOCTA, BBEIEHBI JIWIITh /1T HEITYCTHIX CITICKOB.
[TosTomy 1ipu BBI30OBe J1I000# M3 ITUX (DYHKINN C apTyMEHTOM, SBJIS-
FOIUMCS IIYCTBIM CIIMCKOM, Oy €T MOJIydeHO coodIneHne 00 OIInOKe.

Heckonbko cioxkHee 3anuchiBaeTcs PYHKIMsI, KOTOPas BbIIEISET
nocaedHUl JIEMEHT CIUCKa. B ee omnpeesiennu yke NPUCYTCTBYET Pe-
KypCus:

last i [a] -> a
last (x:[]) = x
last (x:xs) last xs

U cuosa sTa QpyHKIMS HE ONpeaeieHa Ha MMyCTOM CIIUCKE, TAK KaK 3TOT
cliydali He BXOJAUT HU B OAWH W3 JABYX MATTEPHOB, MIPUCYTCTBYIOIINX
3meck. Ilo anajoruu ¢ mapoit pyskimit head u tail, mapoit mis last
saBigerca init. Ha pucyHke cxemMaTwdHO IpeACTaBJIEHBI BCE YETHIPE

dyHKITHUI:

head tail

/'/\ - -\ ~

Ny ~~ J v
init last

OyukIimsa init BbIAeJseT BCe KPOME IOCIEIHErO dIeMeHTa. B ee
OIIpEJIeJIEHUN TaKzKe IIPUCYTCTBYET PEKYPCHUSL:

init :: [a] -> [al
init (x:[]) (]

init (x:xs) X : init xs

Obpa3zen x: [1 moxer 6biTh 3anucan (1 OOBIYHO 3AIUCHIBACTCS ) B BUJIE

[x].

Ha crpanurie 100 66110 paccMOTpeHo onpeaesierHne GyHKIun take.
Kpome camoro cmomcka 3Tta (pyHKIUS TpedOyeT yKazaHWs TapamMeTpa,
OTIPEIEJIATOIIETO KOJIMYIECTBO JIEMEHTOB B MTOTOBOM CIiicKe. B mporu-
BOIIOJIOXKHOCTD take, dpyuknms drop ymajiser yKa3aHHOE YUCJIO JJie-
MEHTOB W3 HaJaJa cruucka. Mmeercs u oneparop !!, KOTOPBIi BbIIEIS-
€T OJIUH €JIMHCTBEHHBII IEMEHT CIIUCKA C YKA3aHHBIM HOMEPOM (HyMe-
parysi JIEMEHTOB CIIMCKA HaduHAeTCs ¢ HyJss). CXeMaTwdHO 3T TpH
dyHKIMY TpeICTaBIEHbI HA CIEAYIONIeH cxeMe:
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-

(113)

OmnpemeseHbl OHU CJIEIYIOIUM 0Opa30M:

take, drop :: Int -> [a] -> [a] ;\
take 0 XS =[]

take n (] =[]

take (n+1) (x:x8) = x : take n xs

drop O XS = XS

drop n [] =[]

drop (n+1) (x:xs) = drop n xs

B ciydae, ecaim KOJIMYECTBO JIEMEHTOB B CIIMCKE MEHBINE IEJI0YN-
CJIEHHOT'O apryMeHTa 3TuX QyHKIui, pyHkius take BepHeT BeCh CIH-
COK TIeJTMKOM, & (DYHKIMs drop BO3BPATUT IIyCTOM CIUCOK. DTO CJIEMIY-
€T U3 BTOPOTO IpaBUjIa KaXKJI0W U3 PYHKITHH.

Omneparop !! BblAe/IsI€T OAUH JIEMEHT M3 CIKCKA. 1'0JI0Ba CIIMCKA
nmeeT HOMeD 0, a BbI30B xs !! 3 BepHET wemaeepmaiti 3JIeMEHT CIIUCKA
XS. DTOT OmepaTop He JOJKEH MPUMEHSTHCSI K KOPOTKUM CITUCKAM,
TaK KaK HE yKa3aHO, 9TO JeJiaTh B TaKOM ciaydae. Ilo3HakoOMbTeCH C
OIIpejieJIEeHNEM 3TOTO OIEPaTOPa:

infixl 9 !! A
GRD) :: [a] -> Int -> a

(x:xs) 1! 0 =x

(x:xs) ! (n+t1) =xs !'n

» Vnpaorcnenue VI1.5

Co3zpaiiTe CKPUIIT C OIpeAeeHUIME 3TUX Tpex (pyHKuuit. s Toro
4TOOBI CKPBITH OIPEIEJIEHNS, 3arPyKEHHBIE U3 MPEJIIOANN, J00aBbTE B
HAYAJI0 CKPHUIITA, CTPOKY

import Prelude hiding (take, drop, (!!)) H

[IpumenuTe 3Tu QYHKIINU K PA3TAIHBIM CITUCKAM.
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C umcnosp3oBanueM omepaTopa !! MOXKHO OIpPEeIe/uTh 00jIee KOM-
nakTHyo dyakiuio dayofweek, B3amen dyukiuun weekday, paccma-
TpuBaeMmoit Ha cTp. 99:

dayofweek d = [ "Sunday", "Monday", "Tuesday",
"Wednesday", "Thursday", "Friday",
"Saturday"] !! d

» VYnpaocruenue VI.1.6

Omnpenenure dyukipo day’, ominyamoonryocs oT GyHknun day (cM.
crp. 180) Ber3oBOM dyukimu dayofweek BmecTo weekday.

<

ObpaiieHne coucka

QyHKINs reverse, BKIOYEHHAs B IIPEJIIOIUI0, UHBEPTUPYET MOPSi-
JIOK 9JIEMEHTOB B CIUCKE. DTa (DYHKIUS JIETKO ONPEIEISeT s ¢ TOMO-
MbI0 peKypcun. J[1g mycToro cnmcka pe3yJsbTaT COBHAIAET C MCXOJI-
HBIM — OH TaKiKe fBJITETCS IMMYCTBIM CIUCKOM. B ciiygae HemycTOro
CIINCKA, CJielyeT WHBEPTUPOBATH €r0 XBOCT, a TOJIOBY MEPEMECTUTH B
KOHEIT:

reverse o [a] -> [a]
reverse [] ]
reverse (x:xs) reverse xs ++ [x]

Ilonyuyenne xapakKTepuUCTUK CIIMCKA

Opaolt m3 HamboOsIEe 9aCTO HUCIOIB3YEMbBIX XaPAKTEPUCTUK CIIUC-
Ka SBJISETCS €ro JJINHA, BhIYUC/IIeMas IIyTeM TpUMeHeHus (PyHKIINU
length. B mpestonum oHa onpesesieHa CJIeIyOmUM 00pa30M:

length :: [a]l -> Int
length [] = 0
length (x:xs) 1 + length xs

Tam xe ompeneneHa GpyHKIMS €lem, IPOBEPSIONIAA, COIEPIKUTCS
JIN B CIIUCKE TOT WU/ WHOU dJ€MEHT:

elem :: Eqg a => a -> [a] -> Bool
elem e xs = or (map (== e) xs)

Orta QYHKIMS CPABHUBAET BCE JIEMEHTHI CIIUCKA XS B € (HCIIOJIb-
3ysl YaCTUYIHO [TapaMeTPU30BaHHEIN omepaTop ==). [IpomexyTounbrii
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pe3yJibTaT — CHUCOK BeJIMYWH Tulla Bool, Kk KOTOpOMY 3aTeM IIpuMe-
HsieTCs (DYHKIUsI OF, IBITAIOIASACS HAUTH XOTs Obl OJMH JJIEMEHT, PaB-
ublil True. C CIOIB30BaHIEM OIIEPATOPA KOMIIO3UIINY (DYHKIHMA OIIpe-
JeJIeHre MOXKHO IepenuncaTb B BUJE:

elem e = or . (map (== e)) )\
B npotuBomionoxHOCTH 3TOM (hyHKIMM notElem uctunHa, ecyiu ee mep-

BbIIl TapaMeTp He COLEPZKUTCA B CIIUCKE:

notElem e xs = not (elem e xs) )\

» Vnpaorcnenue VI1.7

Paccmorpum dysKIuo and, BKIOYeHHYO B (aityi Prelude.hs u mpo-
BEPSIOIYI0, BCE JIM JIEMEHTHI CrirucKa ucTuHHbl. Onpenenenne QyHK-
7 COAEPKUT JBa 00pa3Ia, C KOTOPBIMEU COITOCTABJISIETCS CIIMCOK-ap-
rymenT. Kak oObI9HO, OAMH M3 HUX — IYCTOIl CITUCOK, a BTOPOM —
CIIMCOK, COAepPzKalluil TOJIOBY:

import Prelude hiding(and) A
and :: [Bool] -> Bool
and [ ] = True

and (x : xs) = x && and xs

YbenuTech B KOpPEKTHOIT paboTe ompee/ieHHO BaMu pyHKITUN:

---> 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 ucnonb3oBanneM ¢pyuknuu and GyHKITO notElem MOXKHO mpe/i-
CTaBUTh U B TAKOM BHJIE:

notElem e = and . (map (/= e)) )\

1.3. CopTupoBKa CIIMCKOB

CopTrpoBKa CIHCKA, T. €. Pa3MeIeHNe ero JIEMEHTOB B HEYOBIBAO-
IIIeM TOPSIIKE, MOYKET OCYIIECTBJIATHCS C IOMOIIbIO (PYHKITH, peaJiu-
3YIOIIUX PA3IUIHBIE AA20PUMMDBL COPTUPOBKHU. B aTOM pasnesne OyayT
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[IPOAHAJM3UPOBAHBI ABa ajropurMa. Oba ajJropuTMa IpeaIoIaraior,
YTO IJIEMEHTHI CIIMCKA MOTYT OBITh yIOpsSIOYeHeHbI. TakK, 9TO MOryT
OBITH CIIUCKY TEJIbIX YWCeJI UJIU CIIUCKU CITUCKOB uuces Tumna Float, HO
HEe MOT'YT ObITh, HAIIpUMeEp, cnucku QpyHkiwi. Janubiit pakT ciemayro-
UM 00pPa30M OTPAXKEH B OObSIBJIECHUN TUIMA (PYHKIIUH, OCYIIECTBIISIO-
I1eil COpTUPOBKY:

sort :: 0rd a => [a] -> [a]

DTO O03HAYAET, YTO (DYHKIUS SOrt MOXKET MPUMEHSATHCS K CIIHCKAM,
JIEMEHTHI KOTOPOI'0 OTHOCATCA K KJjaccy Ord, T. e. JOIyCKalT CpaBHe-
HuUeEe.

CopTupoBKa BCTaBKOIi

[Ipeamonoxxkum, 9TO y HAC yKe IMEETCsT OTCOPTUPOBAHHBIN CITUCOK.
Torma HOBBII 3JIeMEHT MOXKET OBITh BCTABJIEH Ha, MOAXOISINEe MECTO
IIPU TIOMOIIX TaKO# (DYHKITAM:

insert :: 0Ord a => a -> [a] -> [a]
insert e [ ] [el
insert e (x:xs)

| e <= x =e : X : X8

| otherwise = x : insert e xs

Ecyu cimcok 66171 TyCT, TO HOBBIN CIIUCOK COJAEPKUT €IMHCTBEHHbIH
71eMeHT e. KCim CmcoK He TMyCT, W X — €r0 TEPBBIA JIEMEHT, TO X
CpaBHUBAaETCH C €. B cimydae, KOT/1a 9JIEMEHT € MeHbIIe NI PABEH X, OH
BCTABJISETCS B HAYAJIO CIIMCKA; B TPOTUBHOM CJIydae, TOJIOBOU CIHCKA
OCTAeTCS X W OCYIIECTBJISIETCS PEKYPCUBHAS BCTABKA € B CITMCOK XS:

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

HamomuawnM, 9To a1 mpuMmeneHns GyHKIUKA insert Hy’KeH OTCOPTH-
POBAHHBIN CIUCOK, TOJIBKO B 3TOM CJIy4ae CIUCOK C JOOABJIEHHBIM JJIe-
MEHTOM, TaKke OyeT orcopTupoBaH. Tem He MeHee, PyHKIUs insert
MOYKET UCIIOJIb30BATHCS JIJII COPTUPOBKU CITUCKOB.

[Ipeamnomoxum, 9TO TpedyeTCss OTCOPTUPOBATH CIUCOK [a, b, c,
d]. Bo3sbMem mycTolt ciMCOK M MOMECTHM B Hero djeMeHT d. Pe3ysn-
TaTOM OyIeT OTCOPTUPOBAHHBIN CIIMCOK M3 OIHOTO JIEMEHTa. lerephb
J00aBUM B HETO 3JIEMEHT C, 3aTeM b u, HakoHeIl, a. Ha kaxkjgom mary
MBI TIOJTyYaJId OTCOPTUPOBAHHBIN CIIMCOK U PE3YJIbTAT — TOXKE OTCOP-
TUpOBaH. BhiparkeHue, BbIYUCIEHNE KOTOPOTO TMPUBEIO K COPTUPOBKE
CIIUCKA, TAKOBO

a ‘insert® (b ‘insert® (¢ ‘insert® (d ‘imsert‘ [ 1)))
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CrpykTypa 3TOro BBIPDAYKEHUS ITOJHOCTHIO COOTBETCTBYET MPUMEHE-
HUIO CBEPTKU C PYHKIMEH insert, paCCMOTDPEHHOM BbIIIEe, B KAUECTBE
olepaTopa M MyCTOTO CIUCKA B KAYeCTBe CTapTOBOrO 3uadeHus. OTcio-
Ja MOoJIy4aeM O/IUH U3 BO3MOXKHBIX aJI'OPUTMOB COPTUPOBKU:

isort = foldr insert [ ] )\

DTOT aJrOPUTM HA3BIBAETCS COPMUPOSKA 8CMABKOU.

CopTupoBKa CIIMSTHUEM

JIpyroit aaropuT™M COPTUPOBKY MCIIOIB3YeT BO3MOKHOCTD CJIMSIHUS
IIByX OTCOPTHPOBAHHBIX CIIMCKOB B OUH. DTO OCYIIECTBJISIETCA C IIO-
MOIIIBIO (PYHKIINY merge:

merge :: Ord a => [a] -> [a] -> [a] )Y
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 ciaygae, korga onuH M3 CIUCKOB MYCT, PE3YJIbTATOM SBJISETCS JIPY-
roit ciimcok. Ecim 06a crimcka He MyCThI, TO MEHBINH U3 JIBYX T'OJIOB-
HBIX JJIEMEHTOB CTAHOBUTCS T'OJIOBOM HOBOTO CIIMCKA, & OCTABIIUECS
9JIEMEHTHI MPOJIOJIKAIOT YIaCTBOBATh B PEKYPCUBHOM BbI30BE (DyHK-
1[Uu merge.

Anasormgso insert, pyHKUIuS merge mpenrnosiaraer, 4To ee Ia-
paMeTphl yxKe OTCOPTUPOBAaHbI. TOJIBKO B 9TOM CJIydae MOXKHO OBITH
YBEPEHHBIM B TOM, UTO B Pe3yJbTaTe CAUAHUsS OyIeT MOJydeH OTCOP-
TUPOBAHHBIN CIUCOK.

Bocnosb3oBaBmuch (GyHKIUEH merge, MOXKHO IOCTPOHUTH AJIO-
PUTM COPTUPOBKHU CIUCKA. DTOT aJIrOPUTM OCHOBBIBAETCS HA TOM (hax-
TE, YTO MyCTON CIUCOK M CHHIJIETOH (CIIMCOK, COIEPIKAIIMI OJUH 3J1e-
MEHT) yzKe OTCOPTHPOBAHbI. JI1000i CIMCOK GOJIbINell IMHBI MOXKET
ObITH pa3zesieH Ha JBe YacTH, KaxKJad U3 KOTOPBIX CONEPXKUT MEHb-
Imee IUCIIO j1eMeHTOB. [lomydenHble nBe MOIOBUHKYM MOXXHO OTCOPTH-
pPOBaTh IPU HMOMOIIUA PEKYPCUBHOI'O BBI30Ba aJI'OPUTMa COPTUPOBKH,
II0CJIe Yer0 OTCOPTUPOBAHHBIE YACTHU CJIMBAIOTCSA B OJUH CIMCOK (DYHK-
nueil merge:

msort :: 0rd 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

DroT AJIFCOPUTM HOCHUT Ha3BaHHE COPMUPOBKQA CAUAHUEM.

1.4. PyHKIINU BBICIIETO MOPAAKa HA COMCKAX

Opnnoit n3 ocobeHHOCTEN (PYHKITMOHAJIHLHOTO MPOTPAMMUPOBAHUST
ABJIAE€TCA TO, 9TO d)YHKL'I;I/II/I MOT'YT BbICTYIIaTh B POJIN JAHHBIX JJId APY-
rux pyaknuit. Muorne pyHkmnm fj1st paboThI CO CITUCKAMU STBJISTIOTCS
d)YHKD;I/IHMI/I BBICHICI'O IIOPAdJKa: UX apryME€HTaMM BbBICTYIIAOT APYyIrue

dyHKIHUN.

®ynkmuu map u filter

Panee yxe obcyxmanuch dyuknuu map u filter. Oyakiums map
IpUMeHsIeT (DYHKIMIO-IIAPAMEeTP K KayKJIOMY JIEMEHTY CIIHCKA:

xs =[ 1, 2,3, 4 , 5 ]
ooyl
map square xs =[ 1 , 4 , 9 , 16 , 25 ]
Oyukiug filter ymaJiser U3 CIUCKA BCE JIEMEHTHI, HE yI0BJIETBOPSI-
IOIIIVE YCIOBUIO:
xs =[ 1,2, 3 , 4, 5 1]

filter even xs = [ 2, 4 ]

PexypcuBnble onpeneseHns 3Tux QyHKIUMA, BKIOYEHHbIE B (haili
Prelude.hs, obOcyXmajauch Ha cTp. 85.

map :: (a ->b) -> [a] -> [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

CBepTKku

CsepTtka crnpaBa foldr BCTaB/IsIeT OIEPATOP MEXKIY BCEMH dJIeMEH-
TaMU CHOUCKa, HAYUHaAd C IIPaBOil CTOPOHDI:
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xs =[ 1 , 2 , 3 , 4 ., 5 1]
{ { { { {
foldr (+) 0xs = (1 + (2 + 3 + (4 + (5 +0)))

Oyuknusa foldl BcTaB/geT OMEPATOP MEXKIY BCEMH JI€eMEHTaMU
CIUCKa, HAYUHAA C JI€BOIl CTOPOHBIL:

Xs = [ 1 3 2 ) 3 ) 4 ) 5]
} 3 3 3 3
foldl (+) 0 xs = (((((0+ 1) + 2) + 3) + 4) + 5)

BcnomuuM npuBosmMble paHee onpeesiernst tux GyHKiwii (crp. 85):

foldr :: (a->b->b) ->b ->[a] ->b )\
foldr f e [ ] = e

foldr f e (x:x8) = x ‘f¢ foldr f e xs

foldl :: (b->a->b) ->b ->[a] ->Db

foldl f e [ ] = e

foldl f e (x:xs8) foldl f (e ‘f¢ x) xs

C MOMOIIBI0 3TUX CTAHIAPTHBHIX (PYHKIUNA MOXKHO H30AaBUTHCA OT
SIBHOW PEKyPCUU B OTIPEIEIEHNAX OOJIBITUHCTBA Apyrux dyHKnii. Ha-
npuMep, (PYHKINS OY, BHISICHAIOIIAS, UMEETCS JIU B CIMCKE XOTS ObI
OJIH 3JIEMEHT, paBHbBIA True, MOXKeT ObITh OIPE/IEIEHA TAK:

or = foldr (|]|) False )\
Bor pekypcuBHOe ompeesieHne, B KOTOPOM HE yYacTBYeT CBEPTKA:

or [ ] = False )\
or (x:xs) =x || or xs

Muorue dyskmum mMoryT ObITH mepenucaHbl B TepmmHax foldr
u map. XOpOIIKUM IIPUMEPOM [JIsT WJLIFOCTPALMY TAKOUW BO3MOXKHOCTHU
sByIsieTCs PYHKIUS elem:

elem e = foldr (||) False . map (== e) A

Koneuno, n 3Ta GyHKIIMS MOXKET ObITh OIpeaeieHa SBHO, O€3 MCIOJIhb-
30BaHUs CTaHIAPTHBIX PyHKIWME. B 3TOM ciaydyae onpenesnenue OyieT
PEKYyPCUBHO:

elem e [ ] = False )\
elem e (x:x8) = x == e || elem e xs

Oyuknust foldr ncnosb3yeTcs Ui ONPEIEJIEHUS CaMbIX Pa3HBIX
dyuKIMT Ha cuckax. BoT elne HECKOIBKO TPUMEPOB:
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reverse o [a]l -> [a]
reverse = foldr snoc [ 1]
where snoc x xs = xs ++ [x]

length ::[a] -> Int
length = foldr oneplus O
where oneplus x n =1 + n

sum, product :: Num a => [a] -> a
sum = foldr (+) O

product = foldr (*) 1

and :: [Bool] -> Bool

and = foldr (&%) True

map :: (a2 -> b) -> [a]l -> [b]
map f = foldr (cons . f) [ ]

where cons X XS = X : XS

He kaxmast pyHKIMST HA COMCKAX MOXKET OBITH OIpEesIeHa de-
pe3 foldr. Hampumep, paccmaTpuBaeMas Jiajiee (QYHKIUS Zip MOXKET
OBITH BbIpazKeHa TOJIbKO Yepe3 CBEPTKY CJIEBA.

CBepTKu 03 HAYAJIBbHBIX 3HAYECHUN

[Ipenmnomoxum, 9To HaM TpebyeTcs HalTH MaKCUMAJIbHBIN SJIEMEHT
CIIACKA YnCes. BCIIOMHUB PO CBEPTKY, Mbl MOTJIn Obl TTOTTPOOOBATH
HEYTO BPOJIE CJIEAYIONIErO OMPEeIeSICHU:

maxlist :: Num a => [a] -> a
maxlist = foldr max e

Ho uro BBIOpaTh B KauecTBe HAYaJHHOrO 3jieMeHTa e! KEciaum Ob1 ObI-
JIO U3BECTHO, UTO CIUCOK COAEPIKUT HEOTPHUIATEIbHbIE 3HAUEHU, TO
MOKHO ObLIO ObI CumTaTh € paBHBIM HyJ0. Ho HAcC He ycTpauBaer Ta-
koe orpanuvenue. rak, yemy momkHO paBHsaThcs maxlist [ 17 Bexs
HaM XOTeJoCh ObI mMeTh maxlist [x] = x gua moboro x. Ho kakoBo
caMoe MeHbIllee 3 BceX BO3MOXKHBIX ducesi! B a3pike Haskell mpeny-
CMOTPEH CIleuaJibHbINA KJiacc Bounded, cozepzkaluii TOJIBKO IIBE Be-
anuynHbl: minBound — mMumHUMAaJIbHOE M maxBound — mMakcuMaJbHOE U3
BO3MOKHBIX YHCEJI.

C y4eTOM BBINIECKA3AHHOI'O, TEIEePh BO3MOXKHO OIPEIeIUTh (PyHK-
ouio maxlist Tak:
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maxlist :: [Int] -> Int
maxlist = foldr max minBound

AbTepHATUBHBIM peIlleHneM, 0e3 WCIIOTb30BAHUS BEJIUINHBI
minBound, sBuIOCH OBI BBeAeHIE HOBOII (DYHKIUN CBEPTKH, TAKON UTO-
O®I eit He TpebOBaAJIOCH MHUITMAJIM3UPYIOIee 3HaYenne. B meiicTBUTE H-
HOCTH MOYKHO OIpeIe/iuTh ABe Takux (pyakimu, foldrl m foldll.

foldrl (@) [z1,Z2, .-, Tn—1,Tn] = 1B (22D (... (Tp_1 B zp)...)),
foldll (@) [x1,z2, 23, ..., 2n] = (...((z1 D x2) ®x3)...) D Y,

rae @ — OWHAPHBIN OmepaTop.

Samnmcas omnpeenerue Ha s3bike Haskell, momyamm

foldril :: (a->a->a) -> [a] -> a
foldrl f [x] = x
foldrl f (x:xs) f x (foldrl f xs)

CootBeTrcrBytoiee onpejesnenne dyepe3 pynkuio foldl TakoBo:

foldl1l o (a->a->a) -> [a] -> a
foldll f (x:xs8) = foldl f x xs

Tenepp dpyHKIMIO maxlist MOXKHO OIpeaeINTh TaK:
maxlist = foldrl (max)

Tak kak QyHKIIMS max acCOIMATUBHA, TO B 3TOM OINPEIEICHUN MOYKHO
ncnonab30BaTh Kak foldrl, rak m foldll.

» Vnpaorcuenue VI.1.8

[ToproroBbTe CKPUNT, COMEPXKAIINAN Pas3sHOOOpPa3HbIE OIPEIEIEHUS
) s 10 1
dyukmuy maxlist, mocse dero yoeanTech B UX SKBUBAJIEHTHOCTH.

<
Dyakiun takeWhile m dropWhile

Paccmorpum eme gaBe mosie3nble (DYHKITUU BBICIIETO MOPSIKA HA
cnuckax: takeWhile u dropWhile.

Oyuknus takeWhile ouenp HamoMmuHaeT pyHKImMIO filter: ee ap-
TyMEHTAMU TaKXKe sIBJISIOTCH TPEINKaT W CIucOoK. Ho B oTimyunu OT
filter, KoTOpada IPOCMATPUBAET BECh CIIUCOK B IIOMCKAX MOIXOOAIINX
JeMeHTOB, takeWhile, mpocMaTpuBad COUCOK C HavyaJjla, OCTaHABJIU-
BaeTCd Cpa3y, KaK TOJbKO HAWAETCH JE€MEHT, He YAOBJIETBOPAIOIINNA
3aJlaHHOMY TIpeanKaTy. Hampuwmep,
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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 otnmunu ot filter dyuknusa takeWhile He momecTmsia 9mucyio 8 B
PE3yJIbTUPYIOMINY CIIMCOK, TAK KAK OHA 3aBePIIniia CBOIO paboTy mocie
npoBepku uncia 7. O3HAKOMUMCH C ee OIpeesIeHueM:

takeWhile :: (a -> Bool) -> [a] -> [a]
takeWhile p [ ] =[]
takeWhile p (x:xs)

| p x = x : takeWhile p xs

| otherwise = [ ]

Tak ke kak take cocexctByer ¢ drop, ¢dpyukius takeWhile cBs3a-
Ha ¢ pysakiueit dropWhile. Ona ymajsieT u3 COUCKa BCe HAYAJbHbBIE
9JIEMEHTBI, VIOBJIETBOPSIONINE ycJIoBUi0. HaunmHas ¢ mepBoro 3j1eMeH-
Ta, KOTOPBI HE yIOBJIETBOPUJ YCJIOBHUIO, BCE OCTABIINECH JIEMEHTHI
MTOMEIAIOTCS B PE3YJIbTUPYIOIINi CIIUCOK:

---> dropWhile even [2, 4, 6, 7, 8, 9]

[7,8,9]
Omnpenenenne 910l PYHKIINA TAKOBO:
dropWhile :: (a -> Bool) -> [a] -> [a]
dropWhile p [ ] =[]
dropWhile p (x:xs)
| p x = dropWhile p xs
| otherwise = x:xs

DyHKIUA Zip

Oyuknusg zip O0eper iBa CIMUCKa U BO3BPAIIAET CITUCOK ITap COOTBET-
CTBYIOIIUX 3JIEMEHTOB; €CJI CIIUCKA MMEIOT Pa3HyIo JJINHY, TO JJIHNHA,
PE3YJILTUPYIOIIErO CIKCKA, COBIIAIET C IJIUHON 00jIee KOPOTKOrO.

——-> zip [0 .. 4] "hello"
[(0,’h?),(1,%e%),(2,°17),(3,°1?),(4,%07)]
---> zip [0 .. 1] "hello"
[(0,’h?),(1,%e’)]

[TonHoe ompeniesierne zip TaKOBO:

zip i [a]l -> [b] -> [(a,b)]
zip [ ] ys =[]
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zip (x:xs) [ ] [ ]
zip (x:xs) (y:ys) = (x, y) : zip xs ys

O6pasIBl COOTBETCTBUS, IPUMEHSIEMBIE B 9TOM OIPE/IeJICHUN, aHa-
JIOTHYHBI 0Opa3nam dyHukiuit take u drop.

OyHKIMA zip mMeeT MHOXKeCTBO npuMeHenwnit. Ciemyromnue aBa
yIpakKHeHUs JeMOHCTPUPYIOT TOJE€3HOCTh 3TOH (DYHKITUN.

» Vnpaorcnenue VI.1.9

Kaxk u3BecTHO, CKaJIIpHOE IIPOU3BEICHNE JIBYX BEKTOPOB T U i PABHO
CyMMe IIOIIaPHBIX IIPOU3BEACHUN KOOPUHAT BEKTOPOB:

Tog=) iy
=1

OyHKIUS SP, BBIYACISIONNY CKAJSIPHOE IPOU3BEIEHNE, MOXKET ObITh
OlLIpeJeJIeHa TaK

sp :: Num a => [a] -> [a] -> a
sp xs y§ = sum (map times (zip xs ys))
where times (x, y) = x *x y

Coxpannte onpenenenne GpyHknu Sp B ¢ailjie 1 IPpUMEHNTE €€ K BEK-
TOPaM Pa3JIMYHON Pa3MEPHOCTH.

Ob6paTuTe BHUMaHHWE, YTO WCIOJb3yeMas 37ech (PYHKIUsS times
SIBJISIETCST BCETO JIUIITh HEKAPPUHTOBOM BEPCHE OTlepaTopa yMHOKEHUS
* npyrumu ciaoBamu times = uncurry (*) (cm. crp. 79). Buecure
M3MEHEHNE B CKPHUIIT, IIOCJIE YEro MPOBEPHTE ero pabdoTOCIOCOOHOCTD.

<

» Vnpaorcnenue VI.1.10

Paccmorpum dyuaKIMio nondec, ompeesioniyo, SBASeTCS JIU TOCe-
JOBATEJIbHOCTD [T, - . ., Tn_1] HeyObIBatOmedt. Jpyrumu cioBamu, Tpe-
OyeTcst IPOBEPUTD, BEPHO JIM, UTO T < Lky1 JJIS BCeX k U3 IUAIa30Ha
0 <k <n—2. Tun bysknuu nondec TakoB

nondec :: 0Ord a => [a] -> Bool

Koneuno, 3Ta pyHKIUS JOMyCKaeT PEKYPCUBHOE OIpeaeIeHIe, OJTHAKO
O3HAKOMBTECH C €€ OIIpe/ieJIeHreM depe3 (PYHKINIO Zip:

nondec xs = and ( map leq (zip xs (tail xs)))
where leq (x, y) = x <=y
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Hamomuwnm, yro dpysKius and 6eper CIMCOK M3 JIOTHYECKUX BEJIMYNH
U BO3BpallaeT True, ecim BCe OHU paBHBI True, u False B mpoTuBONO-
JIOX)KHOM cjiy4dae. /IBa ee onpesiesieHnst pacCMOTPEHbI Ha cTpaHuiax 117
n 121.

Boeipaxkenne zip xs (tail xs) BO3BpalllaeT CIUCOK Tap COCEI-
HUX 3JIEMEHTOB CIINCKaA. B 9aCTHOCTHU, N3 JICHUBOCTHU BBIYUCJIEHUN CJIe-
JAyeT, 94TO

zip [ 1 (tail [ 1) = [ ]
zip [x] (tail [x]) =zip [x] [ 1 =[]

SamMeTuM TakxKe, YTO PYHKIWS leq ecTh HeKappWHTOBas (opma ore-
paTopa CpaBHEHUS «MEHBIIIEe UJIN PaBHO», T. €. leq = uncurry (<=).

<

DTU TpUMeEPHI MPOUJLITIOCTPUPOBAJIHN, 9YTO KOMOHAIMy map, filter
U zip MOIyT NPUMEHATHCS B CAMbIX Pa3JIMYHbIX BapuaHTax. s
TOrO 94TOOBI CIE/IATh OMPEIEIEHNST KOPOYe MOYKHO BBECTHU (DYHKIIUIO
zipWith ciemyrorum obpazom:

zipWith :: (a ->b ->) -> ([a] -> [b] ->[cl)
zipWith £ [] ys = []

zipWith f xs []1 = []

zipWith f (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))

s emte 6osbImeil KpaTKOCTH MBI MOKEM BBECTU HEKAPPUHTOBYIO Bep-
cuio zip u zipWith:

zipp ::([al, [bl) ->[(a, b)]

zipp = uncurry zip

zippWith :: (a -> b -> ¢) -> ([al, [b]l) -> [c]
zippWith f = map (uncurry f) . zipp

s spp, HEKApPUHTOBOI BEPCUN SP, NMeeM
spp = sum . zippWith (%)

Mbr mostyaniu 9nucTo (DyHKIIMOHAJIHHOE OIpPEJIeJIeHre Spp: OIpe/eie-
HIE€ COBCEM He COAEPKUT mapamerpoB. Hurke mpuBoguTCS aHAJIOTHY-
HOe orpejiesieHne i pyHKimu nondec:

nondec :: Ord a => [a] -> Bool
nondec = and . zipWith (<=) . pair (id, tail)

B meMm ucnonb3yerca pyHKINA pair, 3a/1aHHAsT TaK:
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pair :: (a->b, a->c) ->a-> (b, ¢ )\
pair (f, g) x = (f x, g %)

DyHKIUA unzip

B nporuBomnosioKHOCTH zip pyHKIMs unzip npeobpasyer CmcOK
map B MMapy CIKUCKOB:

unzip :: [(a, b)] ->([al, [b]l) A
unzip = pair (map fst, map snd)
HeticTBue 9T0it DYHKINYN TPOUJLTIOCTPUPYEM TPUMEPOM:

---> unzip [(1, True), (2, True), (3, False)] H
([1,2,3], [True,True,False])

Dyukuyst zipp (HeKappuWHrOBasi Bepcusi zip) W unzip CBsi3aHbBI
ypaBHenueM zipp (unzip xys) = xys:

---> zipp (unzip [(1, True), (2, True), (3, False)]) H
[(1,True), (2,True), (3,False)]

Onpenenenne 3T0it (QyHKIUMU C TTOMOIIBIO CBEPTKHU CIIPABa TAKOBO:

unzip :: [(a, B)] -> ([al, [bl) A
unzip = foldr conss ([ ], [ 1)
where conss (x, y) (xs, ys) = (x:xs, y:ys)

CkanupoBaHUe cjieBa

Nuorna Bo3amkaer 3ama4a npumenenns pyakimn £f0ldl K KaxkI0-
My HAYaJIbHOMY CEIMEHTY CIUCKA. JTa 33J1a49a PelIaeTcs ¢ IOMOIIBIO
dYHKIMU «CKAHUPOBAaHUS CjieBay scanl.

scanl (@) e [71, 22, ..., Tp 1, Tp]] =
le, e®zy, (e®Bx1)PBxa, ..., ((...(eBT1)B2s ... Ty 1)DTy)

rie  OMHAPHBIN OmepaTop, a € — CTAPTOBOE 3HAYUEHHUE.

B wactaocTH, scanl (+) O BBIYUC/ISET CIIUCOK YACTUIHBIX CYMM CITHC-

Ka ugmces, a scsnl (*) 1 [1 .. n] BBIYHC/ISIET CIKUCOK IEPBBIX 1
daKTOPHAJIOB YUCEJT:
---> scanl (+) 0 [1, 1, 1, 1] H

(o, 1, 2, 3, 4]
---> scanr (x) 1 [1 .. 5]
[120, 120, 60, 20, 5, 1]
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B sTom paszesie Mbl pACCMOTPUM [Ba, OIIPEIEIEHNS ITOM (DYHKITWH:
IIEpBOE — SICHOE, W BTOpOe — 3P PEKTUBHOE.

st mepBoit mporpaMMbl HaM Tpedyercs PyHKIMs inits, BO3Bpa-
IIAIOIIY 0 CINCOK HAYAJbHBIX CETMEHTOB CIIMCKA. 1aK JJIsi CIIUCKA, CO-
CTOSIIIIETO U3 TPEX IIEMEHTOB, JTOJIZKHO BBITOJHATHCS CIEIYIOIIee CO-
OTHOIIIEHUE:

inits [zg, x1, 2] = [[ 1, [xol, [wo, 711, [zo, z1, x21].

[IycToit cnmCOK COCTOUT TOJTHKO M3 OJHOTO CETMEHTA, TaKKe SBJISA-
IOINErocss MyCThIM CIUCKOM. Pe3ynbraT nmpuMeHeHus (yHKIWHU inits
K CIUCKy Buma (X:XS) COMIEPXKUT MyCTOM CIMCOK B KAYeCTBE CAMOTO
KOPOTKOT'O CETMEHTa, a BCE JIPyTue HAaJYaJbHBbIE CETMEHThI HAYUHAIOT-
Cs C X W COJEpKAT BCe HadYaJbHBbIE cerMeHThI xS. COOTBETCTByOIIEE
PEKYPCUBHOE OIIpeJieJIeHne TAKOBO:

inits :: [a] -> [[all
inits [ 1 = [[ 1]
inits (x:xs) = [ ] : map (x:) (inits xs)

Yobenumcsa B KODPEKTHOCTH HAIETO OIPEIeICHUS:

---> inits [1,2,3,4]
tal, [11,01,21,101,2,3],[1,2,3,41]

Temepb MOXKHO JaTh ompejeseHne pyHKIUA scanl:

scanl :: (a->b ->a) ->a->[b] -> [a]
scanl f e = map (foldl f e ) . inits

» Vnpaorcnenue VI.1.11

[ToaroToBbTE CKPUNT, COMEpKAIWii TPUBEIEHHOE BBIIIE OIpeIesie-
Hre ¢pyuknun scanl. He 3a0ynpTe, uTO ompenesenne 3Toi QpyHKIINT
BKJIIOUEHO B mpesioanio. [losyunTe cnimcok cymm uwmces ot 1 o 20 n
crrcok akropuajos or 1 go 20.

<

PaccmoTtpennasi peanusanus scanl COOTBETCTBYET OIPEIESIEHUIO
¢dyHKIMU, HO TPUBOAUT K HedpdeKkTuBHOM mporpamme. Dyukins f
npumengercd k pa3 Bo Bpemd Boraucaenud foldl f e g cimcka non-
HbI K, a TaK KaK HadaJIbHbIE CEI'MEHTHI CITMCKA, JIJTUHBI N €CTh CIUCKH,
JIJTMHBI KOTOPbIX paBHbl 0, 1, ..., n, To dyskiusa f npumensercs
Beero n?/2 (mokaxwure!) pas. Bepcust sroit dbyHKIMEU, pa3menieHHas B
daitne Prelude.hs, MeHee OHATHA, HO 3HAUUTEIHLHO Y PEKTUBHEE:

scanl f e [ ] = [el
scanl f e (x:x8) = e: scanl f (f e x ) xs
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DTa mporpamma bosee d3pdeKTrBHA TOTOMY, 9YTO PyHKIUS f mMpume-
HSIETCsI TOYHO N Pa3 JJIs CIUCKA, JJIUHBI 1.

CkaHupoBaHUEe cripaBa

JBoiicTBEHHOE BBIYUC/IEHUWE AET SCANT, OIPEIEJEHHAs CJIELyIO-
UM 00pa3oM:
scanr f e = map (foldr f e) . tails A

Oynakius tails Bo3BpaIaeT XBOCTOBBIE CEIMEHTHI CITHCKa. Harmpu-
Mep,

tails [z, =1, 221 = [ [z, =1, x21, [z1, 291, [291, [ 1]
SameTnM, 9TO inits MPOW3BOAUT CIIUCOK HAYAJIBHBIX CETMEHTOB C BO3-
pacraroieii JJIMHOI, a tails — XBOCTOBbBIE CEIMEHThI YOBIBAIOIIEH JIJIH-
Hbl. MbI onpesiesium tails Tak

tails [1 = [[1] A

tails (x:xs) = (x:xs) : tails xs
[IpumMeHUM ee K CIHCKY, COCTOSIIEMY U3 TPeX JIEMEHTOB:

---> tails [1,2,3] H
[[1,2,3], [2,3], [3], [I]

PexkypcuBnoe ompenesienne (yHKIIUM 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

[TocMoTpuM Ha pe3yJbTaT €e TPUMEHEHUS:

-—-> scanr (*) 1 [1 .. 5] H
[120,120,60,20,5,1]

CKaHI/IpOBaHI/Ie oe3 ITYCTBIX CIIMCKOB

ITo anasoruu ¢ pyskimsavu foldrl u foldll MBI MOXKeM Ompejie-
JINTH eIlle Tapy CKaHWUPYIOIINX CIUCOK (pyHKIMH — scanll u scanrl.

scanll f = map (foldll f) . initsl )\
scanrl f = map (foldrl f) . tailsl

3nech initsl u tailsl BoO3BpaIAOT HENYCMble HAYAJIbHBbIE M KOHEY-
HbIe CErMEHTBI HEIYCThIX CIUCKOB. Hanpumep,

initsl (x:xs) = map (x:) (inits xs) A
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» Vnpaorcnenue VI.1.12
Onpenenure pynkmuio tailsl.
<4

Ncnonb3ys Tor dakTt, aro foldll £ . (x:) = foldl f x, momydum
oosiee adekTuBHOE ornpeesieane GyHKnun scanlil:

scanlil :: (a ->a ->a) -> [a] ->[a]
scanll f (x:xs) = scanl f x xs

Cocrasnienue 6ostee 3¢pdekTuBHON Bepcuu scanrl mpeiaraercs B Ka-
qJeCTBE YIIPpaKHCHU .

Bonpocwvt u 3adarus
VI1.1

[IycTs numerorcst Tpu ciucka xs, ysu zs. O0beuHUTE 3TN CIIUCKA TIPU
oMo (byHKHI/Iﬁ ++ u concat. fBisgerca au omepaTop ++ accolua-
TUBHBIM OTIEPATOPOM !

VI.1.2
Boeranciaure map (map square) [[1,2], [3,4,5]].

VI.1.3

Oyuknus filter MoxeT OBITH ONpeJIe/ieHa B TEPMUHAX concat m map
CJIEeIYIOMMM 00Pa30M:

filter p = concat . map box
where box x = ...

Jlaiite onpenesienune it QYHKIMA box.

VI1.j
Onpepnesure dynkiuio filter p ¢ momompio pyuknuu foldr.

VI.1.5

BcnomauMm onpenenenns pynknuit takeWhile u dropWhile, paccmo-
Tpenuble Ha cTp. 124. Oupenesmre takeWhile B Tepmmuax foldr.
Moxxkuo s onpenesnnts dropWhile gepes foldr?

VI.1.6

Kakoe u3 nByx ciieayromux onpeaeeHuit BepHo?
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foldl (-) x xs = x - sum XS
foldr (-) x xs sum xs

I
Ca
I

VIL.1.7

Paccmorpum crenyrotree onpenesieane pyHKINA tnsSert:

insert x xs = takeWhile (<= x) xs ++ [x] ++
dropWhile (<= x) xs

[TokazkuTe, 9TO €CJTU IJIEMEHTHI XS PACIIOIOXKEHBI B HEYOBIBAIOIIEM IO~
psIKe, TO TOXKe caMoe BEPHO M Jiid insert x xs mpu JiroboMm x. Mc-
moJIb3y#iTe insert Ajis ompejeseHus (QYHKIMKU isort, KOTOpas cOp-
TUPYET CIIUCOK B HeyObiBatomieM mnopsiake. [Ipumennte foldr.

VI.1.8

Oynknusa remdups y/gaJisgeT KOIMUN OJIMHAKOBBIX COCETHUX IJIEMEHTOB
n3 crnucka. Hampumep, remdups [1, 2, 2, 3, 3, 3, 1, 1] = [1,
2, 3, 1]. Ompenenure remdups, ncnonas3ys foldl uam foldr.

VI.1.9

Jlan coucok 4gucen xs=[xy, %2, ..., Zp], IOC/IEIOBATEILHOCTD CJIE-
OYIOMKAX OJWH 3a JAPYTUM MaKCUMyMOB (sequence of successive
maxima) Ssm XS, €CTh HAMOOJIbINAs IIOIIOCIEI0BATEIHHOCTh BUIA
[z, Tj, ..., 2], tme 1 =1uz; <z, qna j < j,. Hampumep,
IIOCJIEIOBATEIHOCTD CAEAYIONINX MAaKCUMyMOB 1ig [3, 1, 3, 4, 9,
2, 10, 7] ectb [3, 4, 9, 10]. Onpenenure ssm B repmuHax foldl.

VI.1.10

[IpenyoxxuTe 3P PEeKTUBHYIO IPOrpPaMMy JIJIs SCanr.

VI1.11
Kakoit cnimcok mosmyunrtcs B pe3dyabrare scanl (/) [1 .. nl?
VI1.12
o0
1
MaremaTuyeckasi KOHCTAHTa € OINpejeseHa KakK e = Z — Hanwumm-
n!

n=
Te BbIpazkeHHe, KOTOPOe MOXKHO HCIIOJIb30BATh JJis BBIUYUCJIEHUAS € C
HEKOTOPOIl pa3yMHOI CTEIIEHbIO TOYHOCTHU.
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2. AOGcTpaknum CIIMCKOB

B Teopuu MHOXKECTB MIUPOKO MPUMEHSIETCS HOTAINSA 3aJaHUsT MHO-
ZKEeCTB B BAJE, AHAJIOIMYHOM CJIeYIOIIEMY:

V = {2?|z € N, x gerno}

[To anasoruu c 3TOM 3AIUCHIO, HOCAIIEH HA3BAHUE <«BKJIIOYEHUS
muoxkecTB», Haskell mo3BosisieT 3a/aBaTh CIUCKU TPU TOMOIIMU TaK
HA3BIBAEMBIX 6KAI04eHUl cnuckos (HA3BIBAEMBIX TaK¥Ke aOCMpaKyusi-
mu cnuckos). [Ipumepom Takoil HOTAIUY SIBJISIETCS BbIPAaXKEHUE BUJA
[ xxx | x <- [1 .. 10]], xoTOopoe ompesessieT CIUCOK KBaJIPATOB
IIEJIBIX 9UCEJI, TPUHAJIekKAIMX naHTepBaLy or 1 mo 10. AbcTpakium
CIIICKOB COJZIEPZKAT HEKOTOPOE BhIPAYKEHNE, PA3MEIEHHOE CJIEBA OT BEP-
TUKAJIbHOU Y€PTHI, TPUYEM B 3TO BHIPAYKEHNE MOT'YT BXO/IUTH MIEPEMEH-
uble. OrpaHuyeHns Ha 9TU IepeMeHHbIe (X B IpeIbIIyIeM IpIMepe)
pPa3MeIaTCsa CIpaBa OT BEPTUKAJIbHON UYePTHI.

Hortamus x <- xs o3Haugaer,

AGCTpakiumM CHUCKOB, HA3bl- | g x IIOCJIEIOBATEIbHO IPUHUMA-
Gacmole MaKHCE BKJIIOYCHMS- | or pce 3HayeHWd M3 CIHMCKA XS.

MU CITUCKOB, 0a10mM 54€2aHM- | J];1q KaXKIOTO TAKOTO 3HAMEHUS X
oLl MEMOO COCATNOZ0 ONUCAHUA | prraycseTcs BBbIpasKeHUe, pa3Me-
onpedesennoir onepayut 00pa- | tmepmoe mepen wepToit. Tax, B MpH-

bomxu, _cnuckos. Mepe, TPUBEIEHHOM BBIIIIe, ITOJLy-
4aeTcd TaKOU »Ke CHUCOK, 4YTO U B
pe3yJIbTaTe BBIIOJTHEHUS KOMaH bl map square [1 .. 10], rue dpysk-

1Usi Square OmIpeeseHa CJIeIYIOMIM 00pa30oM:
square x = X*X

[IpeumMyIrecTBO HCIOAB30BaHUS AOCTPAKIINI CIHMCKOB COCTOUT B
TOM, YTO MOXKHO OOOHTHCH 0€e3 MMeHOBaHUS (PYHKIUN, KOTOPYIO Tpe-
OyeTcst BBIYUCIUTD (B HAIIEM TIpUMepe square).

Horamnus abcrpaknuit cimcka odeHb pa3Hoobpas3Ha. Ilocme BepTn-
KaJIbHOM YePTHI MOTYT YKa3bIBAThCA AMAINa30HbI M3MEHEHUS HECKOJIb-
KWX TIepeMeHHbIX. BhipaskeHus, pa3MeleHHbIe 10 9ePThl, TAKXKE MOTYT
MMeTh CaMblIii pa3HooOpa3ubIit Bua. Hampumep,

——> [z, 0l x<-[1..2], y<-[4..6]]
[(1,4), (1,5), (1,6), (2,4, (2,5), (2,6)]

BTOpaH INepeMeHHad U3MEHACTCA 6I:>ICTp€€I AJId KazKI0r'o 3Ha4Y€HUA X,
y mpoberaeT Bce 3HAUEHUS U3 cuucka [4 .. 6].

Kpome nprama3oHOB M3MeHEHHS IePEMEHHBIX CIIPaBa OT Y€PTHI MO-
I'yT HAXOAWTCS JIOTHIecKue BbIpaxkeHus (Tuma Bool). B cremyromem
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[IpUMEPE B PE3YJIbTUPYIONINY CIIUCOK OY/IyT IMMOMEIIEHbBI Tapbl TOJBKO
C 4eTHBIMU X (JIJIsI KOTOPBIX 3HAa4YeHUe even x paBHO True).

> [(x, y) | x<-[1..5], evenx, y <- [1 .. x] ] H
[(2,1), (2,2), (4,1), (4,2), (4,3), (4,4)]

st Kaxk ol crpesiouku (<-) mepeMeHHas, yKa3aHHAs C €e MOMO-
B0, MOXKET HCIIOIb30BATHCS BO BCEX IOCIEAYIOIINX BBIPAKEHUAX U
B BbIPAKEHUHU JieBee 4epThl. TaK B IPUMepPEe X UCIIOIb3YETCs B THIOILIE
(x, y) u B BeIpakeHusax even x u [1 .. x]. OgHako y Moxer uc-
II0JI30BATHCSA TOJBKO B (X, y), TaK KaK €ro olpejiesieHNe Pa3MeIeHO
TIOCTIE THYIM.

Crpesouka (<-), UCIOIb3yeMasi BO BKIIOUEHUSAX CIIUCKOB, SIBJISET-
cd 3ape3epPBUPOBAHHBIM CUMBOJIOM S3BIKA, & HE OMEPATOPOM.

DopMaJIbHO BKJIIOYEHHE Ccrucka umeior ¢popmy [e | Ql, rme e —
BbIpazkenue, a § — xeaauguramop. KBamubukarop — 310, BO3MOXKHO
IyCTasl, IIOCTIEeI0BATEIbHOCTD 2EHEPAMOPO8 U OXPAHHBLL BbIPAKEHMUIA,
pa3IeIeHHbIX 3aIISITHIMHA.

IIpasuno zenepayuu

[e | x <- xs, Q] = concat (map f xs) where f x = [e | Q]
Oxpanmoe npasu.io

if p then [e | Q] else [ ]

e | p, Q]

[enepaTops! umeroT opMy X <- XS, IJIe X €CTh IlepeMeHHas WJIu
KOPTEXK TMEePEMEHHBIX, & XS — cnucok. OXpaHHOe BbIpAXKEHWE — ITO
HEKOTOpOe JIoTHu4YecKoe ycjaoBue. KBamudukatop Q MoxkeT OBITH Imy-
CTBIM, B 9TOM CJIydae MbI 3aIuiineM npocto [e].

I/ICIIOJIb3y5I 9THU IIPpaBUJIa, Mbl MO2K€M BbIYUCJ/INTDb

[x * x | x<-[1 .. 5], odd x]
= {npaBuso renepamyn}

concat (map f [ 1 .. 5]) where f x = [x*x| odd x]
= {oxpannoe npasuso }

concat (map £ [ 1 .. 5])

where f x = if odd x then [x*x] else [ ]

= { npumenenue map }

concat [[1], [ ], [9], [ ], [25]]
= { nupumenenue concat }

[1, 9, 25]
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» Vnpaorcnenue VI.2.1

BroimosiHrTe HECKOIBKO KOMAH/I, COAEPKAIIMX A0CTPAKIINYN CIIUICKOB:
--—> [(a, b) | a<-[1..3], bp<-1[1..2]]
[(1,1),01,2,02,1),(02,2),03,1),(3,2)]

-—->[(a, b)) | a<-[1..2], b<- [1..3]]
[(1,1),0,2),01,3),(02,1),(2,2),(2,3)]

KaK T€HEPATOPbI MOI'yT 3aBHUCETH OT IEPEMEHHDBIX ITOKa3bIBAECT CJIEIAY-
IO IpuMep:

-—-=> [, ) 1 i<-T[1..4], j <- [i+1 .. 4]1]
[(1,2),(1,3),0,4),(2,3),(2,4),(3,4)]

Mp1 MOzKEM JIETKO Pa3HOOOPA3UTh T€HEPATOPHI C TIOMOIIHIO OXPAHHBIX
YCJIOBUI:

——> [(i, j)| i <- [1..4], even i, j <- [i+1..4], odd j]
[(2,3)]

B cienytomem npumepe reaeparop nmeet popmy (x, y) <- xs. CHa-
JaJjia pa3MeCTUM B CKPHUIITE ONpeJeIeHne CIUCKA, map:

pairs = [(4, j) | i <- [ 1 .. 2], j<-[1 .. 3]]

[Tocste 3arpy3Ku cCKpuITa MOXKHO MCIIOJIH30BATH ITOT CIIUCOK B Pa3JIMd-
HBIX T€HEpaTOpaXx:

---> [i+j | (i,j) <- pairs]
[2,3,4,3,4,5]

<
B kadecTBe 60j1€€ MHTEPECHOTO TTPUMEPA PACCMOTPUM TTPOTPAMMY,
JTAIOIILYIO CIIMCOK MU@aropoBbIX TPOEK B JaHHOM JUATIa30HE.

---> triads 13
[(3,4,5),(4,3,5),(5,12,13),(6,8,10),(8,6,10),(12,5,13)1]

[IucparopoBbiMu TpoOiKaMu Ha3bIBAIOT KOpTexku uuces (x,y, z) Ta-
Kux 4970, 22 + y? = 22. MbI onpegennm dbysKmuo triads Tak:

triads :: Int -> [(Int, Int, Int)]
triads n = [(x,y,2z) | (x,y,z) <- triples n, pyth (x,y,2)]
triples :: Int -> [(Int, Int, Int)]
triples n = [(x,y,2z) |
x <- [1..n], y <- [1..n], z <- [1..n]]
pyth :: (Int, Int, Int) -> Bool

pyth (x,y,2z) = (x*xx + y*y == z%z)
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Tak kak triads HAXOAUT OJHU U T€ K€ TPHUAIBI ABYMsI PA3IAIHBIMU
MyTsIMHU, TO CJIeyIOlee onpeaeienne pyuknnn triples Jyurie:

triples n = [(x,y,z)[x<-[1..n], y<-[x..n], z<-[y..n]] )\

B HOBOM OmpeesieHny y HAXOAUTCA B JMaNa30He X < y < N, a BeJu-
YMHA Z — B AMana3oHe y < z < 1, TAKAM 00Pa3oM z He MOXKeT ObITh
MeHbIIIe, YeM HanOoJIbIllee 3HaAYEHNE Cpeu X U y. Bce Tpuaasl Tenepb
OyIyT BCTpedaThCs TOJIbKO oauH pa3. Hampuwmep,

---> triads 13 }{
[(3,4,5),(5,12,13),(6,8,10)]

AbcTpakiuu CIUCKOB 00ECIIeYNBAIOT 3aMAHUNBYIO AJbTEPHATUBY
CTWJIIO, OCHOBAHHOMY Ha KOMOmHUpOBaHuu map, filter u concat. Cpe-
AU IIPAaBUJI, CBA3BIBAIOIINX ITA METO/bI, OTMETUM CJEAYIOIIne:

[ f x| x <- xs] = map f xs

[ x| x<-xs, p x] = filter p xs

LelQ, pl = concat [[e | p] | Q]
[el Q, x<-[d | P]] = [elx:=d] | Q, P]

B nocnennem ypasaenun e[x:=d] obo3HauaeT BhIparkeHHE, KOTOPOE
IIOJIy9aeTCs, €CJIN BCe BXOXKIEHNS X B BbIPaykeHMe € 3aMeHuTh Ha d
(mozmcTaHOBKA).

Crporo roBopsi, HoTarus aOCTPAKIUN CINCKOB SIBJIAETCS W3JIAIII-
Heii. Benp Takux ke 3dpHeKTOB MOXKHO JOOUTHCS C UCIOJb30BaHUEM
KOMOmHaIuit Takux GyHKImit, kKak map, filter u concat. Tem He Me-
Hee, 0COOEHHO B CJIOXKHBIX CITYyJasX, BKJIIOYEHUs CIIUCKOB 3HAYNUTETHHO
Jierde Jiyis moHuMaHus. Huke Crimcok map moJiydeH JByMs CIIocODaMu:
0e3 abCcTpakKIMy CIUCKOB U C UX MPUMEHEHUEM:

---> 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, ¢l x<-[1 .. 5], even x, y <- [1 .. x] ]
[(2,1), (2,2), (4,1), (4,2), (4,3), (4,4)]

3amerbTe, Y4TO IepBasi 3alUCh YK€ HE MOXKET CUYUTATHCA WHTYUTHUB-
HO scHoil. HTepmpeTraTop ke HemoCPeICTBEHHO IIePEBOIUT HOTAIIMIO
aOCTPaKIMHU CIIMCKOB B COOTBETCTBYIOINE BBIPAXKEHUs C UCIIOJIb30Ba-
ureMm map, filter um concat. Takum obpaszom, abCTpakIids CIUCKOB
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€CTh IIPOCTO CPEICTBO, MMO3BOJIIOINIEE CAEIATh TEKCT OIpe/iesieHus 00-
Jiee IIOHSITHBIM, a IIPOIECC pa3padoTKu mporpamm 6osee mpocTbiM. Boi-
O60p MeXKIy BKJIIOYEHUSIMU CIIUCKOB M CTUJIEM KOMOWHUPOBAHUS Map U
filter onpenengerca IPEeANOYTECHUAMA TOJIb30BATEII.

Bonpocwvt u 3adarus

VI.2.1

Omnpenenure HyHKINIO pairs Takymo, 9TO pairs n ecThb CIUCOK BCEX
Pa3IUYIHBIX MTap 4Ymucesa B mHTepBaje 1 < z,y < n.

VI.2.2

Hanumure mnporpaMmy, HaxXOASINyI0 BCe pPas3JMYHbIE YETBEPKU
(a,b,c,d) B tuanaszone 0 < a,b, c,d < n Takue, uro a® + b*> = ¢ + d>.

VI.2.3

[IpeobpasyiiTe ciiemyiomirie BKIIOYEHNS CIUCKOB B CTUJb KOMOWHUPO-
BaHus (pyuknwmit map, filter u concat

[(x, y) | x<-[1 .. n], odd x, y <- [1 ..n]]
[(x, y) | x<-[1 .. n], y<-[1 ..n], odd x]

3. BeckoHeuHbIe CIINCKHA

3.1. Co3ganne 0eCKOHEYHBIX CIINCKOB

Yucao 371€eMeHTOB B CIIUCKE MOXKeT ObITh OeckoHeuHBIM. Clemayro-
mas GyHKIsS from TeOpeTHuUYecKn MOMKET MCIIOIb30BAThHCS ISl ITOJIY-
YEeHHUsI TAKOTO CIIMCKA:

fromn = n: from (n+1)

Koneuno, KoMIIbIOTED HE CYMEET BhIIATH OECKOHEYHBIN CIINCOK JJI€MEH-
ToB. DaKTUUIECKN MBI MOXKEM HaOJIIOIaTh TOJBKO €ro Hada 0. Eciau me
IIpepBaTh paboTy PYHKINHU, HaxkaB KomOuuaruo Kaasuin Ctrl+C, To
IIPOIIECC BBIYUCIEHUS OyIeT MPOJOIKATHCI U IPOIOIKATHCH:

---> from 5
(5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,

{Interrupted!}
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BeckoneuHbIil CIIMCOK MCIOIB3YeTCS B KA4eCTBE MIPOMEKYTOYHOTO pe-
3yJbTaTa, B TO BpeMs KaK OKOHYATE/bHBIM Pe3yJibTaT OyIeT KOHEeY-
ubiM. [IpousmiocTpupyeMm ckazanHoe ciegytomum mpumepoM. [lycThb
TpedyeTcsd HaliTH BCce CcTeleHu 4Yucja Tpu, He npesbimatomue 1000.
[IepBbIe mecaTh cTeneHelr MbI MOYKEM HAWTU C TTOMOINBIO BHI30BA!

--->map (3°) [1 .. 10]
[3,9,27,81,243,729,2187,6561,19683,59049]

DJIeMEHTBI TTOJIy9eHHOTO CInCcKa, He npeBbimatomue 1000, Haitmem Tak:

---> takeWhile (<1000) (map (3~) [1 .. 10]1)
[3,9,27,81,243,729]

Ho kak Mbl Morim 3apanee ObITh YBEPEHBI B TOM, YTO JIECSTH 3Jie-
MEHTOB IEePBOHAYAJBLHOIO CIIMCKa JocTaTodHo?! [IpaBuiibHOE perenue
— BOCIIOJIb30BaThCsE OECKOHEYHBIM CIIMCKOM, IIOJIYYEHHBIM C IIOMOIIBIO
BbI30Ba from 1, BMecTo crimcka [ 1 .. 10], u moayumTh TaKuM oOpa-
30M 6Ce CTeleHU YUCIa TPU:

---> takeWhile (<1000) (map (3~) (from 1))
[3,9,27,81,243,729]

Taxkoit MoaxX0T BO3MOXKEH JIUIIB OTOMY, 9TO UWHTEPIPETATOD «I0-
CTATOYHO JIEHUB»: BBITIOJIHEHNE TIPEJICTOSAIIEH PabOThl OTKJIA,IbIBAETCS
JI0 TeX TOp, MOKa 3TO BO3MOXKHO. Bbr3oB map (3~) (from 1) He BbI-
YUCIISETCS TOJIHOCTBIO (9T0 moTpe6oBaJo 6bI GECKOHEYHOIO BPEMEHN ).
CHauaJjia BBIYUCISIETCS TOJIBKO MEPBBIN 3JIEMEHT, KOTOPBIH 3aTeM Iepe-
maercs pyakiunu takeWhile. Tosibko mociie 0OpabOTKH IIEPBOrO Jie-
MeHTa, pyHKIusa takeWhile 3ampocuT ciieayomuii 3JIeMEeHT U BTOPOii
sneMeHT crucka from 1 Oymer ompenenen. I[Ipomomkas Takum obpa-
30M, takeWhile mpekpaTuT cBOiO paboTy, T. €. HE CTaHET TPeOOBATH
CIeIYIOMMi JIeMeHT OT (DYHKIMU map, KaK TOJIBKO OYEPETHOM 3ite-
MeHT yaoBjaeTBoput ycaosuio > 1000.

Ncnonbp3oBanne O6CKOHEYHBIX CIIICKOB BO3MOXKHO TOJIBKO OJrarosa-
psi JIEHWBBIM BBIYMCJICHUSM. S13BIKHM, peain3yIollre CTPATEruio dHEp-
I'UYHBIX BbIYUC/ICHU (OOIBIIMHCTBO UMIIEPATUBHBIX SI3bIKOB U HEKO-
TOPBIE U3 SA3bIKOB (DYHKIMOHAJBHOIO IPOrPAMMUPOBAHWS ), HE MOTYT
OnepupoOBaTh OECKOHEYHBIMU CTPYKTYPaMM JTAHHBIX.

QyHuKKs, KOTOPOH TPEOYIOTCS BCE JIEMEHTHI CIIMCKA, HE MOXKET
IPUMEHSAThCI K OECKOHEYHBIM cruckaM. IIpumepom Takux (QyHKIHM
aBngioTcd sum 1 length. [Ipu BeI3oBe dynkmmit sum (from 1) wminm
length (from 1) maxke «JIeHWBOe» BBIYUCJIEHHE HE IIOMOXKET HANTH

H
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OTBET 3a KOHEYHOE€ BpPEMA. B sTom CJIy4a€ KOMIIBIOTED HHUKOIJa HE
BBIOAACT KOHEYHbII OTBET.

Tor daxt, uro a3k Haskell peanusyer crpareruto oT/IOKEHHBIX
BBIYUCJIEHNY TTPAKTUYECKN TTOCTOSHHO YYUTBHIBAETCS TPU MPOEKTUPO-
BaHWUU TIpOTpaMM. BermomumM, K puMepy, MYHKINIO prime, mpoBepsi-
IOILYIO SIBJISIETCS JIU LIEJIO€ YHUCIIO IPOCThIM (cTp. 98).

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

Haxomut nu sTa (yHKINS BCe AEIUTENN YUCIA X JIjIs TOTO, YTOOBI
3aTe€M CPABHUTH WX CIHUCOK co cruckoMm [1, x]7 Her, Tak xkak HA 9TO
moTPeb0BaJIOCH OBI IOCTATOYHO MHOTO BpeMmeHu. [locmoTpum, 910 mIpo-
HCXOJUT IIPY BBIYKCIEHNN, HaTpuMep, prime 30. CHavaJia HaXOAUTCS
mepBbIit geauTeab unciaa 30 — 1o 1. DTo 3HaUEHNEe CPABHUBAETCS C
HavaJoM crucka [1, 30]. BeiscHsercst, 9ToO mepBble 3JIEMEHTHI CIIHC-
Ka coBmnaJsu. Oupenenserca Bropoit genurenab 30 — 3To unciao 2. OHO
CPaBHUBAETCsI CO BTOPBIM 3j1eMeHTOM crucka [1, 30], mocse gero BbI-
SICHSIETCS, UTO OHU He pasHb. OmepaTop MpoBepKU Ha PaBEHCTBO ==
«3HAET», UYTO CIUCKU HEe MOT'YT COBIACTb, €CJIM HA OJHOM M TOM YK€ Me-
CTe B HUX HAXOJSATCS PA3JIMYHbIE dj1eMeHThI. [[03TOMy BO3BpalmaeTcs
snadenue False. Ocraabable geaurenn yucaa 30 He BBIUUCIAIOTC!

JleHnBOe TOBeseHMe OomepaTopa == CJIeAyeT U3 €ro ONpeJesIeHUs
(cTp. 111). PekypcuBHbIil citydail B €ro OmpeIeJIeHUY BBITISIIUT TaK:

)\ (x:x8) == (y:ys) = x ==y && xs == ys

Ecnm x == y Bo3Bpamaer 3Hauenne False, To Xxs == ys BBIYHUCIATH
y7Ke He HyKHO: KOHEIHBIM Pe3yJIbTaTOM Beeraa Oymer False. Do cie-
CTBUE JIECHUBOTO IOBeJleHnd onepaTtopa &&, OTpazKeHHOI'0 B €ro OoIpe-
JeJICHUN:

)\ False && x = False
True && x = x

Ecnu neBwiit mapamerp numeer 3HadeHue False, To 3Ha4YeHME IPABOIrO
rnmapaMeTpa BbIUYUCAATH HE HYXKHO.

» Vnpaorcnenue VI.3.1

Paccmorpum 3amady mnoctpoenust (pyHKIuM position Takoif, UTO
position x XS BO3BpAIllaeT HOMED IIO3UIUU I€PBOr'0 BXOXKICHUA JJIe-
MEHTa X B CIIUCOK XS (HyMepalusi JIEMEHTOB Criucka HadnHaeTcs ¢ 0),
n —1, ecim X He BCTpedaeTcs B CIHMCKe. 1 un pyHKIWU position:

)\ position :: Eq a => a -> [a] -> Int



3. Beckoneunwie cnucku 139

3a9acTyio Mpu pereHnn 3aa9 ObIBaeT MPOIIE CIIPABUTCSA ¢ Dosree 00-
el 3aga49eit, a uCXOMHYI0 PaCCMOTPETh KaK ee 9acTHhIN ciay4dait. U B
9TOM CJIydae, Mbl CHaYaJa HalJeM NO3UIUK 8Cex BXOXKJIEHUN T B IS:

positions :: Eq a => a -> [a] -> [Int]
positions x xs = [ i | (i, y) <- zip [0 ..] xs, x == y]

Boeipaxkenne zip [0 ..] xs Bo3BpalaeT mapbl KayKJIOTO JJIEeMEH-
Ta CINCKA XS C €ro MOPsKOBBIM HOMEpPOM B crucke. Xora [0 . .]
ecTb OECKOHEUHBI CIIUCOK, zip [0 ..] XS BepHeT KOHEUYHBI CIINCOK,
MMOTOMY YTO XS — KOHEUYHBI! CIUCOK. Temeph MBI MOYXKEM ONMPENETUTh
position Tak:

position x xs = head (positions x xs ++ [-1])

BaMeTI/IM, 9TO IIPOCTOTa I3TOI'O OIIPpEACJICHUA JOCTUTACTCA HE 3a CHET
yYBEJIMYIEHNA BPEMEHHN BbIYMUCJICHUA. CHaugajia BBIYUCIAETCI TOJIOBA
CIINCKa U HET HGO6XOILI/IMOCTI/I IpOoa0JIZKaTh OIIPEAEJIATH OCTaJIbHbBIE dJIe-
MEHTBHBI CIINCKA.

---> position 3 [1, 3, 4, 3]
1

3.2. OyHKNuu Ha OECKOHEYHBIX CIIMCKAX

B npentoguu MHOTHE (DYHKITUN OMPEIEIEHbI C TIOMOIIbI0 OECKOHEeY-
HBIX CIIUCKOB. Tak feiicTBurenbroe nMs dyukiun from (crp. 136) ecth
enumFrom. 9Ty QYHKIMIO OOBIYHO HEe UCIIOIb3YIOT B TaKOil hopMe, TaK

KaK BMeCTO enumFrom n mpoie 3anucarb [n .. ] (cpaBHuTe Takyio
3amuch C 3anuchio [n .. m] Bmecto enumFromTo n m, 0OCyKaaemMoit
Ha cTp. 109).

BeckoneuHnbIit CIMCOK, KOTOPBI# COEPKUT B ceOe TOBTOPEHUE O/I-
HOTO W TOTO K€ IJIEMEHTa, MOXKeT ObITh CO3/aH MPHU UCIIOJb30BAHUT
dyukUHU repeat:

repeat :: a -> [a]
repeat x = X : repeat x

Boei30oB repeat ’t’ maer Geckoneunsbrit cimcok tttttttt..."

Beckoneunbiit cincok, reHepupyembiiit pyHKImeil repeat, uCnob-
3yeTCsi B POJIU IIPOMEKYTOYHOIO PE3YJIHTATA, JIJIsl TOW W WHOM PyHK-
IUY, UMeIoIeil KOHeYHbIN pe3yabTaT. Hampumep, dyHKIUS copy co-
3JaeT KOHEYHOe YUCJIO KON 3IeMeHTa:

copy :: Int -> a -> [a]
copy n x = take n (repeat x)
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Baaromapsi crparernu OTJIOXKEHHBIX BbIYUACIEHUN (DYyHKIIAS COPY MO-
JKeT UCIIOJIb30BATh OECKOHEYHBIN pe3yabTaT pyHkimu repeat. OyHk-
nuy repeat m copy onpe/iesieHbl B IIPEJIIOIUN.

Hawubosree rubkuMu B CMBIC/IE UCIIOJIB30BAHUS TOI'O MJIM WHOTO BUJIA
CIIUCKOB SIBJIAIOTCSA (DYHKIIMU BBICIIETO MOPSIKA, T. €. HCIOJb3YIOIINe
npyrue pyHKIUU B KadecTBe mapamerpa. Oyukiusga iterate momyda-
eT (OYHKIIWIO U HAYAJIbHBIM JIEMEHT B KauecTBe mapaMeTpoB. Pe3yiib-
TATOM SBJIIeTCSI OECKOHEYHBIN CIHUCOK, B KOTOPOM KAaKJIbI JIEMEHT
TIOJTy 9aeTCs TIOCPEACTBOM IMPUMEHEHN S (DYHKIINY K TIPEIbIIYIIEMY e~
MeHTy. Hampumep:

---> 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
[56678,567,56,5,0,0,0,
{Interrupted!}

Omnpenenenne iterate, IpUBOAUMOE B MPEJIIOAUN, TAKOBO:

iterate :: (a -> a) -> a -> [a]
iterate f x = x : iterate f (f x)

DTa PYHKINS HaTOMHUHAET (pyHKIWIO until, onucanuyo Ha cTp. 90.
Ona Takzke mojiydaeT (DYHKIMIO W HAYAJIbHBIA 3JEMEHT B KadeCTBe
mapameTpoB. Pazyimume coctouT B TOM, 4TO until mpekparaeT CBOIO
paboTy, KaK TOTHKO 3HAUYEHUE YIOBJIETBOPUT OCHOBHOMY YCJIOBUIO (Ko—
TOpPOE TaKxKe ABJIIeTCd napameTpOM). K Tomy ke until BO3BpaIa-
eT TOJIbKO KOHEUHBIN pe3ysibTaT (KOTODBIH yI0BJIETBOPSIET 3aaHHOMY
yCJIOBI/IIO), TOTJIa KaK 1terate coxpaHdgeT BCIO TTOC/IEJOBATEIbHOCTD Pe-
3yJIbTATOB B CIIHCKE. DTO BO3MOXKHO, TOTOMY 94TO OECKOHEYIHBIE CITUCKT
HE UMEIOT II0CJIETHErO JIEMEHTA.

B cienyromux mpumepax oOCykigaercs Kak (PyHKIWIO iterate
MOXKHO MCITOJTb30BATD JIJIsI PEIIeHUs TPAKTUIeCKAX 3aa4: BBIBOIA UN-
cJla B BUJIE CTPOKH, TOJyUIEHUE CIIMCKA BCEX MPOCTHIX UMUCENT U IOy de-
HUE «CIIy4YallHOW» IIOCIeIOBATEJIbHOCTHU YUCeJI.
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3.3. IIpumepsl npuMeHeHNss 0ECKOHEYHBIX CIIICKOB

IIpeobpa3oBaHue 4Yucia B CTPOKY

Oynkiua intString npeobpa3yeT HOJMOXKHUTEIbHOE IIEJIOE YUCIIO
B CTPOKY, KOTOpasg COCTOMT u3 Imdp 3TOro umciaa. Hampumep,
intString 5678 Bo3Bparaer cTpoky "5678". C momorbio 3T0it hyHK-
UM BbI MOYXKETE O0bEIUHATH PE3yIbTaT BHIYUCIEHUN CO CTPOKOI, Ha-
npuMep, intString (3*%17) ++ " gumani".

Qynkiug intString mMoxer ObITH IOSyYeHA KaK [IOCIEIOBATEI b
HOCTH BBITIOJIHEHUS psfa omneparuit. CHaga a 9uciao JIO0JKHO OBITH
HECKOJIbKO pa3 pa3jeseHo Hate o Ha 10 ¢ momortbio pyHKIu iterate
(Tak2Ke, KAK B TPETheM IPUMepe UCIOIb30BaHus MyHKIUN iterate).
He unTepecyrorryio Hac 6€CKOHEUHYIO TOCJIEI0BATEILHOCTD HYyJIel B
KOHIIE CIICKAa HYKHO yOpaTb, mpuMeHuB ¢GyHKImio takeWhile. Te-
eph KejjaeMbie IU@PbI MOTYT ObIThH HaWIEHbI KAK MOCJeIHNE TTH(PHI
YMCeJI, COIEPIKAIMUKCS B CITMCKE; ITOCTIEHsIs T Pa InCia paBHA OCTAT-
Ky OT ero JieJIeHusi HAIleJI0 HA JiecsaThb. llomydyennbie mudpbl pacio-
JlaraloTcsg B OOPATHOM MOPSJKE, YTO JIEFKO ITOIPABHUJIO C IIOMOIIBIO
dbyukuu reverse. B 3aBepuienue, snementsl criucka (mudpsl, T.e. Be-
sauyauHbl THHA Int) HYKHO peobpa3oBarh B cuMBouibl (Tun Char), 4ro
MbI OcylecTBUM mpu nomomw ¢yskiuu digitChar, paccmMoTpeHHO
Ha cTpanutie 52. Huke npuBoauTCs npuMep, BKJIIOYAIONIUit B ce0s Bce
BBIIIEIIEPEeYNCIeHHbIE TTaTn:

5678
} iterate (‘div‘ 10)
(5678, 567, 56, 5, 0, 0, O,
| takeWhile (/= 0)
(5678, 567, 56, 5]
J map (‘rem‘ 10)

[8, 7, 6, 5]
l reverse
(5, 6, 7, 8]

J map digitChar
[757’ )67’ 77)’ ,8)]

Oynkiuda intString MoxKeT OBITH OIpeeseHa IPOCTO KaK 00be TnHe-
HI€ 3TUX IISITHU [IAaroB. 3aMeTUM, YTO (DYHKITUY HAIKNCAHBI B 0OPaTHOM
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HOPsi/IKe, TIOTOMY YTO OLEPATOP IOCIEJOBATEIHHOIO BBINOIHEHUS ()
ecTb KoMnosunus yHKuuii (3Hakomas Ham QyHKuus ‘after’):

intString :: Int -> [Char]
intString = map digitChar
reverse
map (‘rem‘ 10)
takeWhile (/=0)
iterate (‘div‘ 10)

DTOT IPOMeEp elrle pa3 IMOIIEPKUBAET, U9TO PYHKUUOHAALHOE NPO2DAM-
MUPOBAHUE — NPOZPAMMUPOSAHUE NOCPeICMEoM PyHKuu!

HOJIy‘IeHI/Ie CIIMCKA BCeEX ITPOCTBIX YHMCeJI

Ha cTpanurie 98 6b11a onpeiesiena (OyHKIUSA prime, mpeaHa3HaYeH-
Hasl JIJIsl IIPOBEPKU IIPOCTOTHI Ynciia. C ee IOMOIIBI0 MOXKHO IOy YUTh
OECKOHEUYHBIH CIIMCOK MPOCTHIX YHCEs CJIEIYIOIUM 00pa30oM:

filter prime [2 ..]

QOyHKIWA prime mpeaBapuUTEIbHO HAXOJAUT BCE JEJUTEIU HUHUCIIA.
Ecnu gucimo goctaTouno 6o/bIoe, TO i TPOBEPKU TOTO (PaKTa, UTO
YUCJIO HE SIBJISIETCS MPOCTHIM, OTPeOyeTCs 3HAUNTEIbHOE BPeMsi

Pasymuee Oyner mcrnonb3oBanme (QyHKIUU iterate Jjis moJryde-
Husg 6osiee 3P PEKTUBHON aJITOPUTMA. JTOT METO/I U3BECTEH C IPEBHUX
BPEMEH U HOCUT Ha3BaHUE «PeIrieTo JpaTocderar. Pabora meToma Tak-
JKe HAUMHAETCI C IOCTPOEHUsT OECKOHETHOr0 CIucKa [2 . .]:

(2, 3, 4, 5, 6, 7, 8, 9, 10, 11,

ITepBoe 4mcyI0 B 3TOM CIiiCKe — 2, IBJISIETCS TPOCTHIM U JIOJI?KHO OBITH
TTOMEIIEHO B CIIMCOK MPOCTHIX UWCEN. 3aTeM YHUCI0 2 W BCe KPATHbBIE
emy gucia (4, 6, 8, 10 ...) yJans0TCs U3 COUCKA!

(3, 5, 7, 9, 11, 13, 15, 17, 19, 21,

W cHOBa, mmepBOE YUCIO B CIUCKE — 3 — IIPOCTOE. DTO UUCJIO U BCE
qucjia, KpaTHbIE eMy YAAJIAI0TCA U3 CIIUCKA:

(6, 7, 11, 13, 17, 19, 23, 25, 29, 31,
IToBTOpsiem mporiecc, HavYaB C H:
(7, 11, 13, 17, 19, 23, 29, 31, 37, 41,

N Tak gagee. OyHKINS «BIYEPKUBAHUS KPATHBIX IIEPBOMY JIEMEHTY »
BCErIa MPUMEHSIETCS K MpeabIayeMy pe3yabTary. [Iporecc nreparun
HaYMHAETCI CO CIUCKa [2 ..]:
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iterate crossout [2 ..] )\
where crossout (x:xs) = filter (not . multiple x ) xs
multiple x y = divisible y x

(Hucno y KpaTHO X, €CJIM y JEIUTCs Ha X). BXOXHOI aprymeHT ectb
OECKOHEYHBIN CIHMCOK, 8 PE3YJIbTAT SBJISETCA 0ECKOHEWHBIM CTRUCKOM
beckoneunwvir cnuckos. [lomydaeMblii CynepCrncoK BBITJISIIAT TPUMEP-
HO TaK:

[ [2, 3, 4, 5, 6, 7, 8, 9, 10, 11,

, 3,5, 7,9, 11, 13, 15, 17, 19, 21,

, [5, 7, 11, 13, 17, 19, 23, 25, 29, 31,
, [7, 11, 13, 17, 19, 23, 29, 31, 37, 41,

b

DTOT CIUCOK HUKOT/A HE yAACTCS YBUJETDH IEJUKOM — IIPHU MTOIBITKE
MOJIy4YUTh €0, Bbl CMOXKeTe YBUAETh TOJHKO HAQYAJIO IEePBOr0 CIUCKA.
Ho moxkHO yBUIETH (pparMeHT CIucCKa: HyKHbIE HAM MPOCTbIE YUCTIa,
SIBJIIFOTCS TIEPBBIMU JIEMEHTAMU CIIUCKOB U MOTYT OBITH IOJIyYeHbI
Ipu TTOMOIIY (PYHKIUN head, MpUMeHEHHOM K KaXKJIOMY TOJICIIUCKY:

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

Buarogapst OT/IOXKEHHBIM BBIYUCIEHUSIM TOJBKO Ta YaCTh KayKIOTO
crrcka 00pabaThIBaeTCs, KOTOpasi TpeOyeTCs JJIist MOy YEHUsT YKeJIae-
Moro orseta. JIjist Toro 9To0bl HAWTHU CJIeLyOIIEee IIPOCTOE YUCIIO0, HAXO-
JIATCS JTOIIOJTHUTEIbHBIE 9JIEMEHTHI KaXKJI0r0 CIIMCKA, HO POBHO CTOJIb-
KO, CKOJIbKO HEOOXOIMMO.

---> 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!}

3agacTyro ObIBAET CJI0KHO (KAK B 9TOM IIPUMEDE) ONPEIEIUTh, ITO BbI-
YUC/IAeTC B TeKyiuii MomeHT. Ho B 3ToM 1 HeT HEOOXOAUMOCTH: IIPH
pa3paboTKe IporpaMM JOCTATOYHO 3HATH, YTO OECKOHEUYHBIE CIIUCKU
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CymeCTBYIOT; IMMOPAJOK BbIYHUC/ICHUA 2KE 6y,ueT aBTOMAaTUYE€CKU OIITH-
MHU3UPOBaH C IIOMOIIbIO CTPpATEru OTJIOZKEHHBIX BBIYMCJICHUNA.

«IIceBgociyuaiiabie» dmcia

Yucna, KOTOpbIe BEIOMPAIOTCS CIYIaHBIM 00pPa30M, HAXOAAT MHO-
JKECTBO IOJIE3HBIX IPUMEHEHU: IPU MOJAEINPOBAHUT Ha, KOMIbIOTEPE
€CTeCTBEHHBIX siBJIeHWH (HAIpUMep, CJIyJaifHble CTOJKHOBEHWS YACTHIL
B S€pHO (DU3MKe UJIN MIOIBJICHNE JTI0JIel B O4epe Iy Yepe3 CaydaiHbIe
IIPOMEXKYTKN BPEMEHN), JJIS DElIeHUs CJIOKHBIX 3a7ad UHCIEHHOTO
aHasm3a (Takux, kKak meron Monre-Kapmio Haxoxjenus moraeit),
IIPU TECTUPOBAHUKM KOMIBIOTEPHBIX MPOrPAMM B Ka4eCTBE MCXOIHBIX
JIAHHBIX.

Cpasy mocje mosiBjIeHUusl KOMITbIOTEPOB HAYaJIUCh WCCJIEIOBaHMUS
3¢ PeKTUBHOTO CrmoCcoba TOTyUeHns CAyYalHbIX Yuces. DbLim mpes-
JIOJKEHBI JIECTKM METOJIOB TeHepalluy TaKuxX dumces. MHorme m3 paH-
HUX TeHEpaTOPOB (JATYMKOB) CIIydafiHbIX dmcesi paboTajm HemoCTa-
T09HO 3 HEKTUBHO (TO eCTh, MOIydaeMasi C UX MOMOIIbIO MOCIe10Ba-
TEJIbHOCTh YKCEJI HE Y/IOBJIETBOPSJIAa PA3HOOOPA3HBIM CTATUCTAIECKUM
kpurepusim). Honanby KuyT B cBoeii mupoko u3sectHoil kuure «Mc-
KyCCTBO TPOrpaMMupoBanusi» [4] npuBoguT ucuepnbiBaiomuii 0630p
U aHAJU3 PA3JIUYIHBIX T€HepaTOPOB. TaM yKe MPUBOIUTCS JTOCTATOIHO
MPOCTO, HO BIIOJTHE KAYECTBEHHBIN aJTOPUTM JJIs MOy IY€HUs JHUCeT,
«CJIy4aifHO» pacIpeleJIEHHbIX Ha WHTEepBaJie oT HyJig no 2147483647.
Huxe nmpuBomuTcs ero peasm3arus Ha si3bike Haskell:

)\ 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

HaganbHoe 3HaUeHNE n MOXKeT OBITH BHIOPAHO MPOU3BONIBHO. st mo-
JIy4eHUs Pa3JIUYHBIX IIOCJIEI0BATEIbHOCTEN CileayeT IPUMEHUTH JIaH-
HBIM aJITOPUTM C APYTOMY HAYaJLHOMY 3HAYEHUIO. BhI30B (pyHKIINHU
next_seed gaeT nepBoe «ICEBAOCIYyYaliHOe» YUCIIo, llepegaBaeMoe eit
CHOBA B Ka4eCTBE HOBOI'O aprymenTa. [[jis peaju3anmuu 3TOTO MOIX0a,
yI00HO MCIIOJIB30BaTh (PYHKIMIO iterate:

)\ rand :: [Int]
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rand = iterate next_seed 23765492

N3 6eckoHeYHOrO Crmcka, reHepupyemoro (yskmueit rand, ciaemyer
BbIOpATh TPeOyeMOe YKC/IO HAYaJIbHBIX JIEMEHTOB IIPU ITOMOIY (DyHK-
nuu take, Hanpumep,

---> take 5 rand H
[23765492,427796834,2125708109,1139992232,1444060144]

Jlyig osTydeHus CIMCKa CIyYaiiHbIX 9KCEJI, MEHBIINX HEKOTOPOrO
3agaHHOro 3HadeHus (Hampumep, 100), MOKHO 6paTh OCTATOK OT Je-
JIEHUs CIydaiiHOrO 4mcia Ha JAaHHOE.

rand :: [Int] )\
rand = [ x ‘mod¢ 100 | x <- iterate next_seed 23765492 ]

B pesyabrare BbI30Ba TaK OMpeIe/IeHHON (DYHKIUN IOy IaeTCst OeCKO-
HEYHBIX CIIMCOK YmceJ B aumana3one or 0 1o 99.

---> take 20 rand H
[92,34,9,32,44,51,46,21,5,54,19,70,70,99,5,69,88,3,17,3]

» Vnpaorcnenue VI.3.2

CyrtrecTByeT 0OJBINIOE YUCIO0 HAYYHO OOOCHOBAHHBIX KPHUTEPHEB IO-
OPOTHOCTY MeHEPATOPOB CIyYalHBIX YMCEJI, ONMMCAHHBIX, HAIPUMED, B
[4]. Ho maske 6e3 cOOTBETCTBYIOIIEH TEOPUU WHTYUTUBHO SICHO, UTO
B CJIyYa#HON IOCIEI0BATEILHOCTH KOJMYECTBO YETHBIX U HEYETHBIX
YpceJl JOJIZKHO ObITh IpuOM3uTe/IbHO paBHO. Hamumem mporpammy,
[IO/ICYUTHIBAIOILYIO JIOJII0 YETHBIX U HEYETHBIX YMCEJI B IIOCJIEI0BATE b
HOCTH, IOJy4aeMOil C IIOMOIILIO OMKMCAHHOI'O BBIIIE I'€HEePaTopa, CIIy-
YaNHBIX YUCEJI.

CuauaJjia ompenenuM (QYHKIIHIO quantum, BO3BPAIIAOINIYIO Mapy
quceJl — YUCJIO HEYE€THBIX WM YE€THBIX YMCEJI B CIIMCKE, ABJIAIOIIMMCA
apryMeHTOM JIaHHOM (DyHKINN:

quantum :: [Int] ->(Int, Int) )\

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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HOILCLII/ITaeM C €€ IIOMOIIIbIO YHCJ/IO Y€THBIX N HCYCTHBIX YHUCEJI CpEean
HepBOfI ThICAYN IICJIbIX YMCEJI:

---> quantum [1 .. 1000] H
(500,500)

QyHKIMSA proportion MoaCcYnTHIBAET JOJIIO KayKJIOTO JIEMEHTA I1a-
PBI OT WX CYMMAaPHOTO KOJIMIECTBA:

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(atb)

Ocraercst MpUMEHUTH KOMITO3UIIAIO 3TUX (DYHKIUI K CIUCKY CJIydaii-
HBIX YUCEJI, TOJTyYEHHOTO C TIOMOIIHI0 (DYHKIIUK TN

rn :: Int -> [Int]
rn n take n rand

test :: Int -> (Float, Float)
test = proportion . quantum . rn

ObparuTte BHUMaHHIE, YTO (PYHKIINSA test ompeesieHa B YUCTO (PYHK-
IIMOHAJILHOM CTHJIE — KaK KOMIIO3UIAA TpexX PYHKIuil. Ternepb MOXKHO
IIPOBECTH TECTUPOBAHUE MOy YEHHON TOC/IEI0BATEIBHOCTH:

---> test 500
(0.508,0.492)
---> test 5000
(0.5008,0.4992)

Kaxk BHUIWM, JOJIM YE€THLBIX N HEYETHBIX YHCEJI JOCTaTOYHO OJIN3KU.
<

» Vnpaorcnenue VI.3.8

PaccMoTpuM erne OJuH aJrOpUTM COPTUPOBKM CIUCKOB — TaK Ha3bl-
BaeMyIo «ObICTPYIO» 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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[TosyauTte 400 unces mpu MOMOIIY T€HEPATOPA CIyYalHBIX TUCEJI,
OIMCAHHOTO Ha CcTP. 144. BrifoumTe CTATUCTUIECKYIO OMIIIMIO MHTEP-
npetaTopa m ybegurech B TOM, 4TO Ha3BaHWE ITOUW (PYHKIMU OTPa-
JKAaeT ee MPOU3BOJIUTETHHOCTD, CDABHUB €€ C IPYTUMU COPTUPOBKAMU,
PaCCMOTPEHHBIMU 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)

[Ipu obpaborke nmocieauero Bur3oBa Hugs aBazk bl MCI0JIH30BaJ MeXa-
HU3M «BCTPOEHHOI cOopKu Mycopas (garbage collection), T. e. ymassii
13 MaMSATH JaHHbIE, KOTOPbIE HE TPEOYIOTCS JJIs JaJbHEMIINX BbIUM-
cnennii. [lomobHOrO poma TEeXHUKY aBTOMATHYIECKOI'O OCBOOOXKIEHUS
HE YCIIOJIb3YEMBIX YYACTKOB IAMSITH HCIIOJIL3YIOT MHOTHE COBPEMEH-
Hble sI3bIKU IIPOrPAMMUPOBaHUsI, Hampumep, Java, Ruby.

<

Bonpocwvt u 3adanus

VI.3.1

N3mennte dyHKImo rand TaKuM 00pa30M, 4TOOBI MOXKHO OBLIO ObI
3aJlaBaTh HaYaJIbHOE 3HAUYEHNE JAaTYNKa B Ka4ecTBe IapaMeTpa PpyHK-
uu. IIpoBeanTe HECKOIBKO 3KCIEPUMEHTOB, OIPEIesis JOIU YeTHBIX
1 HEYETHBIX YMCEJI B IIOCJIEI0BATEILHOCTSIX, IOy YeHHBIX [IPU PA3HBIX
HaYaJIbHBIX 3HAYCHUSX.

4. Koprexn

4.1. Ucnoap30BaHNEe KOpTexKeii

Bce anremenThl cincka 00s13aHBI IMETH OJUH U TOT K€ Tuil. /s xpa-
HEHUS BEJIMYUH PA3JIMYHBIX THUIOB UCIOJIH3YIOT KOPTEXKU (THIOILIBI).
YacTo 0 KOpTekax TOBOPAT KaK 00 YO J0UYeHHBIX MHOXKECTBAX, TaK
KaK JJid HUX BaKeH NOPAJIOK pa3MeIleHud JIeMEHTOB, HaIpuMmep,
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(True, 23) u (23, True) SABILAIOTCS COBEPIIEHHO PA3JIUIHBIMU KOP-
TexkaMu. B mpestioaum onpeiesieHbl HECKOJIBKO (PYHKIIAHM i1 pabOThI
C THIOTLIAMMU:

fst :: (a,b) -> a
fst (x,_) =x
snd :: (a,b) > b
snd (_,y) =y

ITo anayiornu MOKHO 33/4aTh PYHKIUN JJIsi BbIIEJEHNS COCTABHBIX Ya-
CTEe! TPOeK:

fst3 :: (a, b, ¢) -> a
fst3(x, _, _) =x
snd3 :: (a, b, c) ->b
snd3(_, y, _) =y
thd3 :: (a, b, c) ->c
thd3(_, _, z) = z

DT PYHKIINYU TOJTUMOPMHBI, TAK KAK OHI MOT'YT IPUMEHATHCS K JBOM-
KaM W TPOMKaM, COAEpKAIINM JaHHBbIE JI000T0o Tuna. OmgHAKO MOXKHO
OTpeIesIsITh (DYHKIINK HA THIOMIaX (DUKCUPOBAHHOTO THUIIA, HAIPUMED:

f :: (Int, Char) -> [Char]
f (n, ¢) = intString n ++ [c]

Ecnu rpynnupyiooTcs BMecTe JBe BEJUYUHBI, UMEIONINE OIUHAKO-
BBIil THUII, TO BbI MOXKET€ HCIIOJb30BATh CIUCOK JIJI UX XpaHeHusd. Tem
HE MeHee, HUYTO He MeIIaeT O0beINHUTh UX B KOPTEeK. T09YKa, Ha TI0C-
KOCTH, HAIlpUMeP, ONUChIBaeTCH AByMs unciaamu Tuna Float. Ee mox-
HO IIPEJICTABUTh W KaK CHUCOK U3 ABYX JIEMEHTOB M KaK apy YUCeJI.
B obonx ciaydasx MOXKHO ONPEIEJUTh (DYHKIUU JJIsT pabOTHI C TOY-
KaMU, HAIIpuUMep, PYHKITAIO, OIPEIENIAIOIee PACCTOSHIE OT TOYKHU 0
HadaJsia KoopaumHatT. Huke mpescraBiiensl nBe pyHkmnuu: distancel,
ONpeJIeJIeHHYO Ha CcnucKe, n distanceT, NCIONB3YyIONIYIO KOPTEXKU:

distancel :: [Float] -> Float
distancel [x, y] = sqrt (x*x + y*y)

distanceT :: (Float, Float) -> Float
distanceT (x, y) = sqrt (x*x + y*y)

IIpu KoppeKTHOM BbI3OBE ITUX (PYHKIINI HET HUKAKUX Pa3/IUduil B X
MCIIOJIb30BaHuu. Ho MOXKeT TaK CIIyYUThCs, UTO B Pe3yJIbTaTe OIINOKHI
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BBOJ[A WJIU JIOTHYECKON OmMuOKYU (PyHKIMs Oy/1eT BbI3BAHA C TPEMSI Ta-
pamerpamu. B ciayguae distanceT omubka Oyaer oOHapy KeHa eIe Ha
JTare aHaJIM3a IPOTPAMMBI: KOPTEXK U3 TPEX YUCEJ OTHOCUTCS COBCEM
K IPYTrOMY THUITY JAHHBIX.

---> distancelL [3, 4] H
5.0

---> distanceT (3, 4)

5.0

---> distanceT (3, 4, 6)

ERROR - Type error in application

*** Expression : distanceT (3,4,6)
*x*x* Term : (3,4,6)
***k Type : (a,b,c)

**x*x Does not match : (Float,Float)

[Ipu ucnonb3oBanuu distancel omubka Takke OyaeT 0OHAPYKeHA, HO
y2Ke Ha 3dTalle BBIIOJHEeHHd (PyHKIHZ. IIpu COmOCTAaBIEHNN BXOIHBIX
JAHHBIX C 0OPA3I[OM CIHCKa (COMEPIKAINMM BCETO JIBa jIeMeHTal!) B
onpeneneany GYHKIUKA OyIeT BHIIBICHO UX HECOOTBETCTBUE:

---> distancel [3, 4, 6] H

Program error: {distancelL [Num_fromInt instNum_v47 3,
Num_fromInt instNum_v47 4,Num_fromInt instNum_v47 6]}

B sToM mpumepe mcmosib30BaHME KOPTEXKa BMECTO CIUCKA, SIBJISIETCS
OoJiee TIPEAIIOYTUTEILHBIM, TaK KaK MPHU BbI3oBe pyHKImnu distanceT
omubKa BBIABJISIUCH Ha OOjiee paHHEeH CTaun.

Ucnonw3oBanme KOpTexKel MO3BOJISET JIETKO OIPEHessTh (DyHK-
17, BO3BPAIIAIOIIe Cpa3y HECKOIBKO 3HaUeHn. B cirydae ¢ HECKOIb-
KAMU apryMEHTAMH €Ille MOYKET BhIPYYUTh NCIIOIb30BAHNE MEXAHU3MA
KappWHTa, HO JJIs PYHKINIA C HECKOJIBKUMU Pe3yJIbTaTaMU ajJIbTepHa-
TUBBI UCIIOJIb30BaHus Koprexeil Her! IIpumepom momobHOM hyHKIMM
MOXKET CJIyKUTh CJieayfomas QyHKIWs, pa30uBaOIIasi CITUCOK HA, IBE
JaCTH:

splitAt :: Int -> [a] -> ([al, [al) )\
splitAt n xs = (take n xs, drop n xs)

Cuenyromas Bepcusi 3ot pyHKIun dosee 3 dexTuBHA:

splitAt :: Int -> [a] -> ([a], [a]) A
splitAt O xs = ([, xs)
splitAt n [] = (01, [

splitAt (n+1) (x:xs) (x:ys, zs)



150 VI. Cmpyxmypovr darmvix

where (ys, zs) = splitAt n xs

Boei3oB splitAt 2 "Haskell" BospartuT Thioma ("Ha", "skell").
B pekypcuBHOM mipaBumiie 3TOM (PYyHKIUU MOKA3aHO, KAK MOXKHO WC-
TIOJIb30BATh 00PA3IIbI IPU PAbOTEe C KAPTEXKAMU.

4.2. KoprexXu U CIUCKHA

Koprexu gacto aBistorcs saeMmenTaMu crucka. CIIICOK, comeprka-
M Tapbl, UCIIOJIB3YIOT JJIsi OPraHU3AIMK TOUCKa (CI0BapH, TeaedOH-
Hble CIPABOYHUKY U T.11.). DyHKIW MONCKa search Moxer OBITD Jier-
KO 3allucaHa C MOMOINBI0 00pa3Iia, SBJSIONIErOCST HEMYyCThIM CITMCKOM
C TIEPBBIM JJIEMEHTOM B BUJIE TTAPHI:

search :: Eq a => [(a, b)] ->a ->Db
search ((x, y):ts) s

| x ==8 =y

| otherwise = search ts s

SamaHHass TaKUM 00pa3oM QYHKIHS MOJIUMOP(QHA, TaK KaK MOMKET pa-
00TaTh C CIKCKOM IIap Ji0O0ro mpon3BoabHOro Buga. OmgHaKO, SIeMeH-
Thl IPUXOJNATCA CPABHUBATH MEXKJY CODOM, m03ITOMY TpeOyeTcs Npu-
HAJJIE?KHOCTD IEPBBIX JIeMeHTOB map kiaccy Eq. OyHKmus moncka
MOXKET OBITH JIEFKO JYaCTHYHO [TapaMeTPHU30BaHa yKa3aHUEM CIenndu-
JECKOT0 CIIHCKA, HAIIPUMED,

telephoneNr = search telephoneDirectory
translation search dictionary

Cnucku telephoneDirectory u dictionary MoryT onpenensTbCs OT-
JICJIBHO.

Hpyras ¢yHKI@S, NCIOIL3YOMAA Iaphl, HAM YK€ I3BECTHA — 3TO
dbyukuus zip (crp. 124):

zip 2 [al -> [b] -> [(a,b)]
zip [ ] ys =[]
zip (x:xs8) [ ] =[]

zip (x:xs) (y:ys) = (x, y) : zip xs ys

[Tpumepom QpyHKIMK BBICIIErO MOPIAKA IJIs PAOOThHI 2-THIOILJIAMHE CJLy-
x’ut GyHkiws zipWith (cTp. 126):

zipWith it (a->b ->) -> ([a] -> [b] ->[c])
zipWith £ [1 ys = []

zipWith £ xs [ = []

zipWith f (x:xs) (y:ys) = f x y : zipWith f xs ys
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Dra byHKIWs npuMeHsieT QYHKIUIO (C ABYMs apaMeTpaMu) KO BCeM
eMeHTaM AByX cruckoB. Ormernm, 4To pyHKImm zip u zipWith B
HEKOTOPOI CTENIeHN ABJISIOTCS aHAJOTaMu (DYHKIIUU Map, KOTOPast PHU-
MeHsieT (DYHKIUIO (C OJHUM [apaMeTpPOM) KO BCEM JIEMEHTaM CIIUCKA.

MozxxHO 1aTh Apyroe onpejaeneHne pyHKIUNA Zip — KaK YaCTUIHO
apaMeTpuU30BAHHYI0 PYHKIMIO zipWith:

zip = zipWith makePair A
where makePair x y = (x, y)

» Ynpaorcnenue VI.4.1

IIycTp mapa Buma (String, Int) xpanHuT nHMOPMAIUIO 00 UMEHU U
BOo3pacTe dejoBeka. Hamuimem mporpamMmy, OmpeIessionyio mo JaHHO-
MY CIIMCKY TAKHX I1ap UMs CAMOI'O IOHOI'O YeJIOBEKA.

CuaygaJjia HamuireM (QYHKIIHIO, KOTOpas U3 ABYyX TaKUX Iap BbIOU-
paeT Ty, KOTOpas COJEP:KUT MH(MOPMAIUIO 0 O0jiee IOHOM UeJIOBEKe:

younger :: (String, Int) -> (String, Int) -> (String, Int) )\
younger pl@(_, agel) p2@(_, age2) = if agel < age2
then pl else p2

Ob6paTuTe BHUMaHUE HA MCIOJb30BaHME @-00pa3Il0B M AHOHUMHBIX IT€-
PEMEHHBIX B 00pa31ax COOTBETCTBUS JAHHOW (DYHKIUN.

PexypcuBnaa dynKIua youngest ompeiesseT THIOIJ, COAepPIKa-
A JaHHBIE CAMOTO MOJIOJOIO YEeJIOBEKA B HEIYCTOM CIIHCKE TaKUX
nap:

youngest :: [(String, Int)] -> (String, Int) )\
youngest (p : [1) =p
youngest (p:ps) = younger p (youngest ps)

Tenepp co3gaauM CHOMCOK C JAHHBIMKA O YJIEHAX HEKON CeMbH U
OIIpe/ieIUM OCHOBHYIO (DYHKIIMIO main, IevYaTaiollyio UM CAMOI'0 MO-
JIOZIOT'O YJIEHA 3TOU CeMbHU:

family :: [(String, Int)] )\
family = [("Ctemar", 7), ("Kcemma", 3),
("Masex", 39), ("Huma", 37)]

main =
let (name, _) = youngest family
in putStr ("Cammit Momomoi 4umeH ceMbu - " ++ name ++ ".")
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Oynknus putStr medaraeT cBoOit aprymeHT — cTpoky. [locmorpuTe Ha
pe3yJbTaT padboThl PyHKIINN:

---> main
CaMblii MOJIOZIIOM 4YJIeH CeMbu - KceHusd.

4.3. KoprexXu u KappuHT

Koprexu mO3BONISIOT WCIIOJIB30BATH HECKOJBKO TapaMeTpPOB Yy
dyuKIIMY O€3 MpuBJ/IeYeHUs MexaHu3Ma Kappuara. [locMmorpum Ha cite-
JIyIOIIIee OIPE/IeJIEHNE:

add (x, y) =x +y

3anuch 9TOM (PYHKIUU BBHITVISIAT KAK 3aMUCh (DYHKIINW, IPUHATAS B
MaTeMaTruKe. BOJIBIITMHCTBO JIIO/Iel, TUIsiAs HAa TAKOe OIpeIejieHne, CKa-
KYyT, 9TO 3aJaHa (PYHKIUS OT JABYX apryMEHTOB W UTO ITapaMeTpbI
«eCTECTBEHHO» PACIIOJIOZKEHbI BHYTpu CKOOOK. Ho MbI TO 3HAeM — y
9TOM (PYHKIMU OJWH TapaMETP: KOPTEXK U3 JIBYX JHUCE], B €€ OIpejIe-
JIECHUW TTIPUCYTCTBYET MIa0JI0H KOPTEXKA.

Tem He MeHee, MCTOMB30BAHUE MEXaHW3Ma KAPPUHTA, MPEAIOYTH-
TesbHEee paboTh ¢ Thiomamu. KappupoBanuyo pyHKIINIO MOXKHO Ya-
CTUYHO BBIYUCJIATD (IAPAMETPU30BATH), & (PYHKIHIO, UCIOIb3YOILYO
ThIOILT — HeT. [TosTomy Bce cranmapTHbIE PYHKIINHT, 3aBUCIIIE OojIee
JeM OT OJHOTO TapaMeTpa, UCIOIb3YIOT B KapPUHTOBO# dopme.

HamomuuM, 9T0 B IIpesiioaun co/iepKaThCs ABe (PYHKIIMHU Ipeodpa-
3oBanus pyHKImi (T. e. 6epyme MYHKIUN B KAYECTBE apryMEHTa U
BO3BpAIIAOLIYe PYHKIHIO):

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

uncurry :: (@ ->b ->c) -> ((a,b) -> c)
uncurry f (x, y) fxy

5. CuHOHUMBI

[Iepen TeM Kak IPOMOJIZKHATH, YMECTHO BBECTHU IIPOCTOM CIIOCOO 3a-
IIICH, IIO3BOJISIONINI TaBaTh aJbTePHATHUBHBIE NUMEHA THUIIAM JIAHHBIX.
3agaBaeMble C IOMOIIBIO 9TOTO CIIOCO0a MMEHa SICHee OTParKaloT I1eJIH,
paay KOTOPBIX BBOAUTCS TUM JAHHBIX.
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Korna B HeCKONIBKUX (DYHKITUSIX UCIOIb3YETCS OJWH U TOT YK€ THUIT
KOPTe2Ka WJIM CIHUCKA, CTAHOBUTCHA HECKOJIBKO YTOMUTEJbHBIM OIMCA-
HIE TUX THUIOB B 00baBieHusax dyukmuii. [Ipeamonoxum, uTo HAM
TpedyeTcs HamucaTh HAOOP (DYHKIWM [jid omeparuii ¢ TOYKaMu Ha,
IJIOCKOCTU: distance — pacCTodHUE OT TOYKHU 0 HaYaJa KOOPJIUHAT,
difference — paccrosgHume MexXay AByMs TOYKaMu, area_polygon
— IUIOIIA b MHOTOYTOJIbHUKA, 1 transf_polygon — pYHKIMIO TpaHC-
dopmaIm MHOTOyToJIbHUKA. VX 00bsIBI€HNsST TAKOBHI:

distance :: (Float, Float) -> Float ;\
difference :: (Float, Float) ->(Float, Float) -> Float
area_polygon :: [(Float, Float)] -> Float
transf_polygon :: ((Float, Float) -> (Float, Float))

-> [(Float, Float)] -> [(Float, Float)]

Kak BuauMm B 0ObSBJIEHUSX y HAC MTOCTOSTHHO TIOBTOPSIETCS OIMCAHUE
mapbl, COAEPIKAIIel KOOPAUHATHI OT/AebHON Touku. B TakoMm ciaydae
ya00HO BBeCcTH HOBOe onpedesenue muna. OHO MO3BOJUT siCHEE OTPaA-
3UTh Ha3HAUYeHUe (DYHKITHI:

type Point = (Float, Float) )\

Mbr nanu HOBOE ompenesieHre Point (Touka) Jyisi mapbl 9uMceJ THMA,
Float. C mcrnosbp30BaHUEM TAKOTO OIPE/IEJIEHUST TUITa 00bABICHUS Ha-
mux (QyHKIU CTAJIU SICHEe OTPaXKaTh HA3HAYEHUE ITUX (PYHKIHN:

distance :: Point -> Float )\
difference :: Point -> Point -> Float
area_polygon :: [Point] -> Float

transf_polygon :: (Point -> Point) -> [Point] -> [Point]
MoKkHO elre onpeaenTh U <« MHOTOYTOJIbHUK Y :

type Polygon = [Point] )\

area_polygon :: Polygon -> Float
transf_polygon :: (Point -> Point) -> Polygon -> Polygon

EcTb HECKONIBKO Belleit, 0 KOTOPhIX HY?KHO TOMHUTD TIPU ONPeIeIeHN-
dX TUNA:

® CJIOBO type CIenuaJibHO 3aPE3EPBUPOBAHO [JIsi ITOTO CIIYIas;

® UMs HOBOI'O OLIPEAEJICHUS TUIIA JOJIXKHO HAYNHATHCS C 3arjIaB-
HOIT OYKBBI (TaK KaK 9TO KOHCTAHTA, & HE [IePEMEHHAs );

® 00BABAEHUE TUIIA OIIPEIEIsIeT TUIl (PYHKINH, onpedescrue TH-
IIa OIpeesIsseT HOBOe UM JJIA THUIIA.
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WNuTeprnperaTop pacCMaTPUBAET HOBOE OIPEHAEIEHIE TUIIA IIPOCTO KaK
abbpesuarypy (coxpamenue). O He cumTaer, 4To J1060€ BHIPAZKEHNE
tun (Float, Float) ecrp Tun Point. Bo3moxkHo mcrnonb3oBaHue u
IBYX Pa3jMYHbIX UMEH JJIS OJHOI'O M TOrO YK€ THUIIa, HallpuMep,

type Point = (Float, Float)
type Complex = (Float, Float)

3nmech Point B TouHOCTHM TOXKe camoe, uTo um Complex m (Float,
Float). IlosToMy Takume ompejesieHNs THIIA ¥ HA3LIBAIOT CHHOHMMA-
mu. B gasbHefiiiem Bbl y3HaeTe Kak JeMCTBUTEIHHO BBECTH HOBBLT] THTI
JJAHHBIX.

[Tozkanyit Hanboslee M3BECTHBIN TUII CHHOHUM — 3TO String. Ompe-
JleJIeHre 3TOr0 CHHOHUMA B IIpeaMOyJie BBOAUT THII String Kak CIIMCOK
sjemeHToB Tuia Char:

type String = [Char]

CTpokm 3amnChIBAIOTCS B CIEIAAJHHOM BHUIE: CAMBOJIBI, COCTABJISIO-
e CTPOKY, 3aKJI0YAIOTCS B JIBOIHbIE KaBbIUKM. Pa3mune mex 1y 'a’
u "a"B TOM, UTO IEPBOE €CTH CUMBOJI, & TTOCJIETHEE — CITUCOK CUMBOJIOB,
COCTOSIINH TOJBKO U3 OJHOTO IJIEMEHTA.

CTpoKu ABJISIIOTCS TUIIOM CHHOHHUMOM U HE SIBJISIOTCS OTIEJIbHBIM,
CaMOCTOSITEJIbHBIM TUIOM JaHHbIX. OHM HACIEIyIOT CBOMCTBA, IIPUCY-
e BceM cruckaM. CpaBHEHHE CTPOK CJIeyeT HOPMAJIbHOMY JIEKCH-
KorpaduyueckoMy mopsaky. Hampumep,

---> "hello" < "hallo"
False

___> ”JO" <|IJoannall
True

Yarre Bcero HaM XOYeTCs 1T€9aTaTh CTPOKU MOCUMBOADHO. DTO O3HA-
gaer, uro (1) IBOiHBIE KABBIYKY HE BBIBOAATCS U (2) HEKOTOPBIE CHM-
BOJIBI (TaKWe KaK \n) HHTEPIPETUPYIOTCH KaK CIEIUAIbHbIE KOMAHIBL.
OcobenHocTr BBO/IA U BBIBO/IA OYIyT pacCMOTPEHHI B TJIaBe 8, ceiivac
JoctarogHo ormeTuTh, uTo Haskell obmamgaer BcTpoennoit dpyukimeit
putStr, npejgHAa3HAYEHHON JJIs TIeYaTH CTPOK. B ciIydyae mpuMeHeHus
dyukIEE putStr K cTpPOKe, OHA Oy/IeT Mev9aTaThCs ITOCUMBOJIHHO.

---> putStr "Hello World"
Hello World

---> putStr "Hello \nWorld"
Hello

World
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» Ynpaosrcnenue VI.5.1

Bepuemcs k 3aade Hax0XKIeHUsT KOPHEH KBaIpaTHOTO ypaBHeHus. Ha,
crpanutie 47 naHo onpeaenenne pyHKIun abcFormula, mpegHasHaYeH-
HOW JIJId TeX Ke IeJIen:

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 PYHKIU IPEICTABIeHa B KAPPUHIOBOM (popMe, OHA IIOCJIEIOBa-
TEeJIbHO OepeT Tpu apryMeHTa W BO3BpAIAeT CIucoK Kopaeit. Ompese-
JINM HOBYIO (DYHKIIWIO roots, mpeaHa3HAYEHHYIO JJIs TeX Ke IeJel,
HO TIOJTyYaOIILyI0 TPOUKY Ynces — KOIPPUIIMEHTOB ypaBHEHUST, U BO3-
BpaIaoILyo mapy kopaeit. Ocobo BeIAEINM CTydail, KOT/1a ypaBHEHME
HE UMeeT PEeIIeHU.

OO0bsiBiIeHNe THIA ITON PyHKIMU OyIeT TAaKUM:
roots :: (Float, Float, Float) -> (Float, Float) )\

JlJist mydiiero orpakeHus CyTH Halllei 3aJa9u BBEJIEM JIBa THUIIA CHHO-
HUMa — JIJisi KO3 DUITIEHTOB ypaBHEHHS U €ro KOpHeii:

type Coeffs = (Float, Float, Float) )\
type Roots = (Float, Float)

DTO ommcaHue TAaeT HOBbIe MMEHA JIJIs yXKe CYIIeCTBYIOIINX THIIOB.
Ob6mbsaBiienne pyHKIIMT roots Temepb MOXKHO 3aIlCATh TaK:

roots :: Coeffs -> Roots )\

HoBweriit Tun onucanus kopode u bosiee nadopmaruBen. [Ipuaem ompe-
nejleHre Tuma Roots MOKA3bIBAET, YTO Y KBAAPATHOTO yPABHEHUS HE
MOKeT ObITH DOJIbINEe IBYX KOPHEH.

B omnpenenennn yHKIUH C TTOMOIIBIO OXPAHHBIX BBIPAYKEHUA BbI-
JeJTUM CJIydaii, KoT/Ja ypaBHEHUWe He mMeeT KopHeit. Fcim kopHu co-
BIIQIyT, TO 00a jIeMeHTa mapbl Oy yT OAuHAKOBHI. [Ij1s TOrO, 9T00BI
n30eKaTh MOBTOPHBIX BBIYUCIEHUN BBEJIEM JIOKAJIbHbBIE OIIPeIesIeHUs
JJIsT HEKOTOPBIX BbIpaxkeHuili. Huxke mpuBeneH CKPUIT, COMEPKAIINIA
TIOJTHOCTBIO OIpeJiesieHre (PyHKINYU roots:

type Coeffs = (Float, Float, Float) )\
type Roots = (Float, Float)

roots :: Coeffs -> Roots

roots (a, b, c)
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| d >0 = ( (-b+d’)/a’, (-b - d?)/a’)

| otherwise = error "Kopmei metr!"
where d = b*b - 4.0*ax*c

d’ = sqrt d

a’ = 2.0 x a

Tenepb MOXKHO yOeauTCsI B KOPPEKTHOI pabOTe MOy Y€HHOM IPOrpaM-
mbl. CHavasa mompobyeM MpejioKUTh IporpaMMe JaHHbIE HEIOIXO-
JIATIEro TUIIA, 3aTeM Pa3JInYHble TPOHKU KOIDDUINEHTOB:

---> roots (1.0, 2.0)
ERROR - Type error in application

*** Expression : roots (1.0,2.0)
x%x*% Term : (1.0,2.0)
*k* 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!

» VYnpaoscruenue VI.5.2

Onpenenum QyHKIWIO mMOve, KOTOpast OEPeT 9mCIIO, sIBJISIONIEeCs Pac-
CTOSTHMEM, YTOJI U [apy KOOPJWHAT TOYKHU HA ILJIOCKOCTH, IIOCJIE YEero
BBIYHC/IET KOOPAUHATHI HOBOI TOYKH IJIOCKOCTH, ITOJIOYKEHUE KOTOPO
OTIPeIesIIeTCs PACCTOTHUEM U YTJIOM.

MBI MOXKeM BBECTU THIIBI CHHOHUMBI JJI BEJIMUUH, UCIIOIb3yeMbIX
B 3aJa49€e CJELYIOINM 00Pa30M:

type Position = (Float, Float)
type Angle = Float
type Distance = Float

3amerbTe, uTO U Angle u Distance gaBigiorTca cuHOHMMamu Float.
Temepb MOXHO OIpeneINTh MOVE TaK:

move :: Distance -> Angle -> Position ->Position
move d a (x, y) = (x +d * cos a, y +d * sin a)
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Tpuronomerpudeckue OyHKIIMU COS M Sin ABJSIOTCA TPUMUTUBAMU.
Tak ke kak Tun omnucanus (PyHKIUU roots, TAKOE OIUCAHWE MOVe
KOpOYe U TIOMOTaeT MOHATh Ha3HAadYeHrne (PYyHKIIUU MOVe.

<

Tun cuHOHUM MOXKET OBITH MAPaMEeTPU30BAH OJHUM MJIM OOJIBITUM
YUCJIOM TUIOB II€PEMEHHBIX, aHAJOTUYHO OIpEAeJeHUdAM JAPYIUX TU-
OB JIAHHBIX. BOT HECKOJbKO KOPPEKTHBIX TMPUMEDPOB MUCIOJIH30BAHUS
CUHOHWMOB:

type Pairs a = (a, a)
type Antomorph a = a -> a
type Flag a = (a, Bool)

JIBa Tuma CHHOHUMA HE MOTYT ObITH OObSIBJIEHBI B TEPMUHAX JIPYT
JApyra, TaK KaK KazKJIblii CUHOHUM JOJIKEH BbIPAKaTbCd B TEPMUHAX
cyrmecTByomux TunoB. C Apyroi CTOPOHBI, BIIOJHE 3aKOHHO 00bsIBJIe-
HIe OJHOTO CMHOHWMA B TepMuHax japyroro. Hampumep,

type Bools = Pairs Bool

3neck Bools — Tun cunonuM Ui Pairs Bool, T. € BO3BpalaeT CUHO-
HuM 1Jig napbl (Bool, Bool).

5.1. PammoHaJbHBIE YnCaa

OpHoit 3 3a7a4, B KOTOPBIX yA00OHO HCIIOJIb30BATh Iapbl YKCEI,
ABJAETCA 3a/4a49a OCYIIECTBJICHUA MaTEeMAaTU4Ye€CKUX JIENCTBUI C palu-
OHAJIPHBIMHU dYncjaaMu. Kak M3BECTHO, YMC/IO IPEJACTABUMOE B BHJIE

. p
HECOKPATUMOM Jpobu —, e p u ¢ — IeJble YKUC/Ia, Ha3bIBAETCS Pa-
q

IIMOHAJBbHBIM. MHOXKECTBO BCEX PAIlMOHAJBbHBIX YHCEJI 0D03HAYAETCS
kak Q. HeBo3moxkuo ucnonp3oBanne tuna Float ajig mpeacTaBiieHus
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npo0eii, BeIb BCE BBIYMCJICHUS JOJKHBI ObITh aOCOJIOTHO TOYHBIMU:

TaK 2 + 3 JIOJIZKHO PABHATHCS 6’ a "e 0.833333.

Jlpobu MOryT OBITH IIPEACTABIEHBI KaK IIapa IEJbIX YHCEJI: UNCJIHU-
TeJIb W 3HaMeHaTe b, OTCIoHa 0YEeBUIHOE OIpPEIeIeHNe TUIIA:

\ type Fraction = (Int, Int)

s manboJiee 4acTO UCIOJIB3yeMbIX Ap0beit MOXKHO BBECTHU CIIEIIHAJIb-
Hble UMEHa!:

A\ aZero = (0, 1); qOne = (1, 1); qTwo = (2, 1)
qHalve = (1, 2); qThird (1, 3); gQuarter = (1, 4)

Hawm Tpebyercst HanmmcaTh HECKOJIBKO (DYHKIINIMA, ITO3BOJISIOIINX OCYIIE-
CTBJIATh OCHOBHBIE apU(PMETUUECKHUE OIEPAIUN C IPOOIMHU:

’X gMul :: Fraction -> Fraction -> Fraction
qDiv :: Fraction -> Fraction -> Fraction
gAdd :: Fraction -> Fraction -> Fraction
gSub :: Fraction -> Fraction -> Fraction

OcHoBHast TpobIEMa COCTOMT B TOM, YTO OIHA W Ta »Ke JPO0b MO-
JKeT TPEJCTABIATHCA B BUIE PA3INIHBIX Apobeii, HapuMep, MOJIOBU-
Ha, MOKeT OBIThb IIPEJ/ICTaBJIeHa He TOJhKO Kak (1, 2), Ho u Bume (2,
4) wmm (17, 34). Ilpu yMHOXKEHUHU YeTBEPTH Ha JBa Pe3yJIbTAT IOJI-
JKE€H PABHATHCA TojioBUHE. [Ijis perierus: 3To#t mpobeMbl Ompeaenm
dyrrnmo simplify, mpeaHa3HaUEeHHYO A1 yIpolnerus apobeit. ITpu-
MeHss 9Ty (PYHKIUIO TI0C/Ie Ji000# omeparuu ¢ ApodsiMu, Mbl Oyaem
[IOJTy 9aTh PE3YJIbTAT B OJTHOM M TOM K€ BHUJIE: PE3YJIbTAT CPDABHEHUS 10~
JIOBUHKY C NIPOU3BEJIEHNEM Ye€TBEPTHU Ha JIBA JOJKEH paBHAThHCA True.

Oyuknus simplify gesuT yucauTesb U 3HAMEHATENb APOOK HA UX
naubosvwut obwut deaumeas (HOJ, ged, greatest common divisor).
Haunbosnbiuit obmuii geiuTesb AByX YUCET €CTh HAHOOJIbIee UHCIIO,
Ha KOTOPOE JEJIUTCSI KaK YUCAUTEeNb, TaK U 3HaMeHaTe b apoou. s
ydeTa 3HaKa JpoOu Bocmosb3yeMmcda dyHKImeil signum. Onpenesenue
simplify TakoBo:

A\ simplify (n,d) = ((signum d*n) ‘div‘ g, abs d ‘div‘ g)
where g = gcd n d

IIpocToe ompenenenne gcd x y MBI HOJYYUM, €CJIU CPEIU JI€JIU-
Tejiell Yncjia X BbIOepeM HAuOOJIbIINN, ABJIAIOIIUICS IPU 3TOM JIeJIH-
TeJleM YHCIa Y, AJId 9ero BOCIoIb3yeMcsa (yHKnusaMmu divisors u
divisible, paccmMoTpeHHBIMU Ha CTP. 97.

A\ gcd x y = last (filter (divisible y’) (divisors x’))
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where x’ = abs x
y’ = abs y

[Tomyuennoe onpenenenne pysknun ged He 3PDEKTUBHO, U B TIPEJIIO-
JIUU TIPUBOJINTCS JIPyTasi peajn3alus 3ToW (pyHKIINY, UCIOJIb3YIOMAsT
asroput™m EBrimna maxoxaernus HOJI. Anropurm EBkiunma ocHoBaH
Ha CJIeIyIOMNX CBOMCTBAxX: JJjis BCeX a u b, Oosbmux miu paBHBIX 0,
BBITIOJTHEHBI COOTHOIITEHU S

HOO(a, b) = HOA(a - b, b)= HOO(a, b - a);
HOZO(a, 0O) HOZ (O, a) = a
HOO (O, O) He ompemeneH

Omnpenenenne ged, yanThiBaomiee ajroput™ EBkanga, TakoBo:

ged 0 0 = error "gcd O 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 dyuknmuio simplify, MOXKHO TpuCTymaTh K pa3paboT-
Ke (byHKIN#, TpeaIHa3HAYEHHBIX JIT apUMMETHIEeCKUX Oneparuii c
apobsmu. s yMHOXKeHUs ABYX ApoOeit ciieayeT TMePeMHOXKUTh WX

HHCHHTGHHII3HaMeHaTeHH(%"%::%g)IIprOCTHTbIXByHbTaTI
gMul (x, y) (p, q9) = simplify (x*p, y*q) )\

Jlemenune cBOAUTCS K YMHOYXKEHWIO HA, OOPATHYIO BEJIUUUHY:
qDiv (x, y) (p, @) = simplify (x*q, y*p) }\

[Iepen cioxkenueMm AByX Japobeii UX cHAaYaJa IPUBOILAT K OOIEMY 3Ha-
MEHATeJIf0, IOCJIe Yero CKJIAIbIBAIOT YUCIUTE/HU MOJYUYeHHbIX Apodeit

1,8 _ 110, 34 _ 10 4 12 _ 22
(1+36 = 250 T 230 = 40 T 20 = 10)- OTcioma momyJaem ompe/eeHns

qhdd (x, y) (p, @ = simplify (x*q + y*p, y*q) A
qSub (x, y) (p, @) = simplify (x*q - y*p, y*q)

PesynbraT BbIaucieHus BRIBOJAUTCS B BHUJIE KOPTEXKA U3 JIBYX dJIe-
MeHTOB. Tak Kak 9TO HE OYeHb yI00HO, TO MOXKHO OIIPEIEIUTh (DYHK-
muio fractionString, mpeobpPa3yIoOIIyI0 KOPTEXK B CTPOKY:

fractionString :: Fraction -> String )\
fractionString (x, y)
| y?> == = intString x’

| otherwise = intString x’ ++ ¢¢/?’ ++ intString y’
where (x’, y’) = simplify (x, y)
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Yurure, yro dyskuus fractionString B TakoM BuJE CIOCOOHA
Ipeobpa30BbIBATH TOJIBKO MOJIOKUTEIbHBIE IPOOU (CM. OIpejeseHue
dbysknuu intString Ha cTp. 142).

» Vnpaorcnenue VI.5.8

N3menum ompenesnenue fractionString Tak, YTOOBI (PYHKIMS MOTJIA
OIIEPUPOBATH JIIOOBIMU PAMOHAJIBHBIME YucaamMu. J1jig 3Toro mobaBum
dyrKImIO signIntString, npeoOpa3yONIyIO 1IEJI0e YUCIO B CTPOKY:

signlntString :: Int -> String
signIntString x

| x == = "o"
| otherwise = signumChar x ++ intString (abs x)
where signumChar x
| signum x == -1 = "-"
| otherwise = [

Tenepp MbI MOKEM IIPEICTABUTH B BUJE CTPOKHU JIO0OE IIJI0€ YHCJIO:
---> signlntString O

Iloll

---> signIntString (-1234450)

"-1234450"

ITomHOCTBIO CKPHUNT BBIMIAANAT TaK:

type Fraction = (Int, Int)

gZero, qOne, qTwo, gHalve, qThird, gQuarter :: Fraction
gZero = (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

gMul, gDiv, gAdd, qSub :: Fraction -> Fraction -> Fraction

qQMul (x, y) (p, Q) = simplify (x*p, y*q)
qbiv (x, y) (p, q) = simplify (x*q, y*p)
qAdd (x, y) (p, Q) = simplify (xxq + 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 == = 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 == = non
| otherwise = signumChar x ++ intString (abs x)
where signumChar x
| Signum X == -1 = "_n
| otherwise = ]

Terrtepb MOXKHO TPOBOAUTH apUMPMETUIECKHUE OMEPAIUN C JAPOOIMU:

---> fractionString (qMul qThird (-3,1))

n_qn

---> fractionString (qSub (1, 2) (1, 20))
"9/20"

---> fractionString (qAdd (1, 100) (1, 101))
"201/10100"

---> fractionString (qDiv qQuarter (91, -40))
||_10/91||

Bonpocwv u 3adanus

VI.5.1

Kak m3BecTHO, 1eIuTh Ha HOJIb 3ampelrieHo. M3menure pynknuio qDiv
TaK, YTOOBI IIPHU IOIBITKE PA3/IeJUTh Ha HOJIb MOSIBJIAIOCH ObI COOOIITE-
Hre 00 ommuobKe.
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VI.5.2

MHoroujieH cTermeHn n OT IIEPEMEHHOI & MOKeT ObITh IIPEJICTABJIEH,
KaK CIUCOK ero koddgduiimenTos. IIpenmnonoxkum, uro KodppUIIMeH-
ThI PA3MEIAIOTCS B CIHUCKE B MOPsAKe YObIBaHUsI CTEIEeHEl ducia x.
Hanpumep, mEorounen 3.1z* +4.22% 4+ 9.3z + 7.4, KOTOpBHIil €CTh B TOU-
HocT MHOTOUIeH 3.1z% + 4.223 + 0.02% 4+ 9.3z + 7.4, npencraBigeTcs
cnuckom [3.1, 4.2, 0.0, 9.3, 7.4]. Beenure Tun cuHOHUM Poly
JIJIsT CITUCKa KO3 DUIIMEHTOB MHOTOUJIEHA, TTOCIE JeT0

(a) HanummTe QYHKIMIO, CKIAIBIBAIOILYIO [BA MHOIOYJIEHA BMECTE
padd :: Poly -> Poly -> Poly;

(6) manumuTe MYHKIWO, BEIYUCIAONYIO 3HAYEHIE MHOTOWICHA IS
[IPOU3BOJIBHOIO 3HAYEHUS T

eval :: Poly -> Float -> Float;
(B) HamumMTe MOYHKIMIO [T YMHOKEHUSI JBYX MHOTOYJIEHORB

ptimes :: Poly -> Poly -> Poly.



I'maBa VII
Haskell kak g3k OOI1

1. O0bEKTHO-OPMEHTUPOBAHHOE IIPOrPaM-
MHPOBAaHUIE

Opnnoit u3 cdep npumenenns sizbika Haskell spistercss nemomnb3o-
BaHUE ero Jijisi ObICTPOro MPOTOTUIUPOBAHUS CJIOXKHBIX IIPOrPAMMHbBIX
cucteM. Kak moka3aJi OnbIT TAaKUX KOMIIaHuii, Kak Kricsson, mpuMeHuB-
el 9TOT A3bIK IpU Pa3paboTKe TeJIeKOMMYHHUKAIIMOHHBIX TPUJIOXKE-
uuit, u Software AG (skcmeprHas cucrema Natural Expert manucana
na Haskell), ckopocts cozmanust T10 Bospacrana B 9-25 pa3 mo cpas-
HEHUIO C AHAJOTMYHBIMU MPOEKTaMu, rie ucnoiab3oBaauch C/C++.
Hamnwucannsrit Ha Haskell mporoTun mporpaMmuOil cucTembl, MO3BOJIS-
eT IMPOAHAJU3UPOBATDH IJIIOCHI ¥ MUHYCHI TOO MJIM UHOTO IIPOEKTa U
BHeCTU Hem30eyKHble W3MEHEHNS B IPOEKT CHCTEMBI ellle Ha paHHen
CTaIAM.

OtnuauTenabHas 0OCOOEHHOCTbH

Haskell — Bosmosknocts ucnonh- | D[] -+ OOH = Haskell

30BaHUdA COOCTBEHHOI'O CHUHTAKCUCA

ayis  (popMaJIbHOTO oOmnucaHus TpeOOBaHWI K IPOEKTYy, UTO CIIO-
coocTByeT 0e300/1e3HEHHOMY IIEPEXOJly OT IPOEKTUPOBAHUSA K
IPOTPAMMUPOBAHHIIO.

Haskell maeT BO3MOXKHOCTH MUCATh IPOCTOM, KPATKUI W HAIJISII-
HBII KOJI, 00eCTieYnBasi HECJIOXKHBIMU CPEICTBAMU WHKATICYJISIIIAIO U TI0-
muvopdu3M. Tak, peKypCUBHOE OIMMCAHNE TIPOILELYPhl OBICTPO COPTH-
POBKU, PAaCCMOTPEHHOM Ha cTP. 163, 3aHMMAET BCETO HECKOJIBKO CTPOK.
Vcmonb30BaTh TaKyio MPOIEIyPy MOXKHO C JAHHBIME JIFOOBIX THIIOB,
JIOIYCKAIOIINMI CPaBHEHHE.

quicksort [ ] = [ ]
quicksort (x:xs) = quicksort [u | u <- xs, u <= x ] ++
[x] ++ quicksort [u | u <- xs, u > x ]

163

A
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AHajoruuHbIM aJITOPUTM, HATUCAHHBIHN, JOTycTuM, Ha 3bike C, Oyaer
OPUEHTUPOBAH HA PA0OTy CO CIIUCKAMU OIPEIEIEHHOIO THUIIA, HAIPW-
Mep, MaCCUBOM UHCEJI, B TO BPEMsl KaK MMPUBEJIEHHAsST BbIE (OYHKIIAST
una Haskell 6onee yauBepcasibHa: oHAa OTCOPTUPYET U CIUCKU UUCEN, U
CIIUCKU CTPOK WJIU CHMBOJIOB.

Bce 3amgaun ynpaBieHUs TaMATHIO IIPU BBIIOJHEHUN IIPOTPAMMEI,
narmucanHo#t Ha Haskell, Bozyaratorcsa Ha ucnosHsonyo cpemy. IIpo-
TPAMMUCTY He HaJI0 3a00TUTHCSA O BBIIEJIEHUN U OCBOOOXKICHUM AUHA-
MHUYIecKoi maMsaTu. [loMmruMo 9TOro cpena peau3yeT TaK Ha3bIBa€MOE
JICHUBOE BBIUMCJIEHNE — B XOJI€ BBITIOJTHEHUS IMTPOTPAMMBI ITPOUCXO/IUT
BBIUYHUCIEHNE TOJHKO TeX JAHHBIX, KOTOPHIE PEAJHHO 3aIPaIlinBaOTCS.

Henocratku Haskell, a umenno, moBbItiienHbie TpeOOBAHUS K TTaMSI-
U (M3-32 PEKyDPCUM) U HE OYE€Hb BBICOKOE OBICTPOJECHCTBUE, HE SIBJISI-
I0OTCS KPUTUYIHBIMEU Ha 9TOM dtane paspadorku [10.

[IpakTudecKn Bce COBpeMeHHBbIe TPOTPAMMHbBIE Pa3pabOTKU OCHO-
BBIBAIOTCS HA TPUHIUIAX O0BEKTHO-OPUEHTUPOBAHHOTO MPOTPAMMHU-
POBaHWS, TO3BOJIAIOIINX MOBBICUTH HAJAEKHOCTH MPOTPAMMHBIX KOM-
IIOHEHT W WX MOBTOPHOE MCIIOJH30BAHME, UTO COKPAIIAET CyMMAapHBIE
3aTpaThl Ha X pa3paboTkKy. CokpbhITHe HHPOPMAIUT U AOCTPAKTHOCTD
JIAHHBIX YIIPOIIAIOT UCTIOJIH30BAHUE ITPOTPAMMHOTO KO3, HAITMCAHHOTO
keM-To paHee. VImernno Haskell, coueraroruit B cebe smeMeHThI (hyHK-
IIIOHAJBHOTO U 00 bEKTHO-OPUEHTHPOBAHHOTO CTU/ISA pa3pabOTKU MPo-
TpaMM, SBJISIETCS CAMBIM TIOAXOIAIINM WHCTPYMEHTOM I CO3TaHUS
MTPOTOTHUIIOB TTPOTPAMMHBIX CHCTEM.

Aswik Haskell mogmep:kuBaeT 00beKTHO-OPUEHTHPOBAHHYIO Iapa-
nurmMy mporpammvupoBanus. OmauM n3 ocHoBHbIX oTanauit OOII ot
JIPYTUX CTUJIEH TTPOTPAMMUPOBAHUS SIBJISETCS TO, 9YTO B OOBIYHOM IPO-
IPAaMMUPOBAHUN TTPOTPAMMUCT OTPAHWMYEH BCTPOEHHBIMU TUMTAMU TaH-
HBIX, B TO BpeMs Kak B cirydae OOII mporpammucT MOXKeT OmpesesisiTh
CBOU COOCTBEHHBIE aOCTPAKTHBIE TUIBI JAHHBIX.

1.1. Nukancyaganusa u HacjJeJ0BaHUEe

O6'beKTHO—OpI/IeHTI/IpOBaHHbIe A3bIKU IIPEJOCTABJIAIOT ABa I'NIaBHBIX
MeXaHU3Ma a0CTPAKIUN: UHKANCYAAUUIO T HACACDO08AHUE, KOTOPHIE MO-
T'yT MCIIOJIb30BAaThCs MTPU pa3paboTKe TPOrpaMMHOTO O0ECIIeYeHNsI.

Brarogaps mHKAICYISINM MOXKHO JOCTHYL MOOYALHOCTU, TIO3BO-
JISIONIEell pacCMaTPUBATh OOBEKTHI B KAUECTBE CTPOUTEILHBIX OJIOKOB
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cioxxuo cucrtembl. 910 cBotictBo OOII crmocobeTByeT O6BICTPOMY TIO-
CTPOEHUIO IIPOTOTHUIIA, CUCTEMBI, IPUYEM OKOHYATEIbHAS JJOBOJIKA, «ObI-
CTPBIX M CXEMaTUYHBIX PEIIeHU» OTKJAAbIBAETCs Ha Oojee mo3/Hee
BpEMsSI.

[ pyroe mpenMyIiecTBO 00bEKTHO-OPUEHTHPOBAHHOTO TTOIX0A, KO-
TOPOE YaCTO CIUTAIOT TJIABHBIM, — BO3MOYKHOCTH TTOBTOPHOTO MCIIOJIh-
3oBaHudg Koma. HaciaeqoBanue B 9TOM OTHOIIEHUN SIBJISETCS OY€HD IIeH-
HBIM WHCTPYMEHTOM. MexaHn3M Hac/IeIOBAHNUS TO3BOJISIET IIPOTPAMMU-
CTy M3MEHSITh W HACTPAWBATh MOBEJIEHNE KJIacca 00bEeKTOB 0e3 Heob-
XOJUMOCTH TIOJIy9aTh JOCTYI K HMCXOAHOMY KOIY PeaJIn3aIuu ITOrO
KJIACCA.

OOBEeKT MOKHO pacCMaTpPHBATh KaK BOILUIOIIEHWE (IJeMEHT) ab-
CTPaKTHOTO THIIA JAHHBIX. UTOOBI UCIOIB30BATH OOBEKT, KJAUEHT JI0JI-
JKEH JIMIb 3HATh, %Mo OObEKT JIeJIaeT, a He Kax 9TO IIOBEeIeHNe pea-
sm3yercs. C TOYKM 3peHUs PeaInu3alliyl Ha OIPEIeJIEHHOM sI3bIKE IIPO-
rPaMMUPOBAHUS OOBEKT €CTh HE YTO MHOE, KAK BHICOKOYPOBHEBAS OP-
raHu3aInsg JaHHBIX.

HaciienoBanue mpeacraBiisier co00# OOt M MOIIHBIA MEXaHU3M
IIOBTOPHOT'O MCIIOJIb30BaHUS KOMa. AOCTpaKTHBIN THII JaAHHBIX 00YCJIO-
BJINBAET IOBEIeHEe HEKOTOPOU COBOKYITHOCTH CyIitHOCTelt. cmonb3ys
MeXaHU3M HAaCJIeIOBAaHUs JIJIs PACIIMPEHNsST OIpeIeeHNs HEKOTOPOTO
THUIIa, MbI JIHOO 3aJaeM HOBOE IIOBEJEHNE B IOMIOJHEHNE K 33 JaHHOMY,
OO M3MEHsIeM yHACIeI0BaHHOE, Jr0O0 IeIaeM U TO U APYTOe.

YciioBue, KOTOpoe HOJIK-
HO HEIPEMEHHO COOJIIOIATHCS
[IpY U3MEHEHUM yHAC/IEI0BAH-
HOI'O IIOBEJIEHUs, COCTOUT B
TOM, 9TO M3MEHEHHBIE IT0J00-
HBIM 00pa3oM OOBHEKTHI 005-
3aTeIbHO JIOJIKHBI JOIYyCKATD
"X WCIIOJIb30BAaHUE Be3JIe, TJIe

Hoaumoppusm
e AGcTpaKkTHOE HACTEIOBAHLE
e OTHOIIIEHNE YTOYHEHNUS W TIOITUIIEI
e Pazanunble TUIBI TOJUMOP(U3IMA
e TunoBast abcTpakiius
e CoOKpBITHE TIPEICTABICHUS
e PexkypcuBHbIe Onpeie/ieHusT THUTIOB

JTAHHBIX

MOI'yT MIPUMEHATHCA 00 BEKTHI
NCXOOAHOTI'O THUIIA.

NTak, MOXKHO CKa3aTh, YTO Ha3HAUYEHUE OOBEKTOB — peau3alinsd
HEKOTOPBIX coryammenuii. Corsamenne GUKCUPYETCs B OINPEIeIeHUN
KJIACCA, KIEMILIIPOM KOTOPOI'O SABJISIETCS JaHHBIN 00bekT. Hacsemo-
BaHHE MOXKHO NOHHMAThb KaK MEXaHW3M peaJu3alid yTOYHEHUd II0O-
BeJIeHNs, KOTOPOe B KOHEYHOM CUeTe O3HadaeT yCOBEepIIeHCTBOBAHUE
COTJIAINIEHNS, PETJIAMEHTUPYIOIIETO MOBeJIeHe 00bEKTa.
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1.2. Kiacchel u meperpys3kKa

C TeopeTndeckoil TOYKM 3PEHUs CYIIHOCTH OObEKTHO-OPUEHTHPO-
BAHHOI'O IIPOIPAMMUPOBAHUSI COCTOUT B OObEIUHEHUN KOHUENUUY GO-
CMPAKTMHLLT MUN0E OGHHLX C KOHIEIIINEH noAuMOphUIMaA. DTH IIOHSI-
TS MOXKHO CINTATh aOCTPAKTHBIM JIOMOJHEHNEM K O0Jiee KOHKPETHBIM
HMOHATUAM UHKANCYAAUUY T HACAE08AHUA.

Tunmsanmsi, KaK MbI y»Ke OTMEYaJN paHee, MPEIACTABJISIET COOOM
MOIITHOE CPEICTBO MjIsi OOPHOBI ¢ OmmOKaMu B mMporpaMMax. 1wumn3a-
Msi MOJKET Pa3JINYaThCs 110 BUAY (cmamuseckas niv OUHAMUNECKAH)
U [0 YPOBHIO (cuavhas unu caabas). Ilpu crarmdeckoil Tunusammn
KOHTPOJIb THUIIOB OCYIIECTBIISETCS Ha, ITale KOMITUJISIIAN, a TIPU JTUHA-
MUYIECKO# — Ha 3Tarne BoinogHeHnns. Haskell orHocuTcst K si3bikaM, mo/i-
JIep2KUBAIOINM CTATUYeCKY0 Tunu3anuio. CUIbHO TUNHU3UPOBAHHBIE
SI3BIKU CBS3BIBAIOT MIPOTPAMMUCTA, JOBOJBHO YKECTKUMU OTDAHUYEHU-
avu. [Ipu MomeaupoBanuy peasbHON TTpeaMeTHON 00/IaCTH 3a9aCTYIO
OYEHbB CJIOKHO «BTUCHYTH» TPEOyEMYIO CUCTEMY TUIIOB B PAMKH UME0-
muxcs TunoB. O1HAKO, KOT/Ia pedb ueT O pa3pabdoTKe BHICOKOHAIEK-
HBIX IIPOrPAMM, HETUITM3UPOBAHHBIE CPEICTBA, KAK IIPABUJIO, CIUTAIOT
HEYIOBJIETBOPUTEHHBIMIA.

Tem He MeHee, Take B paMKaX CTPOTO TUMHU3UPOBAHHBIX CPEJICTB,
JIJIST TOTO, 9TOOBI ClIeJIaTh CUCTEMY TUTIOB OoJjiee yI00HOI Jjisi TpaKTH-
YECKOTO UCTIOJIHb30BAaHNUs, AEJAI0T OTCTYIIJIEHNUS OT CTPOTOM TUTTA3AIINH,
pa3pernasi IpuMeHeHNe TIEPErpyKEeHHbIX (DYHKIIN, TPUBEIEHNE TUIIOB
7 3HAYEHUIT, OOIUX JJIsi HECKOJIBKAX THUIIOB.

Paznuuator aBa Buma mosmmopdusma.

Obwuti mogumopdu3M, B CBOIO OYEPElb, MOYKET MPUHUMATH POP-
My 6kA104at0ue20 (CBI3aHHOTO C MEXAHU3MOM HACJIEIOBAHNUS) U NAPa-
MEMPUYECKO20 NOAUMOPPHU3Ma (OCHOBAHHOTO Ha, TIOIEPIKKE POIOBBIX
THUTIOB).

Jpyroit pox mosmuMopdu3ama, Ha3bIBaeMblil ad hoc moaIuMOpdu3M,
TIPEeICTABIIIET COOOIt HAACTPOWKY Hal HEMOJINMOP(MHON MOLEIbIO TH-
nu3alUu ¥ U3BeCTeH Kak meperpyska (overloading). Bor Heckoibko
LIPUMEPOB HOIUMOP(PU3MA, STOI'O BUIA.

e Jlurepasbr 1, 2, ..., 9aCTO MUCHOJB3YIOT JJIsi IPEICTABJIECHUS I1€-
JIBIX 9MCeJI KaK C (DUKCUPOBAHHOM, TaK U C MIPOU3BOJIHLHOI TOYHO-
CTBIO.

e Apudmerndeckue omeparopnl, TAKHE KaK +, OIPEJEJIAI0TCA JIJId
paboThI C pa3IMYHBIMA BUJAMH YHCEJL.

e Onepamnua IpOBEPKI Ha PaBEHCTBO == PabOTaeT KaK C YACIAMH,
TaK ¥ CO MHOTMMU JPYTUME (HO He CO BCEMHU) THUIIAMU.
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OTmeTnM, 9TO TAKOE ITEPErpyKEHHOE TIOBEIEHNE PA3IATHO JJIsI Ka-
JKJOrO Tuna (MHOIJA IOBEJEHUE HE OIPEIEJIEHHO, YTO HPUBOJUT K
omubKe), TOrAa Kak IIPU NapaMEeTPUIECKOM MOJIUMOPdU3Me THUIl HE
nMmeeT HuKakoro 3uadenus. B Haskell kiracce obecrieunBaeT cTpykTyp-
HBI c0co0 ympaBieHusa ad hoc-ToJIuMOPMOU3MOM UM IEPErPY3KOIi.

Cunrakcuc s3bika Haskell mpemocraBisier BO3MOXKHOCTB OIpPE/Ie-
JaaTh KJjaccbl. Tunel garabix B Haskell paccmarpuBaiorcs kak sK3em-
mwispsl (instance) Toro mim UHOrO KJiacca.

OObaBienne Kjacca class BBOAUT HOBBIM KJIACC THUIIOB U IIE€pe-
IpyzKaeT OIepallny, MOAIeP:KIUBAEMbIE B JIIOOOM THIIE, SBJISIOIAMCS
9K3EMILIIPOM JAHHOTO KJIACCa.

OObsiBIIEHNE  9K3EMILISAPA
instance jexmapupyer, €TO Kuacc (type class) B Haskell ectn
THN  sBAsercs  9K3eMmuspom | KOWIEKINS THIOB, DACIpPeeisio-
KJacca M BKJIIOYaeT ompemeye- |HHAX MEKILY coboit mabop dynKITmi
HUS TIePErpyKEHHBIX OTEepaInii, 1/HJH OIEepaTOpOB.

HA3bIBAEMBIX B COOTBETCTBUU C
rpagunusavu OOII, memodamu xaacca.

HomycTuM, MBI pemmmin Ineperpy3uTsb onepaTopbl (+) m negate
ais tunoB Int u Float. Torma ciemyer BBecTH HOBBII Kytace Num:

class Num a where )\
(+) tia ->a->a
negate :: a -> a

[TomobHOEe 00bsiBIIEHME YnTaeTcs Tak: « TUIT a eCcTh IKIEMILIAP KJIac-
ca Num, ecsiu OH cozmepKuUT (IIeperpyzKeHHble) MeToIbl Kiaacca (+) u
negate, COOTBETCTBYIOIIUX TUIIOB, OIPEJEIEHHbIE B HEM. »

ITocste aTOTO MBI MOXKeM ompeiesinTh Int 1 Float Kak 9K3eMILIsIpbI
9TOT0 KJIacca:

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

QOynkmun addInt, negatelnt, addFloat u negateFloat ectp mpm-
MHUTHBbBI, HO B JIPYTUM CJIydadgX 3TO MOLYT ObIThb U OIpeJesseMble
mojb3oBaTesneM yHKimu. IlepBas jgekaapaliud B IPUBEIEHHOM BbI-
IIIe IMpuMepe YuTaeTcd Kak: «Tunm Int ecTh dK3eMILIAp Kiacca Num c
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COOTBETCTBYOLIMMU ONIPEIe/IeHUSIMU (T. €. METOJAMU KJIACCA) JJIst + U
negate.»

[Ipexk e weM TPUCTYTATh K PACCMOTPEHUIO BOIIPOCA O PEATMIAINN
HOBBIX abCTpakTHBIX KJjaccoB B s3bike Haskell, paccmorpum mekorto-
pbie 6a30BbIe KJIACCHI ITOTO sI3bIKA (ONMUCAHUE ITUX KJIACCOB HAXOIUTCS
B daiine Prelude.hs).

2. BcTpoeHHbIe KJjIacChI

2.1. Kmacc Eq

O630p KJIaCCOB HAYHEM C IPOCTOrO, HO OY€Hb BayKHOTO KJiacca Eq,
M3BECTHOIO KakK kaacc pasencmea (equality). JlauHblii Kiace siBiisieT-
csl KOJLIEKITHElh MHOXKEeCTBA, TUTIOB, JOMYCKAIOIINX ITPOBEPKY HA PaBeH-
cTBO. pyrumu cioBaMu, €Cii BO3MOXKHO HUCIIOJIb30BAHUE OIEPAITAN
CPaBHEHHs] Ha PABEHCTBO (==) JIBYX 3JIEMEHTOB yKa3aHHOTO THIIA, TO
9TOT TWIl BXOAWUT B cocTaB Kjacca Eq. He Bce Tumbr momyckaror mpo-
BepKy Ha paBeHcTBO. Hampumep, paccmorpum crmcok tuma [Char ->
Char], T. e. mocjiefOBATEIbHOCTDh PYHKITHI /1710 paOOThI C CAMBOJIAMU.
[ToHsaTHO, 9TO MPOBEPUTDH HA PABEHCTBO JBA TAKUX CIKUCKA HEBO3MOXK-
Ho. HecMmoTps Ha TO, 94TO CcyliecTByeT MaTeMaTUIeCKas KOHIIEIIUS Pa-
BeHCTBa NBYX pyHKImiA, B a3bike Haskell He momyctumo mpumenennve
omepaTopa == K (QPYHKIUSIM, TaK KaK HEBO3MOXKHO OIHCATH IIPOIECC
WX CPaBHEHWS HA PABEHCTBO.

B npemtoauu kitacc Eq BBOAUTCS CJIEAYIONAM OIPE/IeIEHUEM:

class Eq a where
(==), (/=) :: a -> a -> Bool

Takoe ompemesieHne MOXKeT ObITH IPOYUTAHO KAK «THUII & €CTh 9K3EM-
wisip KJacca Eq, eciin OH OIepKUBaeT UCIOIb30BaHue (TeperpyKeH-
HOI'0) OIlepaTOpa ==, COOTBETCTBYIOIIEr0 TUIIA, ONIPEIEJIEHHOTO B HEM ».
Cortamienre 0 TOM, YTO THI & JOJ2KEH ObITH IK3eMILIAPOM KJIAcca
Eq, 3anuceiBaerca B Buie Eq a. Bolpakenue Eq a HOCHUT Ha3BaHUe
xonmercem (context). KoHTeKCTBI pa3MeniaoT nepes TUIOBbIMA BbIPa-
xxeuusgmu. Hampumep, B ciiegyiomniemM 00bIBIEHNN TATIA OTIEPATOPa, ==,
KOTOpOe 4dmTaeTcsd Tak: «J [yt jr000ro Tuma a, SBJISIOIIEroCs JK3€M-
wisipoM Kjacca Eq dynkius == umeer Tun a -> a -> Booly:

A (== :: (Eq @) => a -> a -> Bool
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» Vnpaorcnenue VII2.1

Omnpenennm GyHKIWIO elem, BBIICHAIONIYIO, BXOJUT JU TOT WUJIN WHOM
JIEMEHT B CIUCOK. JTO OIpeJieJIeHNe PEKyPCUBHO: B IIyCTOM CIMCOK
HUKAKOM 3JIeMEeHT He BXOJHUT, & B HEILyCTOM CIIACKe IIPOBePAeTCd Ha pa-
BEHCTBO II€PBBII 3JIEMEHT U, €CJIU CPABHEHUE HEYCIIEIIHO, TO CPaBHEHUE
IIPOBOJUTCS CO CJIELYIOIIUM 3JIeMEHTOM CIIHCKa. 1aK KakK B OIpeieJre-
HUY y9aCTBYE€T CPaBHEHUE Ha PABEHCTBO, TO BEJINYNHBI, YIaCTBYIOIIIE
B OmpeieieHnu (PyHKIINYU JOJIXKHbBI IPUHAJIEXKATH TUITY, KOTOPbIH €CTh
9K3eMILIAD KJracca Eq:

elem :: (Eq a) => a -> [a] -> Bool
x ‘elem‘ [] = False
x ‘elem‘ (y:ys) =x ==y || (x ‘elem‘ ys)

MbI ncnosib30BaJIH 3/1eCh NHPUKCHYIO (opMy (DYHKIMK elem.

[TpumenuTe QyHKIUIO K CIUCKAM PA3JIAIHOTO THUIA. UTO TPOU30#i-
JIeT, ecJii yOparh u3 00bsaAB/IeHNsT (DYHKIIUA KOHTEKCT !

<

Kaknm ke 06pa3oM yKa3aTb, 9TO TOT WM HHOH THII SBJISETCS
9K3eMILTAPOM Kjacca Eq? DTo OCymIeCTBIAeTCS ¢ MOMOIIBIO 005A6.46-
nus (dexaapayuu) sxzemnasnpa (instance declaration). Hanpumep,

instance Eq Integer where
X == = x ‘integerEq‘ y

[Tonobras 3anmuce untaerca Tak «Tun Integer ecTb 3K3eMIIAD Kac-
ca Eq, ¢ onpenesienueM MeTona, COOTBETCTBYIOILIEIO OIEPATOPY ==».
Oyuknus integerEq sBiisieTcs NpUMUTUBHON (DYHKIIHEH, IIPOBEPIIO-
mieit, paBHbI JIU JIBA IIEJIBIX YUCJIA, HO B 0DOIIEM cirydae Jito0oe BbIpa-
JKEeHUEe MOYKEeT MCIIOIb30BATHCA B IPABOCTOPOHHEN YaCTU OMPEIEJIEHM ST
MEeTO/Ia, & He TOJbKO Ta MM WHas (PYHKINA. AHAJOTMYHOE OIpeIelie-
HUE II03BOJIAeT CPABHUBATH YNCJIa C IJIABAIOIIEA TOYKOI.

instance Eq Float where
X ==y = x ‘floatEq‘ y

» Vnpaorcuenue VIL2.2

Cozmamaum kiace, anajornynbiii EqQ ¢ MeTomoM kJiacca eq, mpoBepsi-
IOIUM Ha PaBEHCTBO, W (PYHKIIWIO elem, OIpeae/leHHYIO Ha THIIAX,
BXOJISINMUX B ITOT Kjacc. Tak Kak (pyHKINS elem yxKe OIpeJiesieHa,
B IIpEJIIOINN, TO MepBasd CTPOKa CKPUIITA, JOJI?KHA CKPBITh ee IIpeKHee
oIpeeseHueE:

import Prelude hiding (elem)

A
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Hwmena 603060z kaaccos (0ObSBIEHHBIX B LIPEIONUAN) HE MOZYM
6bUMB «CEPBLMbLS, IOITOMY MbI AQJUM HAIIEMY KJIACCY APYLO€ MM

class Eq’ a where
eq :: a -> a -> Bool

Temeps MOXKHO ompeIeuTh (PYHKIINIO elem, HCIIOIb3ysd 00bsIBIECHHbBII
BBIIIIE METOJ, €q:

elem :: (Eq’ a) => a -> [a] -> Bool
x ‘elem‘ [] = False
x ‘elem‘ (y:ys) =x ‘eq‘ y || x ‘elem‘ ys

Y1006 BOCTIOIB30BATHCS ITOMW (PYHKIUENH OMpee MM HECKOJIbKO
9K3EMILIAPOB HaIlero KJjacca Eq’:

instance Eq’ Int where
x ‘eq‘ y = abs (x-y) < 3 -- "mpubiusuTeNbHO paBHH"

instance Eq’ Float where
x ‘eq‘ y = abs (x-y) < 0.1

Oepanuuemm Ha 00BABNEHUA IKBEMNAAPOB KAACCA

e [Iporpamma HE MOKET comep:KaTh O0JIee OTHOTO OO bABIECHMS
9K3EMILIAPA JIJIsd JAHHOM KOMOMHAIIMN THUIIA W KJIACCA.

e Eciu Tumn ob6baBIEH KaK 9jeH KJacca, TO OH JIOJXKEeH OBITh
00b4BJIEH BO BCEX CYIIEPKJIACCaX ITOIO KJIACCA.

e OObsIBIIEHNE DK3EMILIAPA He TpedyeT 00s3aTeIbHOrO 33,12~
HUST METOJIOB JIjIs BCEX OIepaTopoB KJjacca. Korma meron
HEe IIPeJOCTABJIEH IIPU OObSIBJIECHUM SK3EMILIAPA U HE IIOJy-
YeH M0 YMOJIYAHUIO B O0bABJIEHUN KJIACCA, BBIIAETCA OIINO-
KA, BPEMEHU BBIIIOJIHEHUS IIPA BBI30BE 3TOI'0 METOA.

e Bbr m101:KHBI 00€ecriednBaTh KOPPEKTHBIN KOHTEKCT TTPU 00b-
ABJICHUU IK3EMILIAPA, TaK KaK KOHTEKCT He BBIBOOUTCH IIO
YMOJJIYaHUIO.

CozmaauM 1Ba CIUCKA, JIEMEHTHI KOTOPBIX MPUHAIJIEKAT TOIBKO
9TO OIIPEIeJIEHHBbIM TUIIaM (Int u Float), IpeaHa3HAYEHHbIE IJIsI IIPO-
BepKU paboThl PyHKINU elem:

listl :: [Int]
listil [1, 5, 9, 23]

list2 :: [Float]
list2 [0.2, 5.6, 33, 12.34]
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Temepp MOKHO TpUMEHUTH (PYHKIWIO €lem, KOTOpasi IPOBEPSIET, NMe-
€TCsl JI B CIIUCKE YUCJIO, «IIPUOJU3UTETHHO» PABHOE 33JaHHOMY:

-—-> 2 ‘elem® listil

True

---> 100 ‘elem‘ listl
False

---> 0.22 ‘elem‘ 1list2
True

Bunmanue! Tuner Int m Float Temepb meperpyskeHbl — 0e3 CUT'Ha-
TYPBI THUIIA, YKA3LIBAIOIIEH, HAIIPUMEDP, UYTO IIEJIbIe UKMCIIa SBJISIOTCS
9K3EMILISIPAMU HAIlero Tuna Int, BhIpakeHwus, aHaJIoruduabe 3 ‘eq’
3 HE OIIpPEEeJICHBI.

<

2.2. Kmaacc 0Ord

Kanacc Ord conepxut B cebe TUIIbI, JJOIMTYCKAIONINE CPABHEHNE CBOUX
3JIEMEeHTOB TIpu momomw onepanuii (<), (<), (>) u (=). DroT KIACC
pacwupsem TOHATHE Kiacca EqQ: oH macaedyem (inherits) Bce omepa-
1 KJjiacca Eq, 100aBJisisi BBINIETEPEYNCTIEHHOE MHOXKECTBO OIEPATO-
POB CpaBHEHHA, a TaKxXKe d)YHKIlI/II/I HaXOXIECHUA MaKCHUMAJIBHOI'O M1
MWHUMAJIBHOTI'O 3HAYCHU A :

class (Eq a) => Ord a where
max, min :: a -> a -> a

Ob6paTtuTe BHUMaHUE HAa KOHTEKCT 3TOr0 ompesaeseHus. Mbl roBopum,
yro Eq sBisieTcs cynepraaccom (WM POAUTETHCKUM KJIACCOM) ISt
ksacca Ord (B cBoro ouepensd 0rd ects nodrsacc kinacca Eq) u smoboit
TUM, ABJISIONNNCA IK3eMILIApoM KJiiacca 0rd, TakKe ABIIE€TCA IK3EeM-
mwisipoM KJyacca Eq. EcTb onpeiesierHOE TpenMyIIiecTBO B TOM, YTO IPU
OTIPEJIEJIEHUY STOT0 KJIACCA, UCIIOIb30BAJICH KOHTEKCT: TP 00bsIBJICHUN
Tuna QyHKIUA, UCIOIb3YIONel omepanun Kak u3 Kiacca 0rd, tak u
n3 Kjacca Eq MOXKHO yKa3bIBaTh B KadecTBe KOHTeKCcTa ToibKo (0rd
a), Tak Kak Ord «Ioapa3ymeBaeT HCIOJb30BaHuE». boJsiee BaKHBIM
PEeUMYIIECTBOM SBJISETCSI TO, YTO B KadeCTBe Olepaluii MOJKJIacca
BBICTYTAIOT Y Ke CyIeCTBYIOIINEe MeTO/Ibl CylepKJaacca. Hampumep, B
npesogun meTon (<) ompenessieTcsa Tak:

x<y = x<=y&&zx/=y

H

A
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[Ipumepom mcmosb3oBanus kjacca 0rd ciaykarT QyHKIWMH COPTH-
pPOBKH, paccmoTpernnbie Ha cTp. 118 u 163. IIpoBepum, aTo oHE pabdo-
TAIOT C PA3JIUYHBIMU TUTIAMU JJAHHBIX, JOMYCKAIOIINX CPABHEHUE:

---> quicksort [34, 21, 456, 2, 8,-89]
[-89,2,8,21,34,456]

---> quicksort [True, False, False, 3<2]
[False,False,False,True]

---> quicksort "qwerty"

|leqrtwyll

---> quicksort ["qwer", "fght", "ss"]
[llfghtll s Ilqwerll , "SS“]

» Vnpaorcrnenue VIL2.3

CoznmaiuM KJtacc, MO3BOJISIONINYM CPABHUBATD MEXKIy COOOM BETMINHBI
JAHHOI'O KJlacCa U ABJIdIoINuiica moakJjaaccoMm Eq?, ¢ omeparopamu 1t
u le:

class (Eq’ a) => 0rd’ a where
1t, le :: a -> a -> Bool
x ‘le‘ y=x ‘eq° y Il x ‘1t¢ y

3aMeTnM, 9TO THUII OIIEPATOpPOB 1t n le ecTh

le, 1t :: (0rd’ a) => a -> a -> Bool

WJIN, ITO YKBUBAJIEHTHO,

le, 1t :: (Eq’ a, Ord’ a) => a -> a -> Bool

'bSIBUM K3€MILJISIPOM 1 OII JIVIM JIJISI HETO OIIepaT
06 Int sK3e oM Ord’ u ompee €ro oreparo
1t (oTsmuaromuiics OT cTaHZAPTHOTO!):

instance 0Ord’ Int where
x ‘1t¢ y = x < y+1

CpaBHuM MexXy cOOOIl BeJIUYHHBI OIIpEIEJIEHHOrO0 HaMHu Tula Int
(yka3bIBasi UX THUI JJisi YCTPAHEHUs HEOIIPEIEJIEHHOCTH ):

-——> (6 :: Int) ‘1lt¢ (6 :: Int)
True
-—-> (6 :: Int) ‘le‘ (5 :: Int)
True
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2.3. Kmaaccel Show u Read

B 3aBucumocTtu oT TpebOBaHWIA, MPEIbIBIIEMbIX K 3aa49e, MPO-
rPAMMUCTY MOKET TTOHAT0OUTHCS PAacevaTaTh YUCa B BUJIE TaOIUIIHI,
KAPTUHKY PA3JIMIHOTO BUJA UK OTHOPMATUPOBAHHBIN TeKCT. s 10-
ctmkenus tux 3dpdexkToB Haskell ncnonbzyer cmenmanabubiil Kiaacc
Show, MUHUMAJIbHOE 00bABJIEHE KOTOPOTO BBITVISIIUT TaK

class Show a where
showsPrec :: Int -> a -> String -> String

Oyukiusa showsPrec npegna3HadeHa J1Jis BbIBOAA BEJIMYNHBI THUIIA a.
Dta pyHKIUS pa3padboTaHa ruOKoi u 3pPEeKTUBHON, YTO OTPABUIUCD
Ha ee cJIoyKHOCTU. MBI He OyeM ceiidac mogpoOHO OCTaHABINBATHC Ha,
BO3MOXKHOCTSIX 9TOIl (DYHKIINH, OTMETUM TOJIBKO, UTO C €€ IIOMOIIHIO
ompeiessieTca Oosiee mpocTasd (PYHKIUSA show:

show :: Show a => a -> String

Oyuknusa show OepeT BeJMYMHY TUIIA @ U IPeodpa3yeT ee B CTPOKY.
Hampumep, Tun Bool 00bsABIIEH KaK K3EMILIAP Kiaacca Show u pyHK-
g show JJigd JJOrMYeCKNX BEJIMYWH BBITJIAIAT TaK:

show False = "False"
show True = "True"

3ampoc Ha BBIYUCIEHHE JIOTMYECKOI'O BBIPAYKEHHWsS U BBIBOJIA, €ro
Ha TEPMHUHAJ NPUBOAUT K MOJIAJUBOMY IIPUMEHEHUIO (QYyHKIUN
putStr.show. Jloruueckas BesmanHa TPeOOPA3yeTCAd B CTPOKY MOCPEI-
cTBOM show, a pe3yJbTaT medaTaeTcs QpyHKIrei putStr. [locmoTpum
KaK 3TO IIPUMEHAETCH:

---> putStr (show True)
True

[Iomo6HOE BBIYHUCIEHNE U II€YATh JJOTHYECKON BeJTNINHBI BO3MOXKHA, I10-
TOMY, 9TO THUIl Bool 0ObsBJIEH KaK 9K3eMILIIp KJjacca Show. Tumbr
Char wu String TakzkKe ABJIAIOTCA IK3EMILIAPAMU KJacca Show, Ha-
npumep,

---> show ’a’
ll)a)ll

[Ipumenenne putStr K MOTy4YeHHOMY pe3yJIbTAaTy IpPUBEIET K y/IaJre-
HUIO TIapbl ABONHBIX KaBbIYEK M KOMOMHAIMS W3 TPEX CHMBOJIOB 'a’
Oymer HamedaTaHa:

---> putStr "’a’"
)a)

H
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Hexkoropsre mogkiaccel Show yke obecriedeHbl BCTPOEHHBIMY TPH-
MUTHBaMu I redaru. Hanmpumep, mesble dnuciia MOXKHO II€YaTaTh U
BeJIMYMHA Show n /14 sjieMeHTa n Tuia Integer eCcTh CIMCOK CUMBO-
JIOB, SBJIAIOIINANCS NECATHYIHBIM IPeJCTaBIeHNeM duca n. Toxe camoe
BEpHO U /I Ipyrux Tunos uuces. Hampuwmep,

---> show 42
|l42ll

---> show 43.2
"43.2"

Ucnonw3oanme ¢dyakimu show MO3BOJIsieT HAM KOHTPOJIUPOBATH
BHEITHUH BUJ[ BHIBOJIA!

---> 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

Ecmu kiaacc Show mo3BojiieT 0T0OPa3uTh OOBEKT B BUJE CTPOKH,
O Kjacc Read pemaer ooparryio 3agady. OCHOBHas Mes NCIIOJIb30Ba-
HUsI JAHHOT'O KJIACCA COCTOUT B TOM, YTO OIIPEEJIsieTCs apcep (JIeKcu-
4eCKUil aHaHHSaTOp);UHITHHaAa,HBHHKHHHﬁCH(bYHKHHeﬁ,66pyn&ﬁ
CTPOKY ¥ BO3Bpalaoei cnucok map (a, String). B npemrogum nisa
TaKUX (DYHKIUI BBEJIEH TUI-CUHOHUM:

type ReadS a = String -> [(a, String)]

OO6BIYHO Tapcep BO3BPAIAET CIUCOK, COCTOAIINI M3 OIHOTO dJie-
MEHTa U COAEepIKAIuii BeJIUUYNHY THUIa &, KOTOpas ObLIa MPOYNTAHA
"3 BXOJHOW CTPOKM, W OCTABIIYIOCS YaCTh CTPOKW, CHOBA TepeaaBae-
Myto 3aTeM mapcepy. Ecim cuHTakcmyecknii aHAJIN3 HEBO3MOXKEH, TO
pe3yabTaToM OyIeT ImyCTOi CIIMCOK, & €CJIM JOITyCKaeTC s Dosiee OIHOTO
napcepa (4To TEOPEeTUIECKH BO3MOXKHO), TO PE3YJIbTUPYIOIIHii CIIUCOK
Oymer comepKaTh y:Ke HecKoIbKO nap. CranmaprHas GyHKIMs reads
SIBJISIETCSI TIAPCEPOM 11 JII0OOT0 IK3eMILIspa KJacca Read:

reads :: (Read a) => ReadS a

Bce BcTpoenHbie KJtacchl obecriedeHbl Takke 60jiee mpocToit pyHK-
et read, 0ObIBJIEHHON TaK:

read :: Read a => String -> a
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Crpoka, repegaBaemMasi B KaUeCcTBe apryMenTa (pyHKIuu read /I0KHA,
IIOJTHOCTHIO 00PabaTHIBATHCS APCEPOM:

---> read "34" +3
37
---> head (read "[1,2]") +3

4

-—-> read ("1" ++n2n++n3n) -3
120

---> read "True" == True

True

---> read "34xx" +3

Program error: Prelude.read: no parse

B aspike Haskell momyckaercs MHO2KeCTBEHHOe HAacJIeI0Ba-
HUE — KJIaCChl MOI'yT UMETh 60JIee OJHOIO POAUTEIbCKOrO Kiacca (Cy-
nepkiacca). Cienyroree 00bsiBieHUe CO30aeT KaacC C, HACIIE LY IO
onepauun KjaaccoB Eq u Show:

class (Eq a, Show a) => C a where

Meroabl Kjracca OTHOCATCS K BEPXHEMY YPOBHIO OObSBJIEHWI B
Haskell. Onu pazzmensior mpocTpaHCTBO UMEH aHAJOTHMYIHO OOBIYHBIM
IIepeMEHHBIM: OJTHO U TO K€ MMs He MOXKET HCIIOJb30BAThC JJisI 000-
3HAYEHUs U METOJa KJIAaCcCa U MMepeMEeHHON UJIN JJIsT MEeTOJIOB, IPUHAI-
JIEZKAIIUM PA3JIUIHBIM KJIACCaM.

Kpome orpanumyennii, 3aaHHBIX JJjIsi TEKYIIETO KJIACCA, METOJIbI
KJIaCCa MOTYT UMeTh CBOU JONOJIHUTEJbHbIE OIPAHUYEHUS HA UCHOJIb-
3yeMblIil TuI mepeMeHHbIX. Hampumep, B Kiacce

class C a where
m :: Show b =>a -> b

MeTo ] m TpedyeT, 9TOOBI TUTI b ABJIAJCT IKIEMILIIPOM KJjacca Show.

2.4. Kaacc Enum

Paccmorpum eme omumH Kiacc, Hocaumii Ha3BaHwe Enum (oT
enumerate — IEePEYUCIIATD ), KOTOPBIH COIEPKUT THUIIbL, IbH HJIEMEHTHI
MOT'yT OBITh TT€EpEeYnC/IeHbI. K10 MUHUMAJIHHO BO3MOYKHOE OIPEIeIEHIE
TAKOBO:

class Enum a where
toEnum . Int -> a
fromEnum o a -> Int

H

A
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Tum, oObsBIEHHBIN KaK IK3eMILIAP Kiacca Enum, ncmonb3lyer yHK-
v toEnum u fromEnum jj1st mpeoOpa30BaHUsT MEXKY €r0 dJIEMEHTA-
Mu u TunoMm Int. Oyakmusg fromEnum qo/mkHA OBITH JI€BOOOPATHMOM
(left-inverse) no oraomenuoO K dyHKIWMK toEnum, nHaYe rOBOPS, JOJIK-
HO BBITIOTHATHCS COOTHOIITEHWE

fromEnum(toEnum x) = x

[IpoBepuM 3TO CBO#CTBO 171 TuIa Bool, KOTOPHI 0OObIBJIEH B IPEJIIO-
U7 KaK IK3eMILIIp KJacca Enum:

H ---> fromEnum(toEnum 1 :: Bool)
1

2.5. KJiaaccoel yucea

4 Kmnacchl uncen

Knacc Num obbenunasier B cebe Bce umciaa. Mbl yxke paccMaTpuBaju
ero omnpejesierane Ha crp. 167. B npemioann oH 00bsiBIEH KaK IOIKJIACC
KJaccos Eq u Show:

)\ class (Eq a, Show a) => Num a where

+), (<), (*) ::a->a->a
negate rra->a

abs, signum it a -> a
fromInteger :: Integer -> a

fromInt :: Int -> a
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Ha pucynke n3obparkena nepapxusi KjaaccoB uncen sa3bika Haskell.
Kmacc Real Bkiogaer B cebsi THOBI JEHCTBATENbHBIX YHUCE,
Fractional — gpobGnsblie uncia. Kiacc Integral comepKuT Ba THIIA
nenbix yncesl — Int u Integer, a RealFloat — Ttumnnel Float u Double.
s 6omee OJIU3KOTO 3HAKOMCTBA € KJaaccoM Num ciienyeT oOpaTuThCs
K (airy Prelude.hs

3. Anrebpamyeckme THUIIBI JAHHBIX

3.1. OnpegesieHne HOBBIX THUIIOB JAHHBIX

B s0o6oM g3bIKe MpPOTrpaMMUPOBAHUS, MIPeIHA3HAYEHHOM JIJIS MO-
JIeIUPOBAHUA PEAJbHBIX OOBEKTOB, 0013aTEIbHO TO/IKHA OBITH BO3-
MOYKHOCTB ONpedeseHUus HO8bLT, CMPYKMYPUPOSAHHBLT TRUNOE JGHHDLT,
JaCTO HA3BIBAEMBIX a42e0pauveckumy TuaMu JaHHbIX. COBpeMeHHbIe
dyHKIIMOHAJbHBIE I3bIKU TpOorpaMmmupoBanus, u Haskell B Tom dmcire,
TAKKe MMEIOT TAKYI0 BO3MOXKHOCTb.

OTMeTuM, UTO TUNBI-CHHOHUMBI, PACCMOTPEHHbIE HAMU paHee, He
CO3/TaI0T HOBBIX THUIIOB, OHU JIUIH JAIOT YK€ CYIIECTBYIOIINM TUIAM
OoJiee ymoOHBIE, «TOBOPSIIME» WMEHa, KOTOPBIE JIEJIAI0T O0bsBJIEHUS
dyuKIM OOJSIEe KOPOTKUME W WH(POPMATUBHBIMU. [ HUII-CHHOHUM CO-
XpaHseT BCe CBOMCTBA mOpoauBIInX ero TunoB. Hampuwmep,

type Position = (Float, Float)
type Angle = Float
type Distance = Float

move :: Distance -> Angle -> Position -> Position
move d a (x,y) = (x +d *x cos a, y +d * sin a)

3HadeHue omepaTopa == Ha Angle O3HaYaeT TOXKE CaMOe, YTO U ==
una Float. Ha npakTuke ke, BO3MOKHO HaM ITOTpeOyeTCs KaKoe-ando
apyroe onpeneenne. Hampumep, KTo-To 3axo4eT 00bsiBUTH PABEHCTBO
Ha Angle, KaK paBeHCTBO 1O Moxytio 2m. Koneuno, MoxxkHO 66110 ObI
HAIINCATh CIIEIUAJIbHY0 (DYHKIINIO /Il CPABHEHUS ABYX BEJIMYNH THUIIA
Angle, HO ynobHee ObLIO OBI UCIOIB30BATH UMEHHO OIIEPATOD ==, YTO
HEBO3MOXKHO CJIeJIaTh OCTAaBasiCh B paMKaX THUIIa-CHHOHHMA.

3.2. IlepeuncisieMble TUIIBI

B saswike Haskell mmeercss BO3MOXKHOCTBH ompejieieHUsT HOBBIX
CTPYKTYPHUPOBAHHBIX THUIIOB JAHHBIX (datatype) MyTeM MepedncIeHus
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BCEX MX BO3MOXKHBIX 3HadeHwuil. Tak tun Bool MoxKer ObITh 3a7aH C
IIOMOIIBIO CJIEIYIOIIEr0 onpedeseHus muna 0aHHHLX:

data Bool = False | True

DTa JeKjaapalus 3akKpemiser uMs Bool 3a THUIOM JAaHHBIX, KOTO-
pblii MOXKeT ObITH TpeJCTaBJeH AByMs BeiquunHamu True u False.
CTpyKTypUpOBaHHbIE BEJIUUUHBI «CTPOATCS» C TOMOIIBIO (PYHKITU-
-KOHCTPYKTOPOB. B Halltem npumepe jBa KOHCTPYKTOPa — KOHCTAHT-
Hble QyHKIuU (T. €. MMEMIIMe HyJIeBOe YHCIO mapamerpoB) True u
False. lIx MOXKHO WCIIOJIb30BaTh B Ka4eCTBE 0OPA3I0OB COOTBETCTBUS
B dyukmusax. [Ipu onpenenenvn pyHKIuil ¢ JJOrMIeCKUMEA apryMeH-
taMu True u False BBICTYHAIOT B KauecTBe 00PA3IOB COIMOCTABJIEHMUS],
HaIpuMep, (PYHKIUs OTPUIIAHUS OIPEJIeNITeTCS TaK:

not :: Bool -> Bool
not False = True
not True = False

JIBa ypaBHeHusi, 331a011ue (PYHKIMIO N0t HCIOJIb3yIOTCS KOMIIBIOTE-
POM Kak IIpaBUJIa IIEPENUChIBAHUA JJid yIPOIIEHUA BbIPpAaKeHUN BUIA
not e. CHagaja ymnpolimaercsa BbIpaxkeHue €. Eciam pe3yabraT paBeH
False, TO ncnosib3yercd nepBoe ypaBHeHUe, a eciau True — TO BTOpoOe.

[Ipu 0OBbsIBIEHUM HOBOTO THUIA JAHHBIX MBI UCIOJb30BAJA KOH-
cmpyxmop muna Bool. B aTtom npumepe Bool ecTh HyJIbMEPHBIH KOH-
CTPYKTOP, OH HE€ 3aBUCUAT OT mapamerpoB. KouncrpykTop Tuma Bool
MOYKET IOSIBJISITBCS MOAbKO B OODbSBIIEHUSX TUIA U HE MOXKET ObIThb
JaCThIO TOI'O WJIM WHOTO BbIPpasKeHUsI. 3alNCh, TOI00HAass X = Bool, He
umeer cmbicia. C apyroii croponbl, True u False sBisitorcs (HyJIb-
MEPHBIME) KOHCMPYKmMopamu Oannvir. OHU TOSBISIOTCS B BbIpazKe-
HUsX win B mabiuonax (06pa3iax COOTBETCTBHs). 3alUCh, AHAJIOTUY-
Hasl, X :: True — omubouyHa. KOHCTPYKTOPHI JAHHBIX MOTYT UCIOJIb-
30BaThCS TOJHKO IPU OTpeleJIeHNN JaHHbBIX.

[Tomo6HBIM 06pa3zoM MOXKHO ObLIO OBI onpenenTh U Tull Char, me-
peuncauB Bce ero 3HadeHus. OaHako 3amaHne (QYHKIWH, HCIOIb3YIO-
IIAX COIIOCTABJIEHME C OOPA3IOM [JIsi BEJIMYUH IOy YEHHOIO THUIIA, 3a-
HsJIO0 ObI 3HAYUTEJILHOE BPEMsl, TAK KaK KOJUYIECTBO BO3MOXKHBIX 3Ha-
YeHWll JaHHOI'O THUIAa BEJINKO.

Paccmorpum apyroi#t mpumep. Ilpeamosoxkum, 4TO mporpamma
JIOJIZKHA OIIEPUPOBATH C JHIMU Heteiu. Bo3MoXKHBIM BapraHTOM pPeliie-
HUST 33J1Q49M ABJISETCs IIPEJICTABJIEHNE JTHEH HEeAe N IeJIbIMU YNCJIaMI
or 0 1o 6 ¢ maJIbHENIIUM BBEJIEHUEM TUIIa-CHHOHUMA,

type Day = Int
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Jljist mr000it (byHKIMM, UCIIOJIB3YIOIIEH OIIpe e IeHHbII TaKiuM 00pa30M
tun Day, HaM IPUAETCS BKJOYATD [IPEIBAPUTEBHYIO ITPOBEPKY apry-
MeHTa, (PYHKIUU Ha IPUHALJIECKHOCTh YKA3AHHOMY BBIIIE JUAIA30HY:

f :: Day -> String
-- pre 0 <=d <=6

[TomobHOE mIpeacTaBieHre UMEET HECKOJbKO OYEBUIHBIX HEJOCTATKOB,
a UMEHHO:

— BeJIMYMHA TUMa Int, UCIOJb3yeMas B 9TOM CJIydae, MOXKeT ObITh
HEBEPHO HCTOJIKOBAHA IPHU IOIBITKE KEM-JII00 Pa3o0paThbCcda B IPO-
rpaMMme (HAaIIpuMep, MOYKHO 3a0bITh, IYTO d IPEeICTABIISAET BeJININ-
uy Day, wium 4T0 4 O3HAYAET YeTBEpr);

— WHOTJA MPU UCIIOJb30BaHNU f MOXKHO 3a0BITH O TIPEIYCIOBUN;

— MOXKHO II0 HEBHHUMATEJHLHOCTH «Pa3PyIIUTh» IOTOBOPEHHOCTH 00
VICHIOJIb30BAHUK TAKUX BEJIMYMH (HANPUMED, YMHOXKUTH BEJIUIUHY
tuna Day na 10);

— MOKHO CJIy4alHO IlepefaTh TaKyI0 BEJIMYWHY BMECTO YMCJIa TUIA
Int (mampumep, ecau B QyHKIWH, rhe Int mpeicraBiiser TeMie-
paTypy WM PaCcCTOSIHUE).

» Vnpaorcnenue VII.3.1

OIIpG,D;eJII/ITe TUII-CUHOHUM Day U BCJIMYUHY d @Toro Tumna:

type Day = Int

YCTaHOBUB C IIOMOIINBIO KOMaH/bI :Set +t BBIBOJ MHTEPIPETATOPOM
Hugs nadopmaium o Tumnax BeJUYNH, BBIIOJHUTE CJIEIYIOIIUNE BbIUHU-
CJICHUSI:

--->d

1 :: Day
--->d-10
-9 :: Int
---> dx*10
10 :: Int

HpI/IMepr IIOKa3bIBaIOT, 9TO BEJIMYNHBI 9TOI'O THUIIa HUYE€M HE OTJINYa-
IOTCA OT IEJIbIX YHCEJI.

<

H
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Haskell mpegocrasiisier Bo3MoKHOCTH ompeneuTs Tunl Day Oosiee
MO/IXOIATIIAM 0OPA30M — OIPE/IEJIUTh COBEPIIEHHO HO06biti TUTI C TTOMO-
IO JAekJjapanuu data:

data Day = Sun | Mon | Tue | Wed | Thu | Fri | Sat

B pesynbraTe Takoro onpemeseHust OyaeT cO3aH HOBBIM TUIT JaHHBIX
Day. Cemb KOHCTAHTHBIX (DYHKIWI ([IOCTOSIHHBIX 3HAYEHU) SIBJISIIOT-
cs KoHcmpykmopamu dannvir Tuna JaHHbX Day. OObI9HO nMeHa KOH-
CTPYKTOPOB OTJIMYAIOTCSA TEM, YTO HAUMHAIOTCHA C 3arJIaBHOI OYKBBI,
TaK YK€ KaK U UM$ CO3JaBaeMOro THUIIA, JAHHBIX. KOHCTPYKTOPHI CIIy-
JKaT JIAIIb JJI CO3JAaHUs BeJIUUNH HOBOI'O THUIA, JAaHHBIX. OHU HEABHO
OIIPEIeJIIIOTCS TIPHU TIOSIBJIEHNHU B BhIparkeHnsax data. KoHcTpyKTophI
JaCTO HA3BIBAIOTCS KOHCMPYUPYOUWUMU PYHKUUAMU, 38 KOHCTPYKTO-
pBI 6€3 ApryMEHTOB KOHCMAHMAMYU 0AHHBLT.

» VYnpaocuenue VIL3.2

[Iyctp Ham TpebyeTcs HammcaTh (PYHKIWIO analyse, Oepylryio Tpu
OJIOKUTEIHbHBIX [EJbIX YUCIa @ b ¥ C, PACIOJIOXKEHHbIE B HEYObIBa-
IOIEeM MOPAIKE. DTU TPHU UMCJIA IPEICTABIAIOT COOOI IJIMHBI CTOPOH
HEKOTOPOro Tpeyronbanka. QyHKIMSA analyse onpeessieT, BO3MOKHO
JI CyIIIeCTBOBAHME TPEYTOJIbHUKA C TAKUMHU CTOPOHAMU U €CJIX 1a, TO
SBJISETCA JIA TTOJIyYeHHBII TPEyTOIbHUK TPEYTOJbHUKOM OOIIEro TUA,
(T. €. ¢ TpeMsi Pa3IMYHBIMU CTOPOHAMM), PABHOOEIPEHHBIM WMJIM PaB-
HOCTOPOHHUM. HamoMHMM, 94TO Tpu OTpe3Ka 0Opa3yioT TPEYTOJbHUK,
TOT& ¥ TOJBKO TOTJA, KOTIA, JJIMHA HAuOOJbIIEH CTOPOHBI HE IIPEBOC-
XOJUT CyMMYy JBYX APYTUX (HEPABEHCTBO TPEYTOJIbHUKA).

Takum ob6pa3oM analyse JOIKHA BO3BPAIATH OJHO U3 UETHIPEX
BO3MOXKHBIX 3Ha4YeHni. MoXKHO ObLIO OBI HCIIOIB30BAThH YETHIPE pa3-
JIMIHBIX YUCIA I KOAWPOBAHUS ITUX CJIYIAEB, HO TOPA370 JIydIlle
BBECTHU CIIEIMAJIbHBIA TUI JAHHBIX, HEOOXOAUMBIN IJIS 9TON 3a a4mn:

data Triangle = Failure -- (uKTHUBHHL
| Isosceles -- paBHObGeIpeHH:H
| Equilateral -- paBHOCTOPOHHUI
| Scalene -- obmero Buza

DTO ompenesieHNe BBOAUT HOBBIM THN HAaHHBIX Triangle, mmeromniuii
JeThIpe 3HAUCHU. 1ernepb IpOrpaMMa MOXKET BBITJISIETh TakK:

analyse :: (Int, Int, Int) -> Triangle
analyse (a, b, c)
| a + b <=c = Failure

| a ==c¢ Equilateral
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| (@=="Db) || (b ==c¢)

| otherwise

Isosceles
Scalene

Berka otherwise mpuHuMaeTr 3HadeHne True, eC/id BCE IPEIbIIYIINE
YCJIOBUS BO3BpaTW/iM 3HadYeHuda False (OTMETHNL 9TO TaKOe OIIpee-
Jleane ¢yskimn alalyse KOPPEKTHO TOJBKO IPHU ITPEINTOJIOKEHUN
0 < a < b < ¢). ObparuTe BHIMaHHUE, YTO ONEPATOPHI == U <= (MEHBIIIe
WJIN PABHO) WMCHONB3YIOTCS 37€Ch JIJIS ONepAIii CDABHEHNUS TePEeMeH-
HbIX Tuna Int.

---> analyse (2,2,2)
Equilateral

---> analyse (2,2,9)
Failure

---> analyse (12,12,19)
Isosceles

---> analyse (3,4,5)
Scalene

<

OHOit 13 MOIIHBIX KOHIEIIWH 00beKTHO-OPUEHTHPOBAHHOIO IIPO-
rPaMMUPOBAHUA HBJAETCHd peaJu3alud MeXaHUu3Ma HaCJIeJIOBaHULI.
Tun maHHBIX, ONpede/IeHHbI ¢ MOMOINBIO JeKjaapanuu data, Tak:Ke
MOKeT HACJIeIOBATh CBONCTBA TOTO WM MHOTO KJjacca. Jlmsa aBToMa-
THYECKOI'0 HACJIeJJOBAaHUA ClIelyeT YKa3aTh MOCJe IIePedYnCIeHnd KOH-
CTPYKTOPOB JAaHHBIX KJII0OYEBOE CJIOBO deriving (,zLOCJIOBHo: BCaCbIBa-
HUE) U B KPYIVIBIX CKOOKAX [€PEUUCIUTH UMEHA TPEOYEMbIX KJIACCOB.

IIpu HacmemoBaHWM METOMOB KJIACCA Eq BesmuuHbI, 3aJaBaeMble
Pa3INYHBIMI KOHCTPYKTOPaMH JAHHBIX, HE PAaBHBI MeXK Iy coboii. [Tpu
HaCJIeI0BAHUN CBOUCTB KJjacca 0rd ycTaHaBIMBAeTCs JIEKCUKOI'padu-
YyecKui IIOPAO0K Ha BE€JIMYMWHAX JAaHHOI'O KJlaCCa: €CJIn OJWMH KOHCTPYK-
TOP JaHHBIX YKa3aH B JeKjJapanuu data panee JIpyroro, To BeJIU4YUHA,
3ajaBaemMasi UM OyJIeT CIUTAThCS MEHbIel, uem apyras. JIr0boit mepe-
YUCJIgeMbIA TUII JAHHBIX, 38/1aBAEMbIi C IIOMOMIBIO AeKaapanuu data,
MOKHO TaK:Ke OOBbSIBUTH KaK dK3EeMILIAP KJacca Enum, HampuMmep,

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 .. ]
[Jag,Merc,Porschel

Eciu o kakum-jmbo npuyunHax pas3pabOTINKa HE yCTpauBaeT Ha-
CJIeyeMbIii MEeTOJI, TO C IIOMOIIbBIO JEKJIapaliy instance ero MOxKHO
TI€PEOIIPE/IENTUTD.

» Vnpaorcnenue VIIL.3.3

Bennunasr Tuma Bool, 3aJaHHOTO B MPEJIIOANN, MOT'YT CPaBHUBATHCS
MexXKIy coboil M BBIBOAUTHCSA Ha medarh. Oupenenum Tun Bool’, mo-
JI00HBIN Bool, ompesesinB ero ¢ IOMOIIBIO JeKJIapaluii instance Kak
sk3eMigap kiaaccoB Eq, Ord u Show. [lisa sToro ciexyer neperpy3urb
METOJIbI 3TUX KJACCOB:

data Bool’ = True’ | False’

instance Eq Bool’ where

True’ == True’ = True

True’ == False’ = False

False’ == True’ = False

False’ == False’ = True

x /=75 = not (x ==y)

instance Ord Bool’ where
True’ < True’ False
True’ < False’ = True

False’ < True’ = False

False’ < False’ = False

x <=y =x<y |l x==y
x>y = not (x <=y)

X >=y =x>y ||l x=y

instance Show Bool’ where
show True’ "UcTura"
show False’ = "Jloxn"

Teneps BeqmuumHamu Tumna Bool’ MOXKHO CpaBHUBATh MEXKIy COOOI,
AHAJOTUYHO CTAHIAPTHBIM JIOTUUYECKUM 3HAUEHUSIM, HO UX OTOOpazKe-
HIe IIPU BBIBOJIE HA IeYaTh OyAeT OTJIMYATHCI OT CTAHIAPTHOTO:

---> True’ < False’
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True

---> True’ > False’
False

---> True’ == False’
False

---> True’ /= False’
True

---> putStr (show True’)
HcTuna

OTmMmeruM, 9TO MOXKHO OBLIIO OBI CIIeJIaTh JOCTYIHBIMU BCE, OIIPEIe/ICH-
Hble Ha KJaccax Eq, Ord u Show omepaTopbl u PYyHKINY, YKa3aB, UYTO
JAHHBIA TUIl JAHHBIX HACJELyeT CBOUCTBA IIEPEUYNCICHHBIX KJIACCOB:

data Bool’ = True’ | False’ )\
deriving (Eq, Ord, Show)

3.3. IlomumopdHbIE TUIIBI JAHHBIX

Kpome oObsiBiIeHUS TWIA MPU TOMOIIY TE€PEUUCTICHUsST KOHCTAHT,
BXOJISAIINX B HETO, MbI MOXKE€M OObSABJIATH TUIIbI, YbU BEJTUINHBI 3aBU-
caT oT apyrux TunoB. Hampumep,

data Either = Left Bool | Right Char A

1o 0bbsiBIeHNE TUNA JaHHBIX Either (or anr. either — onun u3 nByX,
TOT WM APYTOii), UbM 3HAUEHUs Onpenessiorcs B popme Left b, rue
b — jormueckas BejauuuHA, u Right ¢, rme ¢ — cumBos. Tun Either
KOMOWHUPYET JIOTUYECKUEe W CUMBOJIbHbIE BEJWYUHBI B OJUH OOIUi
Tun. MbI MOYXKeM 0DOOIUTD 3Ty UEI0, ONPEETUB NOAUMOPPHH LT THUIL:

data Either a b = Left a | Right b ;\

C sTumM 00600IIEHrEM MPEAbIAYIUA TUI MOXKHO 3aJaTh Kak Either
Bool Char. [lomumopdusm mo3BojisieT mapaMeTpu30BaTh OMPeesIe-
HIe TUIA JaHHBIX, T. €. BBOAUTH B HEO THUI XPAHUMBIX OObHEKTOB B
KauecTBe mapamerpa. HamoMHUM, 9TO a 1 b HA3HIBAIOTCI NEPEMEHHDL-
MU MUNG, SABJISASCH HEKOTOPHIMU HIAeHTH(PUKATOPpAMU, 0003HAYAIOIIY-
MU THII.

Nmena Left m Right 3amai0T KOHCTPYKTOPHI JIJIsT IIOCTPOEHNUS Be-
JuauH Tuna Either, aBidiomuecss HECTPOTUMU (DYHKITUSIMU:

Left :: a -> Either a b
Right :: b -> Either a b
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He caedyem obsasaamv mun Gyrwkyuu-xoHCmMpyKmopa, max Kax oM
ABMOMAMUNECKU 8BIBOOUMCA U3 0EKAAPAUUY MUNG, UCNOADIYOULE20
0arHBIT KOHCMPYKMOD.

» VYnpaorcuenue VIL3.4

CozmaiiTe CKpUIT, COmEep KA O0bsIBIEHNE PACCMOTPEHHOTO BHIIIIE
nouMopgHOTO THMa. Tak Kak Tun Either yxke BBeseH B mpeamOy-
Jie, & «CKPBIThb» OIpe/esJeHHbIe TaM TUIILI HEBO3MOXKHO, TO UCIIOIb3y -
Te nMd Either’ ma4a co3maBaeMoro Tuma JaHHBIX U uMeHa Left’ u
Right’ g ero KOHCTPYKTOPOB.

<

KoHCcTpyKTOpBI JaHHBIX JIUITH CO3JIAI0T BEJINUNHY YKA3aHHOTO TH-
ma, Tak Left 3 ecTb BbIpakKeHue B €ro IpocTeiiineil BO3MOXKHOME hop-
M€ — ero HEBO3MOXKHO yIPOCTUTH. BbIparkeHwusl, BKIIOYAIOIINE KOH-
CTPYKTOPBI JTaHHBIX MOTYT IOSIBJISITHCSI B 00pa3lax COOTBETCTBUS Jie-
BOCTOPOHHe YacTu ompejesenus pynknnu. Hampumep,

case’ :: (a->c¢c, b ->c) ->Either a b -> ¢
case’ (f, g) (Left x) =f x
case’ (f, g) (Right y) = gy

OyHKIMg case’ MOJydaeT ABa apryMeHTa: mapy QyHKIUNE 1 BeJIUYUN-
Hy Tuma Either. Eciau sta BesmyumHa co3gaHa IIpy IOMOIIN KOHCTPYK-
Topa Left, To mpuMeHsieTcsd TepBas (DYHKIUS W3 Mapbl, & €CJIu IpU
IOMOINK KOHCTPYKTOpa Right, To BTOpas. [locMmorpuTe Ha mpuMeps!
MCITOJIb30BAHMS dTOW (PYHKITAN:

---> case’ ((>2), not) (Left 2.3)
True

---> case’ ((>2), not) (Right True)
False

» Vnpaorcnenue VIIL.3.5

B ckpunrt c onpenenennem tuma gaHHbIX Either’ mobaBbTe DyHKITHIO
case’. BrimosiHuTE NpuBeIeHHBbIE BbIIe MpuMephbl. [lapamerpusyiite
tun Either’ TakumMu 3HAYEHUSIMHU, YTOOBI PE3YJIHTATOM BBI30Ba (DYHK-
UK case’ daBJIAJI0CH Obl unciio Tuma Float:

--> case’ ((/2) . fromInt , (*3)) (Left’ 2)
1.0

--> case’ ((/2) . fromInt , (*3)) (Right’ 1.5)
4.5
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C nmomorrpio pyaknmu case’, onpegennm Gyskino plus’:

plus’ :: (a -> b, ¢ -> d) -> Either a b -> Either c d )\
plus’ (f, g) = case’ (Left.f, Right.g)

Hns dyukuit case’ u plus’ BEPHBI CJIEAYIONIE COOTHOIIEHUS:

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)

[Tpenmnono:kuB, 9TO BEJUYWHBI THIIOB & U b MOTI'YyT OBITh CpaBHUBA-
eMbl MeXKIy CODOit (T. e. ABJISIIOTCS YK3eMIIsipamMu KjiaccoB Eq u 0rd),
MOZKHO OIIPEJIeJINTD OIlePpaTOPhI CpaBHEHUA JJid BennduH Tuna Either
a b. CurTakcuc 1mogoOHOTr0 POLa OIPEAEICHMN CIIe Iy FOIIIIA:

instance (Eq a , Eq b) => Eq (Either a b) where )\
Left x == Left y = (x ==y)
Left x == Right y = False
Right x == Left y = False
Right x == Right y = (x == y)

instance (0rd a, Ord b) => 0Ord (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)

YKa3zaHHBIE OMpPEJIe/IeHNS IIO3BOJISIOT PACIIHPUTH 00JACTh IIPHUMEHE-
HUS ONTEPATOPOB == u < Ha BeJUIuHbI TuMa Either. DToro xe addek-
Ta MOXKHO JTOOWTBCH, YKa3aB C IOMOIIBIO KJIFOYEBOTO cjIoBa deriving,
4TO OLPEAEedeMbl THUIl JAaHHBIX HACJELyeT CBOICTBaA KJacCoB Eq u
Ord:

data Either a b = Left a | Right b deriving (Eq, Ord) ,X

3.4. O0bgaBieHNEe PEKYPCUBHBIX TUIOB JaHHBIX

Nrak, MBI HAy9IWJIUCh OOBSBJIATH HOBBIE THIBI JaHHBIX. OIHAKO
) it it
TOAO0OHBIM 00Pa30M MOYKHO OOBSABIISATh U PEKYPCUBHBLE TUTIHI TAHHBIX.

JIr060ii Tun HAaHHBIX BCEr/a 3a/aeT CIocod co3aanust (KOHCTPYUPO-
BaHWUs) BEJUYMH JaHHOrO Tuma. Hampumep, CIUCOK SIBJISETCS TUIOM
MTaHHBIX U, KAK HAM y2K€ N3BECTHO, BeJIMYNHBI TUIIA CIIKCOK MOI'YT OBIThH
IIOCTPOEHBI JBYMS CIIOCOOAMI:
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e 00 CO37AeTCs IMyCTOM CIIMCOK;
e 00 C MOMOIIBIO OMEPATOPA : HOBBIM JIEMEHT 100ABJISETCS
K yKe CyIIeCTBYIOIeMy 0ojiee KOPOTKOMY CITUCKY.

Taxkum obpa3oMm, mmeeTcss ABa KOHCTPYKTOPA JJIsi CO3JAHUS CITUCKA.
Ecnmu dyskius a1 paboThl CO CIUCKAMU OTPEJIENISIETCS C TTOMOIIHIO
111abJIOHOB COOTBETCTBHUS, TO HY2KHO 33/JIaTh JIBa yPABHEHUS: IO OHO-
My Ha KaXKIbIil CIIOCOO CO3IaHUsI CIIMCKA, HAIPUMED,

length [] =0
length (x:xs) = 1 + length xs

3&,&&Baﬂ (bYHKIII/IIO IIpH IIOMOIIHX IIPAaBUJI IJId IIyCTOI'O CIIMCKa M OIIe-
paTOpa :, IPUMEHEHHOI'O K 9JIECMEHTY M CIIMCKY, Mbl T€M CaMbIM IIOJI-
HOCTBIO OIIpeaeJideM €e€.

; N

- I —Node
| T
2 2 6
I R — Node —Node
| |
v VAN VAN
3 1 3 5 7
— . —Node —Node —Node —Node
AR R R R
Y A T A S A S |
[] L eaf Leaf| |Leaf Leaf| |Leaf Leaf| |Leaf L eaf
KCHHCOK IpeBoBHAHAS CTPYKTYypa /

Crucox sBIIeTCS JIUHEHHON CTPYKTYPOii: deM OOJIbIlle 3JIeMEHTOB
B Hero J00aBJIAIOT, T€M JIJIMHHEE OH CTAHOBUTCHA. B HEKOTOPHIX CjIyda-
sIX TAKOT'O POJia JUHelHas CTPYKTypa HEMPUMEHUMa U Ky/a OoJbIie
OAXOUT Opesosudnasn cmpykmypa. CyliecTBYIOT pa3jindHbIe BUIbI
JIPEBOBUIHBIX CTPYKTYp. Ha pucyHke Ciucok CpaBHUBAETCS C JIPEBO-
BUJHOU CTPYKTYpPOI, UMEIOIeil POBHO IIO JB€ BE€TBU B KaKJIOM BHY-
TpeHHeM y3je. B MajleHbKHX KBaJpaTax IIOKA3aHO IIPH IIOMOINK Ka-
KOTO KOHCTPYKTOPA IOCTPOeHa CTPYKTypa. B ciiydyae co cnmckoMm Mbl
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MCIIOJIb3YEeM OIEepaTop : C ABYMsl apryMeHTamu (yKa3aHHBIMU 110 00€
cropoHsl oneparopa) wiu [ ] 6e3 napamerpos.

B kagecTBe MMEH IPEBOBUIHBIX TUIIOB JAHHBIX U UX KOHCTPYKTO-
poB dacro ynorpedsitor ciaoBa: Tree — nepeBo, Node — yzes, Fork
— pas3Bmiika, Branch — Bersb, Leaf — smuct. [Ipu xoHCTpympoBanmu
JiepeBa, M3006paKeHHOr0 Ha PUCYHKE, UCIIOJIb30BaIUCh QyHKIMA (BMe-
cro onepatopoB) Node (c Tpemsi nmapamerpamu) win Leaf (6e3 apry-
MEHTOB).

OyHKIMY, TPUMEHSAEMbIE JIJIs TTOCTPOEHUS CTPYKTYPhI JAHHBIX, Ha-
3bIBaIOTCA KOHCTpyKTOpamu. Node n Leaf aBadr0TCa KOHCTPYKTOpPaMu
JIAHHBIX JPEBOBUIHONW CTPYKTYpbl. Kak 0ObIYHO, MMeHa KOHCTPYKTO-
POB HAUMHAIOTCSI C 3aIJIaBHON OYKBBI JJIs TOTO, YTOOBI BBIIEUTH UX
u3 Psijia OOBIYHBIX (PYHKITHIA.

Hmena pynryut-xoncmpyrmopos, peasudosannvr 8 sude onepa-
mopos, JoascHbl Havuramves ¢ deoemovus. Koucrpykrop (:) siBjs-
eTcsl MPUMEPOM KOHCTPYUPYIOIe PyHKINN AJIs CIUCKA; €IUHCTBEH-
HBIM HCKJIIOYEHHEM U3 9TOrO IIpaBmiIa siBjsercs KoucrpykTop [ 1. To,
KaKKe KOHCTPyHupyooIre (PyHKIUA MOXKHO HCIIOJIb30BAThH JIJIsI HOBOI'O
THUIIa, 33Ja€TCAd B OIpeIe/IeHnN TUMa JAHHBIX. B HeM ke 3a1ai0Tcs
THUIIBI IIAPAMeTPOB KOHCTPYKTOPOB (DYHKIIHNH 1 ITOJIUMOPPUIHOCTD HO-
BOrO THuMa. Tak, ompeaesieHre IPUBEIEHHOI HAa PUCYHKE JPEBOBUTHOMN
CTPYKTYPbI JaHHBIX 33/Ia€TCS CJIEAYIONIUM O0bABICHIEM TUIIA:

data Tree a = Node a (Tree a) (Tree a) | Leaf

Takoe ompeneeHne YUTAETC CIIEIYIONIUM 00Pa30M:

«JIpeBoBUIHAS CTPYKTypa Tree ¢ 3jleMeHTaMU TUTIA & MOYKET ObITh
MTOCTPOEHA ABYMS TyTAMU:

(1) ¢ momormpio dyukiwy Node u Tpex ee mapamerpos (OJUH TUTIA
a u nBa Tuna Tree);
(2) ¢ momorpo KoHCTaHTHI Leaf».

[Ipn 3amaHmm Tak OMpeHEIEHHOrO APEBOBUIHOTO THUIIA CTPYKTYPHI
HCHOJIB3YIOTCsT KOHCTPYKTOPHI maHHbIX Node m Leaf. /IpeBoBuIHAas
CTPYKTypa, n300parkeHHas Ha PUCYHKE, OIUCHIBAETCS CJIE€IYIOIINM BhI-
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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MoxkHO He Pa3HOCUTH BbIPAXKEHUS, OIPEIESIONe JIePEeBO, II0
crpokam. Tak, momycTuma Caeayomas (popMa 3alucu:

Node 4 ( Node 2 ( Node 1 Leaf Leaf) ( Node 3 Leaf Leaf))
( Node 6 ( Node 5 Leaf Leaf) ( Node 7 Leaf Leaf))

OpHako mepBOe W3 MPUBEIEHHBIX OMPEIESICHUH MpeacTaBisieTcs 0o-
Jlee «Ipo3padyHbIiM». He 3a0bIBaliTe 0 ABYMEPHOM CHUHTAKCHCE SI3bIKA
Haskell: mobassstiiTe OTCTYIIBI B TEX CTPOKAX, KOTOPBIE SIBJISIOTCA IPO-
JIOJIKEHUEM OTIpE/IeJIeHNsI, HA9aTOro paHee.

QOyHKINKU C apTyMeHTaMUu, SBJSIONMMUCST JTPEBOBUITHON CTPYKTY-
pOii, OIpenedIoTCsa MyTeM YKa3aHus MIaOJIOHOB JJId KayKJIOTO KOH-
cTpyKTOpa dToro Tuma maHabix. Cjemyrormas (QyHKIMs, HAIPUMED,
IIOJICYATHIBAET YUCJIO ieMeHTOB Node B ApPeBOBUAHON CTPYKTYypE:

size - Tree a -> Int
size Leaf = 0
size (Node x p q) 1 + size p + size q

Cpasaute 31y dyHKIUIO ¢ length, Beraucasoneil JJINHY CINUCKA.

MozxHO ompeeIuTh OIPOMHOE KOJIUIECTBO PA3JIUIHbIX THIIOB Jpe-
BOBHU/IHBIX CTPYKTYp. PaccMoTpuM Jnih HECKOIBKO IIPUMEPOB:

e JlepeBbsi, comepkalie HHGOPMAIIAIO B JINCThX, & HE B y3JIaX:
data Tree2 a = Node 2 (Tree2 a) (Tree2 a) | Leaf2 a

e JlepeBbsi, B KOTOPhIX MH(MOPMAIIAS THIIA a Pa3MeIleHa B y3Jax, a
nHMOpMAIU TUIA b JIUCTHAX:

data Tree3 a b = Node3 (Tree3 a b) (Tree3 a b) | Leaf3 b
e J/lepeBbsi, B KOTOPBIX M3 KarKJIOTO y3J1a BBIXOIUT TPU BETBHU:

data Tree4 a = Node4 (Tree4 a) (Treed a) (Treed a)
| Leaf4d

e JlepeBbs, B KOTOPBIX YHUCIO BETBEH, MCXOOAIINX U3 y3JIa SIBJISIETCS
IePEeMEHHOUN BEJIUYUHOI:

data Tree5 a = Node5 a [Treeb5 al

B nmammoMm mpumepe gepeBa HET HEOOXOIMMOCTH OTIEJIbHO OIPEIe/ISITh
JINCThsI, ITOCKOJIBKY B KadeCTBE TAKOBBIX MOI'YT OBITb HCIIOJIb30BAHBI
YV3JIbl, HE COAepzKalllile UCXOAAIINX BETBEN.

e JlepeBbsi, B KOTOPBIX KaK/IbIil y3€J UMEET TOJbKO OJIHY BETBb:

data Tree6 a = Node6 a (Tree6 a) | Leaf6
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Takoit npumep gepeBa MO CyTH SBJSETCSH CIUCKOM, TTOCKOJIBKY MMeEeT
JIMHENHYIO CTPYKTYPY.

e JlepeBbs, ¢ pa3IUIHBIMEU BUIAMU y3JIOB:

data Tree7 a b = Node7a Int a (Tree7 a b) (Tree7 a b)
| Node7b Char (Tree7 a b)
| Leaf7a b
| Leaf7b Int

JlepeBbs moucka

XOpoImmM IPUMEPOM CHUTYaIllM, B KOTOPOU HePEeBbs IIPEIIOYTH-
TesbHee, YeM CIHUCKH, €CThb IMONCK (IPUCYTCTBYIOUINX) JIEMEHTOB B
60J1bII0M KoJteKnu. C 3TOl IIeJIbI0 UCIOIb3YIOTCS depesbs NouckKa.

Ha crpanwuie 117 6bL1a paccMmorpena pyHKIns elem, KOTOpasi BO3-
BpamaJja True, ecau 3JIEeMEHT BCTPEYAJICd B CIHCKE. DTa (PYHKIIHAA
OTIPEeJIeNIANIaCh C TIOMOIIBIO (DYHKIUI map u or:

elem :: Eqg a =>a -> [a] -> Bool
elem e xs = or (map (== e) xs)

Ipyroe ee ompesesieHne NCIOIb3YEeT PEKYPCHUIO:

elem e [] = False
elem e (x:x8) x == e || elem e xs

B oboux ciaydasix Bce 3J€MEHTHI CIHCKA IIPOCMATPUBAIOTCS OJIWH 34
omunM. Kak ToibKO 31eMmenT Oymer HaligeH, (DYHKIUS HEMEIJIEHHO
BozBpaTuT True (6saromapsi JIEHMBOCTU BBIYMCIICHUI), HO €Ciid 3Jie-
MEHT He COAEP:KUTCS B CIIUCKE, TO (PYHKIUS BCE PABHO IIPOBEPUT UX
BCE OJIMH 34 JPYTHUM.

Ynobuee 661710 ObI pabOTATH C OTCOPTUPOBAHHBIM CIIMCKOM, T. €.
TAK¥UM, BCE €r0 JIEMEHTHI KOTOPOIrO PACIOJIAraloTCs B HeyObIBAIONIIEM
nopsizike. [Tonck MOXKHO TIpeKpaIiaTh, €CJIN OXKUTAEMbIN JJIEMEHT yIKe
npoiinen. Jlas peanu3anum TakOro aJropuTMa TpedyeTcs, ITOOBI e~
MEHTBI CIUCKA JOIYCKAJIN He TOIBKO IPOBEPKY HA PAaBEHCTBO, HO U
cpaBHeHre (T. €. SBJISAINCH Obl BeJudnHaMu Kiacca 0rd):

elem’ :: 0rd a => a -> [a] -> Bool
elem’ e [] = False
elem’ e (x:xs) | e < x = False

| e == x = True

| e > x = elem’ e xs

A
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SHAYNUTEIbHBIM YJIYYIIEHUEM MPOTrPAMMBI SIBJISIETCS HCITOJIb30Ba-
HUE He CIIUCKa, a depesa noucka. JlepeBo momcka ecTth PoJ OTCOPTHU-
POBAHHOTO JIepeBa. JTO JAEPEBO MOXKET OBITH OIIPEJIEJIEHO C TTOMOIIHIO
00 bSABIIEHNUsI, PACCMOTPEHHOTO HAMU PaHee:

data Tree a = Node a (Tree a) (Tree a) | Leaf

B TakoM JepeBe B KayKJIOM y3Jie€ COINEPIKUTCS JIEMEHT U JBa (MEHb-
InX) TOJJepeBa: JeBoe U mpaBoe (CM. pUCYHOK Ha cTp. 186). OcHos-
HBIM TPeOOBAHMWEM, TIPEIbABISAEMBIM K JE€PEBY TOUCKA, ABJISETCH Pac-
MOJIO’KEHUE B JIEBOM MOJJEePeBe BeJIMYMH MEHBININX, 9eM B y3Jje, a B
IpaBoM — OOJIbIINX. SHAYEHNUA B y3J1aX JEePeBa, IPUBEICHHOIO Ha, PU-
CYHKE, BLIODAHBI TAKIM 00OPa30M, 94TO OHO SIBJISETCA JEPEBOM IIOUCKA.

[Touck amemMeHTOB B JepeBe MOUCKa OYeHb TpOocT. Kcau BenmmyunHa
paBHA 3HAYEHUIO, XPAHAIIEMYCS B y3JIe, TO dJIeMeHT oOHapyzkeH. Hc-
JIM OH MEHbIIIE, TO TIOUCK IPOJIOJIZKAETC B JIEBOM IOJepeBe (IpaBoe
HOJJIEPEBO  COAEPIKUT JIEMEHThI ¢ 66sbimM 3HauerneM). C apyroi
CTOPOHBI, €CJIV BeJINUYNHA OOJIbIIE, YeM XPAHSAIIAsICT B y3Jie, TO TTONCK
IPOIOJIZKAETCs B IpaBoM mojepee. [losromy pynknus elemTree BbI-
IVIAOAT TAK:

elemTree :: Ord 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

Ecan mepeBo xoporro cOajgaHCHPOBAHO, T. €. HE COIEPKUT OOIBIITNAX
«JIBIP», TO YKMCJIO 3JIEMEHTOB, IPeJHA3SHAYEHHbBIX IJIS IIOWCKA, YMEHb-
IIaeTCA MPUOJIN3UTEILHO B JIBa pa3a Ha KaxkaoMm mare. [losromy Tpe-
OyeMblii 3jieMeHT OyeT HaliIeH JTOCTATOYHO OBICTPO: TaK B KOJLJIEKITUI
n3 1000 s;semeHTOB mOTpPEOyeTCs CHeaTh OKOJIO JECATH IIaroB, a B
KOJIJIEKITUU W3 MUJIIMOHA 3JIEMEHTOB OKOJIO JIBaanaTu. B obmem, MoXK-
HO CKa3aTb, YTO IMOKWCK B KOJJIEKIIUM U3 N JEMEHTOB IIPU IIOMOIIA
dyukuu elem nmoTpedyeT OKOJIO N IIArOB, a MPU MOMOIIU (DYHKIIAN
elemTree TosbKO log, n mraros.

CrpyKTypa gepeBa mouckKa

Qopma JiepeBa MOUCKA JJIsi HEKOTOPOU KOJUIEKIINH JJIEMEHTOB MO-
J)KeT ObITH OIpej/iesieHa «BPYYHYIO». 3aTeM JIEPEBO MOMCKA MOXKHO C
MIOMOIITHIO KJIABAATYPhI BBECTH KaK OJTHO OOJIBIIIOE BhIpaKeHue C MHO-
JKECTBOM KOHCTpyupyoomux dyHKImik. Tem He MeHee MOXKET BO3HUK-
HYTb MOTPEOHOCTH B aBTOMATU3AIINN STOTO MIPOIIEeCCa.
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Anasoruuno gyHKIMM insert, M00aBIISIONIEH IEMEHTHI B OTCOP-
TUPOBaHHBIN crucok (cTp. 118), dyukuus insertTree nobasiser dJe-
MEHT K JI€pPeBy IIOMCKa TaKUM 0Opa30M, UTO Pe3yJbTaT JOOaBICHHS
OCTAeTCS JIEPEBOM IIOMCKA, T. €. BCTaBKA 3JIEMEHTa IPOU3BOIUTCA B
HY>KHO€ MECTO:

insertTree :: Ord a => a -> Tree a -> Tree a ;\
insertTree e Leaf = Node e Leaf Leaf
insertTree e (Node x 1 r)

| e <= x = Node x (insertTree e 1) r

Node x 1 (insertTree e 1)

| e > x

Eciu snement pobasisiercst K Jsmcry (T. €. K IyCTOMY J€peBy), TO
CTPOUTCS HEOOJIBIIOE JEPEBO, COCTOMAIIEE U3 OJHOIO y3Jia, B KOTOPOM
XPAHUTCS IJIEMEHT €, U JIBYX MYCTHIX J€PEBbEeB. B MpOTUBHOM Ciiydae
JIEPEBO HE IIYCTO W OHO CONEPXKUT B KOPHEBOM y3JI€ JIEMEHT X. DTO
3HAYEHHUE W MCIIOJIb3YeTCs IJIs ONPeIesIeHNs, B KAKOe TOJIePEBO IOMe-
IIIATh HOBBI dJIEMEHT.

C momompio ¢pyHKIMK insertTree Bce 9JI€MEHTHI CIIHCKA MOXKHO
IIOMECTUTH B JIEPEBO IIOKCKA:!

listToTree :: 0rd a => [a] -> Tree a ;\
listToTree = foldr insertTree Leaf

Cpasuute nonyuennyo GbyHKImo ¢ ynknmei isort (crp. 119).

Henmocratkom ucnosib3oBanust pyukmuu 1istToTree saBisiercs To,
YTO B Pe3yJIbTaTe ee MPUMEHEeHUs He BCerja IOoJIydaeTcs XOPOIIo cOa-
JIAHCHPOBAHHOE JIepeBO. DTa IpoOJieMa He CTOUT TaK OCTPO, KOTIA
nHboOpMaIus 100aBIgeTCI B CAydaiftHOM Mopgake. Ecan »Ke CIHCOK,
KOTOPBIil TpeoOpPa3yoT B JIepeBO yKe OTCOPTUPOBAH, TO TOJyUYeHHOE
JIEPEBO TIOUCKA OYIeT «IIEePEKOITEHHbBIM ».

---> listToTree [1 ..7] H
Node 7 (Node 6 (Node 5 (Node 4 (Node 3 (Node 2
(Node 1 Leaf Leaf) Leaf) Leaf) Leaf) Leaf) Leaf) Leaf

XoTsi gaHHAs CTPYKTYPA ¥ SABJISETCS JEPEBOM IOUCKA (BeJMYnHA Ka-
2KJIOTO 3JIeMeHTa 3aKJ/I0UeHa MeKJy 3HaYeHUSIMHU JIEBOIO W IIPAaBOTO
HO/JIEPeBa) CTPYKTypa €ro mo CyTu JinHelHa. B TakoMm jepeBe Hemo-
CTHKHMO JIOTaPH(MAIECKOE BPeMsI TIOUCKA. SHAUUTEIHHO JIydInM (He
«JINHEHHBIM» ) T€PEBOM IOMCKA C TEMU K€ 3HAYEHUSMU OyIeT JepPeBo

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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COpTI/IpOBKa C IIOMOIITBIO AepeBa IIONCKa

QyHKINM, PACCMOTPEHHBbIE BBIIIE, MOTYT CJIy’KUTh OCHOBO# s
TTOCTPOEHUST HOBOTO aJIrOPUTMa COPpTUpOBKHU. Ham moTpebyeTcs JHIIb
ere ofHa (PYHKIINSA, KOTOpas MOMEIAET JJEMEHTHI JiepeBa MONCKa B
CIUCOK B HYKHOM Topsizike. Qmipeesienne ee TaKOBO:

)\ labels 11 tree a -> [a]
labels leaf = []
labels (Node x 1 r) = labels 1 ++ [x] ++ labels r

B ormnunm ot dyskimm insertTree, 3Ta (QYHKIUS ITPOU3BOIUT pPe-
KYPCUBHYIO 00pabOTKy Kak .1e6020, Mak U MPagoz20 IOLJepPeBa. JTO
3HAYUT, 9TO KAXKIbIIl JIeMEHT jepeBa Oyaer 06paboTaH.

[Ipow3BOSBHBIN CIMCOK CJIEIyeT CHaYaJIa MIPEBPATUTH B JIEPEBO TIO-
MCKa C TIOMOINbIO (pyHKIMK insertTree, a 3aTeM cOOpaTh UX B CITUCOK
B IPaBUJIBbHOM IIOPAJKE C IOMOIILIO labels:

)\ sort :: Ord a => [a] -> [a]
sort = labels . listToTree

YaajeHue m3 gepeBa MOMCKa

JlepeBbsi TOMCKa MOXKHO UCITOIB30BATH B pOJIU 0a3bl JaHHBIX. Kpo-
Me olepaluii MepeHyMEepPOBKY, BCTABKM W ITOCTPOEHUSI, KOTOPhIE y¥Ke
OTIMCAHBI, HAM TOTPedyeTcs erre PYHKINS, VIAJSIONast SJIeMEHThI 13
6a3b! maHabIX. OHa MOX0XKa Ha PYHKIMO insertTree: B 3aBUCUMOCTH
OT CBOEr0 apryMeHTa OHA BBI3BIBAETCS PEKYPCHUBHO JIMOO NI JIEBOTO,
JInOO 71T TIPABOrO TOIIEPeBA.

;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 1)

Ecau Benmumna Gyner HaiizieHa B jgepeBe (ciydaii x == e), TO OHa
HE MOXKET OBITh IPOCTO OIMYINEeHa, TaK KaK B 3TOM MECTe OCTaJiacCh
Ob1 «gpIpasy. [losTomy HeobOxomuma pyHKIMS join, COeIUHAIONIAS 1BA
IO/I/IEpeBa B OJIHO.

OTa (QyHKIUS OepeT HAUOOJBINUiT ITEMEHT JEBOTO IOIJIEPEBA B
KadecTBe HOBOTO y3Ja. Eciau jieBoe mOAAepeBO MyCTO, TO B CIAUSHUAN
TIOJI/TIEPEBBHER Y2KE HET MPOOJIEMHBI.

)\ join :: tree a -> Tree a -> Tree a
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join Leaf b2 = b2
join bl b2 Node x b1’ b2
where (x, bl’) = largest bl

Oynkiusa largest KpoMme HaMOOIBIIETO JJIEMEHTA IOJIEPEBA TaKIKe
BO3BPAIIAET JEPEBO, OCTAIOIIEECS IOCJe UIbATUSA HAUOOJIBIIETO JIe-
menTa. Oba pesysbTaTa COeAUHSIOTCS B mapy. Hambombimuit sieMeHT
HAXOJIUTCs TIPU PEKYPCUBHOM TPOCMOTPE MPABBIX MO/IJIEPEBHER:

largest :: Tree a -> (a, Tree a)
largest (Node x bl Leaf) = (x, bl)
largest (Node x bl b2) = (y, Node x bl b2?)

where (y, b2’) = largest b2

[Ipounntocrpupyem pabory dbynkiuu deleteTree ciemayromnum
IIPUMEDPOM.

deleteTree 6
6

3 5 9

DTOT BBI30B IPUBEJET K MPUMeHEeHNI0 DYHKIMU join ¢ JjeBoMy u mpa-
BOMY TIOJIJIEPEBbAM B KayeCTBE ITapaMeTpPOB:

join bl b2

2 8

3 5 9

Oynkiua largest O6yaeT BpI3BaHa (PyHKIHEH join B mojaepeBoM bl B
KaJuecTBe mapamerpa. B pe3yabrare Oymer mosydeHna mapa (x, bl’):
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JlepeBbs bl’ m b2 BBICTYIAT B KadecTBe IIOJJIEPEBLEB JIJIsT HOBOTO
JepeBa MOUCKa:

5

3 9

Oyuknus largest BoI3biBaeTcd MYHKIMENH join TOIBKO B TOM CiIydae,
ecJIu TIOJIyYeHHOe JIepeBo He mycro (T. €. He siBisiercst Leaf-nepeBoMm).
s 0O0paboTKM TycTOro nepeBa B OmIpejesieHne (QYHKIUA join
BKJIIOYEHO OTJEeJIbHOE IIPABUJIO.

» Vnpaorcnenue VIIL.3.6

[ToAroToBBHTE CKPUTIT, COMEPIKAIIII BBIIIEONNCAHHBIE (DYHKIWN JIJIST Pa-
00TBI ¢ fAepeBbsiMu ToucKa. [Ipu oObsBierHnn Tuna Tree He 3a0yabTe
yKa3aThb, 4TO OH sIBJISIETCSI SK3EMILISPOM Kiiacca Show (6e3 nogo6Horo
yKa3aHUs BbI HE CyMeeTe yBUIETh Pe3yJbTaT MpuMeHeHuss PYHKIUN K
JIEPEBBSIM ) -

data Tree a = Node a (Tree a) (Tree a) | Leaf
deriving (Show)

BxJitounTe B CKPUNT OMUCaHUE JepeBa MOUCKA U3 PACCMOTPEHHOTO
IpuMepa, 33/1aBaeMO€e BbIPAaKEeHUEM:

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))

Terepsr M0O:kHO paboTaTh C BEIMYMHON treel, Kak ¢ 0a30ii JaHHBIX.
BrinmosiauTe cienyrore BbI30BbI (DYHKITUIN:

---> elemTree 4 treel

True

---> elemTree 14 treel

False

---> elemTree 14 (insertTree 14 treel)
True

---> elemTree 4 (deleteTree 4 treel)
False

3.5. MeTrku noJien

ITona B mpenenax mexyaapanuu data MOTyT ObITH JOCTYIIHBI JTHOO
MMO3UIMOHHO, JIUOO IO MMEHU C UCIIOJb30BaHUEM Mmemok no.aet. Pac-
CMOTPUM THII JAHHBIX, IPEACTABJIAIOIMNX TOYKY Ha IJIOCKOCTH:

data Point = Pt Float Float

JIBe KoMIIOHEHTHI Point ecTh IepBbIil 1 BTOPOIl apryMeHT KOHCTPYK-
topa Pt. OyHKIMs, aHAJIOTTIHAL,

pointx :: Point -> Float
pointx (Pt x _) = x

MOZKET HCTOJIb30BATHCH JIJIS CCHLIKMW Ha MEPBYI0 KOMIOHEHTY TOYKU
B JIOCTATOYHO HATVISIHOM BUJE, HO JJIsi OOJBIINX CTPYKTYP JIOBOJIHHO
YTOMUTEJHLHO CO3/IaBaTh TaKre (DYHKIINN BPYUIHYIO.

KoncrpykTop B mekaapannu tuma data MoxkeT ObITh OObsBIIEH
C aCCOIMAPOBAHHBIM UMEHEM NOAA, 3AKJIIOYEHHBIM B CKOOKH. Takoe
UMsI 101 OTOXKJIECTBJISET KOMIIOHEHTHI KOHCTPYKTOPA C MMEHEM $iC-
Hee, YeM YKa3aHUe IMO3UIUU 0/ B CTPYKType. BoT ajmbrepHaTUBHBIN
crrocob ompeienenus Tumna Point:

data Point = Pt {pointx, pointy :: Float}

Takoe ompeneneHne WIEHTUYIHO NPUBEJIEHHOMY paHee OIPEJIeJICHUIO
tuna Point. KoncrpykTop Pt omwH M TOT Ke B 00OMX CITydasdX.
Opnako, 3Ta Jmeksaparud 3a7aja WMeHa JIBYM IOJIM: pointx wu

A

A
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pointy. /laHHBIE IMEHA MOTYT MCIIOJIb30BATHCS B KAYECTBE CEAEKMOP-
Mo PYHKITUH, TTO3BOJISIONINX BBIIEIATH KOMIIOHEHTHI U3 CTPYKTYPHI.
B sToM nipumMepe THT CeJIEKTOPHBIX (DYHKITNH TaKOB:

pointx - Point -> Float
pointy D Point -> Float

A BoT dyHKIMS, UCIIOIB3YIOMAA ITU CEJIEKTOPDI:

absPoint :: Point -> Float
absPoint p = sqrt (pointx p * pointx p +
pointy p * pointy p)

MeTku mosieli MOXKHO HCIIOTB30BATh U IS MIOJIyY€eHUs HOBBIX Be-
nuyuH: Beipakenue Pt {pointx =1, pointy = 2} unentuusno Pt 1 2.
Vcnonp30Banue nMeH 1osieli He BBITECHSET yIIOTpeOIeHne TO3UITNOHHO-
rO CTUJIS IPY 33IAHUY BEJINYINH, TAK 00€ (OPMbI, IPUBEIEHHDBIE PAHEE,
JIOCTYIIHBI ITOJIb30BATEJIIO, OJHAKO, C NOMOWDBIO MEMOK NOAET MOIHC-
HO 3a0aMmb 6EAUNUNRY, HE BCE NOAA KOMOPOU b6ydym onpedesernt, ITO
HEBO3MOXKHO IPU TO3UIIMOHHOM (hopMe OmpeieieHnsT BeTNINHbI.

O6pasipl COOTBETCTBUS, BKJIIOYAIOIINE NMEHA TOJIEH, UCTIOIb3YIOT
TaKOU K€ CMHTAaKCHUC, 4TO U KOHCTPYKTOp Pt:

absPoint (Pt {pointx = x, pointy = y}) = sqrt (x*x + y*y)

Dyukiuysi, n3MeHsOmas 3HadeHre crpykTypbl (update function),
UCIIOIb3yeT 3HAYEHMs MOJIS B CYIIECTBYIOMIEH CTPYKTYPe IJIs 3ao/THe-
HUS KOMIIOHEHT HOBO# cTpyKTypbl. Eciin p ecrb Besimumna tuna Point
(1. €. Touka), T0 p{pointx =2} ecrb TOYKA C TEM K€ 3HAYECHUEM II0JIsI
pointy, 4To m y p, HO ¢ pointx, 3amMeHeHHBIM Ha 2. Takasa omepanus
He ABJIAETCA JeCTPYKTUBHON: OOHOBJIAIOMAA (PYHKIWS JIUIIb CO3IaeT
HOBYIO KOIIMIO O0'bEKTA, 3aIO0JIHSIA HEKOTOPBIE €ro II0JIs HOBBIMHU 3Ha-
YEHUSAMMU.

» Vnpaorcnenue VIIL3.7
CospmaiiTe CKPHUIIT, COAEPKAIMIMI CIETYIONUN 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
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e3 :: Float

e3 = px el

e4 :: Point

e4 = el {px = 4}

3arpy31/1Te CKPHUIIT 1 BBIIIOJIHUTE BbIIYUCJICHUA:

---> el
Pt{px=1.0,py=2.0}
---> e2

2.23607

---> e3

1.0

---> ¢e4
Pt{px=4.0,py=2.0%}

Boruncimre paccrosare oT Toyky €4 10 HadaJia koopauHat. Oupene-
JimTe (PYHKIUIO, BIYUCISIONLYI0 PACCTOSHIE MEXKIY ABYMsI TOYKAMU.

<

Cko0OKH, HCIOJb3yeMble MIPHU 3aJaHUA METOK IIOJIell, MMEIOT CIIe-
IMaJIbHOE 3HaYeHNe: HECMOTPs Ha TO, YTO CHHTaKcuc s3bika Haskell
OOBIYHO pa3pelraeT OMyCKaTh CKOOKMU, 3aMEHsIsI UX COOTBETCTBYIOIIUNM
BbIpaBHUBaHUEM TeKcTa (layout rule), mpu MCIOIH30BAHUU METOK IIO-
Jiett CKOOKY Heo0x00uMbL.

Metku moJieit MOTyT MCIIOJIB30BATHCS HE TOJHKO B TUMAX JAHHBIX
C €JMHCTBEHHBIM KOHCTPYKTOPOM (OOBIYHO HA3bIBAEMbBIE 3AIUCIMH,
records). OHAKO, CIelyeT OTMETUTh, YTO B TUIIAX C HECKOJbKUMU KOH-
CTPYKTOPAMU TPUMEHEHUE BBIIESAIONINX WU OOHOBJISIONINX (DYHK-
M1, UCTIOJB3YIONINX UMEHa TToJIell, MOXKeT MHOT/IA PUBECTHU K OIITHOKe
Bpe€MEHU BBIIIOJIHEHNS, aHAJOIUYHON TOM, K KOTOPOI IIPUBOLUT BBHI30B
dyukmnun head ¢ MycTbIM CIIUCKOM B Ka4eCTBE apryMeHTa.

To nnm wHOe MMS TOJIT HE MOXKET UCIIOIb30BaThCd Oosiee, 4eM B
OJTHOM THUTIE TAHHBIX. 1eM He MeHee B IpeJieiaX OJHOTO THUTA JTaHHbBIX,
9TO UM MOYKET MCIOJIb30BATHCSA B PA3JIMIHBIX KOHCTPYKTOpax. TakK,
B CJIeJIyIOIeM THulle JaHHBbIX MeTKa f mcnosb3yerca cpa3y B JABYyX KOH-
CTPYKTOpAax:

data T = C1 {f :: Int, g :: Float}
| C2 {f :: Int, h :: Bool}

Ecnu x ects BenumumnHa tuma T, To Beipakenue x {f = 5} momycTumo
HCIIOJIb30BATh HE3aBUCUMO OT TOr'0, KAKMM M3 KOHCTPYKTOPOB JIAHHBIX
tuna T ObLjIa CO3aHa BEeJIUYNHA X.

A
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» Vnpaorcnenue VII3.8

CospaiiTe CKPUIIT, COAEPKAIIMI CIIEIYIOMNIA KO/

data T = C1 {f :: Int, g :: Float}
| C2 {f :: Int, h :: Bool} deriving Show

eb :: T

eb=C1 {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

BrmmosinnTe BhIuncenns u o0ObACHUTE MNOJIy49€HHbBIE PE3YJIbTAThI:

---> ¢eb
C1{f=1,g=2.0%}
---> eb
C2{f=3,h=False}
--->e7

1

---> €8

3

---> ¢e9

Program error: {T_Cl_g e6}
<

MeTku moJieit He MEHSIOT IPUPOTY AJITeOPANIECKOTO TUTIA JAHHBIX,
a JINIIb SABJISIOTCS YIOOHOM CHHTAKCHUYECKOUW BO3MOXKHOCTBIO OOpaIie-
HUS K KOMIIOHEHTaM CTPYKTYPbI JaHHBIX. OHM Je1af0T KOHCTPYKTOPbI
C HECKOJIbKUMU KOMITOHEHTaMu Oojiee YIOOHBIMU JJIsi IPAKTUIECKOTO
WCIIOJIb30BAHUS, TAK KaK IOJIs MOTYT JI00aB/IATHCS WM yAAJIITHCS 0e3
YIIOMUHAHWS KOHCTPYKTOPA.

3.6. Crpormit KOHCTPYKTOpP B data JeKJjaparun

CrpykTypb! manubiX B s3bike Haskell B obiiem ciiydae gBIIsIIOTCS
JIEHUBBIMU: KOMIIOHEHTHI He BBIYUC/ISIOTCS /IO T€X MOp, IOKA SIBHO He
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IOTPEOYIOTCS. DTO JAET BO3MOXKHOCTD IIPUMEHEHNsI CTPYKTY]P, COIep-
JKAIAX JIEMEHTHI, BEIYUCIEHNE KOTOPBIX, €CJIM OHO ITOTPedyeTcst, mpu-
BeJIeT K OIMMOKe WU TPEKPAIEHNI0 BhIoHeHus1. Vcmomb3oBaHue Jie-
HUBBIX CTPYKTYP JAHHBIX YCUIUBAET BhIPA3UTEIHHOCTD si3bika, Haskell
U SBJISIETCS HEOT'beMJIEMOW YePTOit CTUJIS MPOTPAMMUPOBAHNS Ha JaH-
HOM SI3BIKE.

BryTpenHee mpeacTaBieHne KaXKI0ro OIS 00bEKTa, 3a1aBaeMOT0
JIEHUBOII CTPYKTYPOIi JAHHBIX HAIIOMIHAET HEKOTOPYIO OOJIBIITYIO U TsI-
JKeJIYIO YIIAKOBKY, KOTOPasi CKPhIBAET BHIYUCJICHIE BEJIUINHBI, IO TOTO
MOMEHTa, KOrla OHA IMOTpedyeTcs. YIIaKOBKH, COepKAIIe HeoIpeIe-
JieHHbIe 351eMeHThI (L), He 3aTparuBaroT ApyTue IEMEHThI CTPYKTYPBI
MaHHBIX. Tak, kKopTexk (’a’, 1) gaBiisieTcss COBEPIIIEHHO JIeraJbHOI Be-
mununnoit B Haskell. ITompoOyiiTe:

---> fst (’a’, undefined)
’a’

Wcnonp3oBanue BeJUYUHBI ’a’ He 3aTparuBaceT APYIrn€ KOMIIOHEHTDBI
TBhIOILJIA.

BoabmmHCTBO A3BIKOB MPOTPAMMUPOBAHUS SABISIOTCA CMPO2UMU,
a He JIeHWBBIMU: B HUX BCE KOMTOHEHTHI CTPYKTYP JAHHBIX BBIYUCJISA-
IOTCS TIEpeJT TeM, KaK OHU MTOMENIAI0TCA B CTPYKTYPY.

Ecthb ere HECKOIBKO OCOOEHHOCTEMN, CBSI3aHHBIX C IIOJOOHON yIma-
KOBKOI CTPYKTYp: BCE TaKU€ CTPYKTYPbI TPEOYIOT JOMOJHUTEILHOTO
BPEMEHN JIJII KOHCTPYUPOBAHUS U BHIYUCICHUS, JIJI UX PA3MEIeHUs B
IaMsITH UCTIOJIb3yeTcst Kyda (heap) u oHM MO3BOJISIOT IPUMEHSTE COOD-
Ky MycOpa, BO BpeMs Bbluncjieaus. 30ekaTh TaKnX HAKJIAIHBIX PaC-
XOJIOB ITO3BOJIAIOT, TAK HA3bIBAEMBbIE, (h.Aa2U CMPO20Cmu, yIOTpedIe-
HIe KOTOPBIX B data-JeKjapamuu IIPUBOAUT K HEMEJJIEHHOMY BbIUM-
CJIEHUIO OTMEUYEHHBIX MM II0JIeli KOHCTPYKTOPA, HMTHOPUPYS JIEHUBOCTb.

daaru CTPOroCT MO2KHO HCIIOJIB30BaTh B CJICAYIOIMUX CUTYyallUdX:

e Ui 3aJaHUs Te€X KOMIIOHEHT CTPYKTYPbhI, KOTOPbIe 00sI3aTe/IbHO
Oy/IyT BBIYUCIATHCS BO BPEMS BBITTOJIHEHUs] TTPOTPAMMOBI;

® Jyid 3a/IJaHUS KOMIIOHEHT CTPYKTYPbI, KOTOPbIE JIETKO BBIYUCJIAIOT-
Cs ¥ HUKOTJA He TMPUBOJAT K OIMOKAM;

® TIpU UCTIOJb30BAHUU THUIIOB, JJIsT KOTOPBIX YIOTPEOIeHe JaCTHIHO
HEOTIpeIeJIEHHBIX BEJIUUNH HE SBJISETCS HEOOXOIMMbIM.

Kowmrmiekcabie uywmciia, HampuMep, MOXKHO OObSBUTH KaK THUII
Complex cireyomumM 00pa30M:

data RealFloat a => Complex a = 'a :+ la
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B maHHOM OmpeiesieHnn UCIOIb3yeTCss KOHCTPYKTOP B (hopMe nHMUKC-
HOT'O OIlepaTopa :+. DTO OIpPeeeHNe BbIIE/ISET J1Be KOMIOHEHThI —
JIEVCTBUTEIbHY IO I MHUMYO 9aCTU KOMIIJIEKCHOTO YUCJIa — KaK CTPOTO
ompeesieHHbIe. MOXKHO TpeIoKuTh 00Jjlee KOMITAKTHOE MPEICTABJIE-
HIe KOMILIEKCHBIX Ynces 0e3 UCIoIb30BaHue (hjiara CTPOroCTH, HO OHO
TIPUBOJIUT K JOMOJHUATEIbHBIM PACXOIaM IPU CO3JAHUU KOMILIEKCHOTO
qmciia C HeOIpeIeJIeHHON KOMITIOHEHTOM, TakKoTo Kak 1 :+ L.

Qrarm CTPOTOCTH MOTYT IIPUBOIUTH
K yTe4YKaM aJpecOB IMaMsTH: TaKue
CTPYKTYPbI HE TTO3BOJISIOT UCIIOJIb30-
BaTh COOPKY Mycopa IJIsI TeX JacTeit,
KOTOPbIE YK€ He IOTPeOyIOTCs [Jisi BHIYUCJICHUIA.

Hoas, ommeuernnvie 3narom !
6 dexaapayuu data, 8bIvUCAA-
0MCA 8 MOMEHM CO30GHUA.

Ogar cTporocT ! MOXKET HCIIOIB30BATHCSI TOJIBKO B JIEKJIapally-
ax data. OH He MOXKeT ymOTpPeOSATHCS B CUTHATYypPaX OINPeNeIeHuUA
npyrux TuroB gekaapanuii. Ciemyer npegocrepeds oT 0€3/1yMHOTO UC-
MOJTb30BaHUS (pJrara CTPOrOCTH, TaK KAK JIEHUBOCTDH SIBJISIETCS OJTHUM
n3 pyHIaMeHTaJIbHbBIX cBOMCTB a3biKa Haskell u ymorpebienne dpaaron
CTPOTOCTHA MOXKET 3HAYUTEJbHO YCIOXKHUTH 00pabOTKy OGeCKOHEUHBIX
CTPYKTYP WM MIPUBECTU K APYTUM HEOXKUJIAHHBIX MOCJIEICTBUIM.

» VYnpaocruenue VIL3.9

OmpemenuM THUI TaHHBIX, AHAJOTWYHBIN CIUCKaM, HO CTPOrHil IO OT-
HOIIIEHWIO K €r0 [IEPBOMY JIeMeHTY (TOJIOBe):

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 "elO" ‘Cons‘ Nil)
ell, el2 :: Bool

ell = hd el0

el2 = hd (tl e10)

el3 :: HList Bool

e13 = t1 (t1 (e10))

Beraucnaure YKa3aHHbIC 3HAYCHUA U HpOKOMMeHTI/IpyfITe IIOJIyY€HHbIC
PE3YJIbTATHI:

---> el0
Cons True
Program error: el0
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---> ell

True

---> el2

Program error: el0
---> el3

Program error: el0

Ob6bsacuuTe, noyemy npu yaanaenun diara crporoctu (!) B 06baBieHnn
THUIIA UCYE3aeT OIMMOKA IIPHU BhIYKCIeHNN e13:

—--> e13 H
Nil

3.7. HoBble Tunbl: JeKkJjapanus newtype

OO6r1meit pOrpaMMHUCTCKOM IIPAKTUKON SIBJISIETCS OIpeIeSIeHIe TU-
na, KOTOPBIA IpeIncTaBAdeT B TOYHOCTH CYIIECTBYIOIIWI THII, HO
IpeICTaBIIsgeTca oTaeabHo B cucteMme TumoB. B Haskell mexkmaparus
newtype co37aeT HOBBIH TUI U3 YK€ CYIIEeCTBYIOIIEr0. 3a UCKIIIOYeH -
€M KJII0YEBOI'O CJI0Ba, newtype-aeKJapanusa UCIOIb3yeT TOT K€ CaMblil
CUHTAKCHUC, 4TO 1 data jekyapanud C e JUHCTBEHHBIM KOHCTPYKTOPOM,
CcoepzKalM €IUHCTBEHHOE II0JIE.

Hampumep, HaTypajbHbIE YKCJIa MOI'YT OBITH IIPEACTABJIEHBI THUIIOM
Integer c momMoInpio CiemyrolIel JeKJIapaumn:

newtype Natural = MakeNatural Integer )\
deriving (Eq, Ord, Show)

Takoe 00bsIBIIEHIE CO30aeT COBEPIEHHO HOBBIA Tun Natural, dpaxTu-
yecKu InepenMeHoBbIBatonuii Integer. [lomyyennsit Takum odpasom
TUI OTJINIAETCS OT TUIA-CUHOHUMA, TEM, UTO ITO COBEPIIEHHO OTAE b~
HbIM THI, KOTOPbIM MOJHOCTHIO COOTBETCTBYET MCXOmHOMY Tuiy. [lo-
1I00HOe Ipeodpa3oBaHue He TPedyeT JOIOJIHUTE/IbHBIX BPEMEHHbBIX 3a-
TpaT; newtype He U3MeHSET JIezKalllee B OCHOBE IIPE/ICTaBJIEHTE 00 beK-
ta. JlomycTumMo ompejiesieHrue THUla, MOJYYEHHOrO C ITOMOIIBIO JIeKJIa-
panuy newtype, KaK 3K3eMILISpa TOIO UJIM WHOI'O KJIAcCa, YTO HEBO3-
MOYKHO JIJISI TUTIOB, OO'bSBJIEHHBIX C TIOMOIIBIO JIEKJIapaluu type, T. €.
CUHOHUMOB.

B npuBenernHoM BbIliie 00bsiB/IeHNN, KOHCTPYKTOpP MakeNatural
npeoOpa3yeT BeqnduHy THNa Integer k Tumy Natural:

toNatural :: Integer -> Natural
toNatural x | x < 0 = error "BemmuymHa MeHBmEe O!"
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| otherwise MakeNatural x

fromNatural :: Natural -> Integer
fromNatural (MakeNatural i) i

1

Caenyromast mekjaapamus instance ompenensier Natural kak
IK3eMILTap KJjacca Num:

instance Num Natural where
fromInteger = toNatural
X +y = toNatural (fromNatural x + fromNatural y)
X -y = let r = fromNatural x - fromNatural y in
if r < 0 then error "Pasmocts < 0"
else toNatural r
toNatural (fromNatural x * fromNatural y)

X*y

Be3 momobnoit geknapanuu Natural He MOXKET MCIIOJIb30BATh METOIbI
kjaacca Num. Jlekmapamust HACAeIOBAHUAS IJISI TUIA, UCIOJIbB3YyEeMOrO B
Ka4JeCTBE OCHOBBI, HE TEPEHOCUTCH aBTOMATWYECKW HA TUI, OIIPeIe-
JIEHHOU TIpy moMoInu oObsByeHus newtype. Hecmorps Ha TO, 9TO TR
Integer yxKe aBigercd sK3eMILIapoM Kiaacca Num, qya tuna Natural
HEOOXOAUMO BHOBb IEPEOIPENEINTh METOIbI POAUTEIHCKOTO KJIACCA.

» Vnpaorcnenue VII.3.10

CospaiiTe CKpUIT, B KOTOPHBIH moMecTuTe 00bsBienne tuna Natural u
meperpy:KeHHble MeToAbl Kjacca Num, onucanubie Bbimie. ITocae 3Toro
co37aiiTe HECKOJIbKO HATYPAJIbHBIX YMCEJ U BBIIOJHUTE COOTBETCTBY-
IOIe apUPMETHIECKIE OIIEPAINN:

---> toNatural 5

MakeNatural 5

---> MakeNatural 3 + MakeNatural 4
MakeNatural 7

---> MakeNatural 3 - MakeNatural 4
MakeNatural

Program error: PasHOCTh OTpHIATEIbHA
---> MakeNatural 3 * MakeNatural 4
MakeNatural 12

<

Eme pa3 ormerum, 9TO TaK OMIpeJIeIEHHBIN THUII HE COBIAJIAET C
Num, B OoT/Im4um OT MCIOJIb30BaHUA THUIA-CHHOHUMA Ui Integer, a
ABJISIETCI COBEPIIEHHO OTJEJbHBIM TUIIOM JAaHHBIX.
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[TomobmHOrO 3ddexra MOKHO ObLIO ObI JOOUTHCS U C IIOMOIIBIO JIe-
kJiapanuu data BmecTo newtype. Tem He MeHee, MAHUITYJIAIUS C Be-
JINYMHAMU TUIA, O0bSIBJEHHOIO C MOMOIIBIO JAekJapalnuu data, Kak
y2Ke OTMEeYaJIOCh, IPUBOJANUT K IMOBBINIEHHBIM TPATaM BPEMEHU ITPU Pa-
60Te ¢ BeTMYMHAMU TAaKOTO Tuna. [IpuMeneHue nexsapanuu newtype
TO3BOJISIET W30€KaTh ITUX JOMOIHUTEIBHBIX PACXOJOB (CBI3aHHBIX
C JIEHUBOCTHIO BBIYMCJIEHNUTT) HEM30eKHO IPUBHOCHMBIX JeKJapanuei
data. /Ipyroe orimune COCTOUT B Pa3JIMYHBIX MMPAaBUIaX MPUMEHEHUS
00pa3IOB COOTBETCTBUS: KOHCMPYKMOP 68 0eKAAPAUUY NEPEUMEHOBA-
nus (newtype) aeasemcs cmpozot dynryuet. D10 03HAYAET, YTO €C-
gu Tun N oObsgBJIEH ¢ IOMOIIBIO JeKjaapanuu newtype, a L — ecTb
HeompeeieHHasa BejanduHa, To N | ecth B Tounoctu . B mamy 3a-
Jady ceiiqac He BXOJUT OINMCAHUE BCEX TOHKOCTENl B Pa3/IMUUAX ITUX
JeKJIapalii, pacCCMOTPHUM JIUIITh OAWH TPUMEDP, BHOCAIINI HEKOTOPYIO
SICHOCTH B ymoTpe0bJieHre TOit M MHOHN JeKJIapaluy TUIIA.

» Vnpaorcnenue VII.3.11

ITomecTuTe B CKPHUIIT OoIIpedeJIeHNnd HECKOJIbKNX THUIIOB 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 i = 42
n (N i) = 42

[Ipu Takwmx omnpegeseHusix TUNOB u (pyHKmuil, Beipaxkenus (dl L),
(d2 1), (d2 (D2 L)) skBuBajenTHbl |, B TO Bpems kak (n L), (n
(N 1)), (d1 (D1 1)) u (s L) skBuBaJsienTHbI 42. B wactHoctu (N
1) skBuBasenTHo 1, a (D1 1) He skBuBaJsieHTHO | . Hamomuum, uTo
HeomnpeneaenHoe 3navenne | B s3bike Haskell 3amaercsa ¢ momormnisio
dyukimn error nim undefined.

BboimosiHuTe HECKOIBKO BBI30BOB OIIPE/IEIEHHBIX BBIIIE (PYHKIUN C
Pa3/IMYHBIMU APIyMEHTAMHM, IIOCJIE 9ero OObsSICHUTE OCOOEHHOCTU WX
[IOBEJICHUA:

---> 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

Bonpocws. u 3adanus

VIIL.3.1

IIpenmomoKuM, MBI XOTHM CUYHTATDH JBAa PACCTOSHUS PABHBIMU, €CJIN
oHU OTiMYaioTcsad MeHee yeM Ha 10 kM. MoXKHO Jim onmpenesuTh TEeCT
Ha, paBeHCTBO 1Jisd Distance, eciu Distance ects Tun-cunonum? Ecin
Jla, TO 9TO MOXKHO Ha3BaTh omeparmueiit (==)7

VIL.3.2

[Iepenumure onpenenenve ¢yHKIuu alalyse, omnpenesieHHON Ha
ctp. 180 Tak, 4TOOBI ciydyayd aHAJ u3a HE 3aBUCEJIM OT MOPSIKA, B KO-
TOPOM OHU JIAIOTCA.

VIL3.3

Onpenermre GyHKIUIO group, OOBABICHHYIO KaK
group :: Int -> [a] ->[[a]]

Ora GyHKIM Pa3Je/seT JaHHBIA CIUCOK HA MOACHUCKY (TOMEIas
UX B Pe3yJIbTUPYIOMINil CIIUCOK ), T/ie BCE TOICIUCKU NMEIOT 33JaHHY 0
nuHy. TOJbKO TOCTeIHNI TTOACTUCOK MOYXKET UMETD JIJTUHY MEHBIITYIO
3agannoii. Hampumep,

---> group [3 [1 .. 11]
L1, 2, 31, [4, 5, 61, [7, 8, 9], [10, 11]]



3. Anzebpauueckue munve 0aHHHLLT 205

VIL3./

IIpennonoxkum, aTo nata 3amaercd Tpoiikoit (d, m, y), rmed, muy
ypcsia Tuma Int, 3a1ar01me COOTBETCTBEHHO IeHb, Mecarr u roj,. Jlaiire
onpenenenne pyuknuu showDate, Oepylreit JaTy 1 IeYaTAOIIYIO €€ B
BUI€ aHAJIOTUIHOM IIPUBEACHHOMY:

---> putStr(showDate (10, 11, 2002))
10 moabpa 2002 roma

VIL.3.5

Hamumwure deTbipe apudmerndeckux (QYHKIWH g pabOThI ¢ KOM-
IJIEKCHBIMU YncIaMu. KOMILJIEKCHbIE YUCIa — 3TO YUCTIA, IIPEJICTABH-
Mble B Buze a + bi, rme a m b ecTh HeCTBATEIbHBIE UNCIA, & 1 —
MHEMAas eIWHUIR, yJOBJeTBOpsaiomias ypasHenuio 1> = —1. Coser:
Hafigure dbopmyiny mias Bolaucienust 1/(a + bi), pemasi ypaBHeHue
(a+ bi) * (z +iy) = (1 + 0¢) oTHOCUTENIBHO T U Y.

VIL.3.6

[Iycts nepeBo 3amaeTcs CAEAYIONIAM OObsIBJICHUEM THIIA:

data Tree’ = Empty | Leaf Int | Node Tree’ Int Tree’
deriving (Show)

B Tabnure mpuBeeHO HECKOIBKO TPUMEPOB JIEPEBHEB JTAHHOTO THUIIA.

tl | t2 t3 t4

()]16 4 14

SRS
181%

3nech t1 — mycroe JepeBo, t2 — IepeBo ¢ eAUHCTBEHHBIM 3JI€EMEHTOM
(smucrom), mmerorum Tun Int, t3 u t4 — IpUMEPHl MHOTOYPOBHEBBIX
JIEPEBbEB, IIOCTPOEHHBIX U3 BHYTPEHHUX BEPUIMH, BEPUIMH-JIUCTHEB W
IyCTBIX J€pPeBbeB. Karkmas BHYyTPeHHAS BEPIINHA, COAEPIKUT UHCJIO 1
IBa moazepeBa. [lepBble Tpu mepeBa 3aJaHbl ONPeIeICHIAME:

tl, t2, t3 :: Tree’

tl = Empty

t2 = Leaf 16

t3 = Node Empty 4 Empty
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[IpuBenuTe BhIpakeHue, ONMUCHIBAIOIIEE JEPEBO t4.

VIL3.7

Jlns nepeBa moucka U3 IPEIbIAYINEero 33,/ IaHus HAIUIINTE IPOrPaMMYy,
COJIep2Kallyto (DYHKIINKA BCTABKU U yAAJEHUS JIEMEHTOB B JEPEBO.

VIL.3.8

[Tepenutiiure pyHKIINIO COPTUPOBKHU C MOMOIIBIO JepeBa TaKUM 0Opa-
30M, 9TOOBI OHA MCIIOJIb30BaJIa JgepeBo Tuma Tree’.

VIL.3.9

JlaHo /epeBo CJIeIyIOIIero TUTA:

data Tree’’ a = Leaf a
| Node?’’ (Tree’’ a) (Tree’’ a)

Hanumunre dynknuu mapTree u foldTree, omnpenesieHHbIE HA TUIE
Tree’’, u anajoruynble pyHKIMaM map 1 fold, 3aJaHHBIM HA CIIUCKAX.
O6s13aTeIbHO YKAYKUTE THI KaXKI0W (hyHKIUN.

VIL.3.10

Paccmorpum obbsiBaeHne

data Jane = MkJane Int
newtype Dick = MkDick Int

Jaitre omxosinue onpeiesieHus (PyHKIU, 1eMOHCTPUPYIOIIUX, 9TO
Tunbl Jane u Dick ommyaroTcda Apyr OT Apyra.

4. Ilpumepbl CTPYKTYPUPOBAHHBIX TUIIOB
JAHHBIX

4.1. Tun Angle

Panee (cTp. 156) Mbl BB Tun-cuHOHMM Angle jyisi 0603HAYEHNU ST
yIyia TIOBOPOTa HA IIOCKOCTH. TaK KaK CHHOHWM HE CO3/Aa€T HOBBIX
THUIIOB, OH YHACJIE/yeT BCE CBONCTBA OCHOBHOIO Tuna. [1o9ToMy cMBbIC
oneparopa == Jisi BeJIMYUH TUMa Angle TOT Ke, YTO U JJIs BEJIMIUH
tuna Float. Ha mpakTuke mMoxer morpebOBaThCH BIJIOXKUTH JAPYTOWH
CMBICJI B TOT WJIM MHOMN oneparop uiu (yHKIUIO, OIPEIEJICHHYIO Ha,
HOBOM Ture. Hanpumep, ecTecTBEHHO 0O0bSIBUTH PABEHCTBO HAa MHOXKE-
CTBe YIVIOB Ha IJIOCKOCTH KAaK PABEHCTBO IO MOIYJIIO ducia 27 (1Ba
yIuia paBHBI MeXKIy co0oii, ecim MX pasHOCTH KpaTHa 27). Konewno,
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MO>KHO OBLJIO ObI BBECTH CIIEIMAJIbHY 0 (DYHKIIMIO JIjIs IPOBEPKH HA Pa-
BEHCTBO JBYX YIJIOB, YYUTHIBAIOILYIO OTMEYEHHOE CBONCTBO YIJIOB, HO
€CJIM HaM XOYeTCsI UCIIOIb30BATh UMEHHO OIEPATOP ==, TO MbI JOJIZKHBI
00bsiBUTH Angle KaK HOBBIN THUI JAHHBIX, & HE KAK TUI-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 = 2x*pi

Bcmomorarenbuas dyHKIusg normalise, ucmojab3yeMas B 9TOM OIpe-
JeJIeHUN, BO3BpallaeT yroa B auamnal3one oT 0 1o 2.

[InaToit 3a mpuMeHeHWE TAKOTO OIpeeSIeHNs PaBEHCTBA YIJIOB,
SIBJIETCS TO, YTO IeMEHTHI Angle Temepb MMEIOT <«CyHePOOJIOXKKY»
B JIAIle KOHCTPYKTOpa JaHHbIX MkAngle.

---> MkAngle (-pi) == MkAngle pi

True

---> MkAngle 0 == MkAngle (2%pi)

True

---> MkAngle pi == MkAngle (2%pi)
False

Y sroro cnocoda onpezenenus Tuna Angle ecrb JBa HEJOCTATKA.
[IepBbIM M3 HUX SBJISIETCS TO, UTO OIEPAIUU CO3JTAHUS U UCIIOJb30Ba-
HUS YIJIOB, BCJIEJICTBUE JIEHUBOCTU KOHCTPYKTOpPa TUIOB data, Tpedy-
IOT IIOCTOAHHOI'O «3aBOPAYNBAHUAY» U «II€PE3aBOPAYNBAHUAY JAHHDIX.
Bce aTo TpebyeT mpuBOAUT K JOMOJHUTENbHBIM 3aTPAaTaM IMAMSATHA U
BpeMeHU Ipu padoTe ¢ MoJ00HBIM 00Pa30M OIIPEaeIEHHBIMU BEJININHA-
Mu. Bo BTOpBIX, 00ObSBIISAS HOBBI TUI JAHHBIX, MbI TaK:Ke 00bABJIsIEM
BO3MOXKHO HezKeJlaTeJIbHbIe 31eMeHThl, HanpuMep, MkAngle | Takke
aBysieTcss BeamunHO# Tuna Angle. JIpyrumu cioBamu, Tunbel Angle n
Float yxke He u30MOpHHbL.

Kak yxke ormeuasioch, oco3HaBas 310, Haskell obecrieunBaer ajib-
TepPHATUBHBIN MEXaHU3M CO3JaHU HOBOTO THUIIA, TOJIHOCTHIO N30MOP(-
HOI'O y2Ke cymiecTByomemy. O0bsaBieHne

newtype Angle = MkAngle Float

A

H
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BBOJUT Angle Kak HOBBIH Tuil, Yeit 06pa3 mouHo coomeemcmeyem Tu-
ny Float. Orimmune Takoro oObsBJIECHNS OT TUIIA-CAHOHUMA B TOM, 9TO
CO3aeTCsI HOBBIN THUII, M YTO MOXKHO OOBSIBJISITH BBIBEIEHHBIE U3 HETO
kJyaccel. OTanume or data-fekJapamnun COCTOUT, BO IIEPBBIX, B TOM,
YTO MAHUIYJIAIUNA C BEJIMYUHAMU, ONPEACJICHHBIMU C IIOMOIIbIO TaKO-
ro KOHCTPYKTOpa JaHHbIX MkAngle, He TpeOyeT JOMOJHUTETHLHOTO Bpe-
meHn. XoTsa BbIpakeHne MkAngle m mpuUCyTCTBYET B TEKCTE IIPOrPaM-
MbI, OHO YyJaJIAeTCd ellle [0 Havajla BBIYUC/IEHUN: BEJIUYUHBI TAKOI'O
THUIIa, METOANIHO 3aMEHSAIOTCA COOTBETCTBYIOIIMMY 3HAYCHUSIME 0a30-
Boro tuna. Bropoe orimumne cocrout B TOoM, uTo MkAngle — cmpozud
KOHCTPYKTOp U MkAngle | m | 0OBABIAIOT OJHO U TO K€ 3HAYEHUE.
CnenoBaTenbno, Mex 1y BeaumduHaMmu TunoB Angle u Float mmeercd
B3aMHO OJTHO3HAYHOE COOTBETCTBUE.

4.2. Twun Day

Bepnemca K paccMoTpeHHMIO Tuma JaHHBIX Day, BBEIEHHOTO Ha
ctp. 180 caemytommM ompeiesIeHuEM:

data Day = Sun | Mon | Tue | Wed | Thu | Fri | Sat

Bo3moxkHO B mporpamMMe noTpedyeTcs CpaBHEHUE 3JIeMEHTOB Tuiia Day,
MO3TOMY CJeayeT oObaBUTh, YTO Day HacsiemyeT cBoiicTBa KiaccoB Eq
u Ord. Eciau MBI pemuM mepeomnpeiesisaTh METOIbI 9TUX KJIACCOB C IIO-
MOIIILI0 0OPA3II0B COOTBETCTBUS, TO IPUIETCH 330aTh OYEHb OOJIHIIIOE
9uCI0 ypaBHeHui. Jlydareit uneeit Oymer KogupoBaHME SJIEMEHTOB TH-
na Day mepIMu 9MCIaMU ¥ UCTIOJIb30BAHNE CPABHEHUS IEJIBIX UWCEJI.
Tak xKak momoOHas maess MOXKET OBITH IPUMEHHMA U K JPYTUM Iepe-
YUCJSTEMbIM TUTIAM, TO 3aMETUM, YTO UMEHHO JIJIs TAKUX CUTyaIlui u
BBesleH Kjacc Enum (cM. crp. 175), KOTODBIN ONMCHIBAET THIIBI, YbU
9JIEMEHTHI MOI'yT OBITH II€PEYNCJICHBI.

Tun, oObsBIeHHBIN KaK dK3eMIiap (instance) kmacca Enum, wmc-
mosTb3yeT pyHKIUM toEnum u fromEnum /s mpeoOpa30BaHUsS MEXKILY
ero sneMernTamu u TunoM Int. Oyukmus fromEnum mo1kHa OBITH Jie-
Boobparumoii (left-inverse) mo ornomenuo K toEnum, T. €. st BCex x
JIOJIZKHO BBINIOJIHATHCA cooTHOmenue fromEnum (toEnum x) = x.

Omnpenennm Day Kak 9k3eMILIsgp KJacca Enum:

instance Enum Day where
toEnum Sun = 0
toEnum Mon = 1
toEnum Tue = 2
toEnum Wed = 3
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toEnum Thu = 4
toEnum Fri = 5
toEnum Sat = 6

Oyukiug fromEnum Tak»Ke 33/1a€TCI CEMbIO yPaBHEHUSIMU.

[TomoOHas naest acCOMUUPOBAHNS 3HAUCHUN IIEPEUNCIIEMOrO T
C TIeJIBIMU UCIIOJIb3yeTcsd Ipu onucannu Tuma Char. akTudecku, MOXK-
HO OO'bSIBUTH

instance Enum Char where
toEnum = ord
fromEnum = chr

Nmesa dyuknuio toEnum jyist Day, Mbl MOXKEM OIIPEJESIUTb METO/IbI
IPYTUAX KJIaCCOB:

instance Eq Day where A
X == y = toEnum x == toEnum y

instance Ord Day where
x <y = toEnum x < toEnum y

Hamomuum, uro Haskell mo3BosisteT ucnonb3oBarh Oosee yI00HY O
dopMy 0OOBsIBIIEHWST TUIIA HACIEIYIOIIETO CBOMCTBA TOTO WJIW WHOTO
KJIacCa: BMECTO JeKJjapanum instance, B KOTOPOW HeperpyzKaroTcCs
MEeTO/Ibl HEKOTOPOTO KJIaCCa, MOYKHO OObSBUATDH THII, YKA3aB IIPA ITOM,
4T0 OH Hacaedyem (deriving — HaciemoOBaHKE) CBOACTBA YKA3AHHOIO
KJiacca. Tak MOYKHO 3amucaTh

data Day = Sun | Mon | Tue | Wed | Thu | Fri | Sat A
deriving (Eq, Ord, Enum, Show)

[IyakT deriving ciiyXuT [jIs Te€HEpaIuy TMOIKJIACCA TTEPEeINCTEHHBIX
KJIACCOB aBTOMATUYECKH, HO ITU KJIACCHI JOJIXKHBI OBITh OMUCAHBI Pa-
Hee. ABTOMaTHUIeCKOe HAC/IEIOBAHNE TTOAKJIACCA I Enum BO3MOXKHO
TOJIKO JJIsI TUTIOB JAHHBIX, KOTOPbIE OOBHABJIAIOTCS ABHBIM CIIMCKOM
X BEJWYWH, TPUIEM TTOPSIIOK CIEJOBAHUS X KOHCTPYKTOPOB B 00b-
SIBJIEHUW 33/]a€T OTHOIIEHUE TOPSI/IKA HA JIEMEHTAX ITOTO THUIIA.

Teneps B pyHKUIMAX /st pabOTHI C JHAMY HEJETN MOXKHO HUCIIOJIb-
3oBarb THIl Day:

workday :: Day -> Bool A
workday d = (Mon <= d) && (d <= Fri)

restday :: Day -> Bool

restday d = (d == Sat) || (4 == Sun)

Hna onpenenenns dpynknuu dayAfter, BIIAONIIYIO I€Hb, CIEIYIO-
Uit 3a TEKYITUM, UCIOJb3yeM (yHKInN toEnum u fromEnum:
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dayAfter :: Day -> Day
dayAfter d = fromEnum (toEnum d + 1) ‘mod‘ 7

B ugacraocTn, dayAfter Sat = Sun.

» Ynpaorcnenue VII4. 1

Onpenesnnte Tun Day, MCHIOIB3ysi ABTOMATUYIECKYIO T€HEPAIUIO MO
KJIACCOB, W (PYHKIUU [JIsi PAOOTHI C HUAM:

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)

Bri3oBuTe omnpeesieHHbIE BbIlle PYHKIINA U IPOBEPHTE, KAK BHIOJIHSI-
IOTCS Ha JIEMEHTaX JAHHOTO TUIIA OTHOMIEHUS PABEHCTBA W MOPSIIKA!

---> dayAfter Sat

Sun

---> restday Sat
True

---> workday Sat
False

---> Sat < Mon
False

---> Wed == Wed
True

---> Wed == Fri
False

C napyroit CTOpPOHBI, YHACIEIOBAHHOE OIPEIEICHUE MOXKET OBITh
HE COBCEM TAaKUM, KaK HaM xo4deTcs. Hampumep, MOKeT BO3HUKHYTH
TpeboBaHUe O CIeru@PUIECKOM BHJE ITeYaTH Te€X WU WHBIX JTaHHBIX
THUIIa, BBIBEJIEHHOIO U3 KJjacca Show, T. e. moTpedyeTcsa Apyroe BUIU-
MO€ IIPEACTaBJICHUE IJIEMEHTOB, OTJIMYHOE OT TOrO, 4YTO CJIeLyeT U3
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HACJIeyeMOro ompejesennsi. B 1MoI00HBIX CUTyAIUsAX IPUIETCS JATh
SIBHO OObSIBJICHHE THUIIA KAaK SK3EMILIAPA TOrO MJIM MHOIO KJIACCA —
instance-gekmapanuio. U, Hakoner, ecan morpebyercss pa3padoraTh
0COOBII cIIocOb meYaTn JIEMEHTOB KAKOTO-TO THUIIA, JAHHBIX, TO BCErIa
MOKHO HAIHCATh CIENUAJIbHYIO (DYHKIIUIO IJId 3TOro caydas. Mbl He
00s13aHBI UCIIOJIb30BaTh PyHKIWIO show. [IpounmocTpupyem 3Ty BO3-
MOKHOCTH mpuMepoM. [lycTs maH Tumn

data Data = Pair Bool Int deriving (Show)

Ecnun Hy»XHO HamedaTaTh BeJWYWHBI Tuma Data, To Hacieayemoe u3
Show omnpengesenue gaeT cieayrolee

---> Pair True (3+4)
Pair True 7

Ho uuuro He memmaer BBecTu (pyHKIUO showData, mpegHa3HAYEHHYO
JUJId TiedaTu BeJinduH Tuna Data:

showData :: Data -> String
showData (Pair b n) = if b then "+" ++ show n
else "-" ++ show n

putData = putStr . showData

Hampumep,

---> putData (Pair True (3+4))
+7

---> putData (Pair False (3%4))
-12

B onpenenennu showData dpyHkmus show mcmosb3yercs fjist Int, HO
He aud Data.

4.3. BekTopa u MaTpPUIIbI

B sToM pasmesie Mbl HATOMHUM HEKOTOPBIE IOHATHS BEKTOPHOM aJI-
reOpbl U yBUAUM KaK MOXKHO CMO/IEJIMPOBATH OIIEPAIUU C MATPUIIAMUI
¢ noMmoribio TumoB s3bika Haskell.

Ob6o001eHreM OHOMEPHOI JIMHUM, JBYMEPHOI MJIOCKOCTH U TPEX-
MEPHOT'O TMPOCTPAHCTBA SABJISIETCS N-MEPHOE IPOCTPAHCTBO, TIe Ka-
JKJTast TOYKA 337]a€TCSA C IMTOMOIIBIO N KOOPAUHAT. AHAJOTUYIHO OmIpeIe-
JISTeTCsT M-MEepHBI BeKTOp. s 3aganns momo0HBIX 00EKTOB MOYKHO
MCII0JIb30BATh TUTI-CUHOHUM Vector:

type Vector = [Float]

A
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KommyecTBo 9/1eMEHTOB B TAKOM CITUCKE OIIPEIesIsseT Pa3MePHOCTH IPO-
crpancTBa. st TOro 9T00hI OTIMYATH MOAO0HBIN 0OBEKT OT JAPYIUX
CIUCKOB, coaepzKallux 4ucia tuna Float, mydiie onpeneanTsb HOBBIA
THUI JAHHBIX IIPU TOMOIIK JeKjaapamnuu data:

data Vector = Vec [Float]

3/1ech KOHCTPYKTOp JAaHHBIX Vec mpeoOpa3yeT CIUCOK YHUCET B BEJIU-
ynHy Tuna Vector. AHAJOTMYHO, TOYKY B N-MEPHOM IIPOCTPAHCTBE
MOXKHO OTIPEJIESTUTH KaK BEKTOP, COEINHSIONINY ee C Ha9aJI0oM KOOP/I-
HAT — BE€JIb BCE KOOPJAMHATHI TOYKU W TAKOTO BeKTOpa paBHbl. OmHOMN
13 OCHOBHBIX (DYHKIWII HA MHOYKECTBE BEKTOPOB SIBJISIETCS (DYHKIIHS,
ONPEENISIONIAst JUIMHY BEKTOPa (MM PACCTOSTHUE OT TOYKU C TEMU K€
KOODJIMHATAMMU, YTO U y BEKTOPA, JIO Hadasa KOOD/IUHAT):

vecLength :: Vector -> Float

7151 ByX BEKTOPOB (OIHOM pa3MepPHOCTH) MOXKHO BBISICHUTD, TIEPIIEH-
JUKYJIAPHBI U OHU, WJIN HANTU yTOJI MeXKJIy HUMMU:

vecPerpendicular :: Vector -> Vector -> Bool
vecAngle :: Vector -> Vector -> Float

BeKTOp MOZKET OBITh YMHO2KEH Ha 9UCJIO (qTO CBOOUTCA K YMHOXKCHHIO
Ha 9TO 49UCJIO BCEX €I'o KOOp,ZLI/IHaT), JABa BEKTOPa MOXKHO CJIOKHUTD!:

vecScale :: Float -> Vector -> Vector
vecPlus :: Vector -> Vector -> Vector

Jlamee mbl ipuBeem ompenesenns 3tux pyukmuit. Celigac jmmrb 1a-
MM UX KPATKOE OIMCAHUE:

e vecScale: nojydeHne KOJJINHEAPHOTO BEKTOPA, JIEXKAIIETO Ha, TOM
JKe MPSAMOi, HO JepOPMUPOBAHHOIO B 3aBUCUMOCTH OT apryMeH-
Ta CJIEIYIOMMM 00pa30M: eciu abCOIOTHAS BEJIUYNHA [TapaMeTpa
1, TO BEKTOP C2KUMAETCsl, B IPOTUBHOM CJIy9ae — PaCTITUBAETCS;
ecii apryMeHT OTPHUIATEIbHBIN, TO BEKTOD MEHSeT CBOe HaIpa-
BJICHNE Ha MIPOTUBOIIOIOXKHOE;

e vecPlus: BTOPOil BEKTOP «IIPUKJIQIbIBACTCA» K KOHILY IIePBOr'0, II0-
CJTe 9ero HavaJjIo IepBOTO BEKTOPA COETUHSIETCS C KOHIIOM BTOPOTO
(B yKa3aHHOM HOPSIZIKE).

Caenyromuii mpuMep WLIIOCTPUPYET 3TU OIEPAIUuU JJIT BEKTOPOB B
JABYMEPHOM HPOCTPAHCTBE.
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1 Vv
-1.5w /\ v [3, 2]
105 w = [1, -1]
V+W
M - vecPlus v w = [4, 1]
W vecScale 0.5 v = [1.5, 1]
i vecScale -1 v = [-3, -2]
-1v 1 \ 2W .
vecScale 2 w = [2, -2]
vecScale -1.5 w [-1.5, 1.5]

Paccmorpum dyrkumu, npeodpasyrorue BeKTop B BeKTop. Ocobo nH-
TepecHbl (DYHKIINY, IPeoOpa3yolue KaxK Iy U3 KOOPJAUHAT BEKTOPA,
B JINHEWHYI0 KOMOMHAIINIO APYTUX KOOpAuHAT. Tak, HjIs BEKTOpa Ha
IJIOCKOCTH TOA00HOe mpeobpal3oBaHme 3a1aeTcsd POPMYJIoi

flz,y)=(axx+bxy,cxz+dx*y),

rae a, b, ¢ u d ectb Ipou3BOIbHBIE YnCIa. MOXKHO CKa3aTh, YTO JIO-
0oe JimHEeHOe IPeodPa30BaHNE BEKTOPA B N-MEPHOM IIPOCTPAHCTBE OJ1-
HO3HAYHO ompefengerca n? uuciaamu. OOBIYHO OHH 3aIHICHIBAIOTCA B
BHUE CTPOK YHCEJI, 3aKJIOYEHHBIX B CKOOKM. Takoil MaTeMaTwdecKuii
00beKT Ha3bIBaeTCsa mampuya. Hampumep, ciaeayroomias MaTPHUIA, OMIH-

CBIBA€ET ITIOBOPOT BEKTOPA B TPEXMEPHOM IIpOCTpaHCTBe Ha 30° BOKPYT

ocH: 2.
W —d o
L3 0
0 0 O

BBeﬂeM HOBBIM THII, OHI/ICBIBaIOIlII/Iﬁ MaTPHUIIbI KaK CIIMCOK CITMCKOB!:

data Matrix = Mat [[Float]] A

Onepanus npeodpa3oBaHus CTOJIOIOB B CTPOKK ¥ HA00OPOT HA3BIBAET-
Co MPAHCNOHUPOBAHUEM MATPUIIBI U 3a1aeTcs pyuknueir matTransp,
UMEIONUIeNA CIeyIOIUA TUIL:

matTransp :: Matrix -> Matrix )\
1 2 1 3
Hampuwmep, matTransp( s 4 ) = ( ) 4 )

Haunbosee BaxkHOit n3 Bcex (pyHKIMI i pabOTBI ¢ MaTPUIAMU
MOYKHO CYNTATh (PYHKIINIO, 33JAI0IIYI0 JITHEHHOE TTpe0dpa30BaHIe Ma-
Tpuiibl. e Tum Takos:

matApply :: Matrix -> Vector -> Vector )\
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Komrmosuiust aByX JIMHEHHBIX MPEOOPA3OBAHUIN TaKKe SIBJISETCS JIW-
HEeHbIM IIpeobpa3oBaHueM. /IBe MaTpuUIlbl 3aJaf0T IBa JIMHEHHBIX [Ipe-
0Opa30BaHMsT, KOMIIO3UITUS ITUX MIPe0OPA30BAHUN TaKKe 3aaeTC Ma-
rTpurieir. Takoe mpeobpa3oBaHUe IACTO HABBIBAIOT MAMPULHLM NPOUS-
sedenuem. Tun 3Toit PyHKITUU TAKOB:

matProd :: Matrix -> Matrix -> Matrix

[IpuBemem mpumep yMHOXKEHUS] MaTPUII;

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 omeparuss KOMIIO3WIWHU (QYHKINNA acCOMATUBHA, TO W
dbyukuus matProd 6yaer accounarusaa (A X (Bx C) = (Ax B) x C,
OJIHAKO OIIEPAIVsi YMHOKEHUsI MATPULL He Kommymamusena (1. e. AxX B
B 00mmeM ciayvae e paBHa B X A). Marpuunoe npoussezenue A X B
O3HAYAET, 9TO CHaYaJIa IPUMEHUIN Tpeobpa3oBanue B, a 3aTtem A.

Toxx necTBeHHOE TPEOOPaA30OBAHIE (Hﬂqero He MeHﬂIomee) 3a/1aeTcd
eIMHUYIHOM MaTpuieii. Ero marpuia cogep:xut 1 Ha rIaBHOI AuaroHa-
JIi, & BCe OCTaJIbHBIE d1eMeHThI paBHBI (. MoxKHO ompenennTs GpyHK-
U0, KOTOPAasd BbIJAECT €AUHUYHYIO MATPUILY YKA3aHHOU PAa3MEpPHOCTH:

matId :: Int -> Matrix

HexkoTopble muHeliHbIe TPeoOpa30BaHUs ABJISIIOTCSI B3AUMHO OOpPATHBI-
vu. O6paTHoe mpeobpa3oBaHue (€C/IM OHO CYIIECTBYeT) TaKXKe siBJIsi-
eTCsl IMHEWHBIM TTPe00pPa30BaHNEM U 331aeTCsd (PyHKIHEH

matInv :: Matrix -> Matrix

Matpuria, moiydeHHas B pe3yJabTaTe 0OpaTHOTO IIpeoOpa30BaHUs He
00sI3aTeIbHO UMEET TOT K€ pa3Mep, 9TO U HUCXOJHAs. YCIOBHE COBIA-
JIEHUsT KOJIMIECTBA CTPOK C KOJMYECTBOM CTOJIOIOB (Tak Ha3bIBaeMas
«KBaJIpaTHAas» MATPUIA) SBJISIETCS HEOOXOAMMBIM, HO HE JIOCTATOY-
HBIM yCJIOBHUEM CYIIECTBOBAHUS OOPATHOII MaTpHIbI, HAIPUMED, Ma-

12 .
TPHIA ( . s > HE MMeeT 0OpaTHOI.

JmHa BeKTOopa

JlmrHa BEKTOpPa BBIYHUC/ISIETCS C IOMOIIbIo TeopeMbl [ludaropa. Pu-
CYHOK WJIJTIOCTPUPYET CUTYAITHIO JIJIs 2-X 1 3-X MEPHOTO TPOCTPAHCTBA:
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VETP V@

v Vo +y?

B obmiem ciydae fjivHa BEKTOPa €CTh KOPEHb KB IPATHBIN U3 CyM-
MbI KBa/IPaTOB KOODJUHAT:

vecLength (Vec xs) = sqrt (sum (map square xs)) )\

Yroa mexkay AByMsi BEKTOpaMu

Paccmorpum 1Ba AByMEpPHBIX BEKTOpPa €IMHWIHONW MIWHBI. Ecan
HaJYaJI0 BEKTOPOB HAXOMUTCs B Touke ¢ Koopauuatamu (0;0), To KOH-
Il ATUX BEKTOPOB HAXOIATCS HA OKPYKHOCTH €IMHUIHOTO PAJTUYCa C
IIEHTPOM B HadaJje koopauHat. Ilycrs BekTOpa obpasyior ¢ ocbio O
YIJIbI @ ¥ 3 COOTBETCTBEHHO, TOT/Ia WX KOOPAWHATHI 33/ 1aI0TCsI (POPMY-
aamu (cosa, sina) u (cosf,sin ). Yrom Mexy TaKUMHU BEKTODAMU
paBen 3 — «. [lo ¢popmyiie KocuHYyCa PA3HOCTH ABYX YIJIOB Haiigem

cos(8 — a) = cosacos 5 + sin asin 3
Bripaxkenue, cTosimee B MpaBoit 9acTu (GOPMYJIbl, HA3bIBAETCA CKAAAD-
Hom npouseedenuem sexmopos (inner product). B obmem ciydae cka-
JISPHOE TIPOU3BEIEHNE BEKTOPOB MOXKHO HANTHU C MTOMOIIBIO (DYHKITUN

vecInprod (Vec xs) (Vec ys)= sum (zipWith (*) xs ys) )\

L1t HaXOoXK IeHnsT KOCUHYCa, YTJIa, MEYK/Iy BEKTOPAMU C JJIUHON He pPaB-
HOU equHUIlE, UX OPEIBAPUTEIBHO CJe/lyeT HOPMUPOBATh, T. €. HOJe-
JINTh BCE KOOPAWHATHI HA JJINHY BEKTOPA. lernepb MOYKHO ONPEIE/INTh

GYHKIUIO

vecAngle v w = acos (vecInprod v w / )\
(vecLength v * vecLength w))

DyHKIUSA acos sBJIsieTcsi 00paTHON K KOCUHYCY (B PYCCKOM JIMTEPATYy-
pe sTa DYHKIUST HOCUT HA3BAHUE arccos).

Kocunyc yrioB B 90° 1 —90° paBeH HYyJII0, YTO PAaBHO3HAYHO pPa-
BEHCTBY HYJIIO CKaJIIPHOIO IIPOU3BEIEHNST BEKTOPOB, O0Pa3yOIIUX ITHU
YIJIBI, TIO9TOMY IIEPIEHINKYIAPHOCTD OIIpeIessieTcss PyHKIei

vecPerpendicular v w = vecInprod v w == )\
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CinoxkeHue u MaciTabupoBaHue BEKTOPOB
Oynkiun vecScale u vecPlus JIerko omnpenessiorcss depe3 QpyHK-
nuy map 1 zipWith:
vecScale k (Vec xs) = Vec (map (k*) xs)
vecPlus (Vec xs) (Vec ys) = Vec (zipWith (+) xs ys)

[TomobHBIE TPEOOpa30BaHUS IOMYCTUMBI U TTPU PabOTe C MATPUIIA-
mu. Pa3zpaboraem nBe dynkium mapl m ziplWith, mMeHa KOTOPBIX
aHaJIOru4yHbl (QyHKIUAM map u zipWith, HO npenHa3HAYEHHbIE IS
pabOTHI CO CITUCKAMHU CIIMICKOB.

mapl :: (a -> b) -> [[al] -> [[b]]
mapl f = map (map f)

AnbTepHaTUBHOE OIpeiesieHne ITON DYHKIMN TaAKOBO:
mapl = map . map
Oyuknus ziplWith onpenesnsercs aHAJOTUIHO:

ziplWith :: (a -> b -> ¢) -> [[al]l -> [[b]l] -> [[c]]
ziplWith = zipWith . zipWith

C momorbo 3Trx QyHKIWH MOXKHO ompeaeanTh matScale u 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)

TpancniornpoBanue mMaTpwuil

TpancrornpoBaHHAsT MATPHUIA — ITO MATPHUIIA, ¥ KOTOPOH CTPOKH
¥ CTOJIOIBI TIOMEHSIJINCh MECTAMU. DTy OMEPAIIAIO MOKHO IPUMEHSITD 1
K OOBIYHBIM CITUCKAM CIIMCKOB (He MCIONIb3YONMX KOHCTPYKTOD Mat).
[TosTomy cHagasta ompeaenuM (GyHKIHWIO transpose:

transpose :: [[al]l -> [[al]
[Tocne gero cTaHOBUTCS SCHBIM Ompejiesienne pyHKIu matTransp:
matTransp (Mat xss) = Mat (transpose xss)

OyuKIug transpose ecTb 0000IeHNe pyHKIUYN zip. B To BpeMa kak
zip coenMHSAET JBa CIUCKA B CIUCOK IMap, transpose cCOOMPaeT CIIMCOK
CIIMCKOB B HOBBIN CMMCOK CUCKOB. Ompenennm 3Ty QYHKIWIO PEKYP-
CHUBHO, HO CHa4aJIa IOCMOTPUM Ha IIPUMepe KaK OHa paboTaer:

---> transpose [[1,2,3], [4,5,6], [7,8,9], [10,11,12]]
(f1,4,7,10],[2,5,8,11],[3,6,9,12]1]
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Ecnn cimcok CrncKoB COCTOUT TOIBKO U3 OAHOM CTPOKU (6a30BbH‘/’1 CJLy-
gaii peKypcuu), TO CJIEAYeT CO3/ATh CIMCOK CIMCKOB, B KOTOPOM Ka-
JKABIA CIIMCOK COCTOUT TOJIBKO U3 OJHOTO dJIEeMEHTA!

transpose [row] = map singleton row A
where singleton x = [x]

s oy ueHnst peKypCUBHOTO CIydasi IIPEJICTAaBUM cede, 9TO yKe BCe
TPAHCIIOHUPOBAJIN, 3a MCKJIOYEHNEM IepBOi cTpoku. B pamkax mpe-
JBIAYIIEro IpuMepa 3TO IKBUBAJEHTHO CJIEAYIOIIEeMY:

---> transpose [[4,5,6], [7,8,9], [10,11,12]] H
[[4,7,10],[5,8,11],[6,9,12]]

Kak ke CKOMOMHUPOBATH IIEPBYIO CTPOKY C IOy YEHHBIM YACTHIHBIM
peIeHneM JIJIs IOy YeHrs OOIero ciaydasi! e ajieMeHThI caeayeT a0-
0aBJIATH 110 OJHOMY B HAYaJIO KarKJIOI'0 CIIMCKA U3 PEKYPCHUBHOIO pe-
meHns: 1 Hy»KHO 100aBUTh B HavaJjo [4,7,10], 2 moMecTUTh B HAYAJIO
[5,8,11], a 3 B Hauajo [6,9,12]. 9Ty onmepaIinio JIETKO OCYIIECTBUTh
¢ momoIbio zipWith:

transpose (xs :xss) = zipWith (:) xs (transpose xss) )\

EuncTBennbIil ciryyail, ynymieHHbI HAMU U3 PACCMOTPEHUS, — Ma-
TPUIA C HYJIEBBIM KOJIUYIECTBOM CTPOK, HO TPAHCIOHUPOBATH TOJI00-
HYIO MATPHUILy U HET HEOOXOIUMOCTH.

HepekypcuBHas pyHKITMSI TPAHCIIOHUPOBAHUS MATPUIIHI

MoXHO TpemIOXKNUTh HEPEKYPCUBHYIO BEPCHIO transpose, OCHO-
BAaHHYIO Ha BbI30Be cTaHmapTHOi GyHkmmm foldr. Ormerum ciemy-
Iolllee CBOMCTBO transpose

transpose (y:ys) = f y (transpose ys),

rae f ecTh 9YaCTUYHO MapaMeTpusoBaHHAs GyHKIUG zipWith (:). B
Ka4yeCTBe Ha4aJbHOI'O JIeMEHTa Ollepalliy CBEPTKU €CTEeCTBEHHO IIOJIO-
XKuTh transpose [].

[IycTyio mMaTpuily MOKHO TPaKTOBaTh Kak marpuily u3 0 CTpOK
1 n-croybios. Ilocie TparncmoHnpoBaHus MOMOOHAS MaTPUIA IPEBpa-
TUTCS B MaTPUILy U3 N MycThix cruckoB. Ho, gemy paBHo umciio n? B
HadJaJIe y HAC ObLIa MPOCTO MATPUIA O€3 CTPOK, TOITOMY HEJIb3ST CKa-
3aTh, 9TO N — JJIMHA IEpBOil crpoku. ITosromy, 4T0OBI HE OKA3ATHCS
B CATYyaIlWH, KOI/Ja 33JaHHOE HAMH B TOM CJIydae UHMCJIO 7 OKAYKEeT-
csl HeJTOCTATOYHO BEJIMKO, BO3bMEM OO B KadeCcTBE n. TaKuM 0Opa3om,
TPAHCIOHUPYIO MAaTPUILy 13 () CTPOK M 0O 3JIEMEHTOB, MbI IIOJIYIUM Ma-
TPHUILY U3 0O CTPOK, COAEPKAIUX MycThie cuucku. Hukakux mpobJiiem ¢
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npuMenenreM (PyHKIn zipWith Kk TakoMy cnucky He Oy/eT, TaK Kak
BTOPO# apryMeHT 3TOi (PYHKIIUN SIBJSIETCSI KOHEIHBIM CIIHCKOM.

PesynbraToM Hammx paccy:KAeHUil sBJIIeTCA OUYeHb U3sIHAs Bep-
cus (pyHKIMU transpose:

transpose = foldr f e
where f = zipWith (:)
e = repeat []

DTy BEPCUI0 MOXKHO TIE€PENUCATh U B BUJIE
transpose = foldr (zipWith (:)) (repeat [])

QyHKIMOHAJBHOE TPOTPAMMUPOBAHUE €CTh MPOrPAMMHUPOBAHUE TIO-
cpeacTBOM (PyHKITHIA!

HpI/IMeHeHI/Ie MaTpHUIIbl K BEKTOPY

Matpuria 3amaer JuHeiiHOe IpeodOpa3oBaHne BeKTOpOB. DyHKITU
matApply OCyIIecTBIIsIET 3TO Tpeodpa3oBaHme, HAIPUMED,

matApply (Mat [[1,2,3], [4,5,6]1]1) (Vec [x,y,z]) =
Vec [1x+2y+3z, 4x+5y+6z]

Yucao cTosd1oB B MaTPUIle PABHSIETCSI UHUCIY KOOPJUHAT HUCXOIHOTO
BEKTOpa, & YUCIO0 CTPOK — KOJMYECTBY KOOPAMHAT IOJIYYHUBIIETOCS
BEKTOpA.

J1J1s1 BBIMUCIeHNS OTHOM N3 KOOPAUHAT Pe3yIbTUPYIONIET0 BEKTOPa
nOTPeOYyIOTCS 3HAYEHHST TOIHKO U3 OJHON CTPOKU MATPULBL. JTO IAET
BO3MOKHOCTH 33JaTh matApply ¢ moMoIpo QyHKIUY map:

matApply (Mat m) v = Vec (map f m)

Oyukiusg £ 6epeT 0JIHY CTPOKY W3 MATPUIIbI ¥ BO3BPAIIAET OIHY U3 KO-
OPJMHAT Pe3yJIbTUPYIOIIEr0 BEKTOPA, HAIIPUMED, JJIs BTOPO# CTPOKU
“MeeM

f [4, 5, 6] = 4x + by + 6z

dbyukuus f BbIYMCIsieT JMHEHHOe Mpow3BeeHre (B JAHHOM CJIydae
C BEKTODPOM V, MMEIOIMM KOOpAWHATHL [x, y,z]). [losromy mozkHO
3aIIUCaATh

matApply :: Matrix -> Vector -> Vector
matApply (Mat m) v = Vec (map f m)
where f row = vecInprod (Vec row) v
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EI[I/IHI/I‘-IHaﬂ MaTpuiia

Jl1st mr060ro mpocTpaHCTBA yKa3aHHOW pa3MEepPHOCTH CYIIECTBYET
TOJIBKO OJHA eJUHWYHAs MATPUIA: 9TO KBaJIpaTHas MaTPHUIA, y KOTO-
POl 9mMCIIO CTPOK W CTOJIOIIOB COBITAIAET C PA3MEPHOCTHIO MIPOCTPAH-
CTBa, HA €€ IJIABHOI [MaroHaJIM HaXOAATCS €AUHUIIbI, 8 BCE OCTAJIbHBIE
MecTa 3alloJIHeHbl HyJsMu. llepen paspaborkoit dyHKIUN, KOTOpas
BO3BPAIIAET €ANHUIHYIO MATPUILy YKA3aHHOW Pa3MEPHOCTH, MTOJIE3HO
HANUCATHh (DYHKIUIO, CO3/AOINIYI0 MATPUILy OECKOHETHOTO pa3Mepa:

o O =
o O O
o = O
_ O O

[lepBas cTpoka TaKOil MATPUIILI €CTh OECKOHEYHBIN CIIUCOK U3 HYJEl,
COJlepKaIluil eTMHUILY B HadaJse, T. €. 1 : repeat 0. Bce npyrue cTpo-
KU TIOJTy9aioTCst J0OABJIEHUEM eIlle OJHOTO HyJId B HadaJo crnucka. Vc-
MoJIb3ys (PYHKIMIO iterate, MOYKHO 3amucaTh

matIdent :: Matrix )\
matIdent = Mat (iterate (0:) (1: repeat 0))

Epuanynas maTpuiia pa3smepHocTH n OyaeT TojiydyeHa, eciu u3 Oec-
KOHEYHOM MATPWIIHI B3STh IEPBbIE N CTOJOIOB W3 MEPBBIX 7 CTPOK:

matId :: Int -> Matrix )\
matId n = Mat ( map (take n) (take n xss))
where (Mat xss) = matIdent

Omnpegenuresib MaTPUIIBI

TonbKo B3aMMHOOIHO3HAYHOE OTOOpaXKeHUEe 3a0aeT MATPHUILY, KO-
Topasi mmeeT obpaTHyo. Marpura, obpatHas K maTpuie A, 0603Ha-
qaerca kak A~! m ymosaersopsier coorHomenmio A x A™! = E, rue
FE emuanunas marpuma. Toabko KBagpaTHas MaTpPHUIA MMeeT 00part-
uyio. Ho jmake He KaxKjas KBaJpaTHas MaTpPHUIa UMeeT OOpaTHYIO,

0 0) KOTOpas Ipeodpa3yeT JIFOOYI0 TOUKY

TaK, HaIlIpuMe MaTpHIIa
) ) 00

K HAJaJy KOOPJAMHAT, HE MMeeT OOpATHOI; MAaTPUIA (; é) KazK1yO

TOUKY IIpeoOpa3yeT K TOUYKe JIexKallleil Ha MPAMORl y = 2x M TaKKe

:13 g) npeobpa3yeT BCe TOYKHA B TOYKH,

JIeXKalle Ha, OTHOI IpsaAMOii, TaKxKe He nuMeeT obopaTHO#. TolabKo ecin

HE uMeeT 00paATHOM; MATPUILA (
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BTOpad CTPOKA ABYMEPHON MAaTpPHUIBI HE IIPONOPIVOHAJBbHA IEPBOI,
MOYKHO BBIYMCIATH OOPATHYIO K HEH MATPHILY.

ab a b
Jpyrumu cioBamu, MaTpuna ( c d) uMeeT OOPaTHYIO, eCIIH — # 7
c
9TO 9KBUBAJIEHTHO ad — bc # (0. Besmanna ad — be HaspiBaeTcst onpeie-
qauTeseM (Wiau JgeTepMuHAHTOM) MaTpuipsl 2 X 2. Ecin onpenenunTesns

paBeH HYJ0, TO MATPUIla, HE UMeeT 0OPATHOI.

Onpenenurenb KBaIpATHOW MATPHUIIBI OOJIBITIEH PA3SMEPHOCTH TaK-
7K€ MOYKHO BBIYUCIUTD. {19 MaTpuIbl pa3MepoM 3 X 3 OmpenenTelb
BBIYUCJIIETCS TaK:

abc

det| de f :axdet<

e {)—bxdet(?{)%—cxdet(gz)
g hi

> O

Omnpenennreab MATPHUILI JIIOOOrO MOPAIKA MOXKET OBITH CBEIEH K
BBIYKCJIEHUIO OIPEIeJINTeIell MaTPUI] MEHbBIIEro mopsaka. s aTo-
r0 BBIOMPAIOT 000 CTPOKY (IEPBYIO B HAIIEM IPUMeEpE), MOCIe de-
IO CKJIAQJIBIBAIOT BBIPAYKEHUs, TOJYUEeHHBbIE TTyTEeM YMHOXKEHUs YUCTIa
1, 6o —1 (mast mepBoro ciaraemoro 1, 3aTeM YucIa 9epeyrOTCs ),
Ha BEJIMYUHY JIEMEHTA, PACIIOJIOKEHHOTO B OYEPEIHOM CTOJIOIE ITOM
CTPOKW, W Ha OINPEIeIUTE]b MATPHUIILI, MOJYIEeHHON Mmocae yoanseHus
dannoti cmpoKy u mexyuieeo cmoadbua u3 ucrodHol Mampuybl.

[IpoekTupoBanue pyakinu det HaYHEM C HEPOPMAJIHHOTO OIHCA-
HUS OIPEIEUTENsI, KOTOPBIit TpedyeTcss BbIYncanTb. Mbl MOXKeM mC-
MIOJIb30BATh Pa3/iejIeHe MATPUIIbI HA MMEPBYIO CTPOKY U OCTABIIYIOCS
JaCTh MATPHIIHI:

det (Mat (row:rows)) = ...

Ham HyKHO OygeT yIaJuTh COOTBETCTBYIOIINAM CTOIOEI] U3 MAaTPUILHI
rows. BmecTo ynanmenus mo omHOMY 9JI€MEHTY U3 KarKJI0i CTPOKU 3Ha-
YUTEJILHO IPOIe TPAHCIOHHPOBATH MATPUILy M YK€ U3 TPAHCIOHU-
POBAHHON MAaTPHUIBI yAAJUTH IEJIUKOM CTPOKY. JJjIs 3TOro moaydnm
CIIMCOK CITMCKOB, COAEPKAIIUil BCE BO3MOXKHBIE MATPHUIIHI, IOy YEHHBIE
ToCJIe YIAJEeHns OJTHOTO W3 CTOJIONOB. /JlaHHYIO omepalnuio yI00HO BhI-
TIOJIHUTH C TIOMOIIbIO (DYHKINN gaps, 0Opa3yIomieil CUCOK CINCKOB,
TTOJTy Y€HHBIX BCEBO3MOYKHBIMU YIAJEHbSIMIA OJHOTO JIEMEHTA, U3 CITHC-
Ka, HAIIPUMeD,

---> gaps [1,2,3,4]
[[2,3,4]1,[1,3,4]1,[1,2,4],[1,2,3]]
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OcraBuB B Ka9eCTBE CAMOCTOSITEIHHOTO 3aJaHus PAa3pabOTKy ITOM
dyHKIIMM, BEpHEMCS K HANUCAHUIO (DYHKIIUHU, BBIYUC/ISIONIEH OIpe-
JenuTtesib. llojydeHHbIe CIUCKU CIUCKOB CJI€lyeT TPaHCIIOHUPOBATDH
0OpaTHO U C TIOMOIIHIO KOHCTPYKTOPa Mat mpeBpaTuTh B MATPUIIHI:

det (Mat (row:rows)) = ... A
where cols = transpose rows
mats = map (Mat . transpose) (gaps cols)

s Bcex MOy4YeHHBIX MATPHIL CJIEIyeT BBIUYUCIUTH OIPEIeUTENH,
JJId 9ero IPUAeTcCd UCIOIb30BATh PEKYPCHUIO. 3aTeM IOy YeHHbIE OIIpe-
JeJINTEJ N CIeayeT YMHOXKUTD ITOCIeJOBATEJIbHO Ha BCE JIEMEHTHI IIep-
BOU CTPOKU:

det (Mat (row:rows)) = ... }\
where cols = transpose rows
mats = map (Mat . transpose) (gaps cols)
prods = zipWith (*) row (map det mats)

[TpousBenennss prods JOMKHBI OBITH MOOYEPEIHO YMHOMKEHBI Ha +1
unn —1 u 3aTeM cIoXKeHbl. [y BBIIOJIHEHMs 3TOR OIepamyuu BOC-
nosib3yemcsi pyHKImed altsum (CyMMUpOBaHUWE C aJbTePHATUBAMM),
MCITOJIB3YIOIIell OECKOHEYIHBIH CITHUCOK:

altsum xs = sum (zipWith (%) xs plusMinusOne) A
where plusMinusOne = 1 : -1 : plusMinusOne

3amnuiinemM UTOTOBYIO (DYHKITUIO, BBIYUCISIONLYIO OMPEIEINTEIb 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)

[Tonmyuennyo pyHKIINIO MOXKHO CJIETKA YIPOCTUTH, 3AMETUB, UTO HET
HEOOXOIMMOCTH B OOpPATHOM TPAHCIIOHWPOBAHWU MATPHUIl, TaK KakK
OIIpeJIeINTE b TPAHCIIOHUPOBAHHONW MATPUIbI COBIAJIAET C OIIPEIEIIN-
TEeJIEeM MCXOJHOM:

det (Mat (row:rows)) = altsum ( zipWith (*) row )\
(map det (map (Mat (gaps (transpose rows))))))

Tak kak det — pekypcuBHas QYHKIHS, HEOOXOIUMO yIeCTh 6a30-
BBIH ciaywait. Onpenenurens marpunpl 1 X 1 coBmamaeT co 3HaYEHUEM
ee e€JIMHCTBEHHOTO JJIEMEHTA!

det (Mat [[x]]) = x A
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N, nakoner;, OKOHYATEJIbHBIN PE3yIbTAT:

det :: Matrix -> Float

det (Mat [[x]]) X

det (Mat (row:rows))
(altsum . zipWith (*) row . map det
map Mat . gaps . transpose) rows

Beraucimm ompeieinTesib € IUHUIHON MATPUIIHI Y€TBEPTOTO TTOPSIIKA:

---> det (Mat [[1,0,0,0],([0,1,0,0],[0,0,1,0],[0,0,0,11])
1.0

Bonpocwvt u 3adanus
VIILJ.1

Hanumure dyukiuio dayBefore, BO3BpaIaonIyo JeHb, ITPEeIIIeCTBY-
IO JaHHOMY.

VILJ.2

Onpenenute Tun Direction, Yb¥ 3HAUYEHUS OMUCHIBAIOT YETHIPE IJIaB-
HBIX TOYKHU Ha KOMITace, U OmpeaeanTe (pyHKIMO revCorner Jjis BbI-
J a4y IIPOTUBONOJIOKHOTO HAIIPABJICHUA.

VIL4.3

B noruke crencrBue (mmmimkarus, implication), obo3nadaemoe Kak
=>, OIIPEJIEJIIETCs YCAOBUEM, UTO T = Y JIOXKHO TOT/Ia U TOJIBKO TOT/IA,
KOTJa T — UCTUHHO, a y — JioxKHO. JlaiiTe (popmasabHOE omnpeesieHne
UMILJIUKAIIAY KaK Ollepaliuyi Ha MHOXKeCTBe Bool.

VIL4.4

CKoJIbKO ypaBHEHUI OTpedyeTcss BaM HAIIUCATh, YTOOBI OIPEIEINTh
dyHKIMIO, BO3BpaIIaoONy0 3HadYeHne Tuna Triangle, BBIBEIEHHOIO
u3 kiacca 0rd? (Cwm. crp. 180.)

VIL4.5

Cy1ecTByIOT JI 9UCJIa, KOTOPbIE MOYKHO CPABHUTH ITPU TTOMOIITA OITe-
paropa (==), HO HeJIb3s CPABHUTH pu momonm (<) 7?7

VILJ.6

DTO 3a BEJIMYUHBI IIOJIyYATCSI B PE3yJIbTaTe BLIYMCICHUSA CJIELYIOIINX
BBIpasKeHmi?
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show (show 42)
show 42 ++ show 42
show "\n"

VILA.7

Hanumure bysknuio gaps, KOTopast BO3BPAIIAET CIIUCOK CIIUCKOB, 110~
JIy4EeHHBIX BCEBO3MOXKHBIMU YJAJECHbAMU OJIHOTO JIEMEHTa U3 UCXO/I-
HOT'O CIIMCKa, HaIIpuMep,

---> gaps [1,2,3,4,5]
[[2,3,4,5],[1,3,4,5],[1,2,4,5],[1,2,3,5],[1,2,3,4]]

VIL4.8

Hanwumure dyakinmnio matProd ajsa mepeMHOXKEHUSA ABYX MATPHII.

VILJ.9

Hanwumure dpynkinuio matInv ajs onpeaesieHus oOpaTHO MaTPUIIBI.

VILJ.10

st oToOpazkeHus Pe3yabTaTOB (PYHKITHIl, BO3BPAIIAIOIINX BEKTOPA
U MAaTPUIIBI, CIeAyeT B JeKJapaluu data 3TuX THUIOB OTMETHUTh, UTO
OHU HACJIEIYIOT CBOMCTBA Kjacca Show. OHAKO BBIBOI, IIpeAjIaraeMblit
TUM KJIACCOM TI0 YMOJTYAHUIO, HE OUeHb HaryIsaeH. Vcrmoab3ys meka-
pamuio instance o0bsBuTe TUIbl Vec n Matrix Kak 9K3eMILIIPhI KJIac-
ca Show um co3maiite cBou (pyHkmuu show, meperpykaromiue JaHHbIN
MeTos Kytacca Show. JlobeiiTech TOro, 4ToObl BHIBOI, OCYIIECTBIEHHbII
IIpHU IIOMOIIY Pa3pabOTaHHBIX BaMu (DYHKIHM, COOTBETCTBOBAJI ODIIE-
IPUHSITHIM MATEMATHIECKAM TPaIUIIASIM.

5. Nakancyasainusa JaHHBIX B MOIAYJISX

5.1. HeobxoamMoCTh COKPBITHAA JAHHBIX

Hcnonb30BaHme JIOKAJbHBIX IMEPEMEHHBIX B KOHCTPYKIIUAX let m
where gBJIETCS OJHUM W3 CIIOCOOOB COKDBITHS BHYTPEHHUX JeTaJieit
peajm3aIuy OJHOW MPOrPaMMHOW KOMIIOHEHTBI OT apyrux. CyIrHo-
cru, onpejeisiemMble B where-dpa3ax, JOCTYIHBI TOJbKO BHYTDH Ta-
KOT'O ompejesieHns. TakuMm 00pa3oM, where-npeaioKeHnst, ABJISIOTCS
HEKOTOPBIM CIOCOOOM CKPBITH OT JOCTYIA W3BHE (MHKAICYJIMPOBATH,
encapsulate) uadopmaruro. Benuuunbl, CKpbIThIe TOTOOHBIM 06Pa30M,
3aIlUINEHbI OT BO3JEHCTBUS APYTUX OlpeieeHuit. TeM He MeHee, Bce
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ZKe JIydllle COXPaHATh Where-npe iozKeHna HaCTOJIbKO KOPOTKAMY, Ha-
CKOJIKO 3TO BO3MOXKHO. Kcjim OHM JOCTATOYHO JJIMHBI, TO OHU COJIEP-
ZKaT MHOI'O IIEPEMEHHBIX, 9TO MOZKET IIPUBECTA K BO3SHUKHOBEHUIO Pa3-
JINYHBIX KOH(IUKTOB.

JlocTyIl K CyITHOCTSIM MOYKET TaKrKe KOHTPOJIUPOBATHCS OIPeIesie-
HIEM HX B IPOIPAMMHBIX €IMHHUIIAX, M3BECTHBIX KaK Mmodyau. Bemn-
YMHBI, ONPEIEeIEeHHbIE B MOIYJ/ISAX, MOI'YT OBITh KaK OOIIEIOCTYIHBIMM
(public), mocTyn K KOTOPBIM pa3pelleH W3BHE MOJYJIsl, WA JIOKAJIb-
HbIMU (private), JOCTYIHbIE TOJBKO BHYTPHU MOyJist. Takoil momxomn
JIa€T BO3MOXKHOCTDH OIIPEJIEJIATH IPOrPAMMHbBIE €IMHUIbI, HE3aBUCH-
MbIe JIPYT OT JApyra, B3aUMOAEHCTBYOIINE APYr C APYIOM HEKUM 3a-
paHee OrOBOPEHHBIM CIIOCOOOM, IO3BOJISIONINX J0OPAThCI A0 00IIea0-
CTYNHBIX BeJn4nH. [IprMeHeHne Momysieil mesiaeT BO3MOXKHBIMI H3Me-
HEHNS BHYTPEHHErO COJEPIKAHUS MOIYJeil 0e3 3aTparuBaHus JPYTHUX
JacTell mporpaMMHOro obecnedenus. O JOKAJIHHBIX BEIMYNHAX, OIpE-
JIEJIEHHBIX B MOJLYyJI€, TOBOPAT, YTO OHM «MHKAIICYJIUPOBAHBI B MOJLYJIES.

5.2. Moayan: 3KCIIOpT U UMIIOPT

[Iporpamma na s3bike Haskell saBisiercs kosutekimeit modyaed.
OcHoBHOe Ha3HAYEHWE MOIYyJell COCTONT B WHKAICYJUDPOBAHWHU JIAH-
HBIX, YTO IIO3BOJIAET OCYIIECTBJISATH KOHTPOJb HAJ IIPOCTPAHCTBOM
UMEH U CO3/1aBaTh abCTPAKTHBIE TUIBI TAHHBIX.

Nmena momysieit cocTodT u3 ajgaBUTHBIX CUMBOJIOB, HAYMHASICH
pu 9TOM C 3aryaBHOi OykBbl. HeT HUKaKO# hopMaIbHON CBA3M MEXK-
Jly UMeHaMHu MojyJeit u (aitioBoit cucremoii. B gactHOCTH HET CBS-
31 MEXK]Iy UMEHEeM MOJIyJisi U uMeHeM (aiijia, B KOTOPOM COHEPIKUTCS
oncanue MoyJis. Ho 0OObIYHO BCe 2Ke MPUIEPAKUBAIOTCH CO2AAULEHUA
0 83AUMHO-00HO3HAYHOM COOMBEMCMEUU MEHCIY UMEHAMU MOOYAA U
datina.

[To moroBopeHHOCTHM, KaXKIbIiI MOIYJIb Pa3MENai0T B OTAETbHOM
daiine, mpudyem mms aitjia cCoBIagaeT ¢ UMEHEM MOIYJsi C TOYHO-
cThio JI0 pacimmpenus (mobasiasiercst mubo .hs, gmubo .1lhs). Tak, Ha-
npumep, MoayJsib DecimalNumerals fo/KeH pas3memniatbes B daiire
DecimalNumerals.hs (miu DecimalNumerals.lhs). Ecrs eguncrsen-
HOE WCKJIIOYEHUe: €CJIM 9TO IVIABHBIA MOAYJb mporpammbr (Main), To
nMs aiiia 0OBIYHO OTpazkaeT Ha3HAYEHNE JaHHOM IIPOrpaMMbl, HHAYE
MMEJIOCh ObI OIPOMHOE YMCJIO PaiijioB ¢ Ha3BaHueM Main.hs.
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Beauvunwv v munv ne cmewusaromcesa 6 Haskell

B sTom ga3bike ecTh mrecTn POJOB MMEH:

— I IEPEMEHHBIX U KOHCTPYKTOPOB, 0003HAYAIONINX BeJIAIN-
HbI (KOHCTPYKTOPOB JAHHBIX ),

— JIJIS TATIOBBIX II€PEMEHHbIX,

— I KOHCTPYKTOPOB THIIA,

— IS KJIACCOB THUIIOB 1

— HMEHa MO/yJIeil.

HpI/I nX KCIIOJIb30BAaHUU IIPUACPZKUBAIOTCA CIICAYIOINX CHMHTAK-
CHU4Y€CKHuX IIpaBUJI.

e Vlmena nepeMeHHbIX (BEJMYNH) M TUIIOBBIX IEPEMEHHbBIX HAYW-
HAIOTCS C MAJIEHbKOW JIATUHCKON OYKBBI UJIN TOIIEPKUBAHUS;
NIpyTHe YeThbIpe BUIA UMeH HAUMHAIOTCS C 3aIJIaBHON OyKBHI.

o llMena onepamopos-KOHCTPYKTOPOB JOMKHBI HAUMHATHCS C
cuMBOJIa : (JIBOETOYNE), IMEHA JPYTUX OMEPATOPOB HE JOJIZKHBI
HAYMHATHCA C JBOETOYNUS.

Moaysap — 3TO CKPHUIIT, KOTOPBI# MpegHa3HAYEH IJIS OIpeaeJie-
HUS HEKOTOPBIX CYITHOCTEH, MpeTHa3HAUEHHBIX /IS HCIOJb30BAHUS
(oKcnopma) B ApYrUX CKPUITAX, U CKPBIBAIOIIU{ DU 9TOM BCE OIIpe-
Jnenenus BHyTpu ceds. pyroit Momaysb, umnopmupyrousuti mopo0Hbe
CYIIHOCTH, MOYKET UX MCIOJIb30BaTh, HO HE MMEeT JOCTyMa K WX OIpe-
JIEJICHUSIM.

Monayip HAYMHAETCS C KJII0YEeBOro cjioBa module, 3a KOTOPBIM CJIe-
ayer uMms momyJig. Ilociie mMenn MOIyJisd ClIeayeT CIUCOK SKCIOPTA,
T. €. IepeYeHb CYIIHOCTEN (TI/IHOB JaHHBIX, (byHKU;I/II‘/’I), KOTOpbIe OyI1yT
BUJHBI IIPU UMIIOPTE 3TOTO MOJYJISI, 3aKJIOUYEHHBI B KPYIJIble CKOO-
K. Bce BeTMUYMHBI, UCHOIb3yeMble B MOJIYJIE W HE BOIIEJIINE B CIIU-
COK J9KCIIOpPTa, dBJIAI0TCA JIOKAJIbHBIMU U HE JOCTYITHBI U3SBHE MOJYJIA.
KmroueBoe ciioBa where, cieayroree cpa3y 3a CIUCKOM YKCIOPTa, aK-
TUBUPYET KOHTEKCT, IIOITOMY BCE€ HMZKEPACIIOJIOZKEHHBIE JIeKJIapanun
doadCHBL HA%UHAMBCA 00HOT u MOt dice no3uyuu cmpoky (KaxK mpa-
BUJIO, C TIEPBOIA).

Bot npumep momyiis, Hocsitero Ha3Banne Tree. 9TOT MOIYJIb SSBHO
9KCIIOPTUPYET KOHCTPYKTOP Tuna Tree BMecTe C COOTBETCTBYIOIINMU
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 -> [al
fringe (Leaf x) = [x]
fringe (Branch left right) = fringe left ++ fringe right

Onucanublii 306ch TUI JaHHBIX Tree XpaHUT HHAOPMAIIHIO B JILCTHIX;
dyuknusa fringe «pasryakmBaeT» JAepeBO, IIPEBPAIas €r0 B CIIUCOK.
3aMeTHnM, UTO 34eCh MbI HCIOJIb30BAJIM OJHO U TOXKE UM JJid 0003Ha-
YeHUs MOJIYJd U TUIa JaHHBIX. [[0100HBIE COBIAEHNS IOIYCTUMBI,
TaK KaK OHM HEe MPUBOIAT K KOH(IUKTAM WMEH.

Mogynu MOXKHO UMNOPMUPOSAMb B APYTHE€ MOJIYJU U CKPUIITHI.
Jlexknmapalus UMIIOPTA JIOJ2KHA OBITH NEPS8bM BBINOAHAEMBIM ONEPa-
mopom B daiise, T. €. pa3MeNaTbCa Cpa3y MOCIe JeKIapPaIlud MOy s
(HAIOMHUM, YTO KOMMEHTAPHUH JOIYCKAIOTCS B JTI0OOM MeCTe IPOorpaM-
MBI, TJIe MOXKHO BCTaBUTb IIPOOE):

module Main where

{-

Momyne Main mmmopTupyeT Monmynb Tree
-}

import Tree (Tree( Leaf, Branch), fringe)

tl :: Tree Int
t1 = Branch (Leaf 2) (Branch (Leaf 3) (Leaf 4))

C UMIOPTUPOBAHHBIM TUIIOM JAHHBIX U (DYHKIUSIME MOXKHO OIIEPHUPO-
BaTh TaK, CJIOBHO OHM OITPEJEE€HBI B 3TOM MOIYJIE:

---> fringe t1
[2,3,4]

NmmopTupoBaTh MOLYJIM MOXKHO HE TOJIBKO B MOJYJIX, HO U B CKPH-
IITHI, SIBJISIOIIHECS IIPOCTO HADOPOM (OYHKITHIA:

-- Ckpunt uMIopTHpPyeT MOAyiIb Tree
import Tree (Tree( Leaf, Branch), fringe)
t2 :: Tree Int

t2 = Branch (Leaf 2) (Leaf 4)

Boei3oB yHKIUiT 13 TAKOTO CKPUIITA, HUYEM HE OTJINIAETCH OT IIPEIbI-
AYLIETO Cirydad:

---> fringe t2
[2,4]
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3a ucK/II0oYeHneM TOro (pakTa, YTo JeKAapayus import, pasmewa-
emcsa nepeot, OCTaJbHbIE JIEKJIapalun (data, newtype u type nekJja-
panuu, class n instance JekJjiapanuu, CUTHATYPbI TUIIOB, OLIpeaeae-
HUst QYHKIUH ¥ T. [I.) MOIYT Pa3MEIaThCs B IPOU3BOJBLHOM IODsJI-
ke. MOXHO ckKa3aTh, 9TO MOAYJb B JE€UCTBUTETHHOCTU ABJISIETCS OJ-
HO# OOJTBITION JeKJjapaliueii, KOTopas HaUMHAETCS ¢ KJII0UYEeBOTO CIOBA
module.

Ecnu skcrioprupyemblii CLIUCOK, CJI€LyIONNH 38 KJIIOIEBbIM CJIOBOM
module orTCyTCTByeT, TO 6C€ MMEHA B PaMKaX BEPXHErO YPOBHHA MO-
JyJisg OyIyT SKCIOPTUPOBaHBIL. [Ipu mMmopTe Momysis He 00s3aTeIbHO
MMIIOPTUPOBATH BCE €r0 (DYHKIINM, BKJIFOUEHHBbIE B CIHNCOK YKCIIOPTA:
JIOCTATOYHO YKa3aTh TOJIBKO T€, KOTOPBIE OyIyT MCIIOIb30BATHCS.

» Vnpaorcnenue VII5.1

[Iycts Momysb Ex1 comep:KuT clieAyIONniue OnpeIe/IeHus:

module Ex1 (f, g) where )\
f :: Int -> Int
fx=(g . g x

g X= X %X

Tak xKak Bce CbYHKHI/II/I, OIIpeaeJICcHHbIEC B HEM BKJIIOYCHBI B CITMCOK 3KC-
IIOpTa, TO €0 MO2KHO HE€ YKa3bIBAaTh:

module Ex1 where )\
f :: Int -> Int

fx=(g . g x

g X = X * X

B Mmomxysb MainEx1 BKIIOYMM JEKJIAPAIUIO UMIIOPTa Momysid Ex1, mpu-
YeM MMIIOPTUPYEM TOJBKO OJHY W3 JABYX JOCTYIIHBIX HaM (DYHKITHH:

module MainExl where )\
import Ex1 (f)

Teneps dynknusa £ gocrynna, a QyHKIUA g — HET:

——> £ 3 H
81

--->g 3

ERROR - Undefined variable "g"
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HMeHa, BKJIIOYE€HHbIE B CIIMCOK J3KCIIOpTa, HE MOI'yT 6bITb JIOKAJIb-
HbIMHK OIIpEeaCJICHUAMMN.

» Vnpaorcnenue VIIL5.2

[Iycts B momysie Ex2 onpenenenne pyHKmun £ UCIIOIB3yeT JIOKAJIBHY IO
nepeMeHHYIO g. OTCyTCTBUE CIIUCKA KCIOPTA O3HAYAET IKCIOPT BCEX
JOCTYITHBIX OIIPENeJICHU:

module Ex2 where

fx=(g . g x

where g x = X * X

B Momyss MainEx2 nonpobyem mmnopTupoBaTh GyHKIMN f 1 g:

module MainEx2 where
import Ex2 (f, g)

[Ipu mombITKE 3arpy3uTh TOT MOIYJb OyJIeT BBIIAHO COOOIIEHUE 00
ommuodKke, nHMOPMUpPYIOILIee 006 OTCYTCTBAN (PYHKINY g CPEIH BCEX CYIII-
HOCTEH, 9KCIIOPTUPOBAHHBIX U3 MOAyId Ex2:

ERROR "MainEx2.hs" - Unknown entity "g"
imported from module "Ex2"

[TostBieHME 3TOrO COODIEHNUST CBA3aHO C TEM, UTO JIOKAJHHO OIIpPEIe-
JeHHas (PYHKIUS g HE BUJIHA IIPU IKCIIOPTE.

<

DKCIIOPTUPYEMBIii THII JAHHBIX U €70 KOHCTPYKTOPBI JOJIZKHBI ObITH
crpynnupoBaHbl BMmecTe, Hanpumep, Tree(Leaf, Branch). B 6osee
KOPOTKOI (bopme 310 MoxkeT ObITh 3amncano Tak: Tree(..). Dcoopt
TOJIBKO HEKOTOPOI'O MOAMHOXKECTBA (JJa)Ke IIyCTOr0) KOHCTPYKTODPOB
TaK2Ke BO3MOKeH. COKPBITHE KOHCTPYKTOPOB JaHHBIX U 9KCIIOPT OHO-
r'0 JINIIb KOHCTPYKTOPA THUIIA UCIIOJIb3YeTCH IPU CO3IAHUN abCmparm-
H020 MUNG OAHHBIT.

Crcok UMIIOpPTa MOXKET COIEPKaTh TOJIBKO T€ CYIIHOCTH, KOTOPbIE
BKJIFOYEHBI B CIIMCOK 9KCIIOPTA JAHHOrO MOIYJs. B cmmcok mmmopra
’K€JIATEJIbHO BKJIIOYATH TOJBKO T€ CYIIHOCTH, KOTOPbIE JIeACTBATE/Ib-
HO MOTpeOyIoTCss B paboTe, HE 00s3aTE/IbHO MEPEUNCIITh B HEM BeCh
cncoK 3KcrnopTa. CInCcOK MMIIOPTA MOXKET OBITh JazKe IIyCThIM, B TOM
clIydae UMIIOPTUPYETCS BCE COAEPIKUMOE CITUCKA FKCIOPTA.
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HexkoTopsbie cymmHOCTH MOTYT OBITH SIBHO UCKAMNOUEHDL T3 CITUCKA, MM~
opTa C MOMOIIBI0 KOHCTPpYKuu hiding (namel, name2, ...), rue
namel, name2 u Tax jaJiee, €CTh UMEHA «CKPBIBAEMBIX» CYIITHOCTEIA.

Moaynb ¢ nazBarnueMm Prelude mo yMOTYaHUIO UMIIOPTUPYETCS BO
BCe mporpamMmbl. Mbl yke HUCIOJIb30BAJM paHee B HAIUX MPOTPaM-
MaX CTPOKYy mMmopTa ¢aiiiia Prelude ¢ yKa3aHueM KJOYEBOIO CIOBA,
hiding (hide — mpsaTaTh) mias TOro, 9TOOBl CKPHITH ABTOMATHYIECKH
3arpyKeHHoe OmnpeesieHre TOW WM WHO (PYHKITUN.

5.3. KoHTpOJIb TPOCTPAHCTBA UMEH

Ecth HEKOTOpaAsi mpobiiema, CBsI3aHHAS C UMIIOPTOM MMEH OIHOTO
MOJLyJIsi B IIPOCTPAHCTBO MMEH JAPYIroro MOMmyJis. UTo mpom3oiger, ec-
JIX JBa UMIIOPTHUPYEMBbIX MOJYJIsE COAEPKAT OTJMYHbBIE JAPYT OT JAPYyTa
ompejesieHns, HO Ha3BaHHBIE omauM u TeM ke nMmeHem! Haskell perma-
eT 9Ty MPoOJIEMY € TIOMOIIIHIO KBauduKaTopa uMeH qualified.

OObsBIeHNE HMIOPTa MOXKET CONEPXKATHh KJIFOUEBOE CJIOBO
qualified, mo3BoigmOIIee yKa3aTb UM UMIOPTUPOBAHHOI'O MOMLYJIA
mepeJ] IMEHEM METONa, Pa3fesiss UX CUMBOJIOM . (Touka). O6paTure
BHIMAaHNE Ha OTCYTCTBHE ITPOOEIOB MEXKIYy MMEHAMHU MOIYJIA, METOIA
u Toukoii. Cyenyromue 1Be CUHTAKCUYECKNEe KOHCTPYKIIMU UMEIOT CO-
BEPINIEHHO PA3HbINM CMBICT: A.X €CTh OrpaHUYEHNE UMEeHU, B TO BpeMs
Kak A . X — mpuMeHeHUe WHOUKCHON DyHKINN . (KOMIO3UIWS).

[TocMoTpuM Ha pUMep UCHOJIH30BAHUS KBAJU(PUKATOPA B JIEKJIa-
pamuu mMnopra. Ilycts B momyse Fringe, Takyke, KaK W B MOJYJIe
Tree, onpenesieHa dynkimsa fringe:

module Fringe(fringe) where
import Tree(Tree(..))

fringe :: Tree a -> [a]l] -- gmpyroe ompezenexue fringe
fringe (Leaf x) = [x]
fringe (Branch x y) = fringe x

Moayns Main umnopmupyem dbyukiuio fringe n3 aByx MoyJeii:

module Main where
import Tree ( Tree(Leaf,Branch), fringe )
import qualified Fringe ( fringe )

11 = fringe (Branch (Leaf 1) (Leaf 2))
12 = Fringe.fringe (Branch (Leaf 1) (Leaf 2))

A

A
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Cuucoxk 11 nosnyden ¢ nomorpio dyaknun fringe n3 moayia Tree, a
cnucok 12 — ¢ nmomoupio dpyukiun fringe n3 moayns 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/lib/Prelude.hs
Tree.hs

Fringe.hs

Qualified.hs

---> 11

[1,2]

---> 12

[1]

Kak Buamm, HecMOTpsi Ha OJMHAKOBbIE MMeHA, (PYHKIUil, BBITIOJIHSIE-
Mble MU JOEeHCTBUA COBEPIIEHHO PA3JINYHBIL.

HexkoTopble mporpaMMUCTBI IIPEANOYUTAIOT HCIIOJIb30BATH CIEIN-
GpUKATOPHI UMEH BO BCEX JIEKJIAPAIAAX UMIIOPTA, 9TO MO3BOJISET IIOJI-
HOCTBIO N30€2KaTh HEesICHOCTEl B BEI30BE MeTOHO0B. /Ipyrue mpeamounTa-
0T KOPOTKHE UMEHA, U UCIOJb3YIOT CHEIN(PUKATOPHI TOIBKO B CIydae
HEOOXOIVMMOCTH.

B0o3MOKHOCTH MCIIONTB30BaHNS KBAJTU(PUIIMTPOBAHHBIX UMEH TO3BO-
JISIET TTOTHOCTHIO KOHTPOJIIMPOBATH JOCTYI K TpebyeMoOMy 0OBEKTY, 4TO
JIaeT BO3MOYKHOCTH ONPENIENIATh B MOJIyJie (DYHKIINYU U JPyTUe BeJININ-
HBbI C TEMU K€ UMEeHaMM, 9YTO U UMIOPTUPYEMBbIE CYITHOCTH.

» Vnpaorcuenue VILS. 3

Nmnoptupyem Moaysib Prelude, yKa3aB IpH 9TOM KJIIOYEBOE CJIO-
Bo qualified. Ilocie momobHO# nekIapanuu, UMeHa BceX (DYHKITUI,
OTIpEJIeJIEHHBIX B MPEJIIOIUN, CIeyeT YKA3bIBATh C TTOMOIIBIO TTpedrK-
ca, HO 3aTO TOSBUJIACH BO3MOXKHOCTH OIPEE/IITh HOBbIE (DYHKIIUU
(I/IJII/I onepaTopr) C T€eMU K€ MMEHaMU:

import qualified Prelude
import List

XS + yS = X8 ++ ys
succ = (Prelude.+ 1)
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Teneps mJist onepanuu CoeauHeHus ( «CAOKEHUs» ) JABYX CIIUCKOB MOXK-
HO KCIIOJIb30BATh MPUBBIYHBIN cuMBOJI +. Ho mpm 3TOM ocrajach BO3-
MOKHOCTb HCHOJIb30BaHUSA CTaHOAPTHOI'O Oleparopa +, oJjid 49ero Jo-
CTATOYHO yKa3aTh KBAJUMUKATOD TEPe]] €Er0 NMEHEM.

---> [1..3] + [3..6] H
[1,2,3,3,4,5,6]
---> succ b
6
<

[Tpu nmmopTe MOXKHO JaTh HOBOE (HanpuUMep, 6oJ1ee KOPOTKOE) NMsT
UMIIOPTUPYEMOMY MOJYJIIO, 10OABUB K JAEKJIAPaIlui UMIIOPTA, KJIIOUe-
BOE CJIOBO a8, [I0CJIe KOTOPOTO yKa3bIBaeTcst ncepaonnM (alias) Moy,
HaAIpUMep:

import qualified Complex as C A

[Tocste Takoro oObsIBJIEHNS MOXKHO YIIOTPeOJIATH Oojiee KOPOTKUi IIpe-
dukc C. BMecTo Complex. — cTaHZAPTHOrO pedukca. JomycTumo mnc-
II0JIb30BAHIE IICEBIOHUMOB 1 B HEKBAJIU(PUIINPOBAHHBIX JIEKIaPAIIAAX:

import Foo(f) as A A

Terteps kK UMIOpTUPYEMOit PYHKITNKU MOXKHO 00paIaThcsd Kak £, Tak u
A f.

Hekapanuu sK3eMIsapa (instance) He MOryT ObITH BKJIIOUEHBI B
CIIMCOK 3KCIIOPTa UJIN UMIIOPTA, TaK KaK BCE TAKUE JEKJapalun, COLep-
JKAIIUECS B MOJLYJIe, 8Ce20a SKCNOPMUPYIOMCA U BCE OHU OY/LyT BUIHbI
IIOCJIe UMIIOPTa TaKOro MoayJsd. Hapsmy ¢ sk3eMmjisipaMu KJ1accoB, He
MOT'YT OBITH CKPBITHI IIPU UMIIOPTE U KJIACCHI, OIIPEJIeJIEHHBIE B TTPEJTIO-
qun (cTp. 170).

KBaaudukaTop uMeHN TOJBKO UAECHTUPUITUPYET MOIYJb, U3 KOTO-
pOr0 IPOU3BOJUTCA UMIIOPT; 3TO UMA MOXKET OTJIMNYATHLCA OT MMEHU
TOrO MOZYJIfA, TJie NeHCTBUTEJbHO ONpenesieHa IKCIOpTUpyeMad CyIll-
HOCTh. Hampuwmep, ecyiu Moj1yJib A skcropTupyer B. ¢, To mjist gocTyta,
K 9TOH Benm4dmHE ClenyeT yKa3biBaTb A.c, a e A.B.c.

5.4. Moayab kak cnocod peaqu3amum AT/

Kpome KOHTpoJIMpOBaHuUsI IPOCTPAHCTBA UMEH, MOJLYJIH IIPEJIOCTA-
BJIAIOT CIIOCOO IOCTPOEeHUs abCTPAKTHBIX TUIIOB JaHHBIX, COKPAIIEHHO
ATJI (abstract data types, ADT). Xapakrepnoii uepToii abCTPAKTHOTO
THIA JAHHBIX MOXKET CUYUTATLCA COKPBLITHE IPEICTABJICHUS THIIA, BCE
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oneparuu ¢ ATJI ocymecTBisiioTcst Ha aOCTPAKTHOM yPOBHE, CKPhIBa-
IOIUM PeaJIbHOE TPECTAaBJIeHNE JaHHBIX. 1aK, HAIIPUMED, XOTsS THII
Tree JOCTATOYHO TTPOCT, HO MBI €T0 €Ile HEe MOXKEM CUYATATH aDCTPAKT-
HBIM, [IOTOMY YTO TPU padOTe C BEJUIYNHAMHU ITOTO THUIA, HAM SBHO
TIPUXOIUTCS YKa3bIBATh KaKe KOHCTPYKTOPBI IAHHBIX TPEOYIOTCS JJIs
CO3/IAHUS U WCIIOJIb30BAaHUS BEJUUWHBI JAHHOTO THUTIA.

«Xoportruity abCTpaKTHBIN TUM OTpPakaeT BarKHEHIne CBOWCTBA,
00'bEKTOB, HE IPUBJIEKAs BHUMAHUS K HECYIECTBEHHBIM JIETAJISIM Pe-
anqu3anuu. Jpyrumu cjioBaMu, XOpolmasg aOCTpaKIus SBHO OTparKa-
eT MOTPeOHOCTH IOJb30BATEISI U CKPBIBAET OCOOEHHOCTHU PEeAIU3aIlii.
IMogxomsmumit AT/, npenHasHadeHHBINA IJIss pabOThI C JIPEBOBUITHOMN
CTPYKTYDOIi, MOZKET BKJIIOYATH CJIe/LyIoIue onepanuu (13 IepedHs Ko-
TOPBIX ¥ (POPMUPYETCs CIUCOK IKCIOPTA):

data Tree a -- TOJBKO UMA THUIIA

leaf i a -> Tree a

branch :: Tree a -> Tree a -> Tree a
cell :: Tree a -> a

left, right :: Tree a -> Tree a

isLeaf :: Tree a -> Bool

Momysb, mo3Bosisronuii paboraTs ¢ 3tuM A JIT, MOKeT BBITISIIETh 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

Ob6paTuTe BHUMaHUE, YTO CIUCOK IKCIIOPTUPYEMBIX (DYHKIHI comep-
JKAT TOJBKO mMs Tuna Tree, T. €. 03 KOHCTPYKTOPOB JAHHBIX. TakK
kak Leaf m Branch He 3KCHOPTMPOBAHBI, TO UX HEJb3d yzK€ NCIOJIb-
30BaThb JJid IIOCTPOCHUdA WJIN BBIICJICHUS YacCTeill NepeBbeB, IJId 3TUX
TeJIeli cJie/IyeT UCIOJIb30BaTh OIpeieIeHHbIe B MOy ie (DyHKIIUH, 00ec-
IeYrBalolye JOCTYI K KOHCTPYKTOpaM JaHHBIX TUIla Tree.
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[Torrpobyem ompenennTs pyHKIMA IJisT PAOOTHI C TUIIOM Tree Tax,
KAK MBI 9TO JI€JIAJU PAHbBINE — C MOMOIIBIO 0OPA3IOB, COMEPIKAIINX
KOHCTPYKTOPHI JTAHHBIX:

module MainADT1 () where
import TreeADT
fringe :: Tree a -> [a]

fringe (Leaf x) = [x]
fringe (Branch left right) = fringe left ++ fringe right

Ho xoHcTpykTOphl Tuma Tree CKpbITHI, ITOITOMY COIIOCTABJIEHUE C
obpa3siaMu HeBO3MOXKHO:

Dependency analysis
ERROR "MainADT1.hs":6 - Undefined
constructor function "Leaf"

s Toro 4TOOBI 33/1aTh BeJIUUNHY TUIA Tree, MOXKHO HCIOJb30BAThH
TOJIBKO T€ (PYHKIINHU, KOTOPhIE BKJIFOUEHBI B CIIMCOK IKCIIOPTA:

module MainADT () where
import TreeADT

fringe :: Tree a -> [a]
fringe x = if isLeaf x then [cell x]
else fringe (left x) ++ fringe (right x)

Termeps MoOxkHO pabOTAaTH C JAHHBIM TUTIOM, KaK C aOCTPAKTHBIM:

---> fringe (branch (branch (leaf 3) (leaf 2)) (leaf 1))
[3,2,1]

HecomHeHHBIM TPEMMYTIIECTBOM TAKOTO TPEJACTABIEHUSA TAHHBIX
ABJISIETCS TO, YTO B JIAJbHENIIIEM MOYKHO JIETKO U3MEHUTHh BHYTPEHHEE
npejcTaB/eHne Tuma Tree 0e3 mepenuchbIBAHUS BCETO MPOTPAMMHOTO
obecriedennsi, KOTOPOE ero UCIOJIb3YeT.

» Vnpaorcnenue VILS.4

OpHOM W3 MMPOKO M3BECTHBIX aOCTPAKTHBIX CTPYKTYP JAHHBIX SBJIS-
eTCsi cMmek. DJIEMEHTHI MTOMEIIAIOTCA B CTEK IO OJHOMY. TOJIBKO TO-
CJIeIHUIT JIEMEHT CTEKa JOCTYIIeH B KakKblii MomeHT. MHOrma crek
CpaBHUBAIOT C KOPOOKOIii, comepzkatreii juctbl Oymaru. HoBblit jucT
KJIQJIETCSI B CTOIIKY ITIOBEPX OCTAJIbHBIX. 1OJIbKO BEPXHUI JIUCT MOKET
OBITh IIPOYNTAH WU U3BJIeYeH U3 KOPOOKH. J[Jisg TOro 4To0hI M3BI€YD

A

H

A

H
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HEKOTOPBI JINCT 13 KOPOOKM, HEOOXOIMMO CHAYAJIA U3BJIEYD BCE JIEKA-
e Ha/Jl HUM JIUCTHI.

Crek dyskimonupyer anajgoruduo. HoBbiil 71eMeHT mmoMernaeTcst
B BEPIIUHY CT€Ka C IOMOIIbIO onepaiuu push (BToskHYTH). Bumgen B
CTeKe TOJIbKO €r0 BePXHHU 3JIeMeHT, 3Ha4eHHe KOTOPOI0 MOXKeT ObITb
HOJIyY€HO C MOMOINBIO onepanuu top (Beprunua). Hakoner, BepxHuii
JIEMEHT MOXKET ObITh W3BJEYEH U3 CTEKa oneparyeil pop (BBITOJK-
HyTh). VHOrIA omepanuu top u pop OObEAUHSIOT IPU DEAU3AINN.
O creke Taxkxke rosopsaT Kak 06 odepenu Tuma LIFO (Last In First
Out, mocieaHwii IpUIITes — IEePBbIi BBIIIEN).

Omnpenenenne creka kak AT/l HaumHaeTcs ¢ omucaHus €ro ornepa-
it Ha aOCTPAKTHOM yPOBHE:

emptyStack :: Stack a

push :: 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 TpeMm ocHOBHBIM omepanusaM OOBIYHO HOOABJISIOT €Ile HECKOJIHLKO
dyHKIUI, KOTOPBIE AeJIal0T PaboTy CO CTeKOM OoJiee ya00HOM, HaIIpH-
Mep, emptyStack, co3garonyo Imycroit crek, 1sEmpty, nposepgaronyto,
mycCT Jin cTeK, u showStack, medaTaronlyo coaepKUMOe CTEKa.

[Ipemmonoxkum, aro AT/I, onmuchIBafomuii CTEK y2Ke peam30BaH, 1
pa3paboTaeM MOIYJb JJjisi pabOThI C 3TUM THUIIOM. Tak KaK IpUBEIEH-
HBII BbIIIE HHTEPMENHC CTeKa MOJIUMOP(MQEH, CO3MaJ UM CTEeKH, IIPeIHa-
3HAYEHHBIE JIs1 XpaHeHNsT THPOPMAIINYA PA3INIYHBIX BII0B: CHUMBOJIOB,
IIEJIBIX YHCEJI M 3AIUCeil, Comep KalIuX HHMOOPMAIMIO 00 UMEHN W BO3-
pacre zeTeii:

module Main where

import Stack (Stack,
emptyStack,
push,
pop.,
top,
isEmpty,
showStack )

-- CTeK CHMBOJOB --
stackl :: Stack Char
stackl = push ’d’ (push ’f’ (push ’k’ emptyStack))



5. Unrancyravus dannur 6 mooysax 235

s1 = putStr(showStack show stackl)

-- CTeK LeJbiX YUCEeN --
stack2 :: Stack Int

stack2 = emptyStack

stack3 = push 5 (push 5 (push 2 stack2))
stack4 = pop stack3

s4 = putStr(showStack show stack4)

-- crek map (Mmsa, Bospact) --
stackb5 :: 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)

[Ipuctymum x paspadborke momyss Stack. HaBeproe, ogmoit u3 ca-
MBIX IIPOCTBIX €0 PeAH3AINil ABJIIeTC s peau3alys Ha 0a3e CIucKa:

module Stack (Stack,
emptyStack,
push,
pop,
top,
isEmpty,
showStack ) where

-- peanusanus Ha 6aze cmuckKa --
type Stack a = [a]

isEmpty :: Stack a -> Bool

emptyStack :: Stack a

push it a -> 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:o0ldlist

top (first:_) = first

rest
error '"pop:empty stack"

pop (_:rest)
pop []

showStack f [] ="Bottom"
showStack f (x:xs) = f x ++ " , " ++ showStack f xs

3arpy3uB MoayJib Main MOXKHO IPHUCTYIATh K padoTe ¢ adCTPAKTHBIM
TuoM Stack:

H ---> s1
‘d? , f> , 'k’ , Bottom
---> 84
5, 2, Bottom
---> s8b
(Kate,6) , (Jan,5) , (Ann,10) , Bottom

Tenepp npeacraBuM, YTO JAHHBIE, TOMEIIAEMbIE B CTEK, IIOCTYIIAIOT
CEPUSIMU U3 OBTOPSIOIINXCS BEJIMINH, HAIIPUMED, HA BBO, ITIOCTYIIAIOT
HYJIU W €IUHUIIBLI B clieayromneM nopgaake: 1,1,1,0,1,0,0,0,1,1,1,1,1,0,0,0.
DTy 2Ke IIOCIeJ0BATEILHOCTh MOXKHO 3aIlicaTh B Buie nap (Bemuyuna,
rommgecTso): (1,3), (0,1), (1,1), (0,3), (1,5), (0,3). Takoit meTon xpa-
HEHHUs 3HAUYUTEJIbHO 3(p(DeKTUBHEe, €Cau CPeIHss JJINHA TOBTOPSIO-
IMUXCA TPYII JOCTATOYHO BEJIUKA.

Huxe npencraBiena peanu3aliys CTeKa, UCIOJIb3YIOMIAS I XPa-
HEHUd JAaHHBIX COUCOK Tap:

;\ module Stack’ (Stack,
emptyStack,
push,
pop,
top,
isEmpty,
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showStack ) where

-- peamusanus Ha 6a3e cmucka 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+1) :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 £ ((x,n):xs) = f x ++ " , " ++

showStack f ((x,n-1):xs)
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5.5. bubamorekm mporpamMmm

MHuoroneTHM ONBIT MHOTUX THICAY MTPOTPAMMUCTOB TTOKA3aJI, YTO
HanurcaHue OOJIBINON MPOrPAMMHOM CHCTEMBI 3HAUYUTEHHO OTINIAET-
csi OT Pa3pabOTKU OTHAEIbHBIX HEOOJBINNX MporpaMm. B atmx ciayda-
X TPeOYIOTCS TpPUMEHEHUE JIOTOJHUTE]bHBIX METOIOB W WHCTPYMEH-
TAJIbHBIX CPE/CTB, BBIXOJAIINX 32 PaMK{ IPOCTOTO IPOrpaMMUpOBa-
Husi. TepMuH npoexmuposanue npozpammnozo obecneuenus (software
ingineering) mcmonb3yeTcs st 0003HAYEHUST METOIOB U HHCTPYMEH-
TAJIbHBIX CPEACTB, NPeJHAa3HAYEeHHBIX JJId IPOEKTUPOBAHNA, KOHCTPY-
VPOBAHUA U yIIPaBJEeHUS IIPU CO3JJaHUU IIPOT'PAMMHBIX CHCTEM.

JI1000#1 mHXKeHep 3HAeT O TMPEUMYIINECTBAX, CBA3AHHBIX C UCIIOJIb-
30BAHUEM T'OTOBBIX KOMIIOHEHT MPU Pa3pabOTKe TOr0 WJId WHOT'O IIPO-
ekTa. [lomo0HOE TpUMeHeHre 3auMCTBOBAHHBIX KOMITOHEHT SIBJISIETCSI
PaCIIpOCTPAHEHHOW PA3HOBUIHOCTHIO WHXKEHEPHOUN mesTejqbHOCTH. B
WHYKEHEPUU TTPOrPAMM TaKKe BEChMa, TOJIE3HBI 3aNMCTBOBAHHBIE KOM-
TTOHEHTHI, HA3bIBaEMble B PA3JIUYHBIX T3bIKAX MPOTPAMMUPOBAHUS MO-
nynasmvu (Haskell, Modula), makeramu (Ada) min xmaccamu (B C++,
Java). Vcnonb3oBaHue TpPOrpaMMHBIX MOJMYJIEH JAeT Dsiji pPenMy-
MECTB. DTHU CPEICTBA CTPYKTYPUPOBAHWS MPOTPAMM JIAIOT BO3MOXK-
HOCTH WHKAIICYJISIINY JAHHBIX U METOJIOB B OOJiee KPYIIHBIE €IMHMUIIBI.
Ere ogauM npenMyIiiecTBOM MOYyJIel SBJISETCS TO, YTO UX COLJIACO-
BaHME MOYKHO IMPOBEPUTH IPU KOMIWJISIUH, YTOOBI MPEIOTBPATUTH
OIIUOKY U HeIOPa3yMeHUS.

[IepBble S3bIKM MPOTPAMMUPOBAHUS He TIO3BOJISIN pa30UBATH MPO-
rpaMMbI Ha OTAeJbHbIE YaCTH, YTO IIPUBOJIUMO K CJIOKHOCTSIM UX BOC-
npusatusg U oriaagku. OubIT mokasaj, 4ro, Bo3MoxkHO, 10000 cTpok
SIBJISIETCS BEPXHUM IIPEJIEJIOM JIJIi MOHOJIMTHOM NporpaMMmbi. B cran-
nmapre s3bika Pascal, mampumep, He oOnpenesieHO HUKAKOIO METOIA,
JIJI Pa31eJIbHONM KOMITUJIAIUY WJIU JJEKOMTIO3UITUY mporpamMm. [lepBoriit
Pascal-komnuisiTop ObLT eIuHON MPOTPAMMOM, COMEpKAIIEl CBBIIIE
8000 cTpok Koma Ha s3bike Pascal. BmecTo Toro, uTo0Obl m3MeHSTH
Pascal, ero cozmarens Hukmayc Bupr paspaborasn HOBBIR (XOTs 1 1m0-
XOXKWit) si3bIK, Ha3zBaHHBIA Modula, Tak Kak HEHTPAJILHBIM MOHSTHEM
B HeM, IBJIeTCs MOAyJb.! Fro mmenm Hamm oTparkeHWe BO MHOTHX
sI3bIKAX IIpOrpaMMupoBaHusi, B ToMm udmcie u B Haskell.

'K ommunsaropsr Pascal, ucmoss3yemble Ha IPAKTHKE, MOLIEPIKUBAIOT TEKOM-
TIO3UITUIO Ha MOJLYJIM, HO HUKAKUX CTAHIAPTHBIX METOJIOB JJIsi 9TOr'0 HE CYIIECTBYET,
TaK 9TO OOJbIme mporpaMMbl Ha Packal He mepeHocuMbl ¢ 01HOM 1aTHOPMBI HA

APYTYIO.
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[ToBTOpPHOE MCIIOIBL30BaHKE IPOIPAMMHOTO KOJ/Ia BO BHOBb CO3/1aBa-
eMbIX TPUJIOXKEHUAX UMeeT Ps/Jl TPEnMYIIeCTB.

e [IporpammucTty He TpeOyeTcsi pa3padaThIBaATh y2Ke CYIIECTBYIOIINMA
AJITOPUATM.

e Opranuzanus-pa3padoTInK SKOHOMUT PECYPCHI.

e [IporpaMmbl, KaK TpaBUJIO, CTAHOBSTCS HaJeyKHEe.

e [IporpaMmbl, Kak MPaBUJIO, CTAHOBATCS P PHEKTUBHEE.

BoJIbIIMHCTBO COBPEMEHHBIX SI3BIKOB IPOrPAMMHUPOBAHMS ITOCTA-
BJISIIOTCsI C HAOOPOM «CTaHAAPTHBIX» Oubamorek nmporpamm, u Haskell
He siBJisieTcs uckJrouenneM. OOBIYHO B TOII 2Ke TUPEKTOPUH, IJIe PACIIO-
naraercs daiin Prelude.hs (Bo MmuHOrmx Linux-cucremax 3To qupekTo-
pust /usr/share/hugs/1ib/) HAXOAATCSA CKPUITHI, COMEPIKAIINE TIPO-
rpaMMHbBIE MOJYJIH, PEAJU3YIOIINe MHOIHE IMUPOKO M3BECTHHIE AJITO-
PUTMBI M CTPYKTYPbI JaHHBIX.

» Vnpaorcnenue VIIL.5.5

Cpemu OubamoTeIHbIX MO IyJIell HAXOAUTCs MOy b Complex, mpegHAa-
3HAYEHHBIH JIjIs PAOOTHI C KOMIIJIEKCHBIMU ducaaMu. J[1000e KOMTIIeKC-
HOEe UMCJIO TIPEICTABUMO B BUJIE 2 = T+i-y = r-e'¥, Ie 4 eCTh MEIMAas
equanta (12 = —1). Benmaunb! £ 1 y HA3BIBAIOTCA NEHCTBATENLHON 1
MHUMOH YaCThIO YUCJIA U 33Ial0T KOOPJAWHATHI TOYKHU Ha TJIOCKOCTH,
COOTBETCTBYIOIIEH TAHHOMY UUCIIY; ' PABHO PACCTOSHUIO OT ITOHM TOU-
KU JI0 Ha9aJIa KOOPAWHAT, a ¢ — YIVIy MeXIy OCbio 0X U BEKTOPOM C
KoopAuHaTamMu (T;Yy).

[IpocMmaTpuBas CIIMCOK SKCIOPTA JJAHHOTO MOJIYJIsl, MBI BCTpEYaeM

BCE CTAHIAPTHBIE PYHKIUU JJIs PAOOTHI ¢ KOMILIEKCHBIMU UHCIAMI.
Tabauia nosgcHaeT UX Ha3HAYCHUE.

Meton Hazaauenune

(:+) Omnepatop co3maHusg KOMIIJIEKCHOTO YHCJIa IO 3a-
JTAHHBIM T 1 Y

realPart | Beimenenue neiicTBUTEILHOI YaCTH YKMCTIA,

imagPart | Beigesnenne KOMIJIEKCHO#M YacTH 4HCIA

conjugate | Borunciienne conpsaKeHHOTO KOMIIJIEKCHOTO UHCJIA
(ecnim z = z + iy, TO COMPsIKEHHOE YMUCJIO PABHO
z — iy)

mkPolar Boraucierne KOMIIIEKCHOTO YHCIa, 33IaHHOTO II0-
JIAPHBIMU KOOPJAMHATAMU T U
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cis [TosryueHne «HOPMUPOBAHHOIO» KOMILIEKCHOTO M-
cia (x/r+1i-y/r =cosp+isingp)

polar Bbrunciienre mOISAPHBIX KOOPAUHAT TOYKHU, COOT-
BETCTBYIOIIEH 33 TaHHOMY KOMILJIEKCHOMY YHCILY

magnitude BbUﬂKmBHHeT'::\/x24—y2———M0ﬂynﬂ KOMILJIEKC-
HOT'O YHCJIa,

phase Bbruncienne p — aprymenTa KOMILIEKCHOI'O 9HCJIa,

He 3Has, Kak peaJim30BaH aOCTPAKTHBIN TUI JaHHBIX Complex, 1 MOJThb-
3ysICh JINIIIb IIPEOCTABICHHBIM STHUM MOIYyJeM UHTEePMERCcoM, MbI Jier-
KO MOYKe€M Pa3paboTaTh IPOrpaMMy, UCIOIb3YIONLY 0 KOMIIJIEKCHBIE TH-

cna. Hampuwmep,

module Main where
import Complex

cl

2 :+ 3

x1 = realPart ci

yi

imagPart cl

c2 = conjugate cl

c3

pl

mkPolar (sqrt 2) (pi/4)

polar ((-1) :+ 0)

Breraucium 3naveHusa BeIumduH OomnpenaecJIEeHHbIX B JaHHOM MOJYJIE:

--->cl

2.0 :+ 3.0
--->x1

2.0

--->y1

3.0

---> c2

2.0 :+ (-3.0)
---> ¢3

1.0 :+ 1.0
--->p1
(1.0,3.14159)
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Bonpocwvt u 3adarus
VIIL.5.1

MHoxkecTBO sIBJIsIeTCA 0A30BOIl CTPYKTYPOil, KOTOpasl JIE2KUT B OCHO-
BaHUU Bceili MmaremMaruku. [Ipm paspaboTke ajJropuTMOB MHOXKECTBA,
HCIIOJB3YIOTCI KaK OCHOBA JIJIsI MHOTHX BasKHBIX aOCTPaKTHBIX THUIIOB
JTAHHBIX (HAIPUMEp, TAKOTO KaK CJIOBAPH).

Mmnootcecmeom nasvisaemesa co8OKYNHOCMb SAEMERMOS, KAHCOBIT
INEMEHM, KOMOPO20 UAU CAM ABAAETNCA MHOHCECTNBOM UAY ABAAEN-
CA NPUMUMUBHBIM INEMEHMOE, HA3BIBAEMBIM GMOMOM. Bce dremen-
ThI JTIOOOTO MHOYKECTBA PA3AUYHbLL, TAK KaK B MHOYKECTBE HE MOMKET
COJIepKaThCA JBYX KOMIUII OTHOTO W TOTO K€ JIEMEHTA.

[Ipemmoxure HeckoabKO peanu3aruit 3roro AT/I. B Tabaume me-
PEUNCIIEHBI OTIEPATOPHI, BBHIMTOHSIEMbIE HAJ MHOYKECTBAMU, KOTOPbIE
YACTO BKJIIOYAIOT B PEATU3AIINIO.

MeTon HaznaueHue

union OObenuHeHne IBYX MHOXKECTB

intersection | Ilepeceuenune nByxX MHOXKECTB

difference PasnocTts MHOXKECTB

merge ObbenuHeHre HEMEPECEeKAIOIINXC ST MHOXKECTB (CJIH-
sIHUE)

member Bosspamaer True, ecam 3€MEHT HTPUHAIJIEIKHUT
MHOZKECTBY

makeNull Cospgaer mycToe MHOXKECTBO

insert Jo6aBiisieT j1eMEHT B MHOXKECTBO (€CJIM JJIEMEHT
y2Ke IIPUCYTCTBYET B MHOXKECTBE, TO MHOXKECTBO HE
M3MEHSIeTCs )

delete YiajsieT sJeMeHT U3 MHOXKeCTBa (€c/iu SJIeMeHTa

HEeT B MHOXKECTBE€, TO MHO>KE€CTBO HE MGHEIGTCH)

equal Bosspamaer True, ecan gBa MHOXKECTBA COCTOSIT
13 OJHUX M TEeX K€ JIEMECHTOB

VIIL.5.2

Eie oguuM mupoko pacrnpoCTpaHEeHHbIM aOCTPAKTHBIM TUTIOM JaH-
HBIX siBJIsieTCsI ouepedv Queue. Ona peasm3yer crpykrypy Buga FIFO
(First In, First Out — nepsbiM npumies, nepsbim Bbiesn). [Ipumepsr
odepelieil BCTPeYaroTCd OYeHb 4aCTO KaK B OKPYyZKalollell HaC KU3HU,
TakK 1 B mporpaMmmupoBannu. Odepeasb MOXKHO PacCMaTPUBATh KaK II0-
CJIeJOBATEJIBHOCTh 00beKTOB. OOBEeKTHI CTAHOBATCS TOJBKO B KOHEI]
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ouepenu, a O0CIYKUBAIOTCS U YAAJISIOTCS TOJbKO 13 ee HadaJa. O0brd-
HO HaJ[ 0O4€ePe/IbIO BBIMOJIHsIETC s Tpu oneparuu. Onepanusi IOCTaHOBKY
B OuYepejib, 9acTO Ha3biBaeMasl «BBecTu» (enqueue). Ounepanus u3sJe-
YeHWs M3 OYepen, MeHyeMast «BbiBecTu» (dequeue). 3navenue mep-
BOrO O0bEKTA IOJyYaeTCsi C MOMOINBIO ONePalliy «IepBblii» (front).
[Ipegmoxure HECKOMBKO peanu3anuii mapaoro AT/l u mamumwnTe Mo-
JIyJIb, UCTIOJIB3Y IO ouepesb. [lobaBbTe K nHTEp(deiicy Takke PyHK-
mun makeNull, ouninaronnyio odepeb, Jejad ee IycToii, u isEmpty —
BO3BPAIIAMOIILY O 3HaYeHre True TOraa 1 TOJbKO TOr/A, KOrIa 0YepeIb
mycra.

VIL5.3

PaccmoTpuM CTPYKTYpY, TPeIHA3HAYEHHYIO JJIs IIPEACTABJICHUS MHO-
JKECTB, COCTOSAIIUX U3 CUMBOJILHBIX CTPOK, I HA3bIBAEMYIO «HArpy7KeH-
Hoe siepeso» (trie). 2 CTpykTypa Harpy»KeHHOTO JiepeBa Mo/ IePKIBa-
€T OIepaTOpPbl MHOXKECTB, Y KOTOPBIX 3JIEMEHTHI ABJISIOTCA CJIOBAMH,
T. €. CHMBOJIbHBIMH CTPOKAMI.

B marpy:xeHHOM aepeBe KaiKJbIii MyTh OT KOPHA K JIUCTY COOT-
BETCTBYeT OJHOMY CJIOBY M3 MHOXKeCTBa. lIpm Takom momxojie y3bl
JiepeBa COOTBETCTBYIOT mpedukcam ciaoB. Ha pucyHke mpemcTaBIIeHO
Harpy»KeHHoe aepeBo s ciaoB the, then, thin, this, tin, sin, sing:

Y0661 n30€ekaTh MPOOJIEM, CBSI3aHHBIX C COBITaIEHIEM ITPE(UKCOB
1 CJIOB, MOAOOHBIX Haymuuio cioBa "thew npedurca "the'y ciosa
"then", BBemeM crenuaJIbHBIMN CHMBOJI * — MapKep KOHIA, YKa3bIBaIO-
i OKOHYaHUe JII000To cjioBa. TOMBKO TOT/ma cjioBa OYyIyT CI0BaMH,
a He mpedukcamu. Haire mepeBo Temepsb BBIVISIUT TaK:

2 AHryog3BIYHOE HA3BAHIE STOrO THIIA trie (Ipom3HOCHTCS Kak “try”) o6pasoBa-
HO cpegHUMEU GyKBaMu CjI0Ba retrieval (mouck, BHIGOPKA, BO3BPAT). YCTOSBIIErOCS
TepMUHA JJId 3TOM CTPYKTYPHI B PYCCKOM JINTEPATYPE TOKA HET.



5. Unrancyravus dannur 6 mooysax 243

Peanuzyiire AT/ Trie u Habop MeTOMOB /I PabOTHI C HEl: T

MeTon, Haznauenue
add JlobaBJisieT HOBBIM JIEMEHT B JIEPEBO
isMember | Bosspamaer 3nauenune True, eciau IJIEMEHT COMAEP-
KUTCA B CTPYKType
remove Yajisger 3JieMeHT U3 JePEBaA
isEmpty [IpoBepsieT mycTo Jint JiepeBO
emptyTrie | Co3maer mycToe JepeBO
showTrie | Beigaer cinmcok Bcex CJIOB, COAEPIKAIINXCA B I€PEBE
VIL5./

[IpenmoxkuTe NPYyryro peau3aliuio HarpyKeHHOTO JAepeBa, XPAHSIITYIO
B y3iax KopTe:xk Tuna (Bool, Char). IlepBsiit s;ieMeHT KOpTexKa IpH-
HUMa€T 3Ha4Y€HUE True, €Ciin y3eJI dBJIA€TCA OKOHYaHUMEM CJIOBa, U
False B IpOTUBHOM CJIy4ae.

VIIL.5.5

Hamwummre nporpammy, mcrnons3yomryio AT Trie u3 npembraymmx
yIpakKHeHUH, MpeaHa3HAYEHHYIO [JIs ITPOBEPKM CHHTAKCUCA CTPOK
rekcTa. CTPOKa COCTOUT M3 CJIOB, pasjeseHHbIX mpobenramu. CaoBO
CUYUTAETCS HAIMCAHHBIM MTPABUJILHO, €CJIM OHO €CTh B CJI0Bape, peaJiu-
30BAHHOM C TIOMOTITHIO HAT'PYKEHHOTO JePEeBa.



I'maBa VIII

BBoa u BeiBoa mHMOpMAIU

1. IlaTepakTUBHBII BBOJ 1 BBIBOJI

BBox u BbIBOM KOHTpOJIMPYIOTCs omepalinonuoit cucremotii. Haskell
001I1aeTCsI ¢ OIEePAIMOHHOM CUCTEMOM J1Jisi BBIIIOJHEHUs OIePAIliii BBO-
J1a-BbIBO/IA, MCIIOJIb3Yys HAOOP BHYTPEHHUX (DYHKIUM, KOTOPHIE OIIePH-
pytor Besmunaamu 10 tuna. Haskell unTepnperupyer BetuanHbI TOT0O
THUIa, 00paIasch ¢ 3aIIpPocCaMu O BBOJE U BbIBOJIE K OIIEPAITUOHHOI CH-
cTeMe.

Tak, ciemymoommit CKPUNT WCIOJB3yeT BCTPOCHHYIO (DYHKIUIO
putStr mys BeiBoga crpoku "[lpuser, mup!" Ha dxpamn.

main = putStr "lpuser, mMup!\n"

[To cornamenuto, ckpunt Ha s3bike Haskell, koropsrit ocymecTBiser
OmepaIuy BBOJIA-BBIBO/A, JOJIZKEH COJIEPKATh OIpe/ejieHne IePEMEH-
HOI main B cBoeM ryiaBHOM MojyJie. Bo Bpems ee Boraucienus Haskell
WCIIOJIB3YEeT OMEPAIMOHHYIO CUCTEMY JJIS TPOBEJIEHUs OIepaInii BBO-
JTa-BBIBO/IA.

---> main
[lpuBeT, Mup!

VMeHHO 3Ta BeIWYWHA U SBJSETCS PE3yJIbTATOM BBITIOJHEHUS OTKOM-
nuaupoBaHuoit mporpaMmMmbl Ha Haskell. /o cux mop MbI MOJIb30Ba-
JINCh TOJBKO mHTepmperaTopoM Hugs g monmydeHus pe3yabTaTOB
nporpamm. LI 3amycka KOMOUISTOPA W MOJIYyYE€HUS BBIIOJIHSIEMOIO
daiia, comeprkariero nporpammy Ha s3bike Haskell, cienyer canagasia
OTKOMIIMJINPOBATH MO/LYJIb C IIOMOIIBIO, HAIIpUMED, KOMIMIATOPA ghc,
a 3aTeM BBIMOJHUTH HOJYYEHHBI OTKOMINJIAPOBAHHBIN (aiij, HAa3bI-
BaeMbIil IT0 YMOJTYAHUIO a.out:

$ ghc Hello.hs
$ ./a.out
[lpuBeT, Mup!

244
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3neck cumBOs $ ecTh mpurIamenue K padbore, BiBoguMOe okHOM shell.

[Tpu KoOMIUIATINT MOXKHO YKa3aTh UMs BBIXOJHOTO (haitjia ¢ momo-
IO KJIK04a -O:

$ ghc Hello.hs -o hello
$ ./hello
[lpuBeT, Mup!

Komanapr BBOJA JaHHBIX JA0T BO3MOXKHOCTDH aCCOIMUPOBATDH JIaH-
Hble, BBEJIEHHbIE C KJIABUATYpbl, C II€PEMEHHOW B IporpaMme Ha
Haskell, mociie gero sTa mepeMeHHas MOXKET OBITH MCIIOJIb30BaHA B KO-
MaHgaX BbIBOJa. CKpPHUIOT MOXKET COIep:KaTh HECKOJIHBKO BXOJHBIX U
BeIxogubIX AupekTuB. B Haskell mobast mociemoBaTesbHOCTH KOMAH/T
BBOJIa-BBIBOA OIpeiesisaeTcsa do-BhIpaskKeHHIeM.

PaccMmoTpum cKpunT, 3ampalinBaiouii ¢ KJIABAATYPhI UM IIOJIb-
30BaTeJId, TIOCIEe Yero OHO HCIIOJIb3yeTCsd B KOMaH/Ie BbIBOJIA.

main =
do
putStr "BeBezuTe Bame mMs, moxamyiicTa:\n"
name <- getlLine
putStr ("3gpaBcTByiiTe, " ++ name ++ ".\n" ++
"Ceromus 3aMevaTenbHmi menn! (:-)\n")

[Tomo0HBIN CKPUNIT MOXKHO OTKOMITUJINPOBATH U BBIIOJHUTH IIOJTYYeH-
HBIH baii:

$ ghc enterName.hs -o enterName
$ ./enterName

BeBemuTe Bame mms, moxamyincra:
Ban

3mpaBcTByHiTe, lBaH.

Ceromuss 3aMevaTenbHHI meub! (:-)

KonedHo, MOXKHO BOCIIOJIb30BAThCA U HHTEPIPETATOPOM:

---> main

BeBemuTe Bame mms, moxamyncTa:
Ban

3mpascTByiliTe, lBaH.

Ceromus 3aMevaTenbHHI meub! (:-)

[lepBast cTpoka, HamedaTaHHAsT B IPOIECCE BBITOJIHEHUS (QYyHKIUN
main, gBJgETCH PE3yJbTATOM BBIIIOJHEHUS OIepallid BbIBOJIA, BTO-
pad — OTpazkKeHueM ONepalMOHHON CUCTEeMON BBOJA, HPOU3BEIEHHO-
IO C KJIABUATYPbI, TPEThd U YeTBepTad CHOBA ABIAIOTCA Pe3yIbTaToOM
BBIIOJTHEHUS OIepalnii BbIBOJIA.
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3a KJI04eBbIM CJI0BOM dO JIOJIXKHA CJIEI0BATH IOCJIEI0BATEIBHOCTD
omepanuii BBOJA-BbIBOgA. B 9TOM mpumepe ux Obu10 Tpu. IlepBas u3
HUX BbIBesa CTPOKy 'BBemure Bare mms, moxkasyiicta:\n"ua sxpaH.
Tak Kax B KOHIIE CTPOKH J00aByeH cuMmBojI "\n'", To mocie okoHYaHS
BBIBO/Ia, KypPCOP MEPEMECTUIICS B HAYAJIO CIeAyolei crpoku. Bropas
KOMaHTa (name <- getline) umTaerT CTPOKY, BBEJEHHYIO C KJaBHa-
TYpPbl U aCCOLMUPYET TMOCJIEN0BATEILHOCTD MOJIyYEeHHBIX CUMBOJIOB C
HepeMeHHO, yKa3aHHOl mepes crpesikoii (<-). B mamem npumepe ne-
peMeHHasi HOCUT UMs name.

Jliobast caedyrowas mupekTrBa dO-BBIPAXKEHUST MOXKET OIIEPHUPO-
BaTh 9TOH IIepeMeHHOM, HO OHa He 8udna 6He do-BhIPAYKEHHU.

1, HakoHel, TpeTbs KOMAaHA IIOCBLIAET Ha YKPAH IIOCIIEI0BATEb-
HOCTb CHMBOJIOB, BKJIFOYAIOIIYIO JBa CHMBOJA IE€PEXONa Ha HOBYIO
ctpoky (’\n’).

I[Tpu ucnonb3oBanuy KOHCTPYKIMY dO CJIeyeT IOMHUTH O JIByMep-
HOM CHHTAKCHCe s3bIKa: HyKHO BHIMATEJIHHO CIIEAUTD 3a TJIyOMHO OT-
CTyIa B CTPOKAX, SBJISIONIUXCS IPONOJIKeHIeM do-BbIpaykeHns. 31ech
IIPUMEHSIOTCS T€ JKe IPaBUJa, YTO U B KOHCTPYKIUsAX let u where.

ITocnemoBaTeIbHOCTH AUPEKTUB BBOJA-BBIBOJA MOKET, KOHEUYHO,
co/ieprKaTh HECKOJBKO ITaroB. Tak B CJIEAyIOIMEM CKPUTITE C KJIaBUa-
TYPBI 3aITPAITUBAIOTCS IBE BEJIMYINHBI, 3aTEM OCYIIECTBJISIETCH BBIBOJI,
TTOCJIE YeTO 3aITPAITUBAETCI CUTHAJ MMOATBEPIK A0 OKOHYaHIE BBO-
Ja:

main =
do

putStr "BBemuTe Bame mMa, moxamyiicTa:\n"

name <- getLine

putStr "BeBemuTe Bam e-mail agpec::\n"

adress <- getLine

putStr (unlines [
"3mpaBcTByHiTe, " ++ name ++ ".",
"Me BRImIIEM BaM coobmeHue Ha azpec
++ adress ++ ".",
"HaxmuTe Enter mnsa saBepmerus pa6oTm"])

sign0ff <- getLine
return()

Ob6mMmeH coobIeHnsIMI BO BPEMsT TUAJIOTa, ¢ (DYHKIMEH main MOXKeT BbI-
JIAIEeTh TaK:

---> main
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BeBemuTe Bame mms, moxamyincrTa:

Ban

BeBemuTe Bam e-mail azpec::

pypkin@qqq.com

3mpaBcTByHiTe, lBaH.

Mu BmHIIIEM BaM coobmeHme Ha azpec pypkin@qqq.com.
HaxmuTe Enter nnsa noOTBepXIEHUA COTLJACUSA

IIycTasi cTpoka, MOSIBUBIIASICA IIOCTE IIOCJEIHEN HAledaTaHHOU IIPO-
rpaMmoii ppasbl, ABJIAETCs OTOOpAYKEHNEM HayKaTus KJaBuInu Enter.

Ncnonb3lyemas B ckpunTe PyHKINSA unlines ompejeseHa B Ipe-
JIIoauu U (POPMUPYET OJTHY CTPOKY M3 CIUCKA CTPOK, BCTABJISAST MEXK LY
HUMU CHUMBOJI IepEBO/JA Ha HOBYIO CTPOKY:

---> unlines ["linel", "line2", "line3"] H
"linel\nline2\nline3\n"

[Ipu BBIBOMIE y/10O6HO MCIIOIB30BaTh (PyHKINIO putStrln, KoTopas
IIOCJIE IIeYaTH CTPOKM J00aBIIsIeT CUMBOJ *\n’ [1Jjisi IEPeBOIa Kypcopa
HA HOBYIO CTPOKY:

main = do putStr "Beemure uTO-HHOYyOB: " )\
str <- getline
putStrLln ("Bu BBenm: " ++ str)

---> main H

Beenute uTo-HHOYAB: 2+3
Bu BBemM: 2+3

Haskell maeT Bo3MOKHOCTH BBOJA WJIM BBIBOJA OJHOI'O €JIUHCTBEH-
HOT'O CUMBOJIA, JIJIST 9eT0 UCIOJb3yIoTca dyHKIuy getChar u putChar:

el = do ¢ <- getChar )\
putChar c

[Ipu BBI3OBEe pyHKIMK €l BBEIEHHBIN CHMBOJI OTOOPA3UTCS JIBAZKIBI:
CHaYaJIa KaK X0 KJABUATYPHOI'O BBOJIA, 3aTE€M KaK Pe3yJbTaT PabOThI
dyukimuu putChar.

> el H

WwW

Paccmorpennas Boimie pynknusa putStrln onpesesnera B IPEJTIOIAN C
noMoIbio pyHKInu putChar:
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putStrln :: String -> I0 ()
putStrLln s = do putStr s
putChar ’\n’

NTak, Mbl MOYXKEM BBITOJIHATH HEKOTOPbIE HAEHCTBUS U UCIOJIb30-
BaThb TOJIyYEHHBI! pPe3yJibTaT, HO KaK HAM BEPHYTb BEJIUYWHY, IMOJIY-
YEeHHYIO U3 nociaeaoBareabHocT nevictuit! K npumepy, mycts dyHK-
s ready, CIUTBIBAET CUMBOJ M BO3BpalaeT True, ecin BBEJIEHHBIN
CUMBOJI paBeH ’y’:

ready = do c¢ <- getChar
Cc == ?y-)

Onpenenennas TakuM 00pa3oM (PYHKIUS He Oy1eT padoTaTh — UHTEP-
MIPETaTOP BBIACT OMIMOKY HECOOTBETCTBUS TUTIA, TAK KAK BbIPAXKEHUE
c == ’y’ mMmeer Tun Bool, B TO BpeMs KaK HaJU4We KOHCTPYKIIUUA
do Tpebyer, uyroObl pe3yabrar mMmes Tam 10, T. e. ABJIAICA ObI Jeii-
crBueM. B 11omo6H0# cuTyarun Tpedyercs co3marh BeananHy trma 10,
OepyIILyIO JIOTUYIECKYIO BeJIMYUHY, 1 HUYEro He JIeJTAOILyI0, KpoMe BO3-
BpAIeHNUS Pe3yJIbTaTa JIOTUIECKOTO THIIA.

s perenusi mpobJEeMbI BOCIOJb3yeMcs (QyHKIMell return,
BKJIIOYEHHOM B IpeJIroanio u umemorieil tum a -> I0 a. Ormernm, aTo
dynkiua getlLine, ucnosb3dyemMas HAMU B IPEAbLIYLIUX IIPUMEPAX,
OIIpEJIeJIeHa, B MIPEJIIOAUN TAK2Ke C IOMOIIBI0 PYyHKINKM return:

getLine :: I0 String
getLine = do c <- getChar
if c¢==’\n’ then return ""
else do cs <- getLline
return (c:cs)

ObOparure BHUMaHWE HA BTOPOE yTBEp:KAeHHE do, BXOJsINEe B BETBb
else. Kaxmoe do-yTBepikieHne SIBIASETCS €IUHCTBEHHOI IIEIOYKO
yTBep:KAeHuit. JItobast BHEAPSIOMIAsICS B Hee KOHCTPYKIINS, TaKas KaK
if, moKHaA MCOOJb30BaTh HOBOE dO-yTBeEpXKJEHWE JJId WHUIAAIAN
JaJbHEUIIIe MOC/Ie10BATeJIbHOCTU JeMCTBUNA.

Oyuknust return 6eper HEKYIO BEJIMYNHY U ITPEBPAIIAET €€ B Jeii-
CTBUE, CBA3aHHOE C BBOJOM-BBIBOJIOM JAHHBIX. KakuMm ke 00Opasom
OCyIIECTBUTH OOpaTHOe mpeobOpaszoBanme? MOXKHO JiM HCIOIB30BATH
BesinauHbl Tua 10 B OOBIYHBIX BbIpaxkeHusx! OTBeT Ha IIOCIeTHUI
BOIIPOC — OTpHUIATEebHbIN. Helmb3sa cMmernmmuBaTh AefiCTBUS U BEJIUIH-
HbI B OJTHOM BBIPasKEHUU.
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» Vnpaorcnenue VIIL1.1

Onpenenure pyuknuio ready ¢ nmomornbio return. /[na meuatu pe-
BYHbTwHinHMEHHTe(bYHKHHK)print(T&KH«ECOAGPHGHHYKX}IB(baﬁ—
se Prelude.hs), koTropas mpeobpasyer CBOil apryMeHT B CTPOKY 1
medaTaer ee, J00aBisiss CAMBOJI ’\n’ B KOHIIE.

ready = do ¢ <- getChar A
return (c == ’y’)

e2 = do r <- ready
print r

Temepp MBI MOKeM yBHUIETb Pe3yJbTaTbl paOOThl (yHKIUH ready
(True, ecnu BBezeH cuMBo ’y’ u False B IPOTUBHOM CIIydae):

> e2 H

dFalse

---> e2
yTrue

Ormerum, uTo dyHKIMIO ready HeIb3s HUCIOJb30BATH AHAJOTUIHO
OOBIUHBIM JIOTMYECKUM BeJIMYUHAM (HAIPUMED, BKJIOYUTH B JOIHYe-
CKO€ Bpra}KeHI/Ie), Tak Kak ee Ttuir — I0 Bool:

---> ready && True H
ERROR - Type error in application

*** Expression : ready && True

***x Term : ready

**x Type : I0 Bool

*x*x Does not match : Bool
---> print (ready)

<<I0 action>>

---> :type ready

ready :: IO Bool

<

OyHKIUA print BbBIBOOUT Ha [€4aThb CBOM apryMeHT, €CJIu OH OT-
juder ot tuna I0 t aasa jgoboro t.

---> print True H
True

---> print"Hello"

"Hello"

---> print 3

3
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---> print(putChar ’p’)
<<I0 action>>

Bennunasl Tuna I0 pa3zmensior MUp IporpaMM, HAIIMCAHHBIX HA
s3bike Haskell, na Besmmumabl u geiictBus. B mpeabraynmx pasmesax
KHUTH MBI HCIIOJIb30BAJIN TOJbKO BEJIMYUHBI, HO Telephb Y HAC MOABU-
JIaCh BO3MOKHOCTD BBITIOJIHATD T€ UJIN WHbIe AeiicTBug. Hugs maet Ham
MHMOPMAITIIO O THIE BbhIpakKeHud IedaTas ero. OmnpemesmM CIHCOK,
copepzkamyit Tpu BesmunHbl TUNa 10, mocsie 9ero BbIBEIEM ero:

todoList :: [I0 ()]
todoList = [putChar ’a’,
do putChar ’b’
putChar ’c’,
do ¢ <- getChar
putChar c]

---> todolList
[<<I0 action>>,<<I0 action>>,<<I0 action>>]

Kakum ke 00pa30M MOKHO BBIIIOJIHUTH IEACTBUs, 3aJaHHBIE B
crucke todoList? Bkurtouennast B mpesonnio yHKIUS Sequence_
ITO3BOJISET BBIMIOJHATH JeCTBUSA, 3aJaHHble BeanunHamu Tuma 10 ().
Ecnu ee mpuMeHUTh BeIMYMHAM, aHAJOTMYHBIM CIUCKY todoList, To
neiicTBrs OyoyT BBIIIOJHEHBI:

---> sequence_ todolist
abc!!

31ech CHadaJa OBLJIM HalledaTaHbl CUMBOJIBI 'a’, 'b’, '¢’. mocjie 4dero
) ) )

OXKHIAJICS BBO/I, €IIle OJTHOTO CUMBOJIa. B manHOM mpumepe ObLT BBEIEH
cuMBOJI '!”, «3X0» KOTOpPOro OBLIO HAIEYATAHO IIPHU BBOJE CHMBOJA, A
3aTeM OBLIO BBITIOJIHEHO JielicTBre putChar ¢ — medaTh BBEIEHHOTO
CUMBOJIA.

2. Xpanenue nadopmarnuu B gaitaax

Msb1 HayunIuch THUCATh TPOTPAMMBI, OCYIIECTBJISIONINE UHTEPAK-
TUBHOE B3aUMOJENCTBUE C TOJIb30BaTeeM: UWHMOPMAIUS OT TOJIH30-
BaTeJsd IIepejaeTcsd IIOCPEICTBOM BBOJA JAaHHBIX C IOMOIIBIO KJaBUa-
TYpbI, 8 WHMOPMAIUA I TOJb30BaTE/s BhIBOAUTCA Ha dKpaH. O-
HaKO MH@OpMaIsg, oToOpakaeMas Ha dKpaHe, CJIHUIIKOM U3MEHYNBa,
U He MOXKeT XPaHHUTCd Ha HEM OYeHb JOJITO — OHa CKOPO <«3aTHpa-
eTcs» npyroit madopmarueit. KoMobioTepHble CUCTEMBI MTPEIIATa0T
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crrocob coxpaHeHusi ”HPOPMAIUY B T€IYCHUH TPOJIOIKATETHHOTO BPe-
MEHW, OCHOBAHHBIN HA WCIIOJIb30BaHWU (haityioBoit cucrembl. B3awmmo-
JeficTBys ¢ daiigamMu, TporpaMMa MOXKET TOIYyYUTbh WHPOPMAIIAIO U3
daiina, Kak TOJILKO OHA TOTpedyeTcsi. THTEpakK TUBHO B3anMOIeCTBY I
¢ QaitIoBOli CHCTEMOM, IIpOrpaMMa MOXKET BOCIIOIb30BAThCSI MHQOP-
Manueit u3 aiia, CO3JaHHOIO paHee JIMOO €10 CaMoil, JuOO JAPYTruM
IPOTPAMMHBIM CPEJICTBOM.

[Ipenmomoxum, ayTo TpedyeTcs HamucaTh nporpammy Ha Haskell,
KOTOpasi OyJIeT 3aMucChiBATH B (Pailjl CTPOKY TEKCTa, BBEJIEHHYIO C KJIa-
BUATYPHI. [IporpamMmma MOKeT BBITJIAAETH TaK:

main = )\
do
putStr (unlines["Bsezgure omuy cTpoky:"])
lineFromKeyboard <- getLine
writeFile filename lineFromKeyboard
putStr ("BBemeHHas CTpoKa 3amucaHa B daim\"'"++
filename ++ "\"")
where
filename = "oneLiner.txt"

Sanuchk B aiiyi OCYIIEeCTBIIAETCS TTOCPEICTBOM KOMAHILI BHIBOJA, HA-
3piBaeMoii writeFile. IlepBoIit apryMeHT 3Toil pYHKIMU — CTPOKA,
coJiepzKalliasi UMs CO3JaBaeMoro gaiiyia, a BTOPOil — CTPOKa, 3aMKUChI-
BaeMas B Hero. B janHOM ciiydae BhIBOJIMMAasi CTPOKA COZEPKAJIa BCETO
OJIMH CUMBOJI OKOHYAQHUS CTPOKU, HO B OOIIEM CIydae UX MOXKET ObITh
HEeCKOJIbKO. Clieyomnmii CKpumT co3aaer aiij, coaep:KuMoe KOTOPO-
ro pa3JesIeHO Ha TPU CTPOKU TEKCTa:

main = writeFile "books.dat" (unlines books) )\
where
books = [

"A.C. Nymkwmur, \t \"Ckaska o pubake u pubre\"",
"I.H. Tomcrtoit, \t \"Boitma um mmp\", =.1",
"B.A. 3opuy, \t \'"Maremaruueckuii amamuz\", T.2"

]

Hwuxe nmokaszana paboTta 3Toi TporpaMMbl. /IjIs mMoTydeHnst BbITIOTHSIE-
MOTO KOJIa HCIIOIb30BaJjIcst KomnuiaaTop ghe. Komanna 1s -1 Bblmaer
nadopmaIuo o pa3dmepe daita u nmpasBax gocTyna K Hemy. Mbl Bu-
auM, 910 (aiit writeBooks, mosrydeHHbIN B pe3y/ibTaTe KOMITUJISIIAMN,
SIBJISIETCS MCIOJHAEMbBIM (B IpaBax JOCTYIIa COAEPKUTCS CHMBOJ X).
Kak yke oTMedasioch, OTKOMIUJINPOBAaHHAS IIPOTPAMMa, IIPU €€ BbI30-
Be BbIUUC/IgeT (PYHKINIO main, KOTOpasd B JTAHHOM IIporpaMMe CO3/1aeT
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daiia ¢ KOJIM4ecTBOM CTPOK, PAaBHBIM JJIMHE CIKCKa books. Komanga
cat BBIBOIMT COmep:KuMoe (haiiia MOCTPOIHO HA IKPAH.

$ ghc writeBooks.hs -o writeBooks

$ 1s -1 writeBooks

-rwxrwxr-x 1 test test 370558 Hos 18 17:40 writeBooks
$ ./writeBooks

$ cat books.dat

A.C. Tlymkus, "Ckazka o pebake u prbdke"
JI.H. ToxncToir, "Bomtma u Mup", u.l

B.A. 3opuu, "MaTeMaTuyeckuit aHamuzs", T.2
$

Nrak, komanma writeFile co3maer TekcroBbiii daiti. Komanma
readFile ocymiecTBisieT 0OpPaTHYIO OMEPAIUI0 — CYUTHIBAET JAHHBIE
13 CYIIECTBYIOIIEr0 TEKCTOBOTO haiiiia.

» Vnpaorcnenue VIIL2.1

Harmurrem mporpaMmy, 3apalinBaioniy 0 IMeHa BXOIHOIO U BBIXOIHO-
ro (hbaiiIoB 1 KOIMUPYIOIILYO TECT, COIEPKAINNICS B IIEPBOM, BO BTOPOIi.

)\ main
= do
putStr "VkaxuTe uMa BxomHOro ¢aima: "
ifile <- getLine
putStr "VYkaxuTe uMA BHXOZHOTO (pamiua:
ofile <- getLine
s <- readFile ifile
writeFile ofile s
putStr "®aiin ckomnmposax\n"

NuTepaKTUBHBIN MPOIlECC B3aUMOJIEHCTBUS ITOJIb30BATENI U IIPOTPaM-
MBI MOKET BBITVISIETh TaK:

H ---> main
YkaxuTe uMa BXOoZHOTO danma: testl.txt
YKaxuTe MMA BHXOZHOTO (aina: test2.txt
®aityi CKONUPOBAaH

—>

[Mony4yennslit BBIXOTHOI (hailsl naeHTHIEH BXOAHOMY (BOCIOIb3yHTECH,
HanpuMep, kKoMmannoi diff nada npoBepku 3TOro y'TBep}K,ZLeHI/IH).
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N3menum mporpammy, m100aBWB B Hee (DUIIBTP, KOMUPYIOMWA n3
BXOHOTO (haiisia TOJBKO OyKBBI U A PHI:

)\ main
= do

putStr "VkaxuTe mMa BXomHoro ¢aima: "
ifile <- getLine
putStr "VkaxuTe uMa BHXOZHOTO ¢aiinma: "
ofile <- getLine
s <- readFile ifile
writeFile ofile (filter isAlphaNum s)
putStr "®aiin ordunrTpoBar\n"

Termteps pu KoMpoBaHWYU, HaIpUMep, daiia, CoIepPKAIIEro CIeIyo-
e TPU CTPOKU

Ctpoxka 1.
Ctpoka 2.
Ctpoka 3.

MBI TTOJIy9UM OJHOCTPOYHBIN (haiit

CrpoxalCrpoka2CTpokald

Bonpocwv u 3adanus

VIII. 2.1

KakoB Oymer pe3yJibTaT BBIIOJHEHWSI KOMAHJbI Main, OIpeaeIeHHOMN
CJEYIONIUM 00pa30oM

main =
do putStr ("BeemuTe Bamm damunumo u mMa " ++
" (mampumep, IlleTpoB lUBam):")
firstLast <- getLine
putStr (reverse firstLast)

a) Cuavasa OyJerT BbIBEIEHO UMs, & 3aTeM (PaMUIIUSL.

6) Byuer BbiBeieHO TONIBKO UMs, & DaMUIKs IPOUTHOPUPOBAHA.

B) Byzner BbiBemeHo mMsi, HO B 0OpATHOM HOPSIZKE CJIEIOBAHUS OYKB.
r) Bynmer BbIBeneHO Bce, 94TO BBesU, HO B OOPATHOM IIOPSIIKE CJIETOBA-
HUS OYKB.
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VIIL.2.2

Kax nojzkHa BBITISIETh KOMaHIa BBOJA-BLIBOAA B IPEIbIIyIIeM IpU-
Mepe, 4To0bl OblIa HanedaraHa ogHa damuians (6e3 uMeHn):

a) putStr (take 1 firstLast)
6) putStr (drop 1 firstLast)
B) putStr (takeWhile (/=’ ’) firstLast)
r) putStr (dropWhile (/=’ ’) firstLast)

3. I'paduyueckuit uarepdeiic (GUI)

Pabora B COBpeMeHHBIX OIEPAIMOHHBIX CHUCTEMAaX HEMBICIUMA
0e3 MCTOMb30BAHUS PA3JIUIHBIX OKOHHBIX CUCTEM, TTPEIOCTABIISIONIIX
TTOJTH30BATEJIIO YI0OHBIE CPEICTBA B3AMMOAEHCTBUS C TTPOrPAMMAMU 1
JOCTyTa K pecypcam cucremb! (Hanpumep, daitiam). Opranusanus ta-
KOT'O JIMAJIOTa C MOJIb30BATEIEM OCYIIECTBIISETCS C TOMOINbI0 rpadu-
yeckoro mHTepdeiica nmoab3oBaresia (Graphical User Interface,
GUI), nosBossioniero yupasisTh NPUJIOKEHUEM C [IOMOIIbIO MbIIIH
WJIN TIyTeM BBOJA MHMOPMAINK B T€ U WHBIE TOJIT OKOH. [TomobHbIe
rpadudeckue nHTEpdENHCh MOTYT COJAEPXKATh KHOMKY, TTepeKIodaTe-
JIA, PA3JITIHBIE TIOJIOCHI TPOKPYTKH, BHITAIAIOIINE MEHIO U IPYTHUE e~
MEHTBI yIIPaBJICHUSI.

B coBpemenHOM NmpOrpaMMUpPOBAHUU TAKXKe SPKO BhIParKe€Ha TEH-
JIEHIIAS K HAIIMCAHUIO IPOrPaMM, HHTEPAKTUBHO B3aUMOIEHCTBY FOIIUX
C TIOIb30BaTeIeEM dYepe3 rpadudeckuii mutepdeiic. Takme mporpamMmbr
B OOIIEM CJTy4dae ABJISIOTCS Oojiee TMOKUMU, YeM MPOTPaMMBI C TEKCTO-
BbIM mHTEpdeiicom. Tpanummonno, GUI-nmporpamMmmupoBanre 1OMUHM-
POBAJIO B UMIIEPATUBHBIX A3BIKAX IIPOrPAMMUPOBAHUSI.

YuuTtbiBasgs BaXXHOCTH Tpaduyeckoro wmHTepdeiica Jisd s3bIKOB
JYHKIIMOHAILHOTO TTPOrPAMMUPOBAHUS CPa3y HECKOJIBKO TPYIII MIPO-
rpaMMECTOB pa3pabdarwiBaioT /i HuX cpegacTBa co3manmsa GUI.

HexkoTopble u3 3Tux cpes pa3paboOTKu rpaduueckoro nHTepdeiica
OCHOBBIBAIOTCS Ha OOIMNUX abOCTPAKIIUAX, 3AJI0KEHHBIX B UMIIEPATUB-
uble cpenbl paspaborku GUI, m Tepmsar Heymady mpw MOMBITKE Hai-
T CBOe Oymyiiee B (pyHKIIMOHAJIHLHOM MporpamMmvupoBanuu. Jpyrue
)Ke pa3paboTaHbl B (DyHKIIMOHAJBHOM CTHUJIE, YTO TO3BOJISET WCIIOJIb-
30BaTh WX, OCTABasCh B PAMKaX (DYHKIIMOHAJBHON MapaaurMbl ITPO-
rPaMMUPOBAHUSI.

[IepeuncimM mporpaMMHBIE CPEIACTBa, IIO3BOJIAIOIINE pa3padaThI-
BaTb rpadudecKuil maTepdeiic A mporpaMm, HAIMCAHHBIX Ha (DYHK-
IIMOHAJIBHBIX A3bIKAX:
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Fudgets
FranTk
TclHaskell
FRUIT
Gtk2HS
Haggis
Clean I/0
Gtk—+HS

Ocobo ormerum Fudgets, FranTk, Haggis, Clean 1/0O, koropbie siBjis-
forcs npeactaBurensvu pyHknnonaababix GUI. B mamy 3amagy ne
BXOJUTH OOydeHre IPUHIIATIAM Pa3paboTku rpaduueckoro narepdeii-
ca, MbI JIUIIb TPOJIEMOHCTPUPYEM UX BO3MOXKHOCTHU HaA Oa3e OHOTO U3
HUX, a uMeHHO FranTk.

FranTk (mpowssocurcsi kKak «(ppaHTUK» ) — OZHO U3 CPEJCTB pa3-
paborku GUI gna Haskell. OHo ucnosip3yer KOHIENIUIO [TIOBEIECHMS U
COOBITHI, YTO IO3BOJIAET MOJIEJNPOBATH PAOOTy CHCTEMBI B TEYEHUN
nuTeabHoro BpeMenu. K mononmaurenbabiM mnpenmytinectBaMm FranTk
MOXKHO OTHECTH €ro HE3aBHCHUMOCTH OT ILIAT(OPMBI: C €ro IIOMOIILIO
MOKHO CO3/IaBaTh IIPOIPAMMBI C OKOHHBIM HHTEepdeiicoM, (pyHKITMOHU-
pyfomue kKak B Linux, Tak u 8 Winows.

Cobvimus (events) MCIIONB3YIOTCS [IJIs OTIV-
CaHUs BEJIMIWH, KOTOPhIE TPOUCXOASAT JUCKPET-
HO, HAIpuUMep, Haxkatne KHONKHU. [losedenue
(behaviors) — ecrb HempepbIBHAsI BeJMYUHA B
TedeHue IMPOIOIKUTEILHOIO BpemeHu. Bemu-
YUHBI TAKOTO POJIa WCHOJB3YIOTCS IS TIPE-
CTaBJIEHUSI COCTOSHUSA TpuyioxkeHnsd. CoObITus
U TIOBEJICHUS MOT'YT OBITh WHTEPAKTUBHLIMU.
Hampumep, HaMm MoxkeT moTpeOOBATHCSA TTOBE-
JIeHVe, KOTOPOE M3MEHSIETCST B 3aBUCUMOCTH OT HEKOTOPOTO COOBITHSI.

IIo cytu, FranTk ecTth nmpumeHeHne MIMPOKO M3BECTHBIX CPEICTB
Tcl/Tk. Hmxe npusenen kox mporpammbr Ha s3bike Haskell, koro-
pas co3aeT OKHO, COJiep:Kalllee JIB€ KHONKU U IIOJIOCY MPOKPYTKHU
(scrollbar). Ilpu HaxkaTwm Ha COOTBETCTBYIOILYIO KHOIKY 3HAYEHUE
CYETYNKA, yBEJIMINBACTCS, INOO YMEHBITAETCS HA €IUHUILY:

module Main where
import FranTk

main :: I0 O
main = display $ withRootWindow [title "CueTuux"]
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$ scaleAndButton

scaleAndButton :: Component
scaleAndButton = do { m <- mkBVar O; composite m}

composite, scale, counterB, lbl, 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 (1liftl show (bvarBehavior m))]

incr m = mkButton [text " +1 "] (telllL (bvarUpdInput m)
(+1))

decr m = mkButton [text " -1 "] (telll (bvarUpdInput m)
(subtract 1))

18 KOMIIATIATIAY BBITTOTHUM KOMAaHTY
ghc -0 -package FranTk -o exampleFranTk exampleFranTk.hs

B pe3ynbraTre KOMOUIANUU TOJYyYaeTCs BBIMOJHAEMBbIR  aiii
exampleFranTk. Ilocie 3amycka mporpamMMbl IOSIBJISIETCA OKHO,
[IO3BOJIAIOIIEEe MO0 HakKaTWeM Ha KHOIKY, JIHOO IepeIBHKeHIEM
OeryHka Ha, II0JI0Ce IIPOKPYTKU MEHSITh 3HAYEHUE CYETUNKA.

BoJstee mogpobuyio napopMaInio 0 Bo3MokHOCTSX FranTk u apy-
TUX CPEACTB, IPEIHA3HAYEHHBIX [JIs CO3JAHUS IPapuIecKOoro mHTEP-
deiica, MOXKHO HAWTU B CETH MHTEPHET IO CJIEAYIOINIUM A PEecaM:

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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