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I'masa 1

IIpuBeTCcTBYIO!

[Tepen Bamu — kuura o Haskell, ynuBuTenbHOM U TpeKpacHOM SI3bIKe IpOrpaMMuUpoBa-
HUSL.

HO‘IeMy 3Ta KHUTra IosABMUJIach

[ToTroMy UTO MeHSI OTKPOBEHHO focTaio. [loutu Bce n3BecTHble MHe kKHUrY 0 Haskell Ha-
YMHAIOTCS C IpUMepa peanusalnuy 6bICTPOI COPTUPOBKU U — KyJia X 6e3 Heé! — mocie-
noBaTenbHOCTY OubOHAUUM. ITAa KHUTA He TaKasi: MMHMMYM akaZeMKu3Ma, MakKCUMMyM
MPaKTUYHOCTMU.

Henpb

DYHKIMOHAIBHOE TTPOrpaMMMpPOBaHME — CBOeoOpa3HOe TeTTO IMOCpeay Merarosmca
Hatieit uuayctpumn. o GyHKIMOHANbHBIX SI3bIKOB TTOKA eIllé 0YeHb Majia, ¥ MHOTUe
pa3paboTuMKy Mo6aMBaOTCSI 3HAKOMCTBA C STUMM si3bIkamMu, 1 ¢ Haskell B oco6eHHOCTM.
Most 11e/1b — paspyunuTb 3TOT CTpax. BeposTHO, BbI cibliiany, uto Haskell — aTo uTto-To
apXUCIOKHOE, CYTY00 HAayUYHOe ¥ HEIIPUTOIHOE IJIsI peaibHO XKu3Hnu? UnraiiTe naablie,
" BCKOpe BbI yoeauTech B 06paTHOM.

O cebe

OOGBIKHOBEHHBIN TPOrpaMMMUCT-caMoyuka. PaspabarteiBato ¢ 2006 roga. B 2012 romy
BIiepBble yoibiian npo Haskell, yskacHysncst u mocmnemmna o HEM 3a6bITh. B 2013 Bcriom-
HWI OTISITh, B 2014 yB/IEKCS BCepbes, a B 2015, mocate 8 sieT sku3Hu ¢ C++, OKOHUATETHHO
nepemén B Haskell-mMup. Taxke s MOMOXWJI HAYalo PYCCKOSI3BIYHOMY COOOIIECTBY
Haskell-paspa6otunkoB!. VI ma, s geiicTBUTENbHO MCIOMb3YI0 3TOT A3bIK B CBOEii
KayKIIOIHEBHOI pabore.

http://ruhaskell.org/
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O Bac

3HaeTe, 4yTO Takoe KoMiwigTop? He 6ourech KOMaHAHOI CTpoKu? CIIbIIIAIN CIOBO
«dyHK1MsI»? Eciu ja — cMeso mpoio/KaiTe YMTaTh, HUKAKMUX TOTOTHUTETbHBIX HAaBbI-
KOB OT Bac He okugaeTcs. M Kakoii-11060 MaTeMaTu4eCcKoil OJArOTOBKY — TOKeE.

Ooemanue

Bo3MOsKHO, BBI TT0 Y1y BiaoouTech B Haskell. Bo3MoskHO, OH BbI30BET Y Bac OTBpallleHMIeE.
O6emarm 0gHO — CKYYHO He OymeT. HauHEM.
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IlepBbIEe BOIIPOCHI

MHe 3afaBain X MHOXeCTBO pas. OTBeyaro.

«4To Takoe 3rot Baima Haskell?»

Haskell — uncTo pyHKIMOHATBbHBIN SI3BIK ITPOrPAMMMUPOBAHMS OOIEro Ha3HAYeHMSI, MO-
KeT ObITh MCIIO/Ib30BAH JIJIS PEIlleHNsI CAaMOTO IMPOKOro Kpyra 3agad. KoMnuanpyemsiii,
HO MOXET BeCTU Ce0s1 ¥ KaK CKpUIITOBbIN. KpoccriiaTrdhopMeHHbI. JIeHMBBIN, CO CTPOTOit
CTaTMYeCKOI TUMM3anuei. V1 OH He MTOXOX Ha Apyrye si3biku. CoBceM.

«IJTO YTO, KAKOM-TO HOBBIN SI3bIK?»

Bosce HeT. Victopus Haskell Hauanach emié B 1987 rogy. OTOT sI3bIK ObLT POXKAEH B Ma-
TeMaTU4YeCKMX Kpyrax, KOrma rpymiia JIIAei pelniaa co34aTh JydIinii GyHKIMOHAb-
HbIN 3BIK ITporpaMmMupoBaHus. B 1990 rony Bailvia repBas Bepcus s3biKa, HA3BaHHOTO
B 4eCTb M3BeCTHOTO aMepMKaHCKOro MaTeMaTuka Xackemia Kappu!l. B 1998 romy s13bIK
ObLT CTaHAAPTMU30BaH, a HaumuHasg ¢ 2000-X HaUajI0Ch €ro MeIJIeHHOe BXOXKIEeHMe B MU
IMPaKTMUYEeCKOTO MpOrpaMMMPOBAHMS. 3a 3TU TOAbI SI3bIK COBEPIIEHCTBOBAJICS, U BOT B
2010 mup yBuIen ero oO6HOBAEHHBIN cTaHAAPT. Tak UTO MbI MUMEEM JIeJIO C SI3bIKOM, KO-
TOPBIN CcTapiie Java.

«H KTO ero caenan?»

Haskell cospaBasics MmHOoruMu ogbmu. Hambosee n3BecTHas1 peaan3saius 13bIKa Hallia
cBoé BoroieHne B kommmisiTope GHC (The Glasgow Haskell Compiler), poguBiierocs B
1989 rogy B YuuBepcurete I'asro. Y KOMImasiTopa 66110 HECKOTBKO IJTAaBHBIX pa3paboT-
YMKOB, U3 KOTOPbIX Hanbojee M3BECTHHI Boe, Simon Peyton Jones? 1 Simon Marlow?.

https://en.wikipedia.org/wiki/Haskell Curry
http://research.microsoft.com/en-us/people/simonpj/
®http://community.haskell.org/~simonmar/
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BriociemctBuy BecOMblii BKIaz B pa3pabotky GHC BHew elé HeCKOIbKO COTEH Yesio-
Bek. Mcxogubiit kog, kommuasitopa GHC orkpeiT?. Kerat, cam kKoMnuiaTop Ha 82% Ha-
mucad Ha Haskell.

[lyist TI0OGOTIBITHBIX : MCUepIIbIBaoIee mosectBoBanme 06 ncropum Haskell 1 GHC unraii-

Te 37mech’.

«A ounonuorexku oias Haskell umerorcsa?»

O ma! VIx maske He COTHM — MX ThICSUM. B mpoirecce YTeHMsT BbI TO3HAKOMUTECH CO MHO-
MMM U3 HUX.

«/ uTo0, ero yxe MOXHO B production?»

OH yxe B production. C MOMeHTa BbIXOZa MEepPBOr0 CTAHAAPTA SI3bIK YIyUIIaics, pas-
BMBAJIaCh €ro 3KOCUCTEMA, TOSIBJISINCh HOBbIe OMOIMOTEKM, BBIXOOUIN B CBET KHUTU.
Haskell mosHOCTBIO TOTOB K CEpbE3HOMY KOMMEpPUYECKOMY MCIT0/Ib30BaHMIO, O YEM CBU-
IeTeJIbCTBYIOT UCTOPUM ycremHoro BHenpenus Haskell B 6u3Hece, B TOM umciae Kpym-
HoM®.

«A nopor BxoxaeHusi B Haskell Bbicoknii?»

U na n Het. OcBoeHne Haskell ¢JIOsKHO B MepBYyI0 ouepenb 13-3a €ro HelmoxXOoXeCcTy Ha
OCTaJIbHbIE SI3BIKM, [T03TOMY JIIOSIM, MIMEIOIIMM OITBIT PA6OTHI C APYTUMMU SI3bIKAMU, MO3-
I'M TIOJIOMATh MPUAETCS. IMeHHO IoJIoMaTh, a He ITpocTo rnomeBennTbh uvu: Haskell 3a-
CTaBJISIET MHAYe B3IJITHYTh Jake Ha pUBbIUHbIe Bemy. C apyroit croponsl, Haskell ipo-
Ile MHOTMX M3BECTHBIX SI3bIKOB. He BepbTe MHe Ha CJIOBO, BCKOPE BbI M CAMU B 3TOM ybe-
nuTech. M 3HaliTe: MHOTrMe JTioay, y3HaB BKyc Haskell, kaTeropmuecku He skeaioT BO3-
BpaIIAThCs K APYTUM sI3bIKaM. $I Bac mpeayTripeani.

«A s C/IBIIIAJ eIlé MPo KaKue-TO MOHAbI...»

Ia, ectb Takoe meyio. Hekoropsie Bemy 3 Mupa Haskell He MMerOT MpSIMbIX aHAJIOTOB
B IPYTMX SI3bIKAX MPOrpaMMMPOBaHMs, M 3TO BBOAUT HOBMYKOB B cTyriop. Ho He 6Gecrio-
KOJTECh: s caM IPOILENT yepe3 3TOT CTYIIOP ¥ XOPOIIIO Bac MOHMMal0. IIoMHUTEe: HOBOE
JIUIITb KaXKeTCSI CTPALTHbIM.

“https://ghc.haskell.org/trac/ghc
Shttp://haskell.cs.yale.edu/wp-content/uploads/2011/02/history.pdf
®https://dshevchenko.biz/hs-research/Haskell-in-the- Large.pdf
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«A ecimu cpaBHUTB ero ¢ C++/Python/Scala...»

CpaBuenue Haskell c mpyrumu si3pikamu BBIXOAUT 32 paMKU 3Toii KHUTU. Heckonbko pas
BbI BCTPETUTE 3/1€Ch KyCOUKM KOJA Ha IPYTUX SI3bIKAX, HO Sl TPUBOXY UX UCKITIOUUTETHHO
1S TOTO, UTOOBI OUepPKHYTh pasnuune ¢ Haskell, a BoBce He 1Ji cpaBHEHMS B KOHTEK-
CTe «wIyule/xyske». M1 Boob11e, 51 6yay 130 Bcex CUJI cTapaThesl He BocxBaisaTh Haskell 6e3
Mepbl, 51 XOUY JIMIIb paccKa3aTh BaM IIpaBAy 0 HEM. Moii BBIBOZ 00 3TOM SI3bIKe ST yiKe
caesaj, a CBO BbIBOJ, O HEM Bbl JOJDKHBI CIeIaTh CaMM.
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00 3TOM KHUTre

B nocsieiHMe TOABI 3aMEeTHO BO3POC/IO UMCI0 KHUT, TOocBsIEHHbIX Haskell, v aTo pagyer.
Kaskmast 13 HUX IpeceayeT CBOIO 11e/Ib, II03TOMY TPYAHO CKa3aThb, KaKasl U3 HUX JIydIIle.
Llenpb 3TOV KHUTY ABOSIKAS.

Bo-mepBbIX, 1 Hayuy Bac maBHOMY B Haskell. OcHoBaMm, 6e3 0CBO€HMSI KOTOPBIX IBUTATh-
Cs1 TaJIbllle HUKAK He MOTYIUTCS.

Bo-BTOpBIX, S paspyiry cTpax. Yske MHOro jieT Bokpyr Haskell ButaeT gyx crpaxa, u g
CIIOJIHA OIIYTMJI ero Ha cebe. B meiictBuTenbHocT Haskell coBcem He cTpaliHblii, B HEM
HeT YEépHOI Maruu, ¥ YTOObI IIPOrPaMMMUPOBATh Ha HEM, BaM He HY)KHa yUYE€Hasl CTeTIeHb.
Bosee Toro, Bl yAMBUTECH, HACKOIbKO TTpocTo B Haskell menaTh MHOTMe Bemiyu, HO 3Ta
MPOCTOTA OTKPOETCS BaM JIMIIIb [TOC/Ie TOTO, KaK Bbl 6/11M3K0 ITO3HAKOMUTECHh ¢ Tpemst Ku-
tamu Haskell, a Takke ¢ rocrioxkoit Uepenaxoit, mogaepskuBaloniein oHbIX. MiMeHa 3TUX
KutoB 1 Uepernaxu Bbl y3HaeTe yKe B CJIeAyolIel Imase.

JTa KHUTa He BO3BEIET Bac Ha BepIIMHDbI Haskell, HO OHa OTKpOeT BaM ITIYTb K 3TUM BeEP-
IIMHaM.

Yero 3aech HET

Tpéx Belet Bbl He HalIE€Te HA CTPAHUIIAX 3TOI KHUTU:

1. McuepmnsiBarinero crpaBouHuka 1o Haskell. [Iy6npoBaTh oduiiMasbHOe OImyca-
Hue crangapra Haskell 2010! s He cTany.

2. Habopa roToBbIX pelLienToB. 3a pelentaMy noxanyiite Ha Stack Overflow?.

3. BBemeHusi B MaTeMaTHUuecKyto Teopuio. Hecmotps Ha To, uTo Haskell kopHsimu cBo-
MMM YXOOUT B MAaTEMATHUKY, B 3TOV KHUTE HET IMOrPY>KeHMSI B TEOPUIO KaTeropuii u
B MHbIe Teopun. VI3BMHUTE, ec/ii pa3oyapoBall.

'https://www.haskell.org/onlinereport/haskell2010/
2http://stackoverflow.com/questions/tagged/haskell

13
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O nnepBOM M BTOPOM U3JAaHUU

Ha 06/105kKe BbI BUIeIM MeTKY «u3aanue 2.0». [lepen BaMu BTOpoe M3aaHMe, TOJTHOCThIO
repepaboTaHHOE ¥ ITepeoCcMbIC/IeHHOe. BOT iBe NMpuUMHbI, TOOYAMBIIINME MEHS Tepeni-
CaTh KHUTY.

[lepBast — Mou ommoOKM. I yOEKIEH, UTO 00y4YaTh SI3bIKY MPOTrPaMMMPOBAHUSI MOTYT
JIMIIb Te, KTO MCIOb3yeT 3TOT SI3bIK B CBOEH KaXXmomHeBHOW pabore. Ha MomeHT
HaIMcaHus IIepBoil Bepcuu s enié He paboran ¢ Haskell, a moTomy MHOroro He 3Hasl u
He TTOHKMMaJI. B pesynbTaTe yacTh MHGOPMAIMK U3 TIEPBOTO U3TAHMS ObIa OTKPOBEHHO
6emHa, a HECKOJIbKO IIaB BOOOIIe BBOAM/IM YMTATENS B 3a0TyKIeHME.

BTopasi npuyynHa — M3MeHUBIAsICS 11e/ib KHUTU. Sl HaMepeHHO Cy3MJT KpyT paccMaTpuBa-
eMbIX 371eCh TeM. Terrepb KHUTA BCEIIEIO0 MOCBSIIeHa OCHOBAM SI3bIKa, [I03TOMY HE UIIUTE
37eCh pacCCMOTpeHMsI crienpuIecKux TeM. S He 0ueHb-TO Bepio B ujelo book-all-in-one,
KHUTA JIJIS HOBMYKOB JIO/KHA OBITH KHUTOM IJIS1 HOBUYKOB. BbI HE BCTpeTuUTe 3/1eCh HU
MIpUMepOB peanusannuy 3D-IBMKKa, HM pacckasa o pabote ¢ PostgreSQL, HM TOBECTBO-
BaHMs O IIPOeKTMpoBaHuy Urpel ajig Android. Bcé sTo MmoskHO Aenats ¢ Haskell, Ho 110-
IOOHBIM Te€MaM ITOCBSIIEHbI IPyTrue MyonnKaluy, KOTOpble HECOMHEHHO OYAYT BaM I10
TJIevy IocJie MPoYTeHMsI MOeil KHUTH.

YuraiTe nocjienoBaTe/JlIbHO

U 310 BaykHO. B mporiecce yTeHMs Bbl 3aMETUTE, UTO ST IEPUOIMUECKHM TTOTHMMAI0 BOITPO-
ChbI ¥ KaK ObI OCTaBJISIIO UX 6€3 OTBeTa. DTO Je/1aeTcs BIIOJIHE OCO3HAHHO: OTBEThI 00s13a-
TeJIbHO OYAYT JaHbI, HO B ITOCJIEAYIONIMX IJIaBax, TaM, IJe 3TO OyaeT Hamubosee yMeCTHO.
[ToaTomy TepenpbIrMBaHye C IJIaBbl HA IJITaBY MOXKET Bac 3aITyTaThb.

Bripouem, B Be6-Bepcuy KHUTH eCThb «IIpeMeTHbIN yKa3aTeab», KOTOPbI/ TOMOXKET BaM
OBICTPO HAWTY HY;KHOE MECTO, YTO 0OCOGEHHO IT0JIE3HO MTPY TOBTOPHOM ITPOUTEHUM KHU-
I'U.

1711 TFI0OOIIBITHBIX

B KOHIIe 60/IBIIMHCTBA IVIaB BbI HaiAETe He6O0IbILON pa3/ies, KOTOPbIi TaK M Ha3bIBAeTCS
— «JI71s1 MOOOMBITHBIX». YUTATh €ro HeoOsI3aTeIbHO, HO JII0003HATEIbHBIM HEIIPEMEHHO
MTOHPABUTCS. B 3TOM pasfesie s MpUBOXKY HEKOTOPbIE TEXHUYECKIE TTOAPOOHOCTH, UCTO-
pUUecKue CBeIeHMs U IMPOCTO MHTEepeCHbIe (DAKThI.

U1 yutute, okaayiicta: comepskumMoe pasgena «[jist T000IbITHBIX» MHOTA YYTOK JIO-
MaeT IOCIeA0BaTebHOCTh U3JIOKEHUSI MaTepuana, 3TO CAelaH0 OCO3HaHHO. IIoMHS O
MHOTMX BOTIpOCaxX uyMUTaTesieli K iaBaM U3 TIpeIbIayIero u3aaHus, s BbIHeC OTBEThI Ha
HEKOTOpbIe 13 3TUX BOIIPOCOB B AHHBIN pa3fes, M MO3TOMY OHBIN, CKakeM, B 12 r1aBe
MOXEeT CChbUIAThCSI HA MaTepuasl, U3JI0KeHHbIN aulllb B 16 miase. EciM comHeBaeTech —
He YMTaiTe.
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O nosicHeHUaIX

Bo mHorux NnpmMepax NMCXoAHOIo Koga Bbl YBUAUTE MMOSACHEHMS BOT TaKOI'O BMaad:
type String = [Char]

™Mn  3TOT paBeH ToMmy

Taxkue nosicHeHUEe cienayeT 4YnMTaTh CJieBa HAIIPpaBO M CBEPXY BHU3, U BbI Cpa3y MoJiMéETe
YTO K uemy. Kaskgast yacThb MOSICHEHUS pacIIojioKeHa CTPOro 1moa TeM KyCOUKOM KoJa, K
KOTOPOMY OHa OTHOCUTCH.

BorT el1é onuH npumep:
let (host, alias) = (”173.194.71.106”, “www.google.com™)

AdHHOE 3HayeHue
3TO
XOCT
a BOT 37O
3Ha4yeHune
3TO
nMa

31ech 51 TOBOPIO BaM: «/JlaHHOe 3HaUeHMe — 3TO XOCT, & BOT 3TO 3HaUeHue — 3TO UMsi». B
psizie Cay4aeB s MCITOIb3YI0 TAKKe pasIMyHOTO BUAA MOTUYEPKUBaHME:

(host, alias) = (”173.194.71.106”, “www.google.com”)

31ech s IPOBOXKY Mapasesib: «3HaueHMe host aCCOLMMUPOBAHO CO CTPOKOT 173.194.71.106,
a 3HaueHMe alias — CO CTPOKO www.google.com».

biaromapHoCTh

OTa KHUTra — IUIOJ He TOJIbKO MOWX yCUIMi. MHOTMe WieHbl Halllero coo0IecTBa Io-
MOIJIM MHE COBETaMM, 3aMeUaHMsIMM U UCIpaBaeHusIMu. bobioe cracu6o Bam, apy-
3bs!

A emé s 6imaromapio Bcex Tex, KTo co3nan Haskell, u Bcex Tex, KTO HEyCTaHHO COBep-
IIEHCTBYET ero. Bammmu ycuamssMy Haia mpodeccusi CTaHOBUTCS elé 6ojiee mpeKkpac-
HOI1!
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C/I0BO K YMTaBIIMM IIepBoe n3gaHnue

Ec/ivt BBl He unTaayu ero — MoxkeTte IepexognThb K CJIQ,E[YIOH.[ef/i riiaBe.

Kax yske 61710 CKa3aHO, 11eJb KHUTY TTOMeHSIIach. S yoeskI€H, YTO HOBUUKY CJIeyeT 1aTh
(dbyHIamMeHT, 0CBOMB KOTOPbIN, OH CMOXKET Y>Ke CAaMOCTOSITe/TbHO M3Y4aTh TO, YTO HYKHO
MMEeHHO eMy. § 6osblile He XOUy aBaTh UMTATESIM PbIOY, ST XOUy AATh UM yIOUKY. ITo-
3TOMY 37€Ch HET [TOBECTBOBAHMIT 060 BCEX MMEIOIINXCS MOHAIHbIX TpaHCchopMepax, Ui
000 Bcex KOHTeliHepaX, win 0 KMeTTOBCKUX JIMH3aX, Win o Tpybax ['oHcaneca.

S coenato YIIOp Ha TEOPUIO, HO YJKe I‘HY6)KQ. TaK, B ITPOIIJIOM M3OaHUU g 4aCTO MUCIIO/TIb30-
BaJl HETOUHYIO TEPMMHOJIOT IO, OTKPOBEHHO CTYIIMJI C OIIpege/ieHeM MOHaabl, IIPOTHaJI
KaKyI0-TO ITypry C CDBH, HM CJIOBOM He 0OMOJIBUJICS O CbYHKTOprIX M MHBIX 3aKOHAX, I10-
YT HE paCCKa3a O IIaTTePpH-MaTUMHTE 1 MUCITIO0/Ib30Ba/I MaJIO ITPMMEPOB peaJIbHOT'O KO a.
B sTom uspganum s IIOCTaparChb UCIIPAaBUTDb BCE 3TU OINOKMA.

U s 1o-npeskHeMY OTKPBIT [J1s1 Ballleit KpUTUKHA.
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IIpurorosumcs

MbI He MOXXEM HayvaTh M3y4eHMe SI3bIKa 0e3 MCITBITATEebHOTO IOJIUTOHA. YCTaHOBUM
Haskell.

CoenaTb 9TO MOKHO HECKOJIBKMMM CIIOCO6aMu, MbI BbIGEpEM caMblii yoo6HbIii. HasbiBa-
etcst oH The Haskell Tool Stack!. 3Ta ManeHbKasi yTuauTa — BCE, UTO BaM ITOHA06MUTCA
71t pabotsl ¢ Haskell.

Haskell — kpoccrutaTdopmeHHbII SI3bIK, paboTatomuii 1 B Linux, u B macOS OS X, u gaxke
B Windows. OgHaxko B 2008 ropy st HaBcera rnokuHyn mup Windows, mosTomMy Bce mocJie-
IyIoIIye MpMMepbl B3aMMOIECTBUS ¢ KOMaHIHOM CTpOKOM nmogpasyMmeBarT Unix-way.
Brpouem, ecyiut Bbl Bcé-Taku ucnonbsyete Windows, 6yibTe yBepeHbl — BCE OIMMCAHHOE
HIDKe 3apaboTaeT 1 'y Bac.

Best koH(pUrypauys u nmpuMepsl Kojia orpoboBaHsl MHOI0 Ha Ubuntu 16.04.1.

YcraHaBsiuBaemMm

Mpém croma® 1 3abupaeM HYKHYIO HaM Bepcuio. O6muit Unix-BapMaHT yCTaHOBKM TIpe-
JleJIbHO TPOCT:

$ curl -sSL https://get.haskellstack.org/ | sh

l'oroso. [Tocne YCTaHOBKM HaM 6y,£[€T JOCTyIIHA KOMaHJa stack, 1 OHa — Hallle BCE.

Ha MOMeHT HamucaHusI KHUTY ST UCIIOIb30Bas stack Bepcum 1.4.0. Eciu y Bac 6oiee cra-
past Bepcusi — HellpeMeHHO 0O0HOBUTeCh. Eciiu ke 60jiee HOBast — y Bac UTO-HMUOYIb MO-
KeT paboTaTh He COBCEM TaK, KaK OMMCaHO HIKE, ITOCKOJIbKY stack BCE eIllé aKTMBHO pas-
BUBAaeTCs.

I'naBHOE (HO He e,JII/IHCTBeHHOE), 4TO YMeeT JesaTh stack, 3TO:

1. PasBopaumBaTh MHOPACTPYKTYPY.
2. CobupaTh MPOEKTHI.

'http://haskellstack.org/
2https://docs.haskellstack.org/en/stable/install and upgrade/

17
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3. YcraHaBaMBaTh OMOIMOTEKN.

Haskell-uHdpacTpykTypa — 3KOCHCTEMAa, KPaeyrojbHbIM KaMHEM KOTOPOIi SIBJISIETCS
paHee yromsaHyTblii komnuasatop GHC. Haskell saBasieTcsi KoMmmanpyeMbIM SI3bIKOM:
MIPWIOXKEHNE IIPeICTaB/IsieT co00i1 OObIKHOBEHHBIN MCIIOMHSIEMBIN (aHI. executable)
aiin.

Haskell-ripoekT — cpema mjist co3maHust IPUIOKEHUI U 6MO6IMOTEK.

Haskell-6161110TeKM — KeM-TO HalMCaHHbIe pellieHMs], Criacale Hac OT U300peTeHMsI
BeJIOCUIIEIOB.

PazBopaunBaeM MHPPACTPYKTYPY

Hemnaem:

$ stack setup

B pesynbraTe Ha Ball KOMITbIOTep OyHeT ycTaHOB/IeHa MHOPACTPyKTypa IMOCIeqHen
cTabuabHOM Bepcun. JKUTh BCE 3TO XO3SCTBO OyIeT B TOJbKO YTO CO3JaHHOM KaTa-
jore ~/.stack/. IMeHHO MO3TOMY yCTaHaBJAMBaTh MHOPACTPYKTYPY [JIs MOCTeAYIOINX
Haskell-mipoekToB Bam yske He MPUAETCS: eAMHOXIbI pa3BepHY/IM, UCIIONb3yeM BCeraa.
[Toka BaM He HYKHO 3HaTh 00 YCTPOJCTBE 3TOI MH(PPACTPYKTYPbI, BOCIPUHUMAIITE €€
KaK JaHHOCTb: Tellepb Ha BallleM KOMITbioTepe skuBeT Haskell.

Hi World

Cospamum Ha repBbiii Haskell-mipoekT:

$ stack new real

3mech real — Ha3BaHMe MMPoeKTa. B pesynbTaTe OymeT coO3haH KaTajor real, BHYTPU KO-
TOPOTO MbI YBUAUM 3TO:

app

L— Main.hs <- [naBHbi MOAY/Ab NPOFpPaMMbl
LICENSE

README .md

real.cabal <- C6opouYHblii KOHPUI npoekTa
Setup.hs

src

L— Lib.hs <- Eué oauH Moaynb
stack.yaml <- Koudur Stack

test

L— Spec.hs <- TecTbl, OHM HaM MOKa He HYXHbl

(T TTTTT T

Ternepb MepexoayuM B KaTajor real ¥ cO6MpaeM ITPOEKT KOMaH/I0¥i:
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$ stack build

3amoMHMUTE 3Ty KOMaHy, Mbl OyIeM UCII0Ib30BaTh €€ MOCTOSTHHO. B pesynbrare c60p-
KU MOSIBUTCS (aiin real-exe. PacmonaraeTcst OH BHYTPY CKPBITOTO KaTasiora .stack-work B
KOpHe mpoekTa. YTo6bI Cpasy ero 3aIyCTUTh, He KOIMAasiCh BO BHYTPEHHOCTSIX 3TOTO CKPbI-
TOTO KaTaJjora, MCIi0jib3yeM KOMaHy:

$ stack exec real-exe
someFunc

KomaHa stack exec 3aryckaeT mporpaMmy (B JAHHOM cJTydae real-exe) BHYTPHU stack-
OKpY>XeHMsI. B ogHOI 13 Moc/eqyouMx I71aB s ToApo6Hee pacckaxky 06 STOM OKPY>KeHUN.
BripoyeM, MbI MOKEM 3aIyCTUTD HAIITy IPOrPaMMYy M HamIpsiMylo, 6e3 stack. VicronHse-
MbIit aiis real-exe HAXOAUTCS BHYTPU CKPBITOT'O KaTajora .stack-work B KOpHE ITPOEKTa.
Hampumep, Ha MOEM KOMIIbIOTEPE MYTh K MCITOIHSIEMOMY (daiiay TaKoit:

.stack-work/dist/x86_64-1linux/Cabal-1.24.2.0/build/real-exe/real-exe

Ho MOXHO 1 yIpOCTUTB cebe XKM3Hb, BBITIOTHMB KOMaH[y:

$ stack install

B pesynbTaTe MCIOMHSIEMBIN (ain GymeT CKOMMPOBAH B KaTaaor ~/.local/bin (Top-
pasymeBaeTcsl, UTO TaKOi KaTajor y Bac yke mmeetcs). KcraTtu, monesHo m06aBUTh
~/.local/bin B PATH, UTO ITO3BOJIUT BaM TYT K€ 3aIyCKaTh [IPOrpaMmy:

$ real-exe
someFunc

Bot mbI 1 co3ganu Haskell-mipoeKT 1 3amycTuan Haury repByko ITPpOrpaMmy, BbIBEUIYIO
CTPOKY someFunc. Ho Kak ske 3T0 paboraet? IIpuiiia mopa mo3HaKOMUTHCS ¢ GpyHIamMeH-
TAJILHON eqVIHUIIEN TIPOEKTa — MOAY/IEM.

Mopaynu: 3HaKOMCTBO

Haskell-mipoexT cocTrout 13 momysneit. Mogynem HasbIBaeTcs ¢aii, cogepskalnii MCXo/I-
Hblii Haskell-kon. Ogun daitn — oguH momyinb. PaciipeHnne .hs — cTaHZapTHOE pac-
mpenus ajst moxyieii. B Haskell HeT MOHSITHS «3aro/0BOYHBIN (aiii»: KasKIblii U3 MO-
Ioyneit paccMaTpUBaeTCs KaK CaMOCTOSITe/IbHASI eIVHUIIA ITPOeKTa, coaepkaiiasi B cebe
pasHbIe MoIe3Hble Bellly. A UTOOBI BOCIIOIb30BAThCS STUMM BelllaMy, He0OX0IMMO OIH
MOJTy/Ib UMITIOPTUPOBATDH B IPYTOIA.

OTKpoeM MOIyIb src/Lib.hs:
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module Lib -- Wma modyns
( someFunc -- MHmepgelic modyssa
) where

-- Bcé codepwumoe MOOy/aS - 3ma QyHKyus.
someFunc :: I0 ()
someFunc = putStrLn “someFunc”

B mepBoit CTpOKe 0OBSIBJIEHO, UTO MMSI 3TOTO MOMY/IST — Lib. Jlajee B KPYIJIbIX CKOOKaX
yKasaH MHTepdeiic JaHHOTO MOYJISI, TO €CTh Ta €ro YacTh, KOTOpasi BUIHA BCeMY MMU-
py. B maHHOM ciTyJae 9TO eqMHCTBEeHHAsT QYHKIIMS someFunc, OObSIBJIEHME U OTIpeie/ieHye
KOTOpOJt UIET Jajiee, BCIe 3a KIOUEBBIM CJIOBOM where. [Toka BaM He HYKHO 3HATh O
CUMHTAaKCHCce OObSIBJIEHMSI U OTIpeiesieHnit QYHKIMY, B CJIEIYIOIINX TJIaBaX Mbl pa3bepém
€ro TIIaTeJIbHEeNIMM 00pa3oM.

Terepb OTKpOEM MOAY/b app/Main.hs:

module Main where
import Lib - - Mmnopmupyem mModyab Lib...

main :: I0 ()
main = someFunc -- /Mcno/ib3yem e2o codepwumoe. ..

OTO MOAY/Ib Main, IJIaBHbIV MOMAY/Ib HAIIETO ITPUIOKEHMSI, Belb MMEHHO 3eCh Ompee-
neHa QyHKUMS main. C TOMOIIbIO AUPEKTUBDI import Mbl BK/IIOYaeM CI0fa MOAYIb Lib U
MOsKeM paboTaTh C COMEPKMMBIM 3TOTO MOIYJISI.

3aroMHMTe MOAYJIb Main, C HUM MbI 6y,)1€M pa6OTaTb qaiie Bcero. Bce IIpMMepbl NCXO0M -
HOT'O KOJa, KOTOpbI€ Bbl YBUAMTE HA CTPaHMUIIAX 3TOM KHUTHU, )KUBYT MMEHHO B MOIYyJIe
Main, €C/IM He OTOBOPEHO MHOE.

Bce Moay/M B HalIMX MPOEKTaX MOKHO pasfenTh Ha JIBe YacTH: Te, KOTOpbie MbI Ge-
pEM U3 GMOIMOTEK U Te, KOTOPbIe MbI CO3/Iaau camMu. BUOIMOTEeKN — 3TO yKe KeM-TO
HaIMICAaHHbIE pelIeHNsI, B TOCIeAYIOIIMX IJIaBaX Mbl TO3HAKOMMMCS CO MHOTMMU U3 HUX.
Cpeny 6ubGMIMOTEK C/IeyeT BbIIEIUTD OJIHY, TAaK HA3bIBAEMYIO CTAHAAPTHYIO OMOTMOTEKY.
Mopynu U3 CTaHAAPTHOV 6MOIMOTEKY Mbl HAUHEM MCITOJIb30BATH Y3Ke B GMIMsKAIINX TJ1a-
Bax. A ofHa 13 I71aB OyAeT MOJTHOCTHIO MOCBSIeHa PaccKasy 0 6MOIMoTeKax: U3 Heé MbI
MOAPOOHO y3HAeM, OTKyZa 6epyTcst 6MOIMOTEKY U KaK MX MOXKHO MCITOJIb30BAaTh.

J1J1s1 TFOOOIIBITHBIX

o TosiBeHusI stack OCHOBHBIM cItoco6om ycraHoBkM Haskell 6p11a Tak HasbiBaemas
Haskell Platform®. OgHako MMeHHO stack, HECMOTpPS Ha CBOIO MOJIOZOCTb (BbILIET B
cset jetoM 2015 roga), IByseTCs peAIouYTUTeNbHbIM IyTéM B Mup Haskell, ocobeHHO
IJIsT HOBMYKOB. Ero HacToJabKO IMOa00mwiM, uto nocienHue Bepcuyu Haskell Platform
BKJTIOUAIOT B Cebs stack IO yMOTYaHUIO!

*https://www.haskell.org/platform/
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Kaxk BbI 3ameTwin, uMeHa (paitoB ¢ MCXOMHBIM KOJIOM HAUMHAIOTCS C OOJBIINOI OYKBBI:
app/Main.hs M src/Lib.hs. CTpOro roBopsi, 3To HeobsI3aTeIbHO, MOXKHO ¥ C MaJIEeHbKO OYK-
BbI, OJTHAKO JIJIsI TADMOHUY C MMEHeM MOZYJIS JIyullle TIPUIAePKUBAThCS OOIIEITPUHSITOM
MPaKTUKY ¥ Ha3bIBaTh (aityi MOAYJIS 10 MMEHM CaMOI'0 MOJIYJIS:

app/Main.hs -> module Main
src/Lib.hs -> module Lib ...

U ewé. ITpu co3maHmuy IIpoeKTa Mbl MOIJIM ObI MCIIOb30BaTh CXEMY simple BMECTO IIpe/I-
jlaraemoit 1o yMo4aHuio. [IJist 9STOro MpoeKT HY>KHO ObLJIO CO31aTh KOMaH/IO¥:

$ stack new real simple

rae simple — MM CXeMBbI ITPOEKTA. Heino B TOM, UTO KOMaH[a stack new MOXXeT CO3aBaTh
3aroTOBKMU ITPOEKTOB IJIsA PA3HbIX HYX/I. HpOCTeﬁmaH 13 3arOTOBOK Ha3bIBAeTCS simple.
B saTtom cy4dae B [IPOEKTe OTCYTCTBYeT MOAY/b src/Lib.hs, a €CThb IMIIb src/Main.hs:

LICENSE

Setup.hs

real.cabal

src

L— Main.hs <- EAMHCTBEHHLIN MOAY /b
stack.yaml

[ TTTT

[a, MbI MOTJTM GBI BOCIIOIb30BaThCSI JAHHON CX€MOJi, OMHAKO B 9TOM C/Ty4ae Mbl He YBU-
neny 661 MeXaHM3Ma MMIIOPTa OJJHOTO MOAYJIS B APYTOit. 51 paji, UTO BbI TO3HAKOMMJINCh
C UMIIOPTOM Y3Ke ceifuac, Be[lb B MOCIEAYIOIMX IJIaBaX MbI OyeM MOCTOSTHHO MCIIOb30-
BaThb pa3jMyHbIe MOIY/IN U3 MHOTUX OMOIMOTEK.
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Kutsl u Uepemnaxa

I/ITaK, IMMPOEKT CO3aaJ/IM, TEIIEPb Mbl TOTOBBI HAUATb Halll€ ITyTEIIECTBUE.

Haskell crouT Ha Tpéx KuTtax, umeHa KotopbiMm: @yHkuust, Tvn 1 Kimacc Tumos. OHM ke,
B CBOIO oUepeb, IOKOSITCS Ha OrPOMHOI1 Ueperaxe, MMsI KOTOpPOil — BeIpakeHune.

Yepemnaxa

Haskell-niporpamma npencraBiisieT co0607 COBOKYITHOCTD BhIPayKeHMI1 (aHIJI. expression).
B3rnsguaure:

1+2

910 — ocHoBHOJi Kupnuu Haskell-riporpammel, 6yas To Hello World mam yactb nHppa-
CTPYKTYPbI MeXKAYHapOIHOTO 6aHKa. KoHeUHO, TOMUMO CJIOXKEHUST e AMHUIIBI C IBOMKO
CYIIECTBYIOT M IPyTye BbIPaXKeHMsI, HO CyTh Y HUX Y BCEX OJTHA:

BoipaxkeHMe — 3TO TO, YTO MOXKET JaTh HAM HEKUit MOIe3HbIi pe3yibTar.

[Tone3Hblii pe3yabTaT Mbl ITOJTy4aeM B pe3y/abTaTe BbluncjieHus (aHII. evaluation) Bbipa-
skeHMsI. Bce BpIpaskeHMSI MOSKHO BBIYMCJINTD, OHAKO OJHY BbIPasKEHMS B Pe3y/IbTaTe BbI-
YyMCIeHUsI yMeHbIIaloTcs (aHI. reduce), a [pyrue — HeT. [lepBbie MHOTAA HA3bIBAIOT pe-
OyLVpyeMbIMM BbIDasKEHUSIMU, & BTOpble — HepenylypyeMblie. Tak, BoipaskeHue:

1+2

OTHOCUTCS K peylMpyeMbIM, IIOTOMY YTO OHO B pe3y/IbTaTe BbIUMCIEHUSI YMEHBIITUTCS
M aCT HaM JIPyToe BbhIpaskeHMe:

9TO BbIpa>k€HHe YK€ HeJIb35 YMEeHbIINTDb, OHO HepeaAyLpyeMoe 1 Mbl TE€II€Pb JIMIIb MO-
JKeM UCIIO/JIb30BaTh €ro Kak e€CThb.

22



I'maBa 5. Kutbl 1 Yepemnaxa 23

Takum 06pa3oM, BIPasKEHMSI, COCTABJISIONIME [TPOTPAMMY, BBIUMCISIOTCS/PEeYIIVIPYIOTCS
IIO TeX IOp, ITIOKa He OCTAaHEeTCS HeKOe OKOHYaTeIbHOe, KOPHEeBOe BbIpakeHue. A 3aIyCcK
Haskell-iporpaMmbl Ha BbITIOTHEHMeE (aHIVI. execution) — 3TO 3aIycK Bceit 3TOM Iie-
TOYKM BBIYUCIIEHUI, TIPUYEM C KOPHEM 3TOM LIEIIOYKU MBI YoKe IT03HAaKOMUJIUCh paHee.
[lomHuTe OYHKIMIO main, OMpeAeN€HHYI0O B MoAy/e app/Main.hs? Bor 3Ta dyHKIMS U
SIBJISIETCS [JIAaBHOJ TOUKOI Hallleli IIporpamMmmel, eé Aybdoii 1 Omeroii.

IlepBbiit Kut

BepHEMCS K BbIpaKeHMIO 1 + 2. [ToyIe3HBI pe3y/lbTaT MbI ITOJYYMM JIUIID TOC/IEe TOTO,
KaK BBIYMCJIMM 3TO BbIpakeHMe, TO €CTh OCYIIEeCTBUM CJIOKeHMe. VI Kak ske MOKHO «0OCY-
IIeCTBUTDH CJIokeHMe» B pamkax Haskell-mporpammbi? C momouibio GpyHKunM. iMeHHO
(YHKIMS TeaeT BoIpaskeHe BhIYMCIMMbBIM, MMEHHO OHA OKMBJISIET HAIly IPOrpPaMMYy,
roromy s 1 Ha3Bas dyukuuio ITepsbiM Kutom Haskell. Ho ma6s1 n36exaTh Hemopasyme-
HUIA, OTIpeneMcsl C TOHSITUSIMMU.

Yro Takoe QyHKIMS B MaTeMaTuKe? BCITOMHMM IIKOIBHBIN KypC:

OYHKIMSI — 3TO 3aKOH, ONMCHIBAIOIIMIT 3aBMCUMOCTh OJHOTO 3HAYEHUS OT
Ipyroro.

PaccmoTpuM (QYHKINIO BO3BEIEHMS 1I€JIOTO UMC/Ia B KBaJpar:

square v = v * v

DYHKIMS square OIpee/sieT MPOCTYIO0 3aBUCUMOCTh: UMCIY 2 COOTBETCTBYET UMC/IO 4,
YnCIy 3 — 9, ¥ Tak gajgee. CXxeMaTUMUHO 3TO MOKHO 3amycaTh TaK:

2 -> 4
3->9
4 -> 16
5 ->25

BxogHoe 3HaueHMe QyHKIMM HA3bIBAIOT apryMeHTOM. A TaK Kak GYHKIMS OIIpefesisieT
OIHO3HAYHYIO 3aBYCYMOCTH BBIXOTHOTO 3HAUEHMS OT apTyMeHTa, €€, PyHKIIMI0, Ha3bIBa-
IOT ellé 0mobpax;eHueM: OHa OTOOpaskaeT/TIpoelIpyeT BXOAHOe 3HaueHe Ha BbIXOJHOe.
[TorydaeTcst Kak ObI Tpy6a: KMHYIM B HEE 2 — C APYTO¥ CTOPOHBI BbUIETENO 4, KUHYIIU 5
— BbLJIETEJNO 25.

YT0o6bI 3aCTaBUTH GYHKIINIO CIIeIaTh ITOJIE3HYI0 paboTy, e€ Heo6X0IMMO IMTPUMEHUTD (aH-
1. apply) K aprymenTy. [Ipumep:

square 2

MbI ipuMeHMUIM QYHKIMIO square K apryMeHTy 2. CMHTaKCUC IpeAebHO MPOCT: M
dbyukuMM u yepes mpoben aprymeHT. Ecim aprymeHTOB 60jiee OIHOTO — IIPOCTO JOTN-
ChIBAa€M MX TaK ke, uepes mpoben. Hampumep, GyHKIMS sum, BBIYMCISIONIAS CYMMY JIBYX
CBOMX ILIeJIOUMCJIEHHBIX apTYMEHTOB, TPMMEHSIETCS TaK:
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sum 10 20

Tak BOT BeIpaskeHMe 1 + 2 €CTb HY UTO MHOE, KaK mpuMeHeHne GyHKiyu! 1 4ToOb! sicHee
9TO YBU/IETD, MIepeInIlieM BbIpaskeHNe:

(+) 12

910 nmpuMeHeHyre QYHKINUK (+) K ABYM aprymMeHTaMm, 1 U 2. He yauBinsitTech, 4To MMs
(yHKIIMM 3aK/TI0UEHO B CKOOKM, BCKOPE S paccKaxky 06 3ToM IogpobHee. A TToKa 3arioM-
HUTE [JIaBHOE:

BbIumcinTh BeIpaskeHMe — 3TO 3HAUMT IPUMEHUTb Kakue-TO GyHKIMYU (OTHY
iy 6osee) K KAKMM-TO apryMeHTam (OJHOMY Win 6osiee).

U eni€. Bo3MOsKHO, BbI CJIBIIIAJM O TaK Ha3bIBaeMOM «Bbi30Be» GyHKIMK. B Haskell byHK-
1IMY He BbI3bIBAIOT. [TIOHATME «BbI30B» (YHKLMM MPUIILIO K HAM M3 ITOUTEHHOTO sSI3bIKa
C. Tam ¢QyHKIUNUM IEeMCTBUTEIbHO BbI3bIBAIOT (aHI. call), moTomy uto B C, B oT/IM4Me
ot Haskell, mousitue «pyHKIMsI» HE MMeeT HMKAKOrO OTHOLIEHMSI K MaTeMaTuke. Tam
3TO MOATIPOrPaMMa, TO eCTh 060CO6IeHHBII KyCOU€eK IPOrpaMMbl, JOCTYITHBIN 10 HEKO-
TOPOMY ajipecy B rmamsaTu. Eciv y Bac ecTh ombIT pa3paboTky Ha C-MOJOOHBIX SI3bIKaX
— 3abyapTe o nopmporpamme. B Haskell pyukumst — 310 GyHKIINMSI B MaTeMaTUUE€CKOM
CMBbICJIE C/I0BA, IO3TOMY €€ He BbI3bIBAIOT, a IPUMEHSIOT K YeMY-TO.

BTopoit Kur

UTak, 1060e penylpyeMoe BbIpakeHue CyTh IpyMeHeHre QyHKIMM K HEKOTOPOMY ap-
TYMEHTY (TOXe SIBJISIIOIeMYCS BbIpaXkeHMeM):

square 2
GYHKUMA aprymeHT

AprymeHT IpeficTaB/sieT c000ii HEKOTOpOe 3HaUeHMe, eTo elllé Ha3bIBAaIOT «JaHHOe» (aH-
1. data). Janubie B Haskell — aTo cymHocTH, 06/agatone qByMsI IIaBHBIMM XapaKTe-
PUCTUKAMM: TUIIOM M KOHKPETHbIM 3HaquI/IEM/CO}lep)KI/IMbIM.

Tun — aro Bropoit Kut B Haskell. Tun oTpaxkaeT KOHKpeTHOe COAep>KMMOe NaHHbIX, a
MOTOMY BCe JaHHbIe B ITporpaMme 00s13aTesIbHO MMeIoT Hekuit Tui. Korga Mbl BUOUM
IIAaHHOEe TUIia Double, Mbl TOYHO 3HaeM, UTO Mepe HaMU YUCIO C TUIaBakoIeil TOUKOI, a
KOTJa BUOAUM JaHHbIE TUIIA String — MOKEM pydaThbCs, YTO Iepes HaMu CTPOKM.

OTtHomeHnne K Turam B Haskell oueHb cepb€3Hoe, 1 paboTa ¢ TUIIAaMU XapaKTepu3yeTcs
TpeMsI Ba)KHbIMM UepTaMM:

1. craTuueckas mpoBepka,
2. cuia,
3. BBIBEIEHUeE.
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Tpu 3T cBojicTBa cucteMbl THIOB Haskell — Hamm mo6psie Apy3bsl, Beob OHU IEJIAIOT
Hallly [TPOrpaMMMCTCKYIO KM3Hb cuacTauBee. [[03HaKOMUMCS C HUMUA.

CraTnueckasi mpoBepkKa

CraTuueckasi TpoBepKa TUIIOB (aHIJI. static type checking) — 3To mpoBepKa TUIIOB Bcex
IaHHBIX B IMpOrpaMMe, OCylecTBisiemMasi Ha sTarne kommusiiyuu. Haskell-kommmnsitop
VIIPSIM: KOTTA €My UTO-1100 He HPaBUTCSI B TUIIAX, OH TPOMKO pyraeTcsi. [losTomy ecin
byHKIMS paboTaer ¢ 1eabIMM YMCIaMy, IPUMEHUTD €€ K CTPOKAM HUKAK He TTOTYINTCS.
Tak 4yTO eI KOMIIUJISLIMS Hallle/l MPOorpaMMbl 3aBepIIMIIaCh YCIIENIHO, Mbl TOYHO 3HA-
€M, UTO C TUTIaMU y HacC BCE B mopsake. [IpermyiiecTBa cTaTu4eCcKoi MPOBEPKU HEBO3-
MOJKHO I1epeoLieHUTh, Beob OHa rapaHTUpyeT OTCYTCTBYME B HAIIMX ITpOorpaMMax Iiejioro
psiza omnboK. MbI yske He CMOKeM CITyTaTh YMC/Ia CO CTPOKAMM WJIM BbIYECTb METPbI U3
pyoieii.

KoHeuHO, y 3T0I1 Mefaiu eCcTb 1 06paTHasi CTOPOHA — BpeMsl, 3aTpauMBaeMoe Ha KOM-
MTAJISIMI0. BaM MPUIETCS CBBIKHYTHCS C 9TOV MBICIbIO: BHEC/IM M3MEHEHMS B IIPOEKT —
6ynbTe DOOpbI CKOMITMIMPOBAaTh. OAHAKO yTellleHNeM BaM ITyCTh MOCTYKUT TOT GakT,
YTO MPEMMYIIEeCTBa CTATMYECKON MPOBEPKM Kyda IleHHee BpeMeHM, ITOTPauyeHHOro Ha
KOMITMJISILIVIO.

Cuia

CunbHas (aHIVI. strong) cucTeMa TUIIOB — 3TO 6ECKOMITPOMMCCHBIV KOHTPOJIb COOTBET-
CTBUSI OKMAAEMOTO JlelicTBuTenbHOMY. Cuia ienaeT paboTy C TUIIAMU elllé 6oee akKy-
paTHOJ. BoT Bam nipumep u3 mupa C:

double coeff(double base) {
return base * 4,9856;

int main() {
int value = coeff(122.04);

OTO KAaHOHMYECKMI MpuMep MpobIeMbl, 00YCIOBIEHHOI ¢/1ab0ii (aHI/I. weak) cucTemoit
TUIOB. DyHKUMS coeff BO3BpalllaeT 3HaUeHMe TuIla double, OAHAKO BbI3bIBAOIASL CTOPO-
Ha OXMJIaeT ITOUEeMY-TO I1ejioe unciao. Hy BOT omm6/amch Mbl, KpUBO CKOIIMPOBAIN. B aToM
cryyae MpoM30iAET KyJTbHUUECTBO, Ha3bIBaeMoe CKPBITHIM IPUBeJeHeM TUIIOB (aHII.
implicit type casting): 4nc/I0 ¢ IIaBaOIIE TOUKOI, BO3BpaIIEHHOe GQYHKIINEN coeff, Oy-
IeT rpy6o cJIoMaHO MyTEM IIPUBEIEHMS €0 K TUITY int, B pe3y/IbTaTe uero ApoOHas 4acThb
OymeT OTOpOIIIeHa ¥ MbI TIOJTYUYMM He 608.4426, a 608. [Tomo6Has ommnbKa, KCTaTy, IIPUBO-
IIAJIa K CEPbE3HBIM ITOCIEACTBUSIM, TAKMM KaK YHUUYTOKEHME KOCMUYECKNX alapaToB.
HeT, 5TO BOBCe He 03HAYAeT, YTO CyIabasi TMIIM3AIMS y’KacHa cama 1o cebe, TPOCTO eCcTh
VHOW NYTh.

Bnaromaps cuibHO¥ Tunm3amuy B Haskell mogo6HbIi KO He MMeeT HY MaJIeiImX IIaH-
COB ITPOITM KOMITWJISITINMIO. MBI BCeraa moyiygaeM TO, UTO OXKUIAaeM, Y eC/IM TO/DKHO OBITh
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YMCJIO C TUIABAIONIEl TOYKOIM — pacimbuch, HO MPegoCTaBb MMEHHO ero. KommmisTop
CKPYITYJIE3HO OTCIEXMBAET COOTBETCTBME OXKMAAEMOro Tuma (pakTuueckomy, O3ITOMY
KOTa KOMITUJISIIIVSE 3aBEPIIIAeTCsT YCITeITHO, Mbl aO6COTIOTHO YBEPEHbBI B TAPMOHUY MEKITY
TUIIAMM BCEX HAIIMX JaHHbIX.

BoiBegeHue

BoiBefenue (aHr/1. inference) TMIIOB — 39TO CITIOCOOHOCTb OIPENENUTb TUI TAHHBIX aB-
TOMAaTUYECKM, TI0 KOHKPETHOMY BbIpaskeHMI0. B ToM ke si3pike C TUIT JaHHBIX CJIeayeT
YKa3bIBaTh SIBHO:

double value = 122.04;

omHako B Haskell MbI Hammmiem mmpocTo:

value = 122.04

B sTom cjiydyae KOMIIMUJISITOP aBTOMaTUYeCKM BbIBEJIET TUII value Kak Double.

BrIBefeHMe TUIIOB e/IaeT Halll KOf, JIAKOHMYHEE U ITPOoIIe B CONMPOBOXKAEHNM. Bripouem,
Mbl MOXXEM yKa3aTb TUII 3HaUEHUS U SIBHO, a MHOTA Aaxke JOJIKHBI 3TO cAenaTh. B mo-
CJIeIYIONIVX IJIaBaXx s 00bSICHIO, TIOYEMY.

,H,a, KCTaTu, BOT HpOCTEf;IH.IME CTaHOapTHbI€ TUIIbI, OHM HaM HOHa,I[O6$ITC$[Z

123 Int

23.5798 Double

’a’ Char
”Hello!” String

True Bool, ucTtuHa
False Bool, noxb

C Tunamu Int 1 Double BbI ke 3HAaKOMbI. Tutt Char — 310 Unicode-cumBosn. Tum String —
cTpoka, cocrosimas 13 Unicode-cmBoOB. THIl Bool — JIOTMYECKUI TUTI, COOTBETCTBY-
0N UCTUMHE WIU JDKU. B mocmenyonux rinaBax Mbl BCTPETUMCS €ll€ C HECKOIbKUMU
CTaHJAPTHBIMM TUIIAMM, HO ITOKA XBaTUT U 3TuX. M 3ameTbTe: ums tuna B Haskell Bce-
IIa HAYMHAETCS C O0IbINOV OYKBBHI.

Tpetuin Kurt

A BoT 0 Tperbem Kute, 0 Knacce THIOB, s 1oKa yMOJIdy, IOTOMY UTO 3HAKOMMUTBCS C
HUM CJIeIyeT JIUIIIb ITOC/Ie TOTO, KaK MbI ITOGIVIKE TTOAPYKUMCS C TIEPBBIMMU IBYMSI.

VBepeH, Moc/ie MPOYTeHMS 3TOI IVIaBbl y Bac MOSIBUJIOCh MHOYXKeCTBO BOIPOCOB. OTBETHI
6ynyT, HO To3ske. Bosee Toro, cienyonias riaBa HECOMHEHHO YIMBUT Bac.
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JIJ1s1 TF0OOIIBITHBIX

Ecnu BbI paboTanu ¢ 06beKTHO-OPUEHTUPOBAHHBIMM SI3bIKaMU, TakKuMu kak C++, Bac
YOUBUT TOT ¢akT, uto B Haskell MmeXay MOHSITUSIMM «TUII» U «KJIACC» TIPOBEIEHO UET-
Koe pasauuye. A OCKOIbKY TUIIaM U KiaaccaM TunoB B Haskell orBemeHa xonoccanpHO
Ba)KHAs pOjb, LOOPBIN BaM COBET: KOIAa B OyAyIIMX IVIaBaX Mbl [IO3HAaKOMMMCS C HUMMU
no6ysKe, He TbITaliTeCch MPOBOAUTH aHATIOTUM U3 IPYTUX sI3bIKOB. Hampumep, HEKOTO-
pble yCMaTpUBAIOT POACTBO MexAay Kiaaccamu Turos B Haskell u mutepdeiticamu B Java.
He penaiite 3TOrO, BO M306€kaHye MyTaHULIbI.
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Hen3sMeHHOCTDb M YMCTOTAa

B ripenbiayieii riaBe Mbl TO3HAKOMMWINUCH C QYHKIVSIMU U BBIPASKEHUSIMU, YBUTEB G113 -
KYIO CBSI3b 3TUX MOHSITUIL. B 3T0J I1aBe MbI ITO3HAKOMMMCS C QYHKIIMSIMU TTOOJIIKE, a
TaKXke y3HaeM, 4YTO Takoe «4MCTO QYyHKIMOHATbHBIN» SI3bIK U TIOUeMy B HEM HeT MecTa
orepaTopy NpucCBanuBaHMsI.

OO0BsABISIEM U ONpeaesisieM

[IpumeHeHMe GYHKIMM HAM yke 3HAKOMO, OCTAJIOCh Y3HATh MPO OObSIBIEHME U OTIpe-
neneHue, 6e3 HMUX UCIOMb30BaTh PYHKUMIO He MOMyunuTcs. [IoMHMUTEe QYHKLMIO square,
BO3BOZSIIIYIO CBOJ €AMHCTBEHHBIV apTyMEeHT B KBaApaT? BOT Kak BHITISIAUT €€ 00bsIBIIe-
HMe U oTIpe/ie/ieHne:

square :: Int -> Int
square v = v * v

[TepBasi cTpoKa COONEPKUT OObsIBIIeHUe, BTOpass — ornpeneneHue. OObsBIeHNe (aHIJ.
declaration) — 3TO BeCThb BCEMY MMUPY O TOM, UTO TaKasi GYHKIIMS CYII€CTBYET, BOT €€
MMSI ¥ BOT TUIIbI, C KOTOPbIMM OHa paboraet. Omnpenenenue (aHmI. definition) — aro
BECTb O TOM, YTO KOHKPETHO JieJlaeT JaHHast QYHKIMS.

PaccMoTpuM 0OBSIBIIEHUE:

square :: Int -> Int

OHO pasjeneHo OBOMHBIM IBOETOUYMEM Ha JIB€ YaCTU: CJieBa yYKa3aHO MMsS (YHKIINM,
CrIpaBa — TUIIbI, C KOTOPbIMM 3Ta (QYHKIMS paboTaeT, a MMEHHO TUIIbl apTyMEHTOB
M TUIT BBIYMCIIEHHOTO, UTOTOBOTO 3HaueHMs. Kak BbI y3HAIM U3 MPeIbIAYIIEl I71aBbl,
Bce maHHble B Haskell-mmporpaMme MMeIOT KOHKPETHBIV TUII, a TTOCKOJbKY (YHKIIMS
paboTaeT C JAHHBIMMU, €€ OObSIBIIEHME COIEPKUT TUIIbI ITUX JAHHBIX. TUIIBI pa3eneHbl
CTpeJIKaMN. CxeMaTUYHO 3TO BBITJIAONT TakK:

28
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square :: Int -> Int

nma ™n ™n

GYHKUMM  apryMeHTa  BblYMCJIEHHOIO
3Ha4veHnA

Takoe 00BsIB/IeHME COOOIIAET HAM O TOM, YTO (YHKIIUS square IIPMHMMAET eIMHCTBEH-
HbIl apryMeHT TuIa Int ¥ BO3BpalllaeT 3HaUeHMe TOro ke Tuma Int. Ecin ske aprymen-
TOB 60Jiee OJHOTO, OOBSIBJIEH)E TIPOCTO BHITSATMBaeTcs. Hanpumep, o6bsBieHne GyHK-
1IMU prod, BO3BpaIlaloIei Mpou3BeieHe IBYX 1eJI0YMCIeHHBIX apTYMEeHTOB, MOIJIO ObI
BBITJISIETh TAK:

prod :: Int -> Int -> Int
1M ™n T™n T™n
GYHKLUMN nepsoro BTOpOro BbIYNCIEHHOT O

aprymMeHTa  aprymMeHTa  3HayeHus

Vpeto Bbl IOHSUINM: UIIEM KPaitHIOO MTPaBYIO CTPEJIKY, X BCE UTO JieBee OT He€é — TO TUIIbI
apryMeHTOB, a BCE UTO ITpaBee — TO TUII BbIUMCIEHHOTO 3HAUeHMSI.

MbI He MOXkeM paboTath ¢ GyHKIMEN, KoTopasi Hu4ero He BbiuncisieT. To ecTb aHamora
C-dyHKIMM void f(int 1) B Haskell ObITh He MOKET, TaK KaK 3TO IIPOTUBOPEUYMUT MaTe-
MaTuueckoi mpupoae. OgHAKO MbI MOKeM paboTaTh ¢ PyHKIME, KOTOpast HUYEro He
MIPUHMMAET, TO eCTh ¢ aHajoroM C-yHKINM int f(void). C TakKMMM GYHKIMSIMU MBI ITO-
3HAaKOMMMCS B CJIeQVIOIIMX [VIaBax.

Terepb paccMOTpuUM ompeneneHne GYHKINN square:

square v = v * v

Cxema orIpenejeHMs TaKoBa:
square Vv = vV ¥y

nma nma 3TO BblpaxeHue
GYHKUMM  aprymeHTa

A yHKUMS prod OpeesieHa Tak:

prod X y = X *y
nms nms nms 3TO BblpaxeHue
GYHKUMM  nepBOro BTOpOro

aprymMeHTa aprymeHTa

OmnpepneneHne TOXe paseeHO Ha JIBe YacTy: cJieBa OT 3HaKa paBeHCTBa — MM QYHK-
MY U MMeHa apryMeHTOB (MMeHa, a He TUIIbI), pa3fieJéHHble TpobeaMu, a CripaBa —
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BbIpaskeHMe, COCTaBIsIolee CyTh QYHKIMM, €€ cogepkumoe. FiHoraa 3Ty yacTy Ha3biBa-
IOT «T'OJIOBOM» U «TEJIOM»:

square \ = v *vy
rosoBa ¢GyHKUMK Teno QyHkuun
(aHrn. head) (aHrna. body)

O6paruTe BHMMaHMe, peub 3/1eCh MIET MMEHHO O 3HaKe paBeHCTBA, a HMKaK He 00 orepa-
TOpe TipucBauMBaHusl. Mbl HUUEro He TIpUCBaMBaEM, MbI JIUIIb eKIapUpyemM paBeHCTBO
JIeBOI U MpaBoii yacTteii. Korma Mbl UIiem:

prod X y = X *y

MbI 00BSIBIISIEM cilenyioliee: «OTHbIHE BhIpaKeHMeE prod x y PaBHO BBIPAKEHMIO x * y».
MbI MOskeM 6e30MacHO 3aMEeHUTb BhIpaskeHue prod 2 5BbIPpAKEHMEM 2 * 5, a BbIpaKeHUe
prod 120 500 — BBIpasK€HMEM 120 * 500, ¥ IIPY 3TOM paboTa MPOrpaMMbl FapaHTUPOBAH-
HO OCTaHeTCsI HeM3MEeHHOIA.

Ho oTkyma y MeHs Takasi yBepeHHOCTb? A BOT OTKy/a.

Ynucro QyHKIMOHATIbHBIN

Haskell — umcro dyHkimoHanbubiil (aHra. purely functional) s3pik. UncTo dyHKIMO-
HaJIbHBIM OH Ha3bIBAETCSI IOTOMY, UTO [IEHTPAJIbHOE MeCTO B HEM y/IeJIeHO YMCTOM QyHK-
uum (aHr1. pure function). A umcToit Ha3pIBaeTcs Takast PyHKIMSI, KOTOpast MpeeTbHO
yeCTHA C HAMM: €€ BbIXOJJHOe 3HauUeHMe BCellesIo OIpeersieTcsl eé apryMeHTamMmu u 60-
Jiee HM4eM. DTO ¥ eCTh QYHKIMSI B MATEMaTUIECKOM CMbIC/Ie. BcmoMHMM (PyHKITMIO prod:
KOTJja Ha BXOJle UMia 10 U 20 — Ha BbIXOJle Bcerpaa OymeT 200, ¥ HUYTO He CIIOCOOHO IOo-
MeIaTh 3ToMy. OyHKIMS prod SIBJISIETCS YMCTOM, a TOTOMY XapaKTepu3yeTCst OTCYTCTBU-
eM 1mo60ouHbIX 3(pdekToB (aHr. side effects): oHa He croco6Ha caenaTh HUYETO, KPOME
KaK BepHYTb ITPOM3BeieHNe IBYX CBOMX apryMeHTOB. IMeHHO 1M03ToMY umcTast QyHKIMAS
TpefeTbHO HAJIEXKHA, BeIb OHA He MOXKET IPEITOIHECTY HaM HUKAKMX CIOPIIPU30B.

Ckaxxy 6oJibliie: uMcThie GYHKIMM He BUASAT OKpyKawouuii Mup. Boobiie. OHM He MO-
TYT BBIBECTY TEKCT Ha KOHCOJIb, MX HEJIb3s 3aCTaBUTH o6paborath HTTP-3ampoc, oHu He
YMEIOT IPYKUTh ¢ 0a30ii TaHHBIX U IIPOYecThb (aiiyl OHM TaKKe HecrocooHbsl. OHU CYyTh
Belllb B cebe.

A 9TOGBI yOIMBUTD Bac elié 60sblie, OTKPOIo ellé onuH cekpet Haskell.

«IIpucBauBanue? He, He cibImIal...»

B mupe Haskell HeT mecTa orepaTopy npucBauBaHus. BripoueM, 3TOT dhakT yauBUTeIeH
JIMIIb Ha TIepBbIi B3I/, 3aAyMaeMcsi: ecii Kakaast PyHKIVs B KOHEYHOM UTOTe Ipef -
CTaBJISIET COO0I0 BhIPAKEHME, BHIUMCISIEMOE MOCPEICTBOM MPUMEHEHUST KaKUX-TO IPy-
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X (PyHKIMI K KaKMM-TO APYTMM aprymMeHTam, TOTAA HaM IMPOCTO He HY)XHO HUYEro
HUUYEeMY ITPUCBauBaTh.

BcrioMHMM, UTO MpUCBaMBaHMe (AHIVI. assighment) MPUIILIO K HAM M3 MMIIE€PATUBHBIX
S13bIKOB. VIMITIepaTMBHOE MporpaMMMpoBaHye (aHI/I. imperative programming) — 3To Ha-
rpaBJjieHNe B pa3paboTke, 06bEAMHSIONIEE HECKOIBKO MapaurM MpOrpaMMUpPOBAHMSI,
OJTHOV M3 KOTOPBIX SIBJSIETCSI 3HAMEHUTasi 00beKTHO-OPMeHTUPOBaHHAs napagurma. B
paMKax 3TOr0 HallpaB/IeHMs MPorpaMMa BOCIIPUHMMAETCS KaK HabOp MHCTPYKLWIA, BbI-
TIOJTHEHME KOTOPBIX HEPA3phIBHO CBSI3aHO C M3MEHEeHMEeM COCTOSIHMS (aHIJI. state) sToit
MporpaMMbl. BoT moueMy B MMIIEpAaTUBHBIX SI3bIKAX 00S3aTEIBHO MIPUCYTCTBYET TTOHSI-
TUe «IlepeMeHHas» (aHIJI. variable). A pa3 ecTb lepeMeHHbIe — JI0/KeH OBITh U OTIEpaTop
npucBauBaHus. Korga Mbl muiiem:

coeff = 0.569;

MbI T€éM CaMbIM IIPpMKa3bIBa€M: «Bo3bpMM 3HaUYeHMeE 0.569 U nepesanmium MM TO 3Haude-
HIE, KOTOpOeE y>Ke COaep>KayloCh B HEDEMGHHOﬁ coeff mo aToro». repe3arimcbiBaTh 3TO
3HayeHne Mbl MOXXeM MHOXXeCTBO pa3, a CJieJOBAaTeJIbHO, Mbl BbIHYKI€Hbl BHMMATEJ/Ib-
HO OTUIEXKMBATDL TeKyIllee COCTOSIHNE HepeMEHHOﬁ coeff, paBHO KaK M COCTOSSHUS BCEX
OCTaJIbHbBIX IT€pEMEHHbIX B HallieM KOJ€e.

OmHaKo CyIeCcTBYeT MPUHIIMITMAIBHO MHOJ IMOAXO0M K pa3paboTKe, a MMEHHO JeKJapa-
TUBHOe ITporpaMmupoBaHue (aHrI. declarative programming). JlaHHOe HallpaBJieHMe
TaKKe BK/IIOUaeT B ce6si HECKOJIbKO MapaiurM, OJHOM U3 KOTOPBIX SBJISETCS (QYHKIM-
OHaJIbHASI TMapagurMa, Hamlemiasi cBoé BoruiomeHue B Haskell. IIpu sTom mopxome
MporpaMMa BOCIIPMHMMAETCS Y)Ke He KaK Habop MHCTPYKILIMIA, a KaK Habop BbIpaskeHMIA.
A TIOCKOJIbKY BbIpaskeHMsI BBIUUC/SIIOTCS IMyTEM MpuMeHeHMsT GyHKUMI K apryMeHTaM
(TO ecTh, IO CYyTH, K APYTMM BBIPKEHMSIM), TaM HET MeCTa HM IepeMeHHBIM, HU
ormepaTopy mpucBauBaHus. Bce mannbsie B Haskell-riporpamme, 6ymyun co3gaHHBIMU
eIVHOXIbI, yKe He MOTYT ObITh M3MeHeHbI. [I03TOMy HaM He Hy>KeH He TOJIbKO OIlepaTop
TpUCBauBaHMsI, HO U KJITI0YEBOE CJIOBO const. U korma B Haskell-kome mbl nuiem:

coeff = 0.569

MbI ITPOCTO 00bsiB/ISIEM: «OTHbIHE 3HaUeHMe coeff PaBHO 0.569, ¥ TaK OHO Oy[IeT Bcergar.
Bot mouemy B Haskell-kome cMBOJI = — 3TO 3HAaK paBEHCTBA B MaTeMaTUUYECKOM CMBbICITE,
Y C TIPUCBaMBaHMeM OH He MMeeT HUUero oo1iero.

VBepeH, Bbl yayBIeHbl. Kak ske MOXXHO HalucaTh peajibHyI0 MPOrpaMMy Ha si3bIKe, B KO-
TOPOM HeJb3s1 U3MeHSTh JaHHble? Kakoii MPOK OT 3TUX YMUCThIX QYHKLMI, e/l OHU He
CITIOCOOHBI HM (DA TPOUECTb, HY 3aITPOC IO CETU OTIPABUTH? OKa3bIBaeTCs, IIPOK €CTh,
u Ha Haskell MO’kHO HamMcaTh OYeHb Jaske peaibHYIO IporpaMmy. 3a IIpUMepoM JajIeKo
XOAUTDb He Oymy: cama 3Ta KHUTA MOCTPOEeHa C TIOMOIIbIO TPOTpaMMbl, HAaIIMCAHHO Ha
Haskell, o uém s1 mompo6Hee paccKaky B CJIEIYIOMIMX IJIaBax.

A reneps, 1abbl HE MyUMUTH BaC BOIIpOcami 6€3 OTBETOB, Mbl HAUHEM GJIV5Ke 3HAKOMUTbBCS
¢ Kuramu Haskell, n geTanu 60/1bI110¥1 rOTOBOJIOMKY ITOCTEIIEHHO CIOKATCSI B KPaCUBYIO
KapTUHY.
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JIJ1s1 TF0OOIIBITHBIX

B mporiecce pa6otbl Haskell-mporpaMmsl B TamMsIT CO3aETCS BEIMKOE MHOKECTBO pas3-
JIMYHBIX JAHHBIX, Belb MbI IIOCTOSIHHO CTPOMM HOBbI€ JaHHble Ha OCHOBEe yKe MMelo-
IMUXCSI. 3a MX CBOEBPeMEHHOe YHUUTOXKEHME OTBeYaeT cOOPIINK Mycopa (aHII. garbage
collector, GC), BcTpauBaeMblit B TporpamMmmbl Kommuiasitopom GHC.
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BpiOMpaem 1 Bo3BpaniaeMcsi

B 9T0i1 I71aBe Mbl BCTPETUMCSI C YCIOBHBIMM KOHCTPYKIIMSIMY, BBIIJITHEM B TepMMHAJI, a
TaKke y3HaeMm, nmouemy u3 Haskell-yHkinit He Bo3BpaiaroTcst (BIlpoueM, IocjieTHee —
He Gosiee yeM Urpa CJIoB).

BoirissHem BO BHEIITHUI MUP

MpbI HauMHaeM IM1CaTh HACTOSIIINMI KO/, A IJI 3TOT0 HaM ITOHAI00MTCS OKHO BO BHEIIIHM L
Mup. OTKpoeM MOAYb app/Main.hs, HaliAéM (QYHKIIMIO main ¥ HaANlMUIlIEM B Heli cleaylo-
ee:

main :: I0 ()
main = putStrLn ”Hi, real world!”

CranmapTHas QyHKIMS putStrln BBIBOAUT CTPOKY HA KOHCOJb. A eC/iv TOBOPUTH CTPO-
ke, PYHKIMS putStrin IPMMEHSIETCSI K 3HAUEHMIO TUIIA String U JleJlaeT TaK, YTOObI Mbl
YBUIEM 3TO 3HAUEHMeE B HAIlleM TepMMHAIe.

Ia, s y>Ke CIBIITY BOIIPOC BHMMATENbHOTO unTaTess. Kak ke Tak, CIIpOCUTe BbI, pa3Be
MbI HE TOBOPWJIM O UMCTBIX QYHKIIMSIX B IPOIIJION IJIaBe, HECIIOCOOHBIX B3aMO/IeICTBO-
BaTb C BHEHUTHUM MUpoM? IIpuaéTcst mpusHaThesi: QYHKIIMUS putStrin OTHOCUTCS K OCO-
6bIM (QYHKIMSIM, KOTOPbIe MOTYT-TakKy BbUIE3TH BO BHeITHMIT Myup. Ho 06 3ToM B ciemy-
IOIMX TVIaBaX. ITO MPeTo0oNbITHEIIas TeMa, ToBepbTe MHe!

U emé HaM cienyeT mo3HakoMuThes ¢ Haskell-komMmMeHTapusiMu, OHM HaM MTOHAI00SIT-
s

33
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{-
A - CA0KHBITO MHO20CMPOYHbIU
KommeHmapuli, codepxauudl
Hey4mo
oyeHb BaxHoe!
-}
main :: I0 ()
main =
-- A A - CKPOMHbIli 0OHOCMPOYHbIU KOMMeHmapudi.
putStrLn *Hi, real world!”

CHUMBOJIBI { - U -} CKPbIBAIOT MHOTOCTPOUHbBIV KOMMEHTAapuii, a CUMBOJI - - HAUMHAEeT KOM-
MeHTapuii OMHOCTPOYHBIIA.

Ha Bcsikuit ciryyaii HalmlOMMHAl0 KOMaHAy COOpKM, 3alycKaeMyl M3 KOpHSI ITPOeK-
Ta:

$ stack build

IToce c60pKM 3aITyCcKaem:

$ stack exec real-exe
Hi, real world!

BbIOOP M BBIXO[,

Bb16upaTh BHYTpY GYHKUMY IPUXOANTCS OUeHb YacTo. CylecTByeT HECKOJIBKO CITIOCOO0B
3aJjaHMSI YCJIOBHOV KOHCTPYKIMM. BOT 6a30BbIi BapMaHT:

if CONDITION then EXPR1 else EXPR2

re CONDITION — JIoTMYecKoe BhIpaKeHMe, Iarollee JT0Xb WIN UCTUHY, EXPR1 — BbIpaske-
HMe, UCII0/Ib3yeMOe B CJlyuyae True, EXPR2 — BbIpakeHMe, UCII0/Ib3yeMOe B Cllyyae False.
[Tpumep:

checkLocalhost :: String -> String
checkLocalhost ip =
-- True unu False?
if ip == ”127.0.0.1” || ip == 70.0.0.0”
-- Ecnu True - udém myoa. ..
then ”It’s a localhost!”
-- A ecnu False - cwaa...
else ”No, it’s not a localhost.”

@®yHKLIMS checkLocalhost MPUMEHSeTCSI K €IMHCTBEHHOMY apryMeHTy TUIIA String U
BO3BpalllaeT Opyroe 3HaueHye TUIMA String. B KauecTBe aprymeHTa BBICTYIAeT CTPOKa,
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comepskamias IP-anpec, a GyHKIMS TIpoBepsieT, He JiesKUT Jiu B Heit localhost. Onepatop
|| — craHzgapThlii orepatop Jiornueckoro «MJIM», a omepaTop == — CTaHAApPTHbIN
orepaTop IPOBepKM Ha paBeHCTBO. MTak, ecsi CTpoka ip paBHA 127.0.0.1 WK 0.0.0.0,
3HaunuT B Heit localhost, 1 MbI Bo3BpaliaeM nepBoe BbIpaskeHMe, TO eCTb CTPOKY It's a
localhost!, B TPOTMBHOM C/Iy4ae BO3BpalllaeM BTOpPOe BbIpakeHMe, CTPOKY No, it's not
a localhost..

A KcTaTu, 4YTO 3HAUUT «BO3BpaiaeM»? Benb, kak Mmbl y3Hamu, yHkiuyu B Haskell He BbI-
3bIBAIOT (aHIJI. call), a 3HAUMT, M3 HUX U He BO3BpalllaloTCs (aHIJI. return). 1 aTo meitcTBu-
TeJIbHO TaK. Ec/iy HanuieMm:

main :: I0 ()
main = putStrLn (checkLocalhost ”127.0.0.1”)

TIpY 3aIycKe YBUAUM 3TO:

It’s a localhost!

a eC/In TakK:

main :: I0 ()
main = putStrLn (checkLocalhost ”173.194.22.100)

TOTIA YBUIUM 3TO:

No, it’s not a localhost.

prrﬂble CKOOKM BKJTIOUAIOT BbIpakeHMe TUIa String I10 CxeMe:

main :: I0 ()
main = putStrLn (checkLocalhost ”173.194.22.100”)

L— BuipaxeHne Tuna String —

To ecTb QyHKIMS putStrLn BUAUT He NpuMeHeHMe QYHKUUU checkLocalhost K CTpOKe, a
MIPOCTO BbIpaskeHMe Tura String. EC/iv ObI MbI OITyCTMIM CKOOKY M HAMMCAIU TaK:

main :: I0 ()
main = putStrLn checkLocalhost ”173.194.22.100”

Mpou3011Ia 6bI OMIMOKA KOMITWIISILIVIM, Y 9TO BITOJTHE OKMIaeMO: (PYHKIINS putStrin IIPU-
MEeHSIeTCS K OTHOMY apryMeHTY, a TYT MX IT0JTyYaeTcs IBa:

main = putStrLn checkLocalhost 173.194.22.100”

dyHKUNA K 3TOMYy
NpUMEHAETCA apryMeHTy...
n K 3Tomy??
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He 3Ha10 Kak Bbl, a I HE OUEHb JIIOOJIO KPYT/Ible CKOOKM, IIpM BCEM yBaskeHUM K Lisp-
nporpammuctaM. K cuactsio, B Haskell cymiecTByeT crmoco6 yMeHbBIIUTh YMCIO CKOOOK.
06 aToM c1tocob6e — B OJTHOV M3 TTOCTIEAYIONIVX IIaB.

Tak uTO ke c Bo3BpaumleHueM M3 GYHKIMM? BCOMHMM O paBeHCTBe B oOIllpefene-
HUN:

checkLocalhost ip =
if ip == ”127.0.0.1” || ip == 70.0.0.0”
then ”It’s a localhost!”
else ”No, it’s not a localhost.”

To, UTO CJieBa OT 3HaKa PaBEHCTBA, PABHO TOMY, UTO CIIpaBa. A pa3 Tak, 9T IBa Kofa
9KBMBAJIEHTHBI:

main :: I0 ()
main = putStrLn (checkLocalhost ”173.194.22.100”)

main :: I0 ()
main =
putStrLn (if ”173.194.22.100” == ”127.0.0.1” ||
»173.194.22.100” == ”0.0.0.0”
then ”It’s a localhost!”
else ”No, it’s not a localhost.”)

MbI MPOCTO 3aMeHUIN TpUMeHeHe QYHKINUYU checkLocalhost €€ BHYTPEHHUM BbIpake-
HMeM, MOACTaBUB BMECTO apTyMeHTa ip KOHKPETHYIO CTPOKY 173.194.22.100. B utore, B
3aBUCUMOCTY OT UCTMHHOCTY VIV JIOXKHOCTM IPOBEPOK Ha PaBEHCTBO, 3Ta YCJIOBHAS KOH-
CTPYKUMS OyfeT Takke 3aMeHeHa OLHUM M3 IBYX BbIpakeHUii. B aTOM U 3ak/iouaeTcst
uaes: Bo3Bpaniaemoe QyHKIMe 3HaUeHe — 3TO e€ Moc/eHee, UTOTOBOE BhIpaXkeHNe.
To ecTb ecnu BbIpaxkeHue:

”173.194.22.100” == 7127.0.0.1” ||
7173.194.22.100” == 70.0.0.0”

JlacT HaM pe3y/abTaT True, TO Mbl IIEPEXOAMM K BbIPasK€HUIO U3 JIOTMUECKOI BETBU then.
Ecsii ke OHO 1acT HaM False — MbI IEPEXOAMM K BBIPAKEHUIO M3 JIOTMYECKOI BETBMU else.
OTO JAET HaM MPaBO YTBEPXKIaTh, YTO YCIOBHASI KOHCTPYKIIMS BUA:

if True
then ”It’s a localhost!”
else ”No, it’s not a localhost.”

MOXeT ObITb 3aMeHeHa Ha IlepBoe HepeAyLMupyeMoe BbIpaskeHMe, CTPOKY It's a
localhost!, a YCJTOBHYIO KOHCTPYKIIMIO BU/IA:
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if False
then ”It’s a localhost!”
else ”No, it’s not a localhost.”

MOJKHO CITIOKOJHO 3aMEeHUTb BTOPHIM HepeAyLpyeMbIM BhIPaskeHNeM, CTPOKOJM No, it's
not a localhost.. [IoaTOMY KOZ:

main :: I0 ()
main = putStrLn (checkLocalhost 70.0.0.0%)

SKBUBAJIEHTEH KOOY:

main :: I0 ()
main = putStrLn ”It’s a localhost!”

AHaJ'IOI‘I/I‘IHO, KOm:

main :: I0 ()
main = putStrLn (checkLocalhost ”173.194.22.100”)

€CTb HI 4YTO MHO€, KaK:

main :: I0 ()
main = putStrLn ”No, it’s not a localhost.”

KakyMm 6bI CJTOKHBIM HY ObLIO JIOTMUECKOE BETBJIeHNE BHYTPU (PYHKLMY checkLocalhost, B
KOHEYHOM MTOTe€ OHO BEPHET/BBIUMCIUT KaKOE-TO OTHO UTOTOBOE BhIpaskeHue. VIMeHHO
mostomy 13 ¢pyHKkiyu B Haskell Hesib3s BBIITY B TPOM3BOIBHOM MECTe, KaK 3TO IIPUHSITO
B MMIIEPATUBHBIX SI3bIKAX, BeJlb OHA He SIBJISIETCSI HAaOOpOM MHCTPYKIIMIA, OHA — BbIpa-
SKeHMe, COCTOsIIIee U3 IPyrux BoipaskeHuit. Bor mouemy dbyakiyuy B Haskell Tak mpocto
KOMITOHOBATD JIPYT C IPYTOM, ¥ TI033K€ MbI BCTPETUM MHOKECTBO TaKUX ITPUMEPOB.

1711 TFI0OOIIBITHBIX

BHUMAaTe/NbHBIII YMTaTelb HECOMHEHHO 3aMeTu HeoObIuHOe OOBsIBIeHMe TJIaBHOM
(YHKIVMM HALIEro MpoekTa, GyHKIMY main:

main :: I0 () -- 0bbasnieHue?
main = putStrlLn ...

Ecan 10 — 310 TUM, TO 4TO Takoe ()? U moueMy ykasaH Juillb oauH Tui? Yto Takoe 10 ():
aprymeHT QYHKLM main, UM XKe TO, UTO OHA BhiunciseT? Coxkasnelo, HO TOKa 51 BBIHYX-
JeH COXpaHUTh 3TO B cekpeTe. Korma MbI mob ke mo3sHakoMuMcst co BropeiM Kutom
Haskell, s1 HerpeMeHHO paccKaxKy IIPo 3TOT CTPAHHbIN 10 ().
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Bb160p 1 06pa31bl

JTa raBa OTKpOeT HaM JIpyTHe CIIOCOObI BBIOOPA, a TAKsKe TO3HAKOMUT Hac ¢ 06pasijaMu.
VBepsiio, BbI BIIOOMTECH B HUX!

He TO/IBKO M3 OABYX

YacTo MbI XOTMM BbIOMPATh He TOJILKO M3 IBYX BO3MOKHBIX BapMaHTOB. BOT Kak 3TO MOK-
HO CHe/aTh:

analyzeGold :: Int -> String
analyzeGold standard =
if standard == 999
then “Wow! 999 standard!”
else if standard == 750
then ”Great! 750 standard.”
else if standard == 585
then ”Not bad! 585 standard.”
else ”I don’t know such a standard...”
main :: I0 ()
main = putStrLn (analyzeGold 999)

VBepeH, BbI ke CTUpaeTe MJIEBOK C 3KpaHa. BioskeHHas if-then-else KOHCTPYKIIUS He
MOXXeT TTIOHPaBUThCSI HUKOMY, Be[lb OHa KpaiiHe Heylo0Ha B 0bpalleHun. A YK eciu Obl
aHaIM3MPyeMbIX IMPOO6 30/10Ta OBUIO LITYK MSTh MIN CEMb, 3Ta JIECTHULIA CTasia ObI TONC-
TuHe ykacHoii. K cuactbio, B Haskell MmoskHO HammcaThb Io-gpyromy:

analyzeGold :: Int -> String
analyzeGold standard =
if | standard == 999 -> “Wow! 999 standard!”
| standard == 750 -> “Great! 750 standard.”
| standard == 585 -> ”Not bad! 585 standard.”
| otherwise -> ”I don’t know such a standard...”

He mpaBpa /i, Tak Kpacubee? OTO — MHOKECTBEHHbIN if. PaboTaeT OH 110 cxeMe:

38
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if | COND1 -> EXPR1
| COND2 -> EXPR2

| ...
| CONDn -> EXPRn
| otherwise -> COMMON_EXPR

rIe COND1..n — BbIpakeHMs, JAIOIIye JIOXKb UM UCTUHY, a EXPR1..n — COOTBETCTBYIOIIVE
UM pe3ynbTUpYoIye BbipaskeHust. Ocobast QyHKLMS otherwise COOTBETCTBYET OOIIEMY
CJTy4yalo, KOraa HY OJHO U3 JIOTMUYECKUX BhIPAKEHUI He ajio True, M B OTOV CUTyalIUu
pe3yabTaTOM YCIOBHOM KOHCTPYKLIMY ITOCTYKUT BhIpaskeHe COMMON_EXPR.

He nipene6peraiite otherwise! EC/iu BbI €ro He yKaskeTe U [P 3TOM IIpUMeHUTe QYHKIINIO
analyzeGold K 3HaU€HMIO, OTIMUHOMY OT ITPOBEPSI€MbIX:

analyzeGold :: Int -> String
analyzeGold standard =
if | standard == 999 -> “Wow! 999 standard!”
| standard == 750 -> ”Great! 750 standard.”
| standard == 585 -> ”Not bad! 585 standard.”

main :: I0 ()
main = putStrLn (analyzeGold 583) -- 0d...

KOMITWJISILIVSE 3aBEPIIUTCS YCITeIIHO, OJJHAKO B MOMEHT 3aITycKa IporpaMMbl Bac OXXua-
eT HeMPUSITHBIV CIOPIIPU3 B BUE OIIMOKN:

Non-exhaustive guards in multi-way if

[TpoBepka Moay4ynaach HEIMOMHO, BOT U IMOTYYUTE OLINOKY.

Kcratu, BuauTe CJIOBO guards B cooOIIeHMM 00 ournmbke? BepTukanbHble 4epThl Meper,
JIOTUYECKVMM BbIPAXKEHUSIMU — 3TO M €CThb OXpaHHUKM (aHI/I. guard), HeYChIITHO OXpa-
HSIIOIIME Haly ycaoBus. [ToTelmHoe Ha3BaHue BbIOpaau. UYTOOBI UMTATh UX OBLIO JIerye,
BOCIIPMHMMaAIITe UX KaK aHajor caoBa «UJIN».

A ceiiuac crorm. Bbl Beib OITpo60BaiM CKOMITMIMPOBATh 3TOT KO, He Tak Jin? A moue-
MYy BbI He pyraeTech? Bemb Takoif Ko He CKOMIIMJIMPYETCS, TaK KaK He XBaTaeT OFHOI
MaJIeHbKOJi, HO BaXKHOI JeTann. BOT Kak JO/IKeH BBITVISIETh MOMIY/Ib Main:
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{-# LANGUAGE MultiWayIf #-} -- Ymo s3mo??
module Main where

analyzeGold :: Int -> String
analyzeGold standard =
if | standard == 999 -> “Wow! 999 standard!”
| standard == 750 -> “Great! 750 standard.”
| standard == 585 -> ”Not bad! 585 standard.”
| otherwise -> ”I don’t know such a standard...”

main :: I0 ()
main = putStrLn (analyzeGold 999)

BoT Teneps Bcé B mopsimike. Ho UTO 3TO 3a CTpaHHBIN KOMMeHTapuii B ITepBOJi CTpOKe MO-
nynsi? Bpome 661 oopMiteH KaK MHOTOCTPOYHbBI KOMMEHTAPWUii, HO BBIIJISIAUT HEOObIU-
Ho. [Tepen HaMu — yKa3aHue paciuupennst ss3bika Haskell.

Craupapt Haskell 2010! — 3T0 oduimanbHbIi cTepskeHb sI3bIKa. OMHAKO KOMITMISTOP
GHC, maBHO YK CTaBIIMI1 KOMITUJISITOPOM IT0 YMOJTYaHMIO ITpU pa3paboTke Ha Haskell, 06-
JazaeT psiIoM 0COObIX BO3MOsKHOCTE. [T0 yMOT4aHUI0 MHOTME U3 3TUX BO3MOKHOCTEM
BBIKJIIOUEHBI, a TTparMa LANGUAGE Kak pa3 JJis TOTO M INpeJHa3HaueHa, YTOObI UX BKITIO-
YaTh/aKTMBU3MPOBATh. B JaHHOM CJTydae Mbl BKIIOUMIN paciiMpeHe MultinayIf. iMeH-
HO 3TO pacuIMpeHue MO3BOJsIeT HaM MCIOAb30BaTh MHOXKeCTBeHHbIN if. Takoro poga
pacIIpeHmii CyIecTByeT OUeHb MHOT'O, ¥ MbI Oy/IeM Y4acTO MX UCIIO0Ib30BaTh.

[lomHUMTE: pacmMpeHye, BKIIOYEHHOE C TOMOIIBIO MParMbl LANGUAGE, IeJiICTBYeT JIUIIb B
paMKax TeKyliero Monyns. M ecim g nponucan ero To/IbKO B MoAyJ/e app/Main.hs, TO Ha
MOZYIb src/Lib.hs MexaHM3M MultiWayIf He pacIpOCTpaHsSIETCS.

be3 Eciin

MHOXeCTBEeHHbII if BecbMa yI06€eH, HO eCThb CI1ocob 6ojiee KpacuBblii. B3misHuTe:

analyzeGold :: Int -> String
analyzeGold standard
| standard == 999 = “Wow! 999 standard!”
| standard == 750 = “Great! 750 standard.”
| standard == 585 = ”Not bad! 585 standard.”
| otherwise = I don’t know such a standard...”

KiroueBoe ¢10BO if mcyesno. Cxema 3/5eCh Takas:

'https://www.haskell.org/onlinereport/haskell2010/
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function arg -- Hem 3Haka paseHcmsa?
| COND1 = EXPR1
| COND2 = EXPR2
| ...
| CONDn = EXPRn

| otherwise = COMMON_EXPR

VYCTpoiiCTBO TTOUTHU TaKoe Ke, HO, TOMMUMO MCUe3HOBEHMS KJIIOUeBOro CJI0Ba if, MbI Te-
repb UCIOIb3yeM 3HaK PAaBEHCTBA BMECTO CTpesioK. IMeHHO [T03TOMY Mcue3 3HaKOMbI
HaM 3HaK paBeHCTBa MOC/Ie MMeHU apTyMeHTa arg. B e/iCTBUTENbHOCTY OH, KOHEYHO,
HUKYZA He 1cye3, OH JIUIIb Mepelién B BbIpaskeHMsI. A UTOOBI 3TO Jierde MpovecTb, Hamm-
IIIeM BbIPa)KeHMS B CTPOUKY:

function arg | COND1 = EXPR1
3Ta nnm paBHa
byHKUMA
3TOMy
BbIpaXeHNK
B Ciyyae
NCTUHHOCTH
3T0ro
BbipaxeHus

mwim wn T.Aa.

To ecTb repes HAMM ysKe He OJTHO ompeneeHye GyHKIMM, a IelIoUKa opeaeaeHnit, mo-
TOMY HaM ¥ He HY3KHO K/TI04eBoe ¢JIOBO if. HO 1 3Ty 11eITOUKyY OTpeieieHuiT MOSKHO YITPO-
CTUTD.

CpaBHeHMe C 00pa3IoM

V6paB CI0BO if, MbI ¥ C HAIIMMM BUPTYaIbHbIMU «JIV» MOXkeM paccTaTbesi. B aTom ciry-
Yyae OCTaHeTCs JIMUIb 3TO:

analyzeGold :: Int -> String -- 00HO 06bsABseHUe.
-- U mHoxecmso onpedesenud. . .

analyzeGold 999 = “Wow! 999 standard!”

analyzeGold 750 = ”Great! 750 standard.”
analyzeGold 585 = ”Not bad! 585 standard.”
analyzeGold _ ”I don’t know such a standard...”

MbI TPOCTO TepeuncInIu onpeaeneHns: GyHKINM analyzeGold ogHO 3a ApyruM. Ha mep-
BBII1 B3IVISI, BO3MOXXHOCTh MHOKECTBA OIIpelie/IeHNii OJHOM U TOVi ke QYHKIIUY yIUB-
JISIeT, HO eI BCIIOMHUTD, UTO TIpMMeHeHre QYHKIVM CYyTb BbIpaxkeHMe, TOra HUUero
YAUBUTEIBHOTO. BOT KaKk 3TO UMTAETCs:
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analyzeGold 999 = “Wow! 999 standard!”
ecnn 3Ta GYHKUMA MpUMEHSIETCA TOoraa >STOMY BbIPAXEHMI0
K 3TOMy OHa
aprymeHTy paBHa

analyzeGold 750 = ”Wow! 999 standard!”

ecan 3Ta ¢YyHKUMA MpUMEHAETCA Toraa ApPYromy BblpaxeHuio
K Apyromy OHa
aprymeHTy paBHa

analyzeGold _ = ”I don’t know such a standard...”

MHaye 3Ta QyHKUMA  paBHa obuweMmy BbipaxeHuio

Korga dbyHKUMS analyzeGold IpMMeHSIETCSI K KOHKPETHOMY apryMeHTY, 3TOT apryMeHT
MOC/IeIOBATE/IbHO CPaBHMBAETCS ¢ 00pa3lioM (aHII. pattern matching). Obpasiia 3mech
TpU: 999, 750 1 585. V1 ecsivt paHblile Mbl CPABHMBAJIN aPTYMEHT C 3TUMU UMCIIOBBIMU 3Ha-
YeHUSIMU SIBHO, ITOCPeICTBOM QYHKIMMK ==, TeIlepb 3TO TPOUCXOIUT CKPBITO. es cpas-
HeHMs1 C 06pa3lLOM OYeHb MTPOCTA: YTO-TO (B JaHHOM C/Ty4yae peasibHblii apryMeHT) COIO-
cTaBisieTcs ¢ 06pas3LoM (in obpaslamMmy) Ha MpeaMeT «IIOAXOAUT/He oAXOAUT». Ecin
MOJIXOAUT — TO €CTh CPaBHEeHMe C 00pa3loM JAéT pe3yabTaT True — F'OTOBO, UCIIONb3Y-
€M COOTBeTCTBYIOIee BhIpaskeHe. Eciy ske He IMOoAXOOAUT — IepexXoAuM K ClIefyoleMy
obpasiry.

CpaBHeHMe ¢ 06pa31[oM, Ha3bIBaeMOe €Il[€ «COMOCTaBIeHeM C 06pa3oM» UCIIONb3yeT-
cs1 B Haskell upe3BbruaiiHo mMpoKko. B pyccKosi3bIYHOIE TUTEepaType IepeBoj, CJI0BOcoYe-
TaHus «pattern matching» He 0c060 3aKpenmCs, BMECTO 3TOTO TaK ¥ TOBOPSIT «IIaTTEPH
MaT4MHI». § IOCTYIUIIO TaK Xe.

Ho 4TO 3TO 3a CMMBOJ MMOOAYEPKMBAHMS TAKOM, B IOC/IeJHEM BapuaHTe OIpeae/eHus?
Bort sTOT:

analyzeGold _ = ”I don’t know such a standard...”
N

C ¢opMasbHOI TOYKM 3peHMs], ITO — YHUBEPCATbHbIN 06pasel], CpaBHEHVE C KOTOPbIM
BCerga MCTUHHO (ell€ roBOpPSIT, YTO C HUM MaTuMTCS (aHI. match) BCEé UTO yrogHo).
A ¢ HeOpMaAJIBHOM — 3TO CUMMBOJI, KOTOPBIi MOKHO IPOYECTb KaK «MHE BCE PaBHO».
MbI Kak 6bI TOBOpUM: «B TaHHOM CiTyyae Hac He MHTEpPEeCyeT KOHKPEeTHOe COIepsKu-
MOe apryMeHTa, HaM BCE paBHO, Mbl IPOCTO BO3BpallaemM CTPOKY I don't know such a
standard.. .».

BaskHO OTMETUTb, UTO CpaBHEHME apryMeHTa ¢ 06pa3ijaMy IIPOMUCXOIUT ITOC/IeA0BaTe N b-
HO, CBepXY BHM3. II03TOMY ec/it Mbl HAIlAILIEM TaK:
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analyzeGold :: Int -> String

analyzeGold _ = "I don’t know such a standard...”
analyzeGold 999 = “Wow! 999 standard!”

analyzeGold 750 = ”Great! 750 standard.”
analyzeGold 585 = ”Not bad! 585 standard.”

Haira GyHKIMs OyeT Bceraa BO3BpaliaTh repBoe BbipaskeHye, CTPOKY I don't know such
a standard..., ¥ 3TO BITOJIHE OKMaeMO: [lepBad ke [IpoBepKa rapaHTMPOBAHHO JACT HAM
True, BeZlb C 06pa3IOM _ COBIIAJaeT BCE UTO yromHo. TakuM o6pa3om, obImuit o6pasers
CJIeIyeT pacrioyiaraTh B CaMOM KOHIIE, UTOOBI MbI ITOTIAJIM Ha HETO JIXIIb IT0C/Ie TOTO, KaK
He cpaboTajy Bce OCTaibHbIe 00pa3Ilbl.

case

Cy1ecTByeT ellé OgMH BUJ, ITaTTePH MaTYMHTA, C TOMOIIbI0 KOHCTPYKLIVY case-of :

analyzeGold standard =
case standard of
999 -> “Wow! 999 standard!”
750 -> “Great! 750 standard.”
585 -> ”Not bad! 585 standard.”
-> ”I don’t know such a standard...”

3aroMHMTEe KOHCTPYKIIMIO case-of, MbI BCTPETUMCS C Helo He pa3. Pa6oTaeT oHa 110 MO-
Jemn:

case EXPRESSION of
PATTERN1 -> EXPR1
PATTERN2 -> EXPR2

PATTERNn -> EXPRn
-> COMMON_EXPR

rIe EXPRESSION — aHa/lIM3MpyeMoe BbIpaskeHue, MOoC/IeloBaTe/IbHO CpaBHUBAeMoOe C 00-
pasiamu PATTERNL. .n. Eci HM OiHO He cpaboTaio — Kak 0ObIYHO, YITMPAEMCSI B YHUBEP-
CaJIbHBIN 06pasell _ ¥ BbIJaéM COMMON_EXPR.

B modjieAyKmux riiaBax Mbl BCTPETUMCA U C ADYTUMM B AAMMU IIATTEPH MAdTUMHIa, BEb
OH MCITIO/JBb3YETCA He TOJIbKO OJ1d BbI60pa.
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ITycTs OyaeT Tam, I'me...

B 3TO71 r/1aBe MblI y3HaeM, Kak cIe/iaTh HalM QYHKIMM 60j1ee YIOOHBIMU U YMTa6eTbHbI-
MIA.

IIycTh

B HmKkecnremyommux MpuMepax Mbl BHOBb OymeM MCIIONb30BaTh pacmupenne GHC
MultiWayIf, He 3a6yabTe BKIIOUUTH €ro. PAacCMOTPUM C/IeAyIONTyio GyHKIINIO:

calculateTime :: Int -> Int
calculateTime timeInS =
if | timeInS < 40 -> timeInS + 120
| timeInS >= 40 -> timeInS + 8 + 120

MbI cuuTaeM BpeMsI HEKOTOPOTO COOBITHSI, M €CIM MCXOMHOE BPeMSI MEHbIIIE 40 CeKYH]
— pesyJbTUpYIolee BpeMs yBeIMUEeHO Ha 120 CEeKyHZ, B IPOTMBHOM C/yyae — eljé Ha
8 CeKyHJ cBepXx Toro. Ilepes HaMM KacCUUYECKUIi MPUMepP «MarMueckux umcesn» (aHr/.
magic numbers), KOTga CMbIC KOHKPETHbBIX 3HAUEHMI1 CKPBIT 32 CEMbIO TTevaTsiMu. YTo
3a 40, ¥ 4TO 3a 8? Bo n3beskaHue 3T0¥ IIPOOIEMbI MOSKHO BBECTY BpeMEHHbIE BhIPAsKEHMS],
M TOT[a KOJ, CTaHeT COBCEM APYTUM:

calculateTime :: Int -> Int
calculateTime timelnS =
let threshold 40
correction = 120
delta 8
in
if | timeInS < threshold -> timeInS + correction
| timeInS >= threshold -> timeInS + delta + correction

Bor, coBceMm apyroe geno! Mbl M30aBUIMCh OT «Marn4ecKuX Yycesl», BBeIs MOSICHSIONINE
BBIpaKeHUS threshold, correction 1 delta. KOHCTpyKIMS let-in BBOOUT MOSICHSIIOIIME BbI-
paXkeHus 110 cxeMe:

44
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let DECLARATIONS in EXPRESSION

rae DECLARATIONS — BbIpaykeHMs, AeKjlapupyemMble HaMM, a EXPRESSION — BbIpa’keHue, B
KOTOPOM MCITI0/Ib3YyeTCsI BbIpaskeHMd U3 DECLARATION. Korma mb1 Hanucanu:

let threshold = 40

Mbl 00BsIBUIN: «OTHBIHE BbIpaK€HME threshold PaBHO BBIPAKEHUIO 40». BBIISAUT
KaK MpucBaMBaHMue, HO MbI-TO YKe 3HaeM, uTo B Haskell ero nert. Tereps BbIpaskeHue
threshold MOXeT 3aMeHUTH COO0I0 UMCIIO 40 BHYTPU BhIpAsKeHUSI, CJIEAYIOIIEro 3a CJIOBOM
in:

let threshold = 40

in if | timeInS < threshold -> ...
| timeInS >= threshold -> ..

oTa KOHCTPYKIMA JIETKO UNMTAETCA:

let threshold = 40 ... in ...
nyctb 3TO byaet >ToMy B TOM
BblpaXeHMEe PaBHO BbIPAXEHWI BblpaxXeHun

C moMOIIpI0 KJIHUEBOTO CJIOBA let MOKHO BBECTM CKOJbKO YIOJAHO TOSICHUTEb-
HbBIX/TIPOMEKYTOUHBIX BBIpa)KEHMII, YTO [OejaeT HAlll KO IMOHSITHee, a BO MHOIMX
CIyJasix elé u Kopoue.

u KCTaTU, MbI B€Ab MOXEM YIIDOCTUTH YCJIOBHYIO KOHCTPYKIMIO, BOCIIO/JIb30BABIINCDH
otherwise:

calculateTime :: Int -> Int
calculateTime timelnS =
let threshold 40
correction = 120
delta 8
in
if | timeInS < threshold -> timeInS + correction
| otherwise -> timeInS + delta + correction

BaskHO MOMHMUTB, YTO BBEJEHHOE KOHCTPYKI[ME let-in BbIpasKeHME CYIeCTBYeT JUIIb B
paMKax BbIpaskeHMsl, CJIeAYIONIero 3a CJIoBOM in. I3aMeHUM (QyHKIIMIO:
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calculateTime :: Int -> Int
calculateTime timelnS =
let threshold = 40
correction = 120
in
if | timeInS < threshold -> timeInS + correction
| otherwise ->
let delta = 8 in timelnS
+ delta
+ correction

370 CywecTByeT Jivub B
BblpaxeHue paMKax 3TOro BbipaxeHua

Mb1 COKpaTmin 006/1aCThb BUAVIMOCTM ITPOMEXYTOUYHOT'O BhIpakeHU delta, CI€IaB €r0o BU-
JVMBIM JIUIIb B BbIPaKEHUU timeInS + delta + correction.

HpI/I JKeJTaHUM let-BbIpayK€HMSI MOXXKHO 3aIlMChIBATh U B CTPOUKY:

let threshold = 40; correction = 120
in
if | timeInS < threshold -> timeInS + correction
| otherwise ->
let delta = 8 in timeInS + delta + correction

B aToM cityyae MbI mepeunciisieM X yepes TOUKY C 3aIsiToN. JINYHO MHe TaKol CTUJb He
HPAaBUTCSI, HO BBIOMPATH BaM.

I'ne

CylecTByeT MHOJ CITOCc006 BBeAEHMS POMEKYTOYHBIX BbIpasKeHMI, B3TJISTHUTE

calculateTime :: Int -> Int
calculateTime timelnS =
if | timeInS < threshold -> timeInS + correction
| otherwise -> timeInS +

delta +
correction
where
threshold = 40
correction = 120
delta =8

KittoueBoe C/I0BO where ieJlaeT MPUMEPHO TO Ke, UTO U let, HO MIPOMEXKYTOUYHbIE BbIpA-
SKeHMST 3a1al0TCS B KOHIEe QYHKIMMU. Takass KOHCTPYKIMS YUTAeTCS MOAOOHO HAyUYHOI

dbopmyre:
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S=V*t, - - BelpaxeHue
rae

-- Bcé mo, uymo

-- ucnosab3yemcs

-- B BblpaxeHuu.

S = paccTofiHue,

V = ckopocCTb,

t = Bpems.

B oTiinume ot let, KOTOPOE MOXKET OBITh MCITOIb30BAHO /)i BBeIeHMS CyIep-T0KaTbHOTO
BbIpaskeHMs (KaK B IocjaeqHeM ITpuMepe C delta), Bce where-BbIpaxkeHUSI TOCTYITHbI B JIO-
6071 YacTy BbIPasKEHMS, TIPEIIEeCTBYIOIIETO KII0UeBOMY CIOBY where.

BmecTe

MbI MOXKeM MCIIOIb30BaTh let-in U where COBMECTHO, B paMKax OO HO CI)YHKI_U/H/II

calculateTime :: Int -> Int
calculateTime timeInS =
let threshold = 40 in
if | timeInS < threshold -> timeInS + correction
| otherwise -> timeInS + delta + correction

where
correction = 120
delta =8

YacTh MPOMEKYTOUHBIX 3HAUEHMIT 3a/1laHa BBEPXY, a YacTh — BHM3Y. O6I1ast peKOMeH 1a-
LIMSI: He CMeIIMBaiTe let-in 1 where 6€3 0c06011 HaJOGHOCTM, TAKOM KO/, UUTAETCS TSKe-
JI0, U30BITOYHO.

OTMmeuy, 4TO B KQUeCTBE ITPOMEXKYTOUYHBIX MOTYT BBICTYIIATh U G0Jiee CJIOKHbBIE BhIpake-
Hus. Hanpumep:

calculateTime :: Int -> Int
calculateTime timeInS =
let threshold = 40 in
if | timeInS < threshold -> timeInS + correction
| otherwise -> timeInS + delta + correction
where
-- 3mo npomexymo4Hoe BbipaXeHue 3dsucum om dpeymeHmd. . .
correction = timeInS * 2
-- A 3mo - om 0py2020 BbIpAXEHUS. . .
delta = correction - 4

BoipaskeHue correction paBHO timeInS * 2, TO €CTb TeIepPb OHO 3aBUCUT OT 3HAYEHWS ap-
rymeHTa QyHKIMM. A BbIpaskeHMe delta 3aBUCUT B CBOIO o4yepelb OT correction. [Ipyuyém
MbI MO>XEM MEHSTD ITIOPAAOK 3aJaHMA Bpr&)KEHMVII
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let threshold = 40

in
if | timelnS <
| otherwise
where
delta =
correction =

BoipaskeHue delta

threshold -> timeInS + correction
-> timelInS + delta + correction

correction - 4
timeInS * 2

Telepb 3aa4aHO IMePBbIM II0 CLIéTy, HO 3TO He MMeeT HMKaAaKOro 3Ha-

yeHMs1. Bemb MbI BCEro JIMIIb OOBSIB/ISIEM PABEHCTBA, M PE3YJIbTAT ITUX OObSIBIEHUI He
BJIMSIET HA KOHEUHbIN pe3y/bTaT BelunciaeHnii. KoHeuHo, MopsiIoK 0ObSIBIeHMSI PABEHCTB
He BakeH U J1J1s1 let-BbIPaKeHMUIt:

calculateTime ::

Int -> Int

calculateTime timelnS =

let delta

= correction - 4

threshold = 40

in
if | timelnS <
| otherwise
where
correction =

threshold -> timeInS + correction
-> timeInS + delta + correction

timeInS * 2

MaJ1o TOro, UTO MbI 387/ let-BbIPaKEHMSI B IPYTOM ITOPSIIKE, TaK MbI €III€ U MCIT0/Ib30-
BaJIM B OJHOM M3 HUX BhIpakeHme correction! To eCTb B let-BbIpaskeHMMU MCIOIb30BAIOCh

where-BbIpakeHue.

calculateTime ::

A BOT npopenaTh 06paTHOE, YBbI, HE TTOTyUUTCS:

Int -> Int

calculateTime timelnS =

let delta

= correction - 4

threshold = 40

in
if | timelnS <
| otherwise
where
correction =

threshold -> timeInS + correction
-> timeInS + delta + correction

timeInS * 2 * threshold -- /3 let??

[Tpu MOTBITKE CKOMIIMIMPOBATD TAKOJ KOJ, MbI IMOTYIMM OIIMUOKY:

Not in scope: ‘threshold’

TaxkoBo Or'paHMYeHMe: UCII0Ib30BaTh let-BbIpaskeHUs BHYTPU where-Bpra)KeHMf;I HEeBO3-
MOXHO, BeJib IToCc/IeHME Yy>Ke He BXOIAT B BbIpaskeHue, cjieayioliee 3a CJIOBOM in.

Hy uTo X, 1opa ABUTraThCs Aanbliie, Belb BHYTPEHHOCTM HalMX (PYHKIMIT He orpaHuye-
HBI YCJIOBHBIMY KOHCTPYKLUMSIMMA.
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Mup ommepaToposB

Omnepatop (aHII. operator) — 4aCTHbI ciydai GyHKIMM. B Ipeaplayimx riiaBax Mbl yyKe
MMO3HAKOMMUJIUCh C HUMM, OCTAJIOCh OOBSICHUTD ITOApOOHEE.

BcrioMHMM Hallle caMoe ITlepBoe BhIpakeHue:

1+2

dyHKUMS + 3anMcaHa B MHPUKCHOI (aHmI. infix) popme, TO ecTh MeXIy CBOMMU apry-
MeHTaMu. Takas 3aIIMCh BBIIJISIAUT €CTeCTBeHHee, HeXkey 00bIYHasi:

(+) 12

Buaute Kpyr/ibie CKOOKM? OHM FTOBOPSIT O TOM, YTO JaHHAast GYHKIVS TpeaHa3HaueHa IIs
MHOUKCHO 3ammcy. ABTOP 3TOI (QYHKIIMM M3HAYATBHO PACCUMTHIBAI HA MHPUKCHYIO
dbopmy nCII0/Ib30BaHMS 1 + 2, a He HAa OOBIYHYIO (+) 1 2, MMEHHO IT03TOMY UM QYHKIIUM
B OTIpeieJIEHUY 3aK/TI0YEHO B KPYIJIble CKOOKM:

(+)

OyHKUMY, TpegHa3HAuYeHHbIe 151 THOUKCHOV OpMBbI IIPUMeHEeHMsI, Ha3bIBAIOT Orepa-
TOpPaMMN.

Ecu ke Mst GyHKIMY He 3aK/TFOUEHO B KPYIJIble CKOOKM, IO pa3yMeBaeTCsl, YTO MbI pac-
CUMTHIBAEM Ha 06BIUHYIO GOpMY €€ TpuMeHeHMsI. OIHAKO U B 3TOM C/Tydyae MOXKHO Ipy-
MEHSITb €€ MH(PUKCHO, HO MMSI TOJIKHO 3aK/II0UaThCsl B 0OpaTHbIE OMHAPHbIE KaBbIUKU
(anrs. backtick).

Onpenenum QyHKIUMIO isEqualTo, SB/SIIONLYIOCS aHAJIOTOM OfepaTopa IMPoOBepKM Ha pa-
BEHCTBO 151 ABYX 11€JIOUMC/IEHHbIX 3HAYEHUI

isEqualTo :: Int -> Int -> Bool
isEqualTo x y = x ==y

[Tpu 06b19HOT hopMe e€ mpuMeHEeHMe BBITVISIENO0 Obl TaK:

49
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if isEqualTo codel code2 then ... else ...

where codel = 123
code2 = 124

Ho pmaBaiiTe nmepenuiem B MHPUKCHOI hopme:

if codel ‘isEqualTo‘ code2 then ... else ...

where codel = 123
code2 = 124

Topa3mo nyulie, Beb Terepb KO YMTAETCST KaK OObIYHBIN aHTJIMIACKUI TEKCT:

if codel ‘isEqualTo‘ code2 ...
if codel is equal to code2 ...

Ctporo roBopsi, Ha3BaHMe «OIepaToOpP» BeCbMa YCIOBHO, Mbl MOKEM €T0 M He MCIIOIb30-
BaThb. [OBOPUTD 0 GYHKIVM CJIOKEHMS CTOJIb )K€ KOPPEKTHO, KaK ¥ 00 OIlepaTope Caoxke-
HUSI.

3ayeM 3TO HYKHO?

IToutn Bce ASCII-cMMBOIIBI (2 TAKKe MX BCEBO3MOXKHbIE KOMOMHAIIMM) MOKHO UCIOJIb-
30BaTh B KauecTBe ornepaTopoB B Haskell. 3To maét HaM MIMPOKME BO3MOXKHOCTH JIJIST pe-
anusanuu pasnmunbix EDSL (anri. Embedded Domain Specific Language), cBoero pona
«SI3BIKOB B sI3bIKe». BOT mpumep:

div ! class_ ”nav-wrapper” $
a ! class_ ”brand-logo sans” ! href ”/” $
“#ohaskell”

JIt060i#1, KTO 3HAKOM C Beb6-pa3paboTKOii, MTHOBEHHO y3HaeT B 3ToM kome HTML. 3To
Kycouek kopa!, crposimero HTML-1ma610H 1J1s1 Be6-BapMaHTa JaHHOM KHuru. To 4To
BBl BUINUTE — 3TO COBepIIeHHO JerajabHblii Haskell-kom, B mpoiiecce paboThl KOTOPO-
ro re”Hepupyetcsi peasbHblii HTML: Ter <divs> ¢ KJIacCOM nav-wrapper, BHYTPU KOTOPO-
rO JIEXKUT <a>-CChUIKA C ABYMS KjacCaMM, KOpPHEBBIM aJipecoM M BHYTPEHHUM TEKCTOM
#tohaskell.

UnentudukaTopsl div, class_ U href — 3TO MMeHa QYHKINIA, 8 CUMBOJIBI ! U $ — 3TO
orepaTopsl, 3amMcaHHble B MHGUKCHOI Gopme. Camoe I7IaBHOE, YTO IIJISI TTIOHMMaHUS

https://github.com/denisshevchenko/ohaskell.guide/blob/master/src/CreateHtmlTemplates.hs#L56
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9TOr0 KOJa HaM abCOMIOTHO HeobOsI3aTeNbHO 3HATh, IJle OmNpeeneHbl Bce 3TU (YyHK-
1[11/0TIepaToOpPbl ¥ Kak OHY pabOTaloT. DTO BaskHASI MbIC/Ib, KOTOPYIO SI HEOJHOKPATHO
6yIy TTOBTOPSITH B IMTOCJIEAYIONIMX ITIaBax:

YT0O6bI MCITOIB30BaTh QYHKIMM, HAM BOBCE HEOOSI3aTe/IbHO 3HATh MX BHYT-
PEHHOCTH.

A nipo EDSL 3anoMHMTe, MbI C HUMM €eIll€ BCTPETUMCSI.
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Cnomcox

[lomMHMUTE, B OOHOV M3 MpeNbIAYLIMX IJIaB S TOBOPWJ, YTO MMO3HAKOMJIIO BacC elllé C
HeCKOJTbKMMM CTaHJApTHBIMM TurnaMu OaHHbIX B Haskell? ITpumwio BpeMs y3HaTh O
CITMCKAX.

Cnmcoxk (aHrI. list) — 3To cTaHAAPTHBIN TUII, XapaKTePUIYIOIINIi yKe He MPOCTO JaH-
Hble, HO CTPYKTYpY JaHHBIX (aHIVI. data structure). DTa CTPyKTypa MpeacTaBisieT co6oit
HabOp MaHHBIX OOHOTO TUIIA, M €IBa JIM XOTh OfHAa peanbHast Haskell-mporpamma moxkeT
060¥TICh 6€3 CITICKOB.

CTpYKTYpBI, comepsKaliye JaHHbIe OJHOTO TUIIA, Ha3bIBAIOT €Ill€ TOMOTeHHBIMM (B ITepe-
BOJIE C TPEUYECKOT0: «OLHOTO POZA»).

Bor cricok n3 TpéX OeJIbIX YMceI:

[1, 2, 3]

KBampaTHble CKOOKM 1 3HAUEHMSI, pa3/ie/I€HHbIe 3aMAThIMU. BOT Tak BBIISIAUT CIMCOK
”3 IBYX 3HaUEHMIA TUIIa Double:

[1.3, 45.7899]

a BOT ¥ CIIMCOK M3 OTHOTO-eIMHCTBEHHOI'0 CMMBOJIA:
['H’]
MU BOT M3 YETBIPEX CTPOK, OTPAKAIIMX MMEeHA IMPOTOKOIOB TPAHCIIOPTHOTO YPOBHS

OSI-mopenu:

[”TCP”, ”UDP”, ”DCCP”, »SCTPJ:]

Ecu y Bac ecTb OIBIT pa3paboTky Ha si3bike C, BbI MOKeTe IOJyMaTh, UTO CITMCOK MTOXO0K
Ha MaccuB. OHAKO, XOTSI CXOMICTBA MMEIOTCS, s HAMEPEHHO M30eraio CI0Ba «MaCcCUB»,
rmoroMy uTo B Haskell cymecTByroT MaccuBbI (aHIVI. array), 3TO HECKOIbKO MHAsI CTPYKTypa
TaHHBIX.

52
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Crniucok — 3TO TOXe BbIpaKeHUe, M03TOMY MOXHO JIETKO CO3[4aTh CIIMCOK CIMCKOB TPO-
M3BOJIbHOM BJIOKEHHOCTH. BOT Tak OyIeT BBIIJISIETb CIMCOK U3 Psifia IIPOTOKOIOB TPEX
ypoBHeit OSI-mogenn:

[ [”DHCP», ”FTP”, :JHTTP»]
s [”TCP”, ”UDP”, ”DCCP’,, ”SCTP”]
s [”ARP”, ”NDPD, ”OSPF”]

]

OTO CIIMCOK CIMCKOB CTPOK. CDOpMaTI/[pOBaHI/Ie B OTHOILIIE€HMM KBaJPaTHBIX CKOOOK BeCh-
Ma BOJIbHOE€, ITPpM >KeJIaHUM MOJXHO M TaK HaliMCaTb:

[ [”DHCP” s ”FTP”, ”HTTP); ] s
[”TCP”, ”UDP”, ”DCCP”, ”SCTP”] s
[”ARP”, ”NDP”, »OSPF:J ] ]

CIIMCOK MOKET OBbITh U ITyCTbIM, TO €CTb HE COAEPKATb B cebe HMKaKux JAaHHbIX:

(]

Twun criucka

Pa3 crmcoxk mpenacTasisieT co60ii CTPYKTYPY, COMEpPsKallyi0 JaHHbIe HEKOTOPOTrO TUIIA,
KaKoOB ke TUII caMoro ciucka? Bor:

[Int] -- Cnucok uyesbix 4ucen
[Char] -- CNucoKk cumsoJioB
[String] -- Cnucok cmpok

To eCcTb TUII CIIMCKA TakK U YKa3bIBA€TCA, B KBAAPAaTHbIX CKOOKax. VHOMHHYTbIﬁ paHee
CIIMCOK CIIMCKOB CTPOK MMeeT TaKoi TUII:

[[String]] -- Cnucok cnuckos cmpok

Mopeiib 04eHb IIpPOoCTa:

[ [String] 1

| Tun |
L paHHbix 4

Tnn
cnucka

|
|
3TUX AaHHbIX —

r——
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XpaHUTh JAHHbIE PA3HBIX TUIMOB B CTAHAAPTHOM CIIMCKe HEBO3MOKHO. OfHAKO BCKO-
pe Mbl MO3HAKOMMUMCS C IPYro¥ CTAaHAAPTHOM CTPYKTYPOJ JaHHBIX, KOTOPas O3BOJISIET
3TO.

JeiicTBUS HaJ CIMCKAMMU

Ecmyu cicku co3aioTesi — 3HAYUT 3TO KOMY-HMOYAb HY>KHO. CO CITMCKOM MOXKHO Je-
JaTh OYeHb MHOTO Bcero. B crangaprtHoit Haskell-6mbmmoTreke cyiecTByeT OTeIbHbIN
MOJTY/Ib Data.List, BKJIIOUAIOIIMII IMPOKKI HabOp QYHKIMI, pabOTaIONIMX CO CITMCKOM.
OTKpoeM MOAY/Ib Main ¥ UMIIOPTUPYEM B HETO MOMIYJIb Data.List:

module Main where

-- CmaHOapmHbill MOOYAb 019 pabomsl CO CNUCKAmu.
import Data.Llist

main :: I0 ()
main = putStrLn (head [”Vim”, “Emacs”, “Atom”])

@DyHKIMS head BO3BpalllaeT rojI0OBY CIMCKa, TO €CTh €ro IMepBblit smemMeHT. [Ipu 3amycke
9TOJ IIPOrpPaMMbI Ha BBIXOZE TTOTYUVIM:

Vim

Mopgenb Takas:
[”vim” , “Emacs”, “Atom”]

ronosa L— xBoct —

Dfakasl ryCeHMIla IMOJy4aeTCs: TepBbIii 3JIeMeHT — TOJI0Ba, a BCE OCTaJIbHOE — XBOCT.
OyHKIIMA tail BO3BpallaeT XBOCT:

main :: I0 ()
main = print (tail [”Vim”, “Emacs”, “Atom™])

BoT pesynbTar:

[”Emacs”, “Atom”]

@OyHKIMS tail GopMuUpyeT APYroil CIMCOK, MpeaCcTaB/sIonii c000i0 BCE OT IepBOHA-
YaJIbHOTO CIIMCKA, KpoMe ToyioBbl. O6paTuTe BHMMAaHMe Ha HOBYIO GYHKIMIO print. B maH-
HOM CJTyyae MbI He MOTIM Obl MCIIO/Ib30BaTh HAIlly 3HAKOMYIO putStrLn, Be[lb OHa MpPU-
MeHSIeTCSI K 3HaUeHMIO TUIIA String, B TO BpeMs KaK (QYHKI[MS tail BepHET HAM 3HaUe-
HMe Tuma [String]. MbI Beb TIOMHMM ITPO CTPOTOCTh KOMITWJISITOPA: UTO OKUAAEM, TO U
MTOJTYUNUTh JOJKHBI. OYHKUMS print TpegHa3HauUeHa /sl «CTPUHTUGUKALUN» 3SHAUEHUSI:
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OHa 0epéT 3HauUeHVe HEKOTOPOTO TUIIA U BBIBOIUT 3TO 3HAUeHMe Ha KOHCOJIb Y3Ke B BUJIE
CTPOKIN.

BHMMAaTeNbHBIM UMTATENb CIIPOCUT, KaKUM ke 006pa3om (YHKUMS print y3HAET, Kak
MMEHHO OTOOpa3suThb KOHKPETHOEe 3HaueHue B Bume cTpoku? O, 9TO MHTepecHemast
Tema, Ho oHa oTHOcUTCS K Tpetbemy Kuty Haskell, 1o 3HakoMcTBa ¢ KOTOPbIM HaM ellié
JaJIeKo.

MoskHO IMOJIYUYNUTD OJIMHY CIIMCKA:

handleTableRow :: String -> String
handleTableRow row

| length row == 2 = composeTwoOptionsFrom row
| length row == 3 = composeThreeOptionsFrom row
| otherwise = invalidRow row

OTO YyTOK BUIOM3MEHEHHDI KycOueK OfHOI Moeit TporpaMmbl, GyHKIMS handleTableRow
obpabaTeiBaeT CTpOKy Tabmmiibl. CTaHgapTHas QYHKLIMS length Ja€T HAM IJIMHY CITMCKA
(UMCIo 371eMEeHTOB B HEM). B MaHHOM Cjiyyae Mbl Y3HA€M YMCIO 3JIEMEHTOB B CTPOKE
TaOGIMILBI row, ¥ B 3aBUCYMMOCTY OT 3TOV IJIMHBI IIPMMEHSIEM K 3TOW CTpOKe (QYyHKIINIO
composeTwoOptionsFrom UJIV composeThreeOptionsFrom.

Ho mocroiite, a roe ke TYT criMcoK? OyHKIMS handleTableRow IPUMEHSIETCSI K CTPOKE U
BBIUMC/ISIET CTPOKY. A BCE JIeJI0 B TOM, UTO CTPOKA €CTh HU UYTO MHOE, KaK CITUCOK CUM-
BOJIOB. TO €CThb TUII String 3KBMBAJEHTEH TUITY [Char]. CKaxy fosee: String — 3TO Iaske
He CaMOCTOSITebHBIN TUII, 3TO BCEro JUIIb IICEBAOHUM i TUIA [Char], M BOT KaK OH
3aaH:

type String = [Char]

KitoueBoe €/I0BO type BBOOUT CMHOHUMM [Jis YK€ CyLIeCTBYIOIIEro Tuma (aHri. type
synonym). VIHoria ero Ha3bIBaIOT «IICEBIOHMMOM TUIIa». UMTaeTCs 3TO TaK:

type String = [Char]

TMN  3TOT paBeH ToMy

TakuM 06pa3oM, 00bsiBIeHMe (QYHKUINUM handleTableRow MOXKHO ObIJIO ObI IEpeNucaTh
TaK:

handleTableRow :: [Char] -> [Char]

[Ipn paboTte co cCMCKamMy MbI MOKEM MCIIOb30BaTh YK€ 3HAKOMbIE ITPOMEXKYTOUHbIE
BbIpaskeHUs, HaTI[puMep:
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handleTableRow :: String -> String
handleTableRow row
| size == 2 = composeTwoOptionsFrom row
| size == 3 = composeThreeOptionsFrom row
| otherwise = invalidRow row
where size = length row

A MOXHO U Tak:

handleTableRow :: String -> String
handleTableRow row

| twoOptions = composeTwoOptionsFrom row

| threeOptions = composeThreeOptionsFrom row

| otherwise = invalidRow row

where
size = length row -- Y3Haém odauny
twoOptions = size == 2 -- ... cpasHusaem
threeOptions = size == 3 -- ... U ewé pas

3mech BbIpaKeHUS twoOptions M threeOptions MMEIOT yiKe 3HAKOMBI1 HAaM CTaHﬂapTHbIﬁ

TUII Bool, BeZlb OHM PaBHbI pe3y/JabTaTy CPaBHEHNS 3HAYEHMS size C YMCIOM.

HensMeHHOCTD CIIMCKA

Kak Bl Y>Ke 3HaeTe, BCe NaHHbIe B Haskell He3MEeHHbI, KaK Erumnerckue nmMpamMmmnabl.
CnMcKkM — He MCKIIOUeHMe: Mbl He MOXXeM M3MEeHUTD CYH_[eCTBYIOH_U/Iﬁ CITMCOK, MbI MO-

SKeM JIMIIb CO3[aTh Ha ero OCHOBE HOBbINM CIIMCOK. Harpumep:

addTo :: String -> [String] -> [String]
addTo newHost hosts = newHost : hosts

main :: I0 ()
main = print (”124.67.54.90” ‘addTo‘ hosts)

where hosts = [”45.67.78.89”, “123.45.65.54”]

PesyanaT 3TOM ImporpaMMbI TaKOB:

[¥124.67.54.90”,745.67.78.89”,7123.45.65.54”]

PaccmoTtpum orpeneneHe GyHKIM addTo:

addTo newHost hosts = newHost : hosts

CraHaapTHAIN oIlepaTop : J00aBIsIeT 3HaUeHNe, SIBJISIOIIeecs JIEBbIM OIIePaHI0M, B Ha-

YaJjio CIIMCKa, ABJIAI0LIEerocd IpaBbIM OIlepaHa0M. UuraeTcs 3TO Tak:
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newHost : hosts
3TOT
onepaTtop

6epéT

370

3HayeHune

n pobasnsaer
ero B Hayano
3TOro cnvcka

ECTeCTBeHHO, TUII 3HaYEHMs (JIeBa 00sI3aH COBITagaTb C TUIIOM 3HaHEHMﬁ, cogeprKammnux-
Cd B CITMCKe CITpaBd.

C KOHIIEINTYaJbHOM TOYKM 3peHust GyHKIMS addTo J0oOaBMIa HOBbIV IP-ampec B Havaso
CIIMCKa hosts. B meiiCTBUTENBHOCTM K€ HUKAKOTO N06aBIeHNs He ITPOU301IIIO, MO0 CIIC-
KV Hen3MeHHbI. OTiepaTop : B3s/1 3SHaUeHMe newHost M CITMCOK hosts M CO3[aJ1 HA X OCHOBE
HOBBI CIIMCOK, comepsKaliuii B cebe yke Tpu IP-ampeca BMecTo ABYX.

Ilepeuncinenmne

IorycTuM, TOHA00MIICS HaM CITMCOK LIeJTbIX YMCEJT OT OJHOTO 10 JecsaTu. [Tniem:

main :: I0 ()
main = print tenNumbers
where tenNumbers = [1, 2, 3, 4, 5, 6, 7, 8, 9, 10]

Heroxo, HO M30BITOYHO, BeOb YMCET MOIJIO ObITh M CTO, M ThiCcsSUa. ECTb JIydrimit
My Th:

main :: I0 ()
main = print tenNumbers
where tenNumbers = [1..10]

KpacuBo, He npaBpa n? BeIipaskeHne B KBaIpPaTHbIX CKOOKAX HA3bIBAETCS IEepeuncie-
HMYeM (aHII. enumeration Wiy cokpaméHHo enum). VIHOrma e€ MMeHyIOT Takke apud-
MeTUYeCKOl MocjiefoBaTelbHOCThI0. Vles ripefe/ibHO IMPOCTa: 3aUeM YKa3bIBaTh COAEP-
>KMMOE CITMCKA L[eJIMKOM B TOM CUTyalMy, KOrla MOXKHO YKa3aTh JINIIb AMANa30H 3Have-
HU? 3TO MbI U COealn:

[1..10] = [1,2,3,4,5,6,7,8,9,10]

3HaueHMe CJieBa OT .. — 3TO HAvajo Auara3oHa, a 3HaueHue crpaBa — ero koHer,. Kom-
MUISATOP CaM IOTafaeTcsl, YTO I1ar MeXXIy UMcIaMiu B TaHHOM MOC/Iel0BaTeTbHOCTU pa-
BeH 1. BoT elné npumep:
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[3..17] = [3,4,5,6,7,8,9,10,11,12,13,14,15,16,17]

MbI MOXKeM 3a7aTh LIAT U SIBHO:

[2,4..10] = [2,4,6,8,10]

HOJ’IY‘II/IJ'II/I TOJIbKO UE€THBIE 3HaUeHMs1. CxeMa IIpocCTa:

[2, 4 .. 10]
nepBbin KoHel
BTOpOM

| pashmua |

L paét war —

Bort eig nmpumep:

[3,9..28] = [3,9,15,21,27]

MoskHO 3a4aTb M HUCXOISIIMI OMalla30H:

[9,8..1] = [9,8,7,6,5,4,3,2,1]

Wnwu tak:

[-9, -8.. -1] = [-9,-8,-7,-6,-5,-4,-3,-2,-1]
Ia, oTpuilaTebHbIE UKC/IA TOXe paboTaroT. MOXKHO B3SITh TaKyKe M YMc/Ia C IUIaBaroIeit
TOYKOIA:

[1.02,1.04..1.16] = [1.62,1.04,1.06,1.08,1.1,1.12,1.14,1.16]

B o6miem, umes scHa. Ho 4To 3T0 MbI BCE ¢ unciaMu fa ¢ umciamu! BosbMEM CHMMBO-
JIBI:

[’a’..’z’] = ”abcdefghijklmnopqrstuvwxyz”

[namnasoHOT 'a' A0 'z' — MOMYYMIIV QHTJIMIACKMIE a/iaBUT B BUAE [Char ] MM, KaK MbI y3Ke
3HaeM, IIPoCTO String. [Ipy GONBIIOM KeJTaHMU IBHO 3aJaTh IIAar MOKHO U 37€Ch:

[’a’,’c’..’z’] = “acegikmogsuwy”
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Bort Takas kpacora.

Tenepb, I1ocjie 3HaKOMCTBaA CO CITMCKOM, MbI 6y,EL€M VICITIOJIb30BATh UX ITOCTOSIHHO.

1711 TFI0OOIIBITHBIX

B paspene npo auarasoHsbl 4JIs CIIMCKA Mbl OTIEpUPOBAJIM 3HAUEHUSIMU TUTIA Int, Double
" Char. Bo3HMKaeT BOIMPOC: a MOXKHO JIY MCTIO/Ib30BaTh 3HAUEHMSI KAaKMX-HUOYIb IPYTUX
TunoB? OTBeYa: MOKHO, HO C OTOBOPKOIL. [Torrpo6yeM MpopenaTh 3TO CO CTPOKOIA:

main :: I0 ()
main = print [”a”,”aa”..”aaaaaa”] -- Hy-wy...

[Tpu MOMBbITKE CKOMIMIMPOBATh TAKOM KOJ, YBUIUM OLIMOKY:

No instance for (Enum [Char])
arising from the arithmetic sequence ‘”a”, “aa” .. “aaaaaa™’

U youBASITHCS TYT HEUEMY: IIaT MEXIY CTPOKaMu abCypleH, M KOMIMU/ISITOP B 3aMela-
TeabCcTBe. He Bce TUIIBI MOAXOIST AJIs TIePeYncIeHNt B CUITy CBO€e IPUPOIbl, OMHAKO B
OymyiemM, KOrga Mbl HAyYMMCS CO3/IaBaTh HAIIM COOCTBEHHbBIE TUITbI, Mbl y3HA€M, UTO UX
BIIOJIHE MOXKHO MCIIO/Ib30BaTh B AMaria3oHax. Habepurech TeprieHus.

[IpMOTKpOIO CeKpeT: 3TOT CTPAHHBI MPUMeEp C IIaroM MeXIy CTPOKaMM TeopeTudecKu
MOYXHO-TaKM 3aCTaBUTh pabOTaTh, HO O TOM, KaK 3TO CJIeJIaTh, Mbl y3HaeM BO BpeMsI 3Ha-
komcTBa ¢ Tpetbum Kutom Haskell.
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KopTex

B 3T01i1 rmaBe Mbl MO3HAKOMMMCS C KOpTeXeM " emie OIIKe MOAPY>KMMCH C ITIAaTTEPH MaT-
YMHTOM.

Koprexk (aHri1. tuple) — emié ogHa cTaHgapTHas CTPYKTypa JaHHbBIX, HO, B OT/IMYME OT
CIMCKA, OHA MOKET CoAepsKaTh JaHHbIe KaK OAHOTO TUIIA, TAK U Pa3HBIX.

CTpYKTYpBbI, CITOCOOHBIE COAEP)KATh JaHHbIE€ PA3HBIX TUIIOB, HA3bIBAIOT reTePOreHHBIMMU
(B mepeBojie C TPeUeCcKOro: «pasHoro poaar).

BOT Kak BbITTISSOAUT KOPTEX:

(”Haskell”, 2010)

Kpyribie ckOOKM M 3HaUeHUSsI, pa3feiéHHbIe 3aMsIThIMU. DTOT KOPTEX COOEePXKUT 3HaUe-
HMe TUIA String U elll€ OAHO, THMa Int. BOT emié nmpumep:

(”Haskell”, 2010”, *Standard”)

To eCTb HUUTO He MellIaeT HaM XPaHUTDb B KOPTeEXe JaHHbIe OOJHOIO TUIIA.

Tumn koprexxa

Tum crmcKa CTPOK, Kak Bbl IOMHUTE, [String]. I He BaskHO, CKOTbKO CTPOK MbI 3aITMXHY/IN
B CITMCOK, OOHY UJI/ MUJUIVOH — €T0 TUII OCTaHeTCsI HeuM3MeHHbIM. C KOpTeskeM 3Ke JIeJI0
06cToUT abCOMIOTHO MHAUe.

Tun KopTeska 3aBUCUT OT KOJIMUYECTBA €ro 3JIEeMEHTOB. BOT TUIl KopTeka, CofepsKaliero
IIBE CTPOKIA:

(String, String)

Bort eig nmpumep:

60
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(Double, Double, Int)

U eme:

(Bool, Double, Int, String)

Tun KopTexka SIBHO OTpakaeT ero cogepkumoe. [loaromy ecyiv QyHKIVS TPUMEHSIETCS K
KOPTEXY U3 IBYX CTPOK, IPMMEHUTb €€ K KOPTeXY U3 TPEX HUKAK He IOJIyIUTCS, Belb
TUITBI 3TUX KOPTEXKEN pasanyarTcs:

-- Pa3sHble munsi
(String, String)
(String, String, String)

HevicTBUSI HaA KOPTEKaMMU

Co crickaMy MOXKHO AenaTh MHOTO BCero, a BOT C KOpTexkaMy — He oueHb. CaMble ya-
CThle JeiiCTBUSI — COO6CTBEHHO GOpPMMUPOBaHME KOPTEXa U M3BJIeUeHNe XPaHSIMUXCS B
HEM maHHbIX. Hampumep:

makeAlias :: String -> String -> (String, String)
makeAlias host alias = (host, alias)

[Moskamyii, HUYEro mpolge NpUAyMaTh Helb3s: Ha BXOHe ABa apryMeHTa, Ha BbIXOJe —
IIBYX3JIEMEHTHBII KOPTEX C 3TUMMU apryMeHTaMu. JIByX3JIeMEeHTHBII KOPTEK Ha3bIBAIOT
elll€ Tapoii (aHI/I. pair). I XoTs KOpTexX MOsKeT coflepskaTh CKOJIbKO YIOIHO 3JIeMeHTOB,
Ha TMpaKkTUKe MUMEHHO Mapbl BCTPEUYAIOTCS Yallle BCero.

O6paTuTe BHMMaHMe, HACKOJIbKO JIETKO CO3AETCS KOpTeX. [IpMunHa ToMy — yske 3Ha-
KOMBIif HaM TMTaTTepH MaTUMHT:

makeAlias host alias = (host, alias)

MBI ITpOCTO YKa3bIBaEM COOTBETCTBYE MEXKTY JIEBO M ITPaBOii CTOPOHAMM OTIpeeIeHUSI :
«ITyCTb TIepBBIi 3JIEMEHT Maphl OymeT paBeH apryMeHTY host, & BTOPOil — apryMeHTYy
alias». Huuero ymo6Hee 1 mpoiiie U MpuayMaTh Helib3sl. VI ecivt GbI MbI XOT€JTM TTOTYIUTD
KOPTEX U3 TPEX 37IEMEHTOB, 3TO BBIIVISIAENO ObI TaK:
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makeAlias :: String -> String -> (String, String, String)
makeAlias host alias = (host, “https://” ++ host, alias)

Omnepatop ++ — 3TO OmepaTop KOHKaTeHaluu, CKJIEUBAIOIIVIT OBe CTPOKU B OLHY.
CTporo roBopsi, OH CKJeMBaeT ABa CIIMCKA, HO MbI-TO C BaMM yXXe 3HaeM, 4TO String
€CTb HYM UTO MHOE€, KakK [Char]. TakuM 06pa3oM, *https://” ++ “www.google.com” AT HAM
”https://www.google.com”.

U3BiieueHre 31eMEHTOB U3 KOpTeXXa TaKXKe IIpOM3BOAUTCA 4Yepe3 IaTTepH MaT-
YMHT':

main :: I0 ()
main =
let (host, alias) = makeAlias 173.194.71.106”
”www .google.com”
in print (host ++ ”, ” ++ alias)

DyHKIMS makeAlias AT HAM Iapy M3 XOCTa U MMeHU. Ho UTO 3TO 3a cTpaHHAas 3amuch
BO3JIe Y)Ke 3HAKOMOTO HaM C(JIOBA let? ITO MPOMEXKYTOYHOE BhIpasKeHNe, HO BbIpaXkeHMe
XUTpPOe, 06pa3oBaHHOe Yepe3 MaTTepH MaTUMHT. YTOObI ObUIO ITOHATHee, CHAvaJIa epe-
nuieM QyHKIMIO 6e3 Hero:

main :: I0 ()
main =
let pair = makeAlias ”173.194.71.106”
“www.google.com”
host = fst pair -- bepém nepsoe...
alias = snd pair -- bepém smopoe...

2 2

in print (host ++ ”, ” ++ alias)

I[Tpu 3amycke 3TO¥ MPOTPaMMbl IMOTYUMUM

»173.194.71.106, www.google.com”

CrangapTHbie GYHKIMA fst ¥ snd BO3BPAIIAIOT ITEPBBIii 1 BTOPO¥ 3JIEMEHT KOPTEsKa COOT-
BETCTBEHHO. BbIpaskeHMe pair COOTBETCTBYET Iape, BbIpaskeHMe host — 3HAUEHUIO XOCTa,
a alias — 3HaYeHMIO uMeHU. Ho He KaskeTcsl i BaM TaKo# CItoco6 n36bITOUHbIM? MbI B
Haskell 11061M M3sIHbBIE pellIeHNsT, [TO3TOMY ITPeAIIOUNTaeM ITaTTePH MaTUMHT. BOT Kak
TIOJTY4aeTCsl BbIIIENTPUBEIEHHDIN CIT0CO06:



I'naBa 12. Koprex 63

let (host, alias) = makeAlias ”173.194.71.106” “www.google.com”

let (host, alias) = (”173.194.71.106”, “www.google.com™)

AdHHOE 3Ha4yeHue

3TO0

XOCT
d BOT 3TO 3Ha4eHue

3TO0
nMa

Bor Takasi mpoctast marus. @yHKIINS makeAlias Ja€T HAM Iapy, ¥ Mbl JOCTOBEPHO 3HAEM
9TOo! A ec/iv 3HaeM, HaM He HY>KHO BBOJUTH ITPOMEXKYTOUHbIE BbIpaXkKeHMs Bpoje pair. Mbl

Ccpa3y roBOpUM:
let (host, alias) = makeAlias ”173.194.71.106” “www.google.com”

Mbl TOYHO 3H3EM, UYTO BbipaxeHue,
BbIYMC/IEHHOE 3TOW dYHKLUMEN

37O BOT
Takaa napa

9TO «3epKajbHasi» MOJe/b: uepes MaTTepH MaTUMHT GOpMUpyeM:

-- Qopmupyem npasyw CmopoHy
-- Ha ocHose Jesol. ..
host alias = (host, alias)

>>>> >>>>

>>5>>> >>>>>

M yepe3 Hero ke M3BJIeKaeM:

-- Qopmupyem sieByH CMOPOHY
-- Ha ocHose npasod. ..
(host, alias) = (”173.194.71.106”, “www.google.com”)

<< <L L L L L L L L L L L

<< <L L L L L L L L L L L L LK

Bor enié omuH nmpumep paboThl ¢ KOPTEXEM Yepe3 IMaTTepH MaTUYMHT



I'naBa 12. Koprex 64

chessMove :: String

-> (String, String)

-> (String, (String, String))
chessMove color (from, to) = (color, (from, to))

main :: I0 ()
main = print (color ++
where
(color, (from, to)) = chessMove ”white” (“e2”, “e4”)

2, EIET)

++ from ++ ++ to)

W Ha BBIXOAE TOTyYaem:

*white: e2-e4”

O6patuTe BHMMaHMe, 00bsiBieHMe QYHKIMY OTGOPMATUPOBAHO YYTOK MHAYE: TUITbI BbI-
CTPOEHBI APYT MO, IPYTrOM uepe3 BbIpaBHMBAHME CTPEJIOK Iof, JBoeTouMeM. Bbl yacTo
BCTpeTuTe Takoii cTuib B Haskell-ripoekTax.

DYHKIMS chessMove JAET HAM KOPTEK C KOPTEKEM, a pPa3 Mbl TOUHO 3HaeM BU, 3TOTO KOP-
TeXa, Cpa3y yKa3bIBaeM where-BbIpaskeHMe B Bue o6pasiia:

(color, (from, to)) = chessMove ”white” (”e2”, ”e4”)

He BCé

MbI MOKeM BBITACKMBATD IT0 00Pa3ILy JIMIIb YaCTh HY>KHOV HaM MHGopMauyu. IIoMHUTE
YHUBEpPCAJIbHbIN 06paser _? BamisgHuTe:
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- - [losacHaAwwyue ncesooHUMbI

type UUID = String
type FullName = String
type Email = String
type Age = Int

type Patient = (UUID, FullName, Email, Age)

patientEmail :: Patient -> Ematil
patientEmail (_, _, email, _) = email

main :: I0 ()

main =
putStrLn (patientEmail ( “63ab89d”
, ”John Smith”
, “’johnsm@gmail.com”
s, 59

))

DyHKIMS patientEmail JAET HAM MOYTY MamyeHTa. TuUm Patient — 3TO MCEBIOHUM IS
KOpTeXa U3 UeThIPEX 37IeMEeHTOB: YHUKAIbHbI UIeHTUPUKATOD, TOTHOE MMSI, afpec Mo-
YTBI ¥ BO3PACT. JIOTIOJIHMTE/IbHBIE TICeBIOHMMBI Ie/IaI0T Halll KO SICHee: OJHO JIeJI0 BU-
IeTh 0€3JIMKYIO String ¥ COBCEM JIpyroe — Email.

PaccMOTpuM BHYTPEHHOCTb QYHKIIVM patientEmail:

patientEmail (_, _, email, _) = email

OyHKIIMS TOBOPUT HaM: «/la, S 3HAI0, YTO MO apryMeHT — 3TO YeTbIPEX3TeMeHTHbIN
KOpTeX, HO MeHSI B HEM MHTepecyeT UCKIIOUUTEbHO TPeTuii Mo CUETY 37eMeHT, COOT-
BETCTBYIOIIMIA afipecy IOYTHI, €T0 SI ¥ BepHY». YHUBEpPCAIbHbIN 00pasel] _ IelaeT Hall
KOJI TaKOHUYHee U TOHsITHee, Be/ib OH IMTOMOTraeT HaM UTHOPUPOBATh TO, UTO HAM HEUH-
TepecHO. CTpOro roBopsi, Mbl He 06sI3aHbI UCITOb30BaTh _, HO C HUM Oy[IeT JIyullie.

A ecniu ommoaInUCH?

[Tpu MCIIOIb30BaHMM MTATTEPH MATUMHTA B OTHOIIEHUM T1apbl CJIeAyeT ObITh BHUMATETb-
HbIM. [IpencraBum cebe, UTO BbIIIEYTIOMSIHYTbII TUII Patient ObUT pacIIvMpeH:
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type UUID = String
type FullName = String
type Email = String
type Age = Int

type Diseaseld = Int -- Hosbili 31emeHm.
type Patient = ( UUID

, FullName

, Email

» Age

, Diseaseld

Bbi1 mo6aBieH uaeHTuduKaTop 3ab6oneBaHus. Y BCE 6bI XOPOIIO, HO BHECTY M3MEHEeHUS
B (PyHKIIMIO patientEmail MbI 3a0BIIN:

patientEmail :: Patient -> Email
patientEmail (_, _, email, _) = email

ALAA A -~ A nameili 20e?

K cuacTpio, B 3TOM CJlyuae KOMIMJISITOP CTPOTO OOpaTUT Hallle BHMMaHMe Ha Omno-
KYy:

Couldn’t match type ‘(t0, t1, String, t2)’
with “(UUID, FullName, Email, Age, Diseaseld)’
Expected type: Patient
Actual type: (tO, t1, String, t2)
In the pattern: (_, _, email, _)

OHO U TIOHATHO: (QDYHKIIMS patientEmail MCIIOTb3yeT 06pasel], KOTOPbIi yke HEKOppPeK-
TeH. BOT moueMy Ipy MCHOIb30BaHUM MMATTEPH MATUMHTA CJIEAyeT GbITh BHMUMATEIb-
HBIM.

Ha sTom Haiile 3HakKOMCTBO C KOpTeXXeM CUMTar0 3aBepIJ_IéHHbIM, B IMOoCjieAyIOIMX IriiaBax
MBI 6Y,ILeM VICITIO/Ib30BATh UX ITepUOaNYIEeCKN.

J171s1 TFI0OOIIBITHBIX

Jls paboThI C 37IeMeHTaMy MHOTO3/IeMeHTHBIX KOpTeXkeit MOKHO MCIIONb30BaTh FOTO-
Bble 6M6IMOTEeKHM, BO M36eKaHMM AJMHHBIX TATTePH MaTUMHIOBLIX Ilerouek. Harmpumep,
naker tuple!:

'http://hackage.haskell.org/package/tuple
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Data.Tuple.Select
main :: I0 ()
main = print (sel4 (123, 7, “hydra”, ”DC:4”, 44, ”12.04”))

OyHKUMS seld U3 MOIYIS Data.Tuple.Select M3BJAEKAeT YETBEPTHINA MO CUETY JIEMEHT
KOpTeXa, B JaHHOM Cjy4yae CTPOKYy “DC:4”. TaMm ecTb GYHKIMM BILIOTH A0 sel32, aBTO-
pBI BIIOJIHE Pa3YMHO COWIM, YTO HUKTO, HAXOASICh B 3PaBOM yMe U TBEPAOI MaMsITH, He
CTaHeT OMepPMPOBATh KOPTEXKAMM, COCTOSIIIIMMY U3 6ojiee uem 32 37IeMeHTOB.

Kpome TOro, MbI ¥ OOHOBJISITh 3/IEMEHTBI KOPTEKA MOXKEM

import Data.Tuple.Update

main :: I0 ()
main = print (upd2 2 (”si”, 45))

EcTecTBeHHO, IO MPUYNHE HEM3MEHHOCTY KOPTEKa, HUKAKOTO OOHOBJIEHUS TYT He IPO-
MCXOOUT, HO BRIVIIAUT CUMITATUYHO. [Ipu 3a1mycke moyiydaeM pesysibTaT:

(J)S_-L»’Z)

BTopoii aneMeHT KOpTesKa MU3MEHUJICS C 45 Ha 2.
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JIamoOma-pyHKIIA

[Tpurio Bpemst MO3HAKOMUTLCS C BaXKHOM KOHIIeMIei — 1aMona-gyHkimein. imeHHO
C HE€ BCE M HAYaJIoCh. [IpUroTOBBTECH: B 3TOI IVIaBe HAC XAYT HOBbIE OTKPBITHS.

NUcToxu

B panéxknx 1930-x M0osIOmOM aMepUKaHCKUIA MaTeMaTUK AJIOH30 Ulépq1 3a1aJI1CS BOITPO-
COM O TOM, YTO 3HAUUT «BBIYMCIUTH» UTO-100. [[I0IOM ero pasMbIlIEHMIA SIBUIACH CU-
creMa 15 popmanusanuy MOHSITUS «BbIUMCIEHME», Y Ha3BaJl OH 3Ty CUCTEMY «IsIM61a-
mcumncienneM» (aHmI. lambda calculus, mo MMeHu rpeyeckoit 6yKBbI A). B ocHOBe 3TO¥
CUCTEMBI JIEXKUT JIIMOAa-hyHKIMS, KOTOPYIO B HEKOTOPOM CMBbIC/IE MOXKHO CUYMTATh «Ma-
Tepbio GYHKIMOHAIBHOTO IIpOrpaMMupoBanmsi» B 1iejioMm 1 Haskell B uactHoctn. anee
6ymy Ha3bIBaTh eé JID.

B oTHO1IeHNUM JI® MOXKHO cMeno cka3aTh: «Bcé reHmanbHoe rpoctox». Uaes JIO cTosnb no-
Jle3Ha MMEHHO ITOTOMY, UTO OHA IpeaesbHO mpocTa. JI® — 9T0 aHOHMMHAsT QYHKIINS.
Bort kaxk ona BoimaauT B Haskell:

\X -> x * x

OG6patHbIi c311 B Hayaine — rpusHak JI®. CpaBHUTE ¢ MaTeMaTuueckoi ¢GopMoii 3amm-
cu:

AX . X * X

[Toxoske, He TipaBaa Jin? BocripuHuMaiiTe o6paTHbIi CI311 B orpeaeneHny JIO Kak CrivH-
KY OYKBBI A.

JI® mpepctaBisieT cob0¥i mpocTeimii Bua, GyHKUMM, sgakast GyHKIMs, pa3aeTast g0-
roia. Y Heé 3abpayii He TOJIbKO OObSIBJIEHME, HO M MMSI, OCTaBUB JIMIIb HEOOXOIVIMbIi
MUHMMYM B BUJE UMEH apryMEHTOB U BHYTPEHHETO BbIpaskeHMsI. AJIOH30 UEépYu MOHSLI:
YTOOBI TPUMEHNTH QYHKIINIO, BOBCE HEOOsI3aTebHO €€ MMeHOBaTh. U eciu y 0OBIYHOI

https://en.wikipedia.org/wiki/Alonzo_Church
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byHKIMM cCHavaia UaET 0ObsIBIIeHMEe/OTIpeiesieHne, a 3aTeM (TAe-To) IpMMeHeHe C UC-
Mob30BaHMeM MMeHHU, TO y JI® Bcé Kyfa Ipolile: Mbl e€ oIpezesseM U TYT Xe MpumMe-
HsieM, Ha MecTe. Bor Tak:

(\x -> x *x) 5

[TomHMTE DYHKIMIO square? BOT 3TO €€ nsiM61a-aHaIOT:
(\x -> x * x) 5

nambaa-abcTpakumMa aprymeHT
JIasmbpa-abcrpakiys (aHmt. lambda abstraction) — 3To oco60e BbipaskeHMe, ITOPOKIaI0-
mee QYHKINMIO, KOTOPYIO MbI Cpa3y ke IMpMMeHsIeEM K apryMmeHTy 5. JI® ¢ omHMUM apry-
MEHTOM, Kak 1 ITPOCTyI0 GYHKIMIO, Ha3bIBaIOT ellé «JI® oT omHOTo aprymeHTa» uin «JId

OITHOTO apryMeHTa». Takke MOXXHO CKa3aTb U O «JIIMOa-abCTpaKIMM OT OJHOTO apry-
MEHTa».

CrpoeHne

CrpoeHue asiMO1a-abCTpaKkIUy IpeaeabHO IMPOCToe:

\ X > X * X
NPU3HAK UMSA BblpaxeHune
no aprymeHTa

COOTBeTCTBeHHO, eun JI® IIpUMEHAETCAd K ABYM apTyYMEHTaM — IIMIIEM TaK:

\ X y > x*y
npuM3Hak wuma 1 mma 2 BblpaxXeHune
no aprymMeHTa aprymeHTa

U korga Mbl IpUMeHsieM TaKylo QYHKIMIO:

(\xy ->x *y) 10 4

TO IIPOCTO ITOACTaBJIsIEM 10 HA MeCTO x, @ 4 — Ha MeCTO y, ¥ I10JIy4aeM BbIpa>keHue 10 *
4:

(\xy ->x *y) 10 4
10 * 4
40

B 0611em, Bcé Kak ¢ 0ObIYHOM QYHKIIMEN, Taxe MMpoIe.

MbI MOKeM BBECTU IIPOMEKYTOYHOE 3HAUEHMeE IS JIIMO1a-a0CTpaKIINN:
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main :: I0 ()
main = print (mul 10 4)
where mul = \x y -> x * y

Termmepb MBI MOXeM IIPMMEHSITh mul Tak ke, Kak eciau Obl 9TO ObLIa cama JIsIMOma-
abcTpakius:

mul 10 4
(\xy ->x *y) 10 4
10 * 4

U 3mech MbI MPUOGIU3MINCH K OGHOMY BaKHOMY OTKPBITHIO.

Tun pyHKIIUM

MbI 3HaeM, UTO y Bcex maHHbIX B Haskell-miporpamme 06s13aTeIbHO €CTh KaKO-TO TUII,
BHMMATEJIbHO MIPOBEPSIeMblIil Ha 3Tare KOMIMISIMK. BOrpoc: Kakoi TUIT y BeIpaskeHUSI
mul U3 IIpeabIAyIero npuMmepa?

where mul = \x y -> x * y -- Kakol mun?

OTBeT mpoCT: TUII mul TAaKOJ XKe, KakK M y 3TOi JIMObma-adbcTpakiyn. Vi3 3TOro Mel ae-
JlaeM BakHbIV BbIBOJ: JI® MMeeT TuI, Kak ¥ 00bIuHbIe JaHHble. Ho mockonbKy JIO siB-
JISIeTCST YaCTHBIM CTydaeM (PYHKUIMM — 3HAUUT U 'y OOBIKHOBEHHO (YHKIIUM TOXKE €CTh
TUIL!

B He(yHKIIMOHATbHBIX SI3bIKaX MeKIY QYHKINMSIMU U JaHHBIMM IIPOBeIeHa YETKasl Tpa-
HMIIA: BOT 3TO QYHKIIMM, a BOH TO — AaHHble. OmHako B Haskell mexxmy maHHbIMM U DYHK-
IMSIMU Pa3HUIIBI HET, BeAb U TO M APYyroe IIOKOUTCSI Ha OMHOI 1 Toii ke Yepemaxe. BoT
TUN QYHKIUM mul:

mul :: a ->a ->a

[ToromuTe, CKaskeTe BbI, HO BE/Ib 3TO 3Ke 00bsiBIeHMe GyHKIMM! COBEpPIIEHHO BEPHO: 00b-
siBJieHMe QYHKLIMY — 9TO M eCTh yKa3aHue eé Tuma. [IoMHMTe, KOora Mbl BIIEpPBbIE ITO3HAa-
KOMMINCH C PYHKI[ME, ST YTOUHWII, UTO €€ 00bsIBJIeHIe pa3ie/IeHO JBOMHBIM JBOETOUN -
eM? Tak BOT 3TO JBOITHOE IBOETOUME U IPEICTABIISIET COO0I yKa3aHue TUIIA:

mul :: a->a->a
BOT WMeeT BOT
3To Tun L takon —

To4HO TaK ke Mbl MOXeM YKa3aTb TUIT JIIOOBIX APYyTIUX OaHHbIX:
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let coeff = 12 :: Double

XoTst Mbl 3HaeM, uTo B Haskell Tumbl BbIBOASITCSI aBTOMaTMUUECKM, MHOTAA Mbl XOTUM
B3STh 3Ty 3a60Ty Ha ce6s1. B JTaHHOM C/Tydae Mbl IBHO TOBOPUM: «I1yCTb BbIpaskeHMe coeff
OymeT paBHO 12, HO TUII €r0 IyCTh OYAET Double, a He Int». Tak ke u ¢ QyHKIMEN: KOTma
MbI OOBSIB/ISIEM €€ — MbI TEM CAMbIM YKa3bIBaeM €€ TUIL.

Ho BBI CIIPOCUTE, MOXKEM JIM MbI HE YKa3bIBaTbh TUIIL d)YHKLU/II/I SIBHO? MoxkeM:

square x = X * x

9To Hara crapas 3Hakomasi, yHKIMS square. Korga oHa 6ymeT mpuMeHeHa K 3HAUEHUIO
TUIA Int, TUII apTyMeHTa OyIeT BbIBeAeH aBTOMAaTUUeCKM Kak Int.

U pa3 QyHKIIMS XapaKTepu3yeTcsl TUTIOM TaK ke, Kak 1 ITpoune JaHHble, MbI JleJlaeM elllé
OIIHO Ba)KHOE OTKPbITHE: QYHKIMSIMM MOXKHO OIepUpoOBaTh Kak JaHHbIMM. Harmpumep,
MOSKHO CO3JaTh CIMCOK QYHKIIMIA:

main :: I0 ()
main = putStrLn ((head functions) “Hi”)
where
functions = [ \x -> x ++ ” val1”
, \x -> x ++ ” val2”

]

BoipaskeHue functions — 3TO CIIMCOK M3 ABYX QyHKUMIA. [IBa 15IM6/1a-BbIpaskeHMS IOPOXK-
IAIOT 9T ABe PyHKUMM, HO O MOMEHTA MPUMEeHeHNsI OHM HUYEro He [e/laloT, OHU Oe3-
SKM3HEHHBI 1 6ecrione3Hbl. Ho Korma Mbl mpuMeHsieM (PYHKIINIO head K 9TOMY CIIMCKY, MbI
MoJTyyaeM MepBbIii 37IeMeHT CINUCKA, TO eCTh NepByI0 GyHKUMIO. U MoTyunB, TYT 5Ke Ipu-
MeHsieM 3Ty (PYHKIMIO K CTPOKe “Hi”:

putStrLn ((head functions) ”Hi”)

eé
aprymeHT

nepsas

|
| dyHKuma
L~ u3 cnucka

—1
9TO PaBHOCMJIbHO KOJIY:

putStrLn ((\x -> x ++ ” val1”) “Hi”)

HpI/I 3allyCKe IMTporpaMmbI MbI ITOJTYUYUM :

Hi vali

KecraTtu, a kakoB Tun cimcka functions? Ero Tmm TakoB: [String -> String]. To ecTh
criucok YHKIMIT C OJHUM apTyMeHTOM TUIIa String, BO3BpalllalONIMX 3HAUE€HMe TUIa
String.
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JIokanbHbIe PYHKUUU

Pas yxx mexay JI® u mpocTbiMu GYHKIMSIMY QaKTMUeCKY HET pasanunii, a QyHKIUM eCTh
YACTHbIN CTy4yail JTaHHBIX, Mbl MOXXEM CO3/1aBaTh QYHKIIMM JIOKAJIbHO IJIsT APYTUX (PYHK-
Ui

-- 30ecb onpedesieHbl PyHKYUU
-- 1sInfix0f u isSuffixof.
import Data.List

validComEmail :: String -> Bool
validComEmail email =
containsAtSign email && endsWithCom email
where
containsAtSign e = ”@” ‘isInfixOf‘ e
endsWithCom e = ”.com” ‘isSuffix0f‘ e

main :: I0 ()
main = putStrLn (if validComEmail my
then ”It’s ok!”
else ”Non-com email!”)
where
my = “haskeller@gmail.com”

HeckonmbKo HaMBHAsT QYHKIMS validComEmail MpoBepsieT .com-aapec. E€ BrIipaxkeHme 00-
pa30BaHO OIMEPATOPOM && M ABYMS BbIPXKEHUSIMU TUIIA Bool. BOT Kak 06pa30BaHbI 3TN
BbIpayKeHUS

containsAtSign e = ”@” ‘isInfix0f‘ e

2

endsWithCom e = ”.com” ‘isSuffix0f‘ e

9To — ABe QYHKIMM, KOTOpble Mbl OIpPeNeNIN MPSIMO B where-CeKIIVM, TIO9TOMY OHU
CYIIECTBYIOT TOJIBKO [IJISI OCHOBHOTO BbIpaskeHMsT (PyHKUMM validComEmail. C IIpOCTBIMM
GyHKIMSIMM TaK MOCTYMAIOT OUeHb YaCTO: I7le OHA HY)XHA, TaM e€ U OIpeessioT. Mbl
MOT/IM ObI HaMMCaTh U 6osee SIBHO:

validComEmail :: String -> Bool
validComEmail email =
containsAtSign email && endsWithCom email
where
-- 06bsBssieM NIOKAJIbHYKW QYHKUUK SBHO.
containsAtSign :: String -> Bool
containsAtSign e = 7”@’ ‘isInfix0f‘ e

-- W 3my moxe.
endsWithCom :: String -> Bool
endsWithCom e = ”.com” ‘isSuffix0f‘ e

BripoueM, yka3bIBaTh TUII CTOJIb ITPOCThIX QYHKIINIA, KaK ITPaBUIO0, HE00s13aTeIbHO.

BoOT Kak 3TOT KOJ, BBIIJISIAUT C .TISIM6,ILa-a6CTpaKLU/I$IMI/II
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validComEmail :: String -> Bool
validComEmail email =
containsAtSign email && endsWithCom email
where
containsAtSign = \e -> ”@” ‘isInfix0f‘ e
endsWithCom = \e -> ”.com” ‘isSuffix0f‘ e

Temepsb BbIpaskeHUS containsAtSign U endsWithCom mpupaBHeHbI K JI® OT OJHOTO apryMeH-
Ta. B 9TOM ciydae MbI He yKa3blBaeM TUI 3TUX BbIpakeHUi. BmpoueM, eciin 0ueHb X0-
YeTCsl, MOXKHO M YKa3aTh:

containsAtSign =
(\e -> ”@” ‘isInfixOf e) :: String -> Bool

nambaa-abcTpakuma TMN 3Ton abcTpakuum

JIamb6ma-abCcTpakys B35iTa B CKOOKM, UTOOBI YKa3aHMe TUITa OTHOCUIIOCh K (YHKIIMM B
11eJIOM, a He TOJTbKO K apTyMeHTY e:

containsAtSign =
\e -> ”@” ‘isInfixOf‘ e :: String -> Bool

B 3TOM CJjlyyae 3ToO
TWN apryMmeHTa e,
3 BOBCE He BCeMn
dyHKUUn !

st Tuna d)YHKL[I/II/I TO>Xe MOXHO BBECTU IICEBAOHMM

-- [lcesdoHum 0419 muna QyHKYUU.
type Func = String -> Bool

validComEmail :: String -> Bool
validComEmail email =
containsAtSign email && endsWithCom email

where
containsAtSign = (\e -> ”@” ‘isInfixOf‘ e) :: Func
endsWithCom = (\e -> ”.com” ‘isSuffixO0f® e) :: Func

BripoueM, Ha ITpaKkTUKe yKa3aHMe TUIIA IJis JITMO1a-a6CTpaKLyii BCTpeYaeTCs VCKIIUN-
TeJIbHO peaKo, MO0 He3aueM.

OTHbIHE, TO3HAKOMUBIINCH ¢ JID, MbI Oy/IeM MCITOb30BATh X MEPUOAMNUECKN.

U Harocnenok, Borpoc. [TomHuTe TUIT QyHKIMU mul?

mul :: a ->a -> a

Yto 370 32 6yKBa a? Bo-11epBbIX, MbI He BCTpeuasu TaKOi TUII paHee, a BO-BTOPbBIX, pa3Be
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umst Tuna B Haskell He 06s13aHO HaUMHATHCS ¢ 6OMbINOI 6YKBBI? O0s13aHO. A BCE 1o B
TOM, UTO OYKBa a B TAHHOM C/Tyyae — 3TO He COBCEM MMSI TUTIA. A BOT UTO 3TO TaKOE, MbI
y3HaeM B OJIHOV U3 OMVKaiIIMX I1aB.

17151 TI0OOIIBITHBIX

A mouemy, co6CcTBeHHO, isiMb1a? TTouemy UEpu BbIOpa MMEHHO 3TY IPEUYECKYI0 OYKBY?
ITo omHO U3 BepCuil, IIPOU3OILIO 3TO YMCTO CAYyYaiHO.

[1111 30-e rompl MPOIIJIOTO BeKa, KOMIIBIOTEPOB He ObUIO, M BCe HayYHbIe pabOThl HAOM-
payinch Ha MEYATHBIX MAalllMHKaX. B mepBoHauaqbHOM BapuaHTe, NAObl BBIIEISITh UMS
aprymenra JI®, Uépu cTaBmi HaZl UMEHEM aprymeHTa CMMBOJ, IOX0Xuit Ha ~. Ho korzga
OH CIaBaj paboTy HAOOPIIVKY, TO BCIOMHWI, YTO TTeYaTHAsI MalIMHKa He CMOXKET BOC-
MPOM3BECTM TaKO¥ CMMBOJ Haj OyKBO. Torma OH BbIHEC 3Ty «KPBIIIY» Iepel MMeHeM
aprymMeHTa, ¥ MOoJIyYM/IOCh UTO-TO Haropoobme:

AX .o x * 10

A HabOPIUIMK, YBUIEB TAKOW CMMBOJI, MCITOJIb30BAJI 3aI/IABHYIO TPEYECKYIO OYKBY A:

Ax . x * 10

BOT Tak ¥ mosyumioch, JsiMo1a-ucumucaeHue.
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KomMmmno3suuyusa QyHKumn

OTa I71aBa paccKasbIBaeT O TOM, KaK 00beAMHATh QYHKIINM B LIEITIOYKM, & TAKXKE O TOM,
KaK M30aBUTHCS OT KPYIJIBIX CKOOOK.

CkoOkam — 0oii!

Ha, s He 110610 KpyI/ible CKOOKM. OHUM JenaloT KOJ BU3YaabHO M30BITOUHBIM, K TOMY
ke HY)KHO CJIEUTD 38 CUMMeTpHe CKOGOK OTKPBIBAIOIIMX U 3aKpbIBalONIMX. BcrmioMHUM
TpMMep U3 I71aBbl TPO KOPTEXKMU:

main :: I0 ()
main =
putStrLn (patientEmail ( “63ab89d”
A , ’John Smith”
, “johnsm@gmail.com”
, 59
)

N

Co cKOOKaMM KOPTeska Mbl HUUETO CHIeJIaTh HE MOXXEM, Bellb OHU SIBJISIOTCSI CMHTAKCH-
YeCKOoJi 4acThIo KopTexka. A BOT CKOOKM BOKDYT MpuMeHeHMsT QYHKIMU patientEmail MHe
abCoMIOTHO He HpaBsATCA. K cuacTbio, Mbl MOKeM M306aBUThCS OT HUX. Ho mpexkae yem
MCKOPEHSITh CKOOKM, 3aIyMaeMcsI BOT O UEM.

Ectn npuMeHeHMe QyHKIMYM TTpeACcTaBisieT co60i BbIpaskeHue, He MOXKeM JIM Mbl Kak-
HMOYb KOMITOHOBATh UX APYT ¢ ApyroM? KoHEeUHO MOskeM, MbI yke Aesaii 3TO MHOTO
pas, BCIIOMHUTE:

main :: I0 ()
main = putStrLn (checkLocalhost ”173.194.22.100”)

31ech KOMIIOHYIOTCS iBe QYHKIIMU, putStrin U checkLocalhost, TOTOMY YTO TUIT BbIpaske-
HMS Ha BBIXOJIe (I)yHKuMM checkLocalhost COBIIaZAa€T C TUIIOM BbIPpAaKeHUS HA BXOE d)yHK—
uyu putStrin. CXeMaTMYHO 3TO MOKHO M300pa3uTh TaK:

75
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I 1 1
String ->|checkLocalhost|-> String ->|putStrLn|-> ...
| |
IP-agpec coobueHune TeKCT
06 3ToM B HaweMm
IP-agpece TepMmHane

[ToygaeTcst amakuii KOHBeliep: Ha BXoje CTpoKa ¢ [P-ampecom, Ha BbIXome — COO6IIIe-
HMe B HarieM TepMuHase. CyliecTByeT MHOI CITOco6 coeaMHEeHUsT IBYX (PYHKIINMIT Boeou-
HO.

KOMHOBI/II.U/IH U ripuMeHeHmue

Bsrnguure:

main :: I0 ()
main = putStrLn . checkLocalhost $ »173.194.22.100”

Heo6bruno? Ilepen HaMu ABa HOBBIX CTAHIAPTHBIX OIlepaTopa, M36aBJsIoNe HaC OT
JMUIHUX CKOOOK M Jlenaroliye Hall Ko, rpoite. OnepaTop . — 3TO OlepaTop KOMIIO3U-
uyy GyHKImii (aur. function composition), a omepatop $ — 3T0 orepaTop MpPUMeHeHUSs
(anm1. application operator). 9Ty oniepaTopbl 4aCTO MUCIIOIb3YIOT COBMECTHO APYT C ApPY-
roM. M oTHbIHE MbI OyIeM MCIT0/Ib30BaTh MX UyTh JIX He B K&K O I1aBe.

Omnepatop KOMITO3UIIUY 00benHseT ABe GYHKIMM BOEAMHO (MM KOMIIOHYeT UX, aHIJI.
compose). Korga msl nuiiem:

putStrLn . checkLocalhost

MPOUCXOOUT MaJieHbKasl «Marusi»: IBe (PyHKUIMM OObEeIUHSIOTCS B HOBYIO (DYHKIIMIO.
BcriomMmHuM Haill KOHBeliep:

I 1 1
String ->|checkLocalhost|-> String ->|putStrLn|-> ...
| |
A B C

Pa3 Ham HY)KHO MMOTACTb M3 TOYKM A B TOUKY C, HeJIb3S1 JIX ClIeJIaTh 3TO cpa3y? MOXHO,
Y B 9TOM 3aKJ/IIOUAETCS CYyTh KOMITO3UIIMN: MbI O€peM aBe QYHKLMU U OObeIMHSIEM UX B
TpeTbio GYHKIMIO. Pa3 checkLocalhost MPUBOAUT HAC M3 TOUKM A B TOUKY B, a QYHKIIUS
putStrLn — M3 TOUYKM B B C, TOTIA KOMITO3UIIVS 9TUX ABYX (PYHKIIMIT OyIeT IpeacTaBIsiTh
€060i1 PyHKIMIO, TPUBOISIIYIO0 HAC CPA3y U3 TOUKM A B TOUKY C:
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T 1
String ->|checkLocalhost + putStrLn|-> ...
L |

A C

B maHHOM cjIy4yae 3HaK + He OTHOCUTCS K KOHKPETHOMY OIlepaTopy, S JIXIIb ITOKa3bIBAI0
daxkT «06BeaHEHUSI» IBYX (PYHKIINIT B TPEThIO. Terepb-To HAaM IMOHSITHO, [TOYEMY B TUTIE
(dbyHKLIMM, B KaueCTBe pa3fenunTesi, UCIIOIb3yeTCs CTpesiKa:

checkLocalhost :: String -> String

B HallleM ITpMMepe 3TO:

checkLocalhost :: A -> B

Ona rokasbIBaeT Hallle IBMKeHYe 3 TOYKU A B TOUKY B. [I03TOMY UacTO roBOPSIT O «byHK-
Uy U3 A B B». Tak, o d)yHKLU/IM checkLocalhost MOXXHO CKa3aTh KakK O «d)yHKuMM "3 String
B String».

A omepaTop nmpuMeHeHMsI paboTtaet eIié mpoiie. be3 Hero Koj 6b11 6bI TAKMM:

main :: I0 ()
main =
(putStrLn . checkLocalhost) ™173.194.22.100”

obbeanHéHHaAA ¢yHKUMA apryMmeHT

Ho MbI Benib X0Tenu M36aBUTHCST OT KPYIJIBIX CKOOOK, a TYT OHM OMSITh. BOT 1151 3TOTO U
HYKeH orepaTop npumeHenust. Ero cxema mpocra:

FUNCTION $ ARGUMENT
BOT 3Ta  MPUMEHAETCA BOT 3TOMY
dyHKUMA K apryMmeHTy

Iyist Hateli 00beIMHEHHOI (PYHKIMM 3TO BBIVISIIUT TaK:

main :: I0 ()

main =
putStrLn . checkLocalhost $ »173.194.22.100”
0bbeAMHEHHAA dYHKUMA npuMeHseTCA

K 3TOMY apryMmeHTy

Terepb MOMYYMIICS HACTOSIIINIA KOHBelep: CIipaBa B HEro «3ae3ykaeT» CTPOKa U ABUKETCS
«CKBO3b» (OYHKIIMMU, a CJIEBA «BbI€33KAeT» Pe3y/IbTaT:
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main = putStrLn . checkLocalhost $ 7173.194.22.100”

<- <- <- aprymeHT

YT06BI 6BUIO JIETYe YUTATh KOMITO3UIIMIO, BMECTO OIl€paTOpa . MbICJIEHHO ITOZICTaBJIIEM
(dbpasy «mpumeHsieTcs ocsiex:

putStrLn . checkLocalhost
3Ta npuMeHaeTCs 3ToWn
GyHKUMA  nocne dyHKUMN

To ecTh KOMIIO3UIIVS TTPABOACCOIIMATMBHA (aHIVI. right-associative): cHauana mpumeHs-
eTcst QyHKIMS CIIpaBa, a 3aTeM — CJIeBa.

Emnié omHo 3ameuaHue Ipo ornepatop npumeHenus GyHkuum. OH BecbmMa I'MOOK, ¥ MbI
MO3KeM HaIMCaTh TaK:

main = putStrLn . checkLocalhost $ »173.194.22.100”

06beAnHEHHAA GYHKLMA L eé apryment -

d MOJXeM I TaK:

main = putStrLn $ checkLocalhost »173.194.22.100”

obblyHas L eé apryment ———
dyHKUMA

At nBe GopMbI, KaK BbI y3Ke TIOHSIIN, SKBMBAJIEHTHBI. §I TOKa3bIBAIO 3TO /ISl TOTO, YTOOBI
BHOBb ¥ BHOBb IIPOJAEMOHCTPUPOBATH BaM, CKOJIb TMOKO MOXKHO paboTaTh C JAaHHBIMU U
dyukunsimu B Haskell.

JJIMHHBIE IIeIIOYKMA

Kpacora KOMIIO3uLIMM B TOM, UTO KOMIIOHOBATb Mbl MOXEM CKOJbKO YrOmHO (yHK-
LOWit:

logWarn :: String -> String
logWarn rawMessage =
warning . correctSpaces . asciiOnly $ rawMessage

main :: I0 ()
main = putStrLn $
logWarn ”Province ’Gia Villn’ isn’t on the map

|



ImaBa 14. Kommnosuius GyHKUMi 79

@OyHKIIMS logWarn TOTOBUT TEpPeNAHHYIO eil CTPOKY OJs 3amucu B XKypHad. OyHKIUS
asciiOnly TOTOBUT CTPOKY K BBIBOAY B HEJIOKaJM30BaHHOM TepMuHase (1a, B 2016 romy
Takue BCE ellé MMeIoTCs), QYHKIMS correctSpaces youpaeT myonupyromyecs: Ipo6estsl,
a GyHKUMS warning JelaeT CTPOKY IMpenyrpekaeHneM (Harmpumep, 100aBJseT CTPOKY
“WARNING: ” B HAuajio coobuenus ). [Ipu 3ammycke 3Toi IpOrpaMMbl Mbl YBUIVIM:

WARNING: Province ’Gia Vi?n’ isn’t on the map!

3mech MbI 00beAVHMIN B «(QYHKIIMOHATbHbIN KOHBEep» yke Tpu QYHKIMM, 6€30 BCIKUX
CKOOOK. BOT KaK 9TO MOTy4YMIOCh:

warning . correctSpaces . asciiOnly $ rawMessage

N

L nepeaa KomMno3snuuna —

A
J—
L BTOpaA kKomno3snuma

aprymeHT

[TepBasi KOMIO3ULIMSI OOBEAVHSET ABe MPOCThie GYHKIMMU, correctSpaces M asciiOnly.
Bropast o6benuHseT Toxke aBe GYHKIMN, ITPOCTYIO warning M OObeIMHEHHYIO, SIB/ISIONTY-
10CST Pe3y/IbTaTOM IePBOI KOMITO3UIIVIN.

Bosee Toro, onpenenenne GyHKIMM logWarn MOXKHO CIIe/IaTh eIlé 60s1ee MpoCThIM:

logWarn :: String -> String
logWarn = warning . correctSpaces . asciiOnly

[Toromure, HO rae ke UM apryMeHTa? A ero 60Jbllie HET, OHO HaM He HY)XHO. Bellb MbI
3HaeM, UTO MpuMeHeHMe QYHKIMMY MOXKHO JIETKO 3aMEeHUTh BHYTPEHHUM BbIpakeHUeM
dyHKIIMK. A pa3 Tak, BbIpaskeHue logWarn MOXKET ObITh 3aMeHEeHO Ha BbIpaskeHMe warning
. correctSpaces . asciioOnly. COeiaem ke 3TO:

logWarn ”Province  ’Gia Villn’ isn’t on the map! ”

(warning
. correctSpaces
. asciionly) ”Province ’Gia Villn’ isn’t on the map! ”

= warning
. correctSpaces
. asciionly $ ”Province ’Gia villn’ isn’t on the map

| »

U Bcé paboraet! B mupe Haskell mpMHSITO MMEHHO TaK: €C/IM YTO-TO MOSKET OBbITh YIIPO-
IIEHO — MbI 3TO YIIPOIAeM.

CrpaBemjIMBOCTM paau CJielyeT 3aMeTUTh, uTo He Bce Haskell-paspaboTumkim q1068T 13-
6aBJISTHCS OT KPYIVIBIX CKOOOK, HEKOTOpbIE MPEAIOUNTAIOT MCII0Ib30BaTh MMEHHO UX.
YTo 3K, 5TO JIUIIb BOIIPOC CTUJISL U IIPUBBIYEK.
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Kak paGoTaeT KOMIIO3UIIVS

Eciu BAPYT BbI MOAYMaJIM, UTO OTlepaTop KOMITO3UIIMM YHUKaIeH U BcTpoeH B Haskell —
Crielry Bac pa3zouyapoBaTh. Hukakoi maruu, BC€ mpeaeabHO NPOCTO. DTOT CTaHAAPTHbIN
omepaTop OIpeeIeH TaK ke, Kak 1 Jiobas gpyrast GyHKUMs. BOT ero orpeneneHue:

(.) fg=\x->f (gx)

Oma! [la TyT ¥ BIpaBay HET HUYETo 0cCOOeHHOT0. OTmepaTop KOMIO3ULIVM ITPUMEHSIETCS K
nByM GyHKuMsIM. CTom, ckaskeTe BbI, Kak 3T0? [IpumeHsieTcst K pyHKumsam? [la, MMeHHO
TaK. Beab MbI ykKe BBISICHMIIM, YTO (PYHKIMSIMM MOSKHO OIEPUPOBATh KaK JaHHBIMMU. A
pas Tak, YTO HaM MelllaeT nepenath QyHKINMIO B KauecTBe apryMmeHTa Apyroi GyHKImumu?
YTo Ham MelIaeT BepHYTb GYHKIUNIO U3 Apyroit dyHkuuu? Huyero.

OmnepaTop KOMITO3UIIMM TTOTyYaeT Ha BXo[, ABe MYHKIMM, a TOTOM BCero JIMIIb Ja€T HaM
JI®, BHYTpM KOTOPO¥ TPOUCXOOUT OOBIKHOBEHHBI IMOC/IeJOBATE/IbHBIN BbI30B 3TUX IBYX
byHKIMIT Yepe3 cKOOKM. Y1 HMKAKO Marum:

) f g = \x ->f (g x)
6epém 3Ty n a1y 1 BO3BpauWaeM
GYHKUMI  dYHKUMI 0, BHYTpPHU
KOoTOopoWn

Bbl3blBaeM UX

ITogcTaBuM HalM QYHKIIUN:

(.) putStrLn checkLocalhost = \x -> putStrLn (checkLocalhost x)

BOT Tak 1 mpoucxoauT «00beanHeHMe» IBYX QYHKIIMIA: Mbl IPOCTO Bo3Bpalaem JI® ot
OJJHOTO apryMeHTa, BHYTPU KOTOPOJ MPaBoaccOlMaTUBHO Bbi3biBaeM 06e QyHKIMKU. A
apryMeHTOM B JaHHOM CJTy4ae SIBJISIeTCS Ta camasi CTpoka ¢ IP-ampecom:

(\x -> putStrLn (checkLocalhost x)) »173.194.22.100” =

putStrLn (checkLocalhost ”173.194.22.100))

Ho ecu 51 Bac erié He yoemn, maBaiiTe orpeaeanm cOGCTBEHHbIN OrlepaTop KOMITO3UIIUY
dbyHkumit! IIomauTe, 1 ToBOpMI BaM, 4To ASCII-CMMBOJIBI MOKHO TMOKO OObeIUHSTD B
orepaTopsi? [laBajiTe BO3bMEM IUIIOC CO CTPEIKAMM, OH UeM-TO ITOX0X Ha 00beIMHEHNE.
[Mumem:
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-- Haw cobcmseHHbili onepamop KOMNO3Uyuu.
(«+>) f g =\x ->f (g x)

main :: I0 ()
main = putStrLn <+> checkLocalhost $ ”173.194.22.100”

BoITISIAUT HEOOBIYHO, HO paboTaTh OyAeT Tak, KaK M OKMIAETCS: Mbl OIPeIeviIn co0-
CTBEHHBII OTepaTop <+> C TeM Xe QYHKIMOHAIIOM, UTO ¥ CTaHIAPTHBIN OIlepaTop KOM-
no3uuyy. [103TOMy MOKHO HaIMCaTh eIlé Mpolle:

(<+>) fg=f . g

Mbi roBopum: «IIycTb oriepaTop <+> 6yeT SKBUBaJIEHTEH CTaHJapPTHOMY OllepaTopy KOM-
no3uuyy GyHKIMiA.». VI TaK OHO 1 OyZieT. A MOKHO — He TTIOBEPUTE — eIl MPOoIIe:

f<+>sg=fFf.g

U sto 6ymet paboraTh! Pa3 oneparop npemHasHavyeH I MHOUKCHOTO IIPMMEHEHMUSI, TO
MBI, OTIpe/IeIsisl ero, MOKHO Cpa3y yKa3aTh ero B MHGUKCHOI ¢opme:

f<+>g = f.gq
nycTb
Takoe
BbipaxeHune
6byaet
paBHO
Takomy
BbIPAXEHUI

Teriepb MbI BUAVIM, UTO B KOMITO3UIIMM QYHKIIMIT HET HUYETO CBEPXbHECTECTBEHHOTO. DTY
MBIC/Ib ST TIOMUEPKMBAIO HA MPOTSDKeHMM Beeil KHuru: B Haskell HeT HuMKakoii marum, oH
JIOTUYEH U TIOC/Ie0BaTENIEH.



I';maBa 15

OBII

@BII, mnn dyukuum Beiciiero IMopsinka (aHri. HOF, Higher Order Functions) — Baxk-
Hast KoHIenuust B Haskell, ¢ koTopoi1, omHaKko, MbI y:ke 3HAaKOMbI. Kak MbI y3Ha/mIM u3
MpeabIAYIINX I1aB, GYHKIMSIMM MOKHO OIIepUpoBaTh KakK 3HaUeHUIMMU. Tak BOT QyHK-
1Y, OTIepUPYIOIINe APYTUMM QYHKIMSIMM KaK apryMeHTaMU U/UIu KaK pe3ylIbTUPYIo-
IIVIM BbIpakeHMEeM, HOCST Ha3BaHye QYHKIIMIT BBICIIETO TIOPSIAKA.

Taxk, onmepatop koMno3utyu GyHKIui ssBsieTcst @BII, ToToMy UTO OH, BO-IIEPBBIX, IIPU-
HuMaeT GYHKIMM B KaueCcTBe apTyMeHTOB, a BO-BTOPBIX, BO3BpaIllaeT APYTy0 QYyHKIINIO
(B Bume JI®D) KaKk pe3yabTaT CBOEro nmpuMeHeHus1. Vicronb3oBaHue QyHKINIT B KAUeCTBe
aprymMeHTOB — Upe3BbIUaliiHO pacrnpocTpaHéHHas npakTuka B Haskell.

OToOpaskeHue

PaccMoTpuM GYHKIMIO map. Ta CTaHAAPTHASE GYHKLMS UCTIOIb3YeTCs ISt OTOOpaskeHMsI
(a"m1. mapping) QyHKIMK Ha 27MeMeHThI criucka. ITycTs Bac He cMylaeT Takoil TEpMUH:
oTob6pakeHye GyHKLMM HA 37IeMeHT paKTuueCcky 03HavyaeT e€ MpuMeHeHMe K 3TOMY 371e-
MEHTY.

BoT 06bsiBieHne GyHKIUN map:

map :: (a -> b) -> [a] -> [b]

BoT onsiTh 9TM MasieHbKMe 6yKBbI! [ToMHMTE, 5T 06€elas pacckasaTh 0 HuX? PacckasbiBalo:
MaJI0¥1 6yKBOJ IIPUHSITO MMEHOBAThH IMOIMMOPGHBIN (aHI/I. polymorphic) Tumn. ITommop-
$du3mM — 3TO MHOrO06pa3HOCThb, MHOTO(OPMEHHOCTb. B TaHHOM C/yyae peub UAET He
00 yKasaHMM KOHKPETHOTO TUIIA, & O «TUIIOBOJ 3araymike». Mbl TOBOpUM: «DYHKIINS map
npuMeHsieTcss K GyHKIMM U3 KaKOTO-TO TUIIA a B KAKOW-TO TUI b U K CIMCKY TUIIA [a],
a pesynbTaT eé paboTbl — 3TO APYToil CIIMCOK TuMa [b]». TUIIOBOJ 3aTyIIKO ST Ha3Baj
UX ITIOTOMY, YTO Ha MX MEeCTO BCTAIOT KOHKPETHbIE TUTIBI, UYTO AeaeT QyHKIMIO map OU€Hb
ru6koii. Hampumep:

82
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import Data.Char

toUpperCase :: String -> String
toUpperCase str = map toUpper str

main :: I0 ()
main = putStrLn . toUpperCase $ ”haskell.org”

Pe3ynbTaTOM pabOoThI 3TOI MPOrpaMMBbl 6yIeT CTpOoKa:

HASKELL .ORG

OyHKUMS map TIPUMEHSIETCS K JBYM apryMeHTam: K (yHKLUUM toUpper U K CTPOKE str.
@OyYHKIIMS toUpper U3 CTAHAAPTHOTO MOJY/IS Data.Char TIepeBOAUT CMMBOJ THUIIA Char B
BepPXHUI1 PETUCTP:

E 3’

toUpper ’a’ = ’A’

BoT eé oO6baBieHne:

toUpper :: Char -> Char

@yHKIMS U3 Char B Char BBICTYIIaeT MePBbIM apryMeHTOM (PYHKIIVMU map, TTOJICTABUM CUT-
HaTypy:

map :: (a -> b) -> [a] -> [b]
(Char -> Char)

Ara, yXKe Tenyee! Mbl cienany 1Ba HOBBIX OTKPBITHS: BO-TIEPBBIX, 3aIJIYIIKN a U b MOTYT
OBITb 3aHSIThI OOJHMM U T€M XK€ KOHKpPETHbIM TUIIOM, a BO-BTOPbIX, CUTHATYypa ITIO3BOJISIET
HaM TYT K€ IIOHATb OCTa/IbHbI€ TUIIBI. ITogcraBum Mx:

map :: (a -> b) -> [a] -> [b]
(Char -> Char) [Char] [Char]

A Terepb BCIIOMHMM O IIPUPOJIe TUIIA String:

map :: (a -> b) -> [a] -> [b]
(Char -> Char) String String

Bcé Bcrasio Ha cBou MecTa. OYHKIMS map B JAHHOM CJTyd4ae 6epéT (PyHKIMIO toUpper U
OEKUT 10 CITUCKY, TOC/IeIOBATEIbHO MTPUMEHSIST 3TY (QYHKIIMIO K €T0 3JIeMEeHTaM:
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map toUpper [’h’,’a’,’s’,’k’,’e’,’1’,’1’,’.”,%0’,’r’,’q’]

Tak, Ha mepBoM Iare QyHKIMS toUpper OyZIEeT MpYMEHEHA K 3JIEMEHTY 'h', HA BTOPOM —
K 2JIEMEHTY 'a', M TaK Jajiee 10 MOC/IeIHero synemMenTa 'g'. Korma GyHKIMS map OEKUT
10 3TOMY CITMCKY, pe3y/bTaT MpuMeHeHUsI QYHKLIHM toUpper K €ro 3JieMeHTaM CITY>KUT
9JIeMeHTaMM JIJISI BTOPOTO CIIMCKa, KOTOPbIii ¥ OyIeT B KOHEUHOM UTOre Bo3BpailléH. Tax,
pe3y/IbTaTOM MEePBOTO miara 6ymeT sJIeMeHT 'H', pe3y/lIbTaTOM BTOPOTO — 3JIEMEHT 'A', a
pes3y/bTaToM IocaeHero — 3jaeMeHT 'G'. CxeMa TakoBa:

map toUpper [ ’h’ >> [ ’H’

s ,a, S>> s ,A,
s Js: > s JS:
, )k) > , ’K’
s 1e1 >> s ’E’
s :'L, > s :L,
s :'L: S>> s :L:
s ) S>> s s
s )o’ > s )0’
s 1r1 >> s ’R’
s ’g, >> s ’G,

Bor u IMMOJIydaeTCAa:

map toUpper “haskell.org” = “HASKELL.ORG”

Pa6oTa QyHKUMY map BBIMIIAUAT Kak M3MeHeHMe CIMCKa, OIHAKO, B BUAY HEM3MEHHOCTU
MOC/IeJHET0, B 1e/ICTBUTENbHOCTY (DOPMUPYETCS HOBBIV CIIUCOK. UYTO camMoe MHTepecHoe,
byHK1MS toUpper TpeObIBaET B IOTHOM HeBeleHUY O TOM, UTO €10 B KOHeYHOM UTOTe U3-
MEHSIIOT PETUCTD 1[e/I0¥ CTPOKY, OHA 3HAeT JIUIIb 00 OTAENbHbIX CMMBOJIAX 3TOM CTPOKM.
To ecTb QyHKIMS, ABISIONIASCS apTyMeHTOM (QYHKIMM map, HUUETO He 3HaeT 0 QyHKIUU
map, ¥ 9TO OueHb xXopoio! Yem MeHbIlle GYHKIMYM 3HAIOT APYT O APYyTe, TeM Ipolie U Ha-
IEXHee MCII0Ib30BaTh UX OPYT C IPYTOM.

PaCCMOTp]/IM ,I[perﬁ IIpuMep, KOoraa TUIIOBbIE 3aIMIYIIKKM a U b 3aMeIlaloTCsa pa3sHbIMU
TUIIAMUA

toStr :: [Double] -> [String]
toStr numbers = map show numbers

main :: I0 ()
main = print . toStr $ [1.2, 1,4, 1.6]

DYHKIMS toStr paboTaeT yiKe CO CIMCKaMM Pa3HbIX TUIIOB: Ha BXOE CIIMCOK YMCeJI C TI1a-
BamwIIel TOUKOI, Ha BBIXOJIe CIIMCOK CTPOK. [Ipu 3a1rycke 3TO¥ MpoOrpamMmmbl Mbl YBUAUM
crenyloniee:

[”1.2”,”1.0”,”4.0”,”1.6”]
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Vske 3HaKOMasi HaM CTaHAapTHasi GYHKIMS show IEPEeBOOUT CBOV eMHCTBEHHBbIV apry-
MEHT B CTPOKOBBIN BU,:

show 1.2 = ”1.2”

B maHHOM cjTydae, pa3 y>K Mbl paboTaeM C YMcaaMy TUIa Double, TUIT QYHKIIMM show Ta-
KOI:

show :: Double -> String

[TogcTaBMM B CUTHATYpy QYHKIMM map:

map :: (a -> b) -> [a] -> [b]
(Double -> String) [Double] [String]

NmeHHO TaK, KaKy HaC 1 €CThb:

map show [1.2, 1,4, 1.6] = [”1.2”,”1.0”,74.0”,”1.6”]

DOYHKUMS map IPUMeEHSIET (PYHKIMIO show K UMCIaM M3 MIEPBOTO CITICKA, HA BBIXOZE IOy~
yaeM BTOPOI1 CITUCOK, Y>Ke CO CTpoKaMM. M Kak 1 B ciry4dae ¢ toUpper, GYHKIMS show HUUETO
He TI0JI03peBaeT O TOM, UTO €10 OIepUPOBA/IM B KaueCTBe apryMeHTa MyHKIMY map.

PasymeeTcs, B KauecTBe apryMeHTa (QyHKIMM map MbI MOXKEM MCIT0/Ib30BaTh 1 HAIIY COO-
CTBeHHbIe QyHKUMM:

ten :: [Double] -> [Double]
ten = map (\n -> n * 10)

main :: I0 ()
main = print . ten $ [1.2, 1,4, 1.6]

PesynbTat paboThI:

[12.0,10.0,40.0,16.0]

Mb1 nepenanu QyHKIMK map Hally cOOCTBeHHYIO JI®, yMHOKAIOUIYIO CBOM €IVHCTBEH-
HbIi apryMeHT Ha 10. O6paTuTe BHMMAaHMe, Mbl BHOBb MCITIOJIb30BaIM KPATKYI0 Gopmy
orpeneneHns GyHKINUM ten, OITYCTUB UMSI €€ apryMeHTa. Packpoem noapobHee:
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print . ten $ [1.2, 1,4, 1.6] =
S
/ \

/ \
main = print . map (\n -> n * 10) $ [1.2, 1,4, 1.6]

main

BbI CcITpocuTe, KaK K€ BBIILIO, YTO OMEepaTop MPUMMEHEHMST PACIIONOKEH MEKAY JBYMS
aprymeHTaMy QyHKIVYU map? Pa3Be OH He IpeIHa3HAYEH [JIs1 IpUMeHeHUs QYHKIUU K
eIVMHCTBEHHOMY apryMeHTy? CoBepIlieHHO BepHO. [IpUIILJI0O BpeMs OTKPBITH €Ilé OmuH
cekpet Haskell.

YacTuuHOe npumMeHeHne

DYHKIMS map OKMIAET IBA apryMeHTa, 3TO OTpaskeHO B e€ Turie. Ho uto 6ymer, ecyiu mpu-
MEHUTHh €€ He K ABYM apryMeHTam, a JMIlb K OGHOMY? B 3TOM ciydae pOU30IaET elé
OHO «Marmyeckoe» TpeBpalleHne, Ha3bIBaloleecss YaCTUUHbIM TIpUMeHeHueM (aHTJ.
partial application) dyHKIMK. YacTMUHBIM Ha3bIBAIOT TaKOe IIPMMEHEHMe, KOTIa apry-
MEHTOB MeHbIIle YeM OXXUAAeTCs.

BcrmoMHMM COKpalléHHOe orpeesieHne GyHKIMNA ten:
ten = map (\n -> n * 10)

nepBbIn a rpge xe
apryMeHT BTOpON??
ecTb

OYHKIIMS map TTOYYMIIA JTIUIIb IIEPBBIV apTYMEHT, a T e ke BTOpOoii? BTopoii, Kak MbI yke
3HaeM, O6yJeT MOoyYeH el0 yke IIOTOM, ITOC/Ie TOTO, KaK MbI MIOJCTAaBUM 3TO BbIPasKEHUE
Ha MecTo QyHKIIMM ten. HO UTO 3Kke mpoucxoauT ¢ GyHKIME! map 10 9TOro? A 10 3TOTO C
Hel MTPOUCXOAUT YaCTUIHOEe TpuMeHeHue. [IOHSITHO, UTO OHA ellé He MOKET BBITTIOJTHUTD
CBOI0 paboTy, IMO3TOMY, OyAyuM IMIPUMEHEHHOI JIUIITb K OHOMY apTyMeHTY, OHa BO3Bpa-
maet JI®! CortoctaBuM ¢ TUIIOM (QYHKLMM map, ¥ BCE BCTAHET HA CBOM MeCTa:
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map :: (a -> b) -> [a] -> [b]
map (\n ->n * 10)

TOJIbKO MepBbiv

aprymeHT

| 4acTHUYHO |

| NpUMEeHEHHanA |

| map I
aprymeHT oTBeT
AN YaCTUYHO
NPUMEHEHHON

GYHKLUMM map
[1.2, 1,4, 1.6]

Tun JIO, BO3Bpall|éHHOM ITOC/Ie IPUMEeHEeHUS map K IEpBOMY apryMeHTy — [a] -> [b]. ITO
«TUTIOBOJ XBOCT», OCTABIINIACS OT ITOJIHOTO TUITa QYHKIIMA map:

map :: (a ->b) -> [a] -> [b]

rosnosa L— xBocTt —

[TockomnbKy rosnosa B Bufe IepBoro apryMmeHTa TuIa (a -> b) yke IaHa, OCTajaoCh I10JTy-
YUTb BTOPOI apryMmeHT. Ilosatomy JI®, nopokIEHHAS YaCTUUYHBIM IIPUMEHEHMEM, OXKU-
IaeT efMHCTBEHHbIN apryMeHT, KOTOPBIM U OYZIeT TOT CaMblii BTOPOIi, @ MUMEHHO CITMCOK
[1.2, 1,4, 1.6].

CoriocTaBuM TUII d)YHKLU/II/I ten C TUIIOM map, YTOOBI ITOHATD, IAe Halll XBOCT:

ten :: [Double] -> [Double]
map :: (a -> b) -> [a] -> [b]
rosioBa L— xBoct —!

BoT nouemy MbI MOKeM UCII0/Ib30BaTh KPATKyI0 Gopmy onpeneneHus 0jisi PyHKIMUA ten:
OHAa y3Xe SIBJISIeTCS HalllMM XBOCTOM!

PaCCMOTpI/IM emé OIVH IIpMMeEpP YaCTUYHOTO IIPpMMEeHeHNsI, ,ILa6I>I 3aKpeIInTb Hallle I10-
HUMaHHue:

replace :: String -> String -> String -> String
910 00bsIBIEHMEe QYHKIMM replace, TPUHMMAIONIEI TPU CTPOKM: IePBasi COOEPKUT TO,

4TO UIIEM, BTOpPas COOEPXKUT TO, HA UTO 3aMEeHsIeM, a B TPeTbell JIeKUT TO, TOe UIIEM.
Harmpumep:
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replace "http”
J’https”
”http://google.com” = “https://google.com”

Ornpepnenenne GYHKIMK replace HAC ceifuac He MHTEpPeCYyeT, paCCMOTPUM IIOIIaroBoe
MpUMeHeHe:

main :: I0 ()
main = putStrLn result
where
first replace “http”
second = first  “https”
result = second ”http://google.com”

Tumn BbipaskeHUs first — String -> String -> String, OHO IBUJIOCh PE€3YyJIbTaTOM YaCTUYU-
HOTO IIpMMeHeHusT QYHKIUA replace K IEPBOMY apTyMeHTY, CTPOKe “http”. Turm BeIpaske-
HUA second — String -> String, OHO IBUJIOCh Pe3YyJIbTATOM BTOPUUYHOTrO YaCTUYHOI'O IIPU-
MeHeHUsI QYyHKUIMM first K yke BTOpOMY apTyMeHTY, CTpOKe “https”. Ml HaKoHel, TpuMe-
HUB (PYHKIIMIO second K TPEThbeMY apryMeHTY, CTPOKe “http://google.com”, Mbl HAKOHEII-
TO II0JTy4YaeM KOHEUHBI pe3y/bTaT, aCCOLUMPOBAHHDIN C BBIPa’)KeHMEM result.

W3 3TOr0 MBI Ilenaem MHTepeCHOe OTKPbITHUE:

DYHKIMS OT HECKOJbKMX apTYMeHTOB MOSKET OBITh Pa3JjiokeHa Ha TOCIeI0-
BaTeIbHOCTDb ITPMMeHeHM i BpeMeHHbIX QYHKIIMIT OT OHOTO apTyMeHTa KasK-
nasi.

[TosTOMY MBI ¥ CMOT/IM MOJICTaBUTh YACTUUYHO MPUMEHEHHYIO map HA MECTO BbIPAKEHUS
ten. Mcmonmb3yeM KpyT/ible CKOOKM, a6kl ICHEe TI0Ka3aTh, YTO €CThb UTO:

main = print . (map (\n -> n * 10)) $ [1.2, 1,4, 1.6]

| 4aCTMYHO |
L npumeHéHHas map 4

[ KOMNO3NLMA GYHKLMM |

| print n yacTuyHo |
L— npumeHéHHoit map ——!

apryMmeHT Ans
KOMMNo3mumn

I'mbko, He mpaBaa yu? Termepb Mbl 3HAKOMBI C YACTUYHBIM IIpMMeHeHUeM QyHK-
1107078

KoMmo3uuys aj1ss OTOOpakeHust

Bepuémcst K pyHKIMM map. Ecoiv MbI MOKEM IlepenaTh e/l HeKyI0 (PYyHKIMIO 1151 paboThbI
C 9JIeMeHTaMM CITMCKa, 3HAYUT Mbl MOKEM TI€peAaTh eif ¥ KOMITO3ULIMIO IBYX WK 6ojee
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dyukunit. Hanpumep:
import Data.Char

pretty :: [String] -> [String]
pretty = map (stars . big)
where
big = map toUpper
stars = \s -> 7"* ”

FEENOS H]

++ S ++

main :: I0 ()
main = print . pretty $ [”haskell”, ”1lisp”, “coq”]

MbI XOTMM YKpPacuUTh MMEHA TPEX S3bIKOB MPOrpaMMuUpoBaHus. [IJi1 3TOr0 MbI IMpobe-
raemMcsi 1o CIMCKY KOMITO3uIMeit IByx QYyHKINIA, big U stars. @YHKIINS big TepeBOIUT
CTPOKM B BepXHMIT perucTp, a GyHKIMS stars yKpalllaeT MMs IBYMS 3BE300UKaMi B Ha-
Yajie 1 B KOHIIe. B pe3yibTaTe nmeeM:

[”* HASKELL *”,”* LISP *”,”* COQ *”]

[TpoiTHUCh MO CIMUCKY KOMIIO3UIIMEN stars . big paBHOCWJIBHO TOMY, KaK e€Ciy Gbl MbI
MPOILIMCh CHauasa pyHKIMel big, a 3aTeM hyHKUMeT stars. [Ipy 3TOM, Kak MbI y)Ke 3Ha-
eM, 06e 3Tu QYHKIMY HMYETO He 3HAIOT HM O TOM, UTO MX CKOMITOHOBaJIM, HY O TOM, UTO
9Ty KOMITO3UIMIO TTepeaant GyHKIIUY map.

Hy 4uTo 3K, Terepb Mbl 3HaeM 0 GYHKIMM map, ¥ TTOCJIEAYIONIMX JIaBaX Mbl YBUIUM MHO-
skecTBO Apyrux ®BII. OTHbIHE OHM OYAYT HAIIMMM ITOCTOSTHHBIMU CITYTHUKAMMU.
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Hackage u 6mb61mMoTexku

Panee s1 yke ymoMuHaJI 0 6M6/1M0TeKax, MPUIIIO BpeMs TO3HAKOMMUTBCS C HUMU 06/ M-
ke, BeIb B MMOUIEIYIONIMX IJIaBaX MbI OyIeM MCIT0/Ib30BaTh MX MTOCTOSTHHO.

Bu6amoTeku 60bIIVIE M MaJIEHbKHE

3aronpl cymecrBoBanust Haskell pazpaboTumKyl co Bcero Mmmpa co3iajiyu MHOXeCTBO 610-
JMoTeK. Br6mmoTeky 136aBIIgI0T HaC OT He0OXOAMMOCTY BHOBD ¥ BHOBb IMCATh TO, UTO
y3Ke HaIMCcaHo A0 Hac. ISt 1I060r0 JKMBOTO SI3bIKa IMTPOrPpaMMMUPOBAaHMS HAaIIMCAHO MHO-
skecTBO 6ubaMoTek. B mupe Haskell nx, KoHeuHO, He Takas Ty4a, Kak JIJIst TOM ke Java, HO
MOPSIIOYHO: CTAOMUIIbHBIX €CTh HEe MeHee JIBYX ThICSU, MHOTME 13 KOTOPbIX OUeHb Kaye-
CTBEHHbIE 1 YK€ MHOTOKPAaTHO MCIThITaHbI B CEPhE3HBIX ITPOEKTAX.

C monmynsamu — daitiamu, cogepxkarymyu Haskell-kom, — MblI yke 3HaKOMbI, OHU SIB-
JITFOTCSI OCHOBHBIM Kuprinuom jro6oro Haskell-mipoekra. Bubnnoreka, Takke SIBISISICh
Haskell-mipoekToM, TO>Xe COCTOUT 13 MOJY/Ieii (He BasKHO, M3 OJJHOTO MJIK U3 coTeH). [To-
5TOMY MUCIOJIb30BaHMe OMOIMOTEKM CBOAUTCS K MUCIIOIb30BAHNIO BXOASIINX B HEE MOMY-
neit. I Mbl yoke HEOIHOKPATHO Je/Ta/iv 9TO B TIPEAbIAYINX TTIaBax.

BcmomHBMM 1nipumep u3 riasbl ipo OBII:

import Data.Char

toUpperCase :: String -> String
toUpperCase str = map toUpper str

main :: I0 ()
main = putStrLn . toUpperCase $ ”haskell.org”

OyHKLMS toUpper OIpenereHa B MOAYJeE Data.Char, KOTOPBIN, B CBOIO O4Yepenb, KUBET
B CTAHIAPTHOI 6ubnMMoTeKe. BubGIMOTEK €CTh MHOXKECTBO, HO CTaHIApPTHAS JINIIb Of-
Ha. OHa cofepsKUT caMmble 6a30Bble, HaMboee MIMPOKO UCIOIb3yeMble MHCTPYMEHTHI.
A mpexxze ueM MpOIO/IKUTD, 3a0aAMMCSI BasKHBIM BOTIPOCOM: «I e sKMBYT BCe 3TU 616-
nmoTteku?» OHM XXUBYT B pa3HbIX MeCTax, HO IJlaBHOe 13 Hux — Hackage.

90
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Hackage

Hackage — aTo 1ieHTpanbHbIil peniosuTopuit Haskell-6ubnmoTtex, nam, Kak IPUHSITO Y HAC
Ha3bIBaTh, MAaKeTOB (aHII. package). HasBaHMe pernos3suTopust MPOUCXOAUT OT CIAUSTHUS
CJIOB Haskell 1 package. Hackage cymectsyer ¢ 2008 roga u xuBéT 31ech!. Panee ymoms-
HyTasl cTaHAapTHas 6ubamoTeka Toxke kMBET B Hackage 1 HasbIiBaeTcst OHa base. Kaxkmoit
O6MOIMOTEKe BbIJIeJIeHa CBOSI CTPAHMIIA.

Kaxknmpiit 13 Hackage-1makeToB XMBET 110 azpecy, copMMUpOBaHHOMY 110 HEM3MEHHO
cxeme: http://hackage.haskell.org/package/WMSNAKETA. Tak, JOM CTaHOAPTHO 6UOIMOTE-
KU — http://hackage.haskell.org/package/base. Hackage — OTKpPBITBIV perO3UTOPUIA: JItO-
6071 pa3pabOTUMK MOKET JOOABUTH TYAa CBOM ITaKEThI.

CrangapTHast 6M0O/MMOTeKa BKIOYAeT B cebst 6oee COTHM MOAYJIeN, HO €CTh Cpeay HUX
CaMbIll U3BECTHbIN, HOCSIIUIA UMS Prelude. ITOT MOAY/Ib IO YMOJIYaHUIO BCeraa C Ha-
MW: BCE €r0 COIep XKMMOe aBTOMATUUYEeCKM MMIIOPTUPYETCS BO BCe MOMY/IM HAIIEro Ipo-
ekTa. Hanpumep, yske n3BeCTHbIE HAM map WJIM OTIEPATOPbl KOHKATEHAIUU CITUCKOB KU-
BYT B MOAyJe Prelude, MO3TOMY AOCTYITHBI HaM Bceraa. [ToMumMo HUX (M MHOTMX-MHOTUX
IeCSITKOB Opyrux GYHKIMIA) B Prelude pacrionaraioTcs GYHKIMM AJIS1 paboThI C BBOIOM-
BBIBOZIOM, TaKye KaK Halllyi 3HaKOMbIe putStrln M print.

Hackage Becbma 60J1bI11071, TO3TOMY MCKaTh MTAKEThI MOKHO IBYMSI crioco6amu. [TepBbIit
— Ha eIMHOI CTpaHuIle Bcex MaKeToB2. 37ech MmepeuycieHbl Bee MaKeTsl, a [jisl Halllero
yI06CTBa OHM PACITONIOKEHBI TT0 TEMATUYECKMM KaTeTOPUSIM.

BTOpoii crioco6 — yepes crenymaabHbI MTOMCKOBUK, KOMX CYIIECTBYET /IBa:

1. Hoogle3
2. Hayoo!*

OTU TIOMCKOBMKM CKPYIYJIE3HO ITpOoCMaTpMBalOT BHyTpeHHOcTu Hackage, u BbI Oy-
IeTe 4acTO MMM IOMb30BaThes. JIMUHO s mpexpmounTtao Hayoo!®. TToab3yemcst OHBIM
KaK OObIYHBIM ITOMCKOBMKOM: HaIllpMmep, 3HaeM Mbl UMSI QYHKIIMM, a B KaKOM I1aKe-
Te/MOJYyJIe OHA KUBET — 3a0bLIM. BOMBaeM B OMCK — MOTy4aeM pe3yiIbTaThl.

YT0O6bI BOCIIOMH30BaThCS TAKETOM B HallleM MTPOeKTe, HY>KHO JJ151 Havyasia BKIIOYUTD ero
B HAIll TPOEKT. [IJIsI mpuMepa pacCMOTPUM TAKeT text, IpeIHA3HAUEHHBIN 71 PabOTHI C
TekcToM. OH HaM B JII0OOM CJTydyae MOHaA00UTCSI, TO3TOMY BKJIIOUMM €ro B Halll ITPOEKT
He3aMeIIUTeTbHO.

OTkpbiBaeM cOOpPOUHBI (aiii MpoeKTa real.cabal, HAXOOMUM CEKLIMIO executable real-exe
U B T0JIe build-depends uepe3 3amsITyIO AOMMUChIBAEM MMsI MTaKeTa:

build-depends: base -- Ywe 30ech!
, real
, text -- A 3mo Hosbili nakem.

'http://hackage.haskell.org/
http://hackage.haskell.org/packages/
Shttp://www.haskell.org/hoogle/
*http://holumbus.fh-wedel.de/hayoo/hayoo.html
Shttp://holumbus.fh-wedel.de/hayoo/hayoo.html
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daiin ¢ pacmMpeHneM .cabal — 3TO 06s13aTeNbHBIN cOopouHbIit daiin Haskell-mpoekra.
OH coflepsKUT IJIaBHbIe MHCTPYKIIMH, Kacaltoliyecs coopku rnpoekta. C cMHTaKCUcoOM c60-
pouHoro ¢aiiyia Mbl 6yIeM IMOCTEITIeHHO 3HAKOMUTHCS B CIEAYIOMIVX IIaBax.

Kaxk BuauTe, mmakeT base yke TyT. BK/IIOUNMB MakKeT text B CEKUMIO build-depends, MbI 006b-
SIBUJIM TE€M CAMbIM, UTO Halll IIPOEKT OTHbIHE 3aBMCUT OT 3TOTO IakeTa. Terepb, HAXOI5ICh
B KOPHE [IPOeKTa, BhINIOJIHIEM YK€ 3HaKOMYIO HaM KOMaHy:

$ stack build

[ToMmHMTE, KOT/Ia MbI BIIEpBbIe HACTPAUBAJIM ITPOEKT, 5T YIIOMSIHYJI, YTO YTUIUTA stack yme-
eT ellé ¥ 6ubaMoTeKM ycTaHaBauBaTh? OHA YBUAUT HOBYIO 3aBYCYMMOCTD HAIlIero ITPOeK-
Ta ¥ YCTAHOBUT KaK CaM ITaKeT text, TaK M BCe Te MaKeTbl, OT KOTOPbIX, B CBOIO OUepe/ib,
3aBMUCUT TAKeT text. [Tocie cOOpKYM Mbl MOSKEM MMIIOPTUPOBATH MO/ 13 3TOTO IMaKkeTa
B Haly Mmoaynu. U Tereps mpuiiia mopa y3HaThb, KakK 3TO MOXKHO Je/aTh.

Hepapxust B uMeHU

Korga mbI nuiem:

import Data.Char

B MMEeHM MOZY/IS OTpakeHa Mepapxus makera. Data.Char 03HAuvaeT, YTO BHYTPMU Make-
Ta base €CTb KaTaJIOT Data, BHYTPU KOTOPOTO KUBET (aiis Char.hs, OTKPbIB KOTOPbIA, MbI
YBUIVIM:

module Data.Char

Takum 06pa3oM, TOUKa B MMeHM MOJAY/ISI OTpaxkaeT (aitoByio uepapxmio BHYTPU JaH-
HOTro MakeTa. MoskeTe BOCIIPMHMMATb 3TY TOUKY Kak 131 B Unix-myTu. ECTb makeTsl O
3HAUUTEIbHO O0JIee IMHHBIMU MMeHaMM, HaTlpuMep:

module GHC.IO.Encoding.UTF8

COOTBETCTBEHHO, MMeHa HalllMX COOCTBEHHBIX MOZY/Ieil Toske OTpaskaloT MecCTo,
B KOTOPOM OHM XMBYT. Tak, OOVMH M3 MOAy/lIeii B MOEM paboyeM IPOEKTe HOCUT
Ha3BaHMe Common.Performers.Click. JTO O3Ha4daeT, 4YTo SKUBET 3TOT MOOyJ/Ib 30€Ch:
src/Common/Performers/Click.hs.

JInio

BepHéMcs K HalleMy Ipumepy:
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import Data.Char

MMIIOpT MOAy/is Data.Char [IeJlaeT JOCTYITHBIM JIJIST HAaC BCE TO, UYTO BKIIOYEHO B MHTEP-
deiic aToro momysnsi. OTKpoeM Halll COOCTBEHHBIV MOY/Ib Lib:

module Lib
( someFunc
) where

someFunc :: I0 ()
someFunc = putStrLn “someFunc”

Mms QyHKIMM someFunc YITOMSIHYTO B MHTepdeiice MOy, 8 UMEHHO MEKIY KPYIJIbIMU
CKOOKaMM, CAeAYIIIMM 32 UMeHeM Mopayiist. UyTok rmepedopMaTupyeM CKOOKM:

module Lib (
someFunc
) where

B HacTosIIMiT MOMEHT TOJbKO (YHKIIMS someFunc IOCTYITHA BCEM MMIIOPTEPAM JaHHOTO
mMopyssi. Ecin ke Mbl omipeiesiM B 9TOM MOJYJ/Ie IPYTyio QYHKIMIO anotherFunc:

module Lib (
someFunc
) where

someFunc :: I0 ()
someFunc = putStrLn “someFunc”

anotherFunc :: String -> String
anotherFunc s = s ++ ”!”

OHa OCTAHEeTCS] HeBUIOMMO JJIsl BHELTHEr0 MMUpPa, TIOTOMY UTO €€ MM He YIIOMSIHYTO B
uHTepdeiice momyns. U ecnu B Mofysie Main MbI HalMIlIeM TaK:

module Main
import Lib

main :: I0 ()
main = putStrLn . anotherFunc $ Hi”

KOMIIMJISITOP CIIPaBeIIMBO PYTHETCS, MOJI, He 3Hal0 (PYHKIMIO anotherFunc. EC/i ske MbI
no6aBuM e€ B MHTepdeiic Momys Lib:
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module Lib (
someFunc,
anotherFunc
) where

Torga QyHKUMS anotherFunc TOXKe CTaHET BUAMMOI BceMy Mmupy. ViHTepdeiic mo3BoisieT
HaM I10Ka3bIBaTh OKPYKAKIIUM JIUIIb TO, YTO MbI XOTUM MM [10Ka3aThb, OCTABJISIS CITy-
>keOHble BHYTPEHHOCTM Halllero MOAYJISI TaitHOM 3a CeMbIO MevaTsIMMu.

NmnopTupyem nmo-pasHomy

B peasibHBIX MPOEKTaX Mbl MMIIOPTMPYEM MHOXKECTBO MOAYJIEN M3 Pa3JMUHbBIX TaKe-
TOB. IHOTHA 3TO SIBJASETCS MPUYMHON KOHMIMKTOB, C KOTOPHIMU TIPUXOAUTCS UMETh
nerno.

BcrmoMHMM (QYHKIMIO putStrin: OHA CYIIECTBYET He TOJbKO B HE3PMMOM MOJIyJ/Ie Prelude,
HO M B MOZYyJIe Data.Text.IO 13 I1aKeTa text:

-- 30ecb moxe ecmb ¢QyHKYUA No umeHu putStrin.
import Data.Text.IO

main :: I0 ()
main = putStrLn ... -- / omkyda 3ma @yHKyus?

[Tpu TIOTIBITKE CKOMIITMIMPOBATD TAKO KOJ, MbI YIIPEMCS B OIIMOKY:

Ambiguous occurrence ‘putStrLn’
It could refer to either ‘Prelude.putStrLn’,
imported from ‘Prelude’
or ‘Data.Text.IO.putStrLn’,
imported from ‘Data.Text.IO’

Ham Heo6XomuMo Kak-TO yKa3aThb, KaKylo M3 GYHKIM putStrln Mbl MMEEM B BUIY. DTO
MOXKHO C/IeJIaTh HECKOTbKMMU CIIOCOOaMM.

MOsKHO yKa3aTb MPUHAIIEKHOCTb QYHKI[MY KOHKPETHOMY MOAY/0. VI3 coob1eHns 06
oInbKe yske BULHO, KaK 3TO MOKHO CHeaTh:

-- 30ecb mowe ecmb QYHKYyus no umeHu putStrln.
import Data.Text.IO

main :: I0 ()

main = Data.Text.IO.putStrLn ... -- ComHeHnul Hem!

Temnepsb y>ke COMHEHMIT He OCTaJI0Ch: UCIIOb3yeMasi HAMMU putStrLn TPUHAIJIEXUT MOIY-
JII0 Data.Text.I0, TO3TOMY KOJIJIM3Mii HET.
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BripoueM, He KakeTcsl i BaM ITogo6Has popma CIMIIKOM JIMHHOI? B ymoMssHyTOM pa-
Hee CTaHOApPTHOM MOJYII€e GHC.I0.Encoding.UTF8 eCTh d)yHKLLmI mkUTF8, 1 ITpeCTaBbTE Ce-
6e:

import GHC.IO.Encoding.UTF8
main :: I0 ()

main =
let enc = GHC.IO.Encoding.UTF8.mkUTF8 ...

C/IMIIKOM OJMHHO, HY)XHO YKOPOTUTh. IMmopTupyeM MOAy/As MOHA, KOPOTKMM MMe-
HEeM:

import Data.Text.I0 as TIO

BKJIWYMTb STOT MOAY/Ab  KakK 3TO

main :: I0 ()

main = TIO.putStrLn ...

BoT, Tak 3HaUMTENBHO Jy4dlle. KOpOTKOe MMS MOXKET COCTOSITh JIaske U3 OHOV OYKBbI, HO
KaK ¥ TIOJTHOe MMSI MOJIYJIsI, OHO 06sI13aTeJIbHO AO/DKHO HAUMHATBHCSI C OOJIBIINON OYKBBI,
MO3TOMY:

import Data.Text.IO as tI0O -- Owubka
import Data.Text.IO as 1 -- Towe owubka
import Data.Text.IO as I -- [lopsadok!

WHorpma, ajist 60IbIIero mopsiaKa, Mcrnoab3yioT qualified-ummopt:

import qualified Data.Text.IO as TIO

KitoueBoe €10BO qualified MCIIONAB3YyeTCS OJI «CTPOrOro» BKAKOYEHUS MOZAYISL: B 3TOM
cryyae Mbl 006sI3aHbI YKa3bIBaTh IMIPMHAMJIEKHOCTh K HeMy. Hanpumep:

import qualified Data.Text as T

main :: I0 ()
main = T.justifyLeft ...

Iaxke HECMOTpSI Ha TO, UTO (PYHKIMS justifylLeft eCTb TOJBKO B MOAy/e Data.Text U
HUKAKUX KOJIU3UIA C Prelude HET, Mbl 00sI3aHbI yKa3aThb, YTO 3Ta (PYHKIMS MMEHHO U3
Data.Text. B 6ombimx momynsax qualified-ummopT OGbIBaeT 1mosie3eH: ¢ OIGHOW CTOPOHBI,
rapaHTMPOBAHHO He OyIeT HMKAaKMX KOHMIMKTOB, C IPYToi, Mbl Cpa3y BUIAUM, OTKyIa
pOIOM Ta WM MHasT QYHKIIMS.

Brpouem, HekoTopbiM Haskell-miporpammucram 060e yKazaHue MPUHAIIEXKHOCTU K
MOZY/TI0 KaKeTCs M36bITOYHbIM. [103TOMY OHM MAYT IO APYrOMY MIYTU: BBIOOPOUYHOE
BKJIIOUeHMe/BbIK/TIOUeHMe. Hanpumep:
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import Data.Char
import Data.Text (pack) -- Tosbko eé!

main :: I0 ()
main = putStrLn $ map toUpper “haskell.org”

MbI rogpasymMeBaeM CTaHIApPTHYIO (GYHKIMIO map, OJHAKO B MOJYyJe Data.Text TOXKe
comepskUTCS (PYHKUMS IO MMeHM map. K CU4acTbhlo, HUKAKOM KOIM3UM He OymeT, Belb
MbI MUMIIOPTUPOBAJIX He BCE COMePsKMMOe MOJTY/ISI Data. Text, @ JIMIIIb OJHY €ro QyHKIINIO
pack:

import Data.Text (pack)
“MNopTUpyeM oTClaa TO/IbKO
370

Eciu ske MbI XOTMM MMITOPTMPOBATH ABe MK 6osee GYHKINY, IEPEUNCIsieM UX depe3
3amATyIO:

import Data.Text (pack, unpack)

CylIecTByeT ¥ IMPSMO MTPOTUBOIIONIOXKHBIN ITyTh: BMECTO BbIOOPOYHOTO BKIIIOUEHUS —
BBIOOPOUYHOE BBIK/IIOUEHME. M36eKaTh KOUIM3UM MEXKIY QYHKIMSIMU putStrln MOKHO
OBbLIO ObI U TAK:

import Data.Text.IO hiding (putStrLn)

main :: I0 ()
main = putStrLn ... -- ComHeHul Hem: u3 Prelude.

CnoBo hiding MO3BOISIET CKPbIBATh KOE-UTO M3 MMIIOPTUPYEMOTIO MOAYJIS:

import Data.Text.IO0O hiding (putStrLn)

MMNoOpTUpYEeM BCE OTCHAA KpomMe  3TOoro

MOXHO 1 HECKOJIbKO (GYHKIIMIT CKPBITh:

import Data.Text.IO hiding ( readFile
, writeFile
, appendFile
)

[Tpu skeJTaHMM MOKHO CKPBITh U U3 Prelude:
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import Prelude hiding (putStrLn)
import Data.Text.IO

main :: I0 ()
main = putStrLn ... -- Owa mo4Ho u3 Data.Text.IO.

Odopmiienne

O61rast peKOMeHIaIMs TakoBa — 0OPMIISIITE TaK, YTOOBI OBLIO Jierye YnMTaTh. B peasib-
HOM IPOEeKTe B Kak[Ablii U3 BalIMX MOIY/el OyeT MMIIOPTUPOBATHCS JOBOJIBHO MHOTO
Bcero. BoT Kycouek 13 oHOro Moero pabo4ero MoyJisi:

import qualified Test.WebDriver.Commands as WDC
import Test.WebDriver.Exceptions

import qualified Data.Text as T
import Data.Maybe (fromJust)
import Control.Monad.I0.Class

import Control.Monad.Catch

import Control.Monad (void)

Kaxk mosnHble, Tak 4 KpaTkue MMeHa MOJy/eil BBIPOBHEHbI, TaKO¥ KOJ, MPOIlle YMTaTh U
M3MeHsTh. He Bce mpOrpaMMMCThI COTTIACSITCS C TAKMM CTWJIEM, HO TIOIIpo6GyeM yopaTh
BbIpaBHMBaHMeE:

import qualified Test.WebDriver.Commands as WDC
import Test.WebDriver.Exceptions

import qualified Data.Text as T

import Data.Maybe (fromJust)

import Control.Monad.IO.Class

import Control.Monad.Catch

import Control.Monad (void)

Tenepb KO BbIIVIAAUT CKOMKaHHBIM, €ro TpyaHee BOCIIPMHUMATb. Bnpoqu, BbI60p 3a
BaMMu.
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Pexkypcus

YT0O6bI MOHSITh PEKYPCUIO, HY;KHO CHavasIa MOHSITh PEKYPCHUIO.

JTa cTapas myTka mpo peKypcuio MHOTa IyraeT HOBMYKOB, KaK B CBOE BpeMsI HaIyraia
M MeHS. B IeiicTBUTEIbHOCTM B PEKYPCUM HET HUYEro CTPAIIHOTO, M B 9TOJ IJIaBE MBI
MTO3HAKOMMMCS C 3TUM Ba)KHbIM MEXaHM3MOM.

Hukn

VouBuTenbHo, HO B Haskell HeT BCTpOeHHBIX LMKIMUYECKUX KOHCTPYKIIMIA, CTOMb TIPU-
BBIYHBIX JIJIST IPYTUX SI3bIKOB. Hu Tebe for, HM Tebe while. OmHAKO 060MTHCH 6€3 IIMKIOB
B HallleM Kofie MbI He cMoykeM. Kak ske HaM X OpTaHM30BbIBATh?

K cyacTtblo, yaille BCero Ham 3TO M He HYKHO. BCIOMHMM Hairy 3Hakomyio, QyHKLIUIO

map:

map toUpper somelist

Hy 1 uem ke He nuki? Ha Tom ke C 9TO BBIIVISIIENO ObI KAK-TO TaK:

int length = ...
for(int 1 = 0; 1 < length; ++i) {
char result = toUpper(somelList[i]);

@DyHKUMYM HATIOI001e map B IMOAABJISIONIEM GOBUIMHCTBE C/TyyaeB M306aBJsSIOT HAC OT Ha-
MMCaHMS SIBHBIX LIUKINYECKUX KOHCTPYKIMIA, ¥ 9TO HEe MOXKeT He pafgoBaTh. OJHAKO U3-
penka HaM BCE-Tak MPUAETCS MucaTh UKLl siBHO. B Haskell, n3-3a orcyTcTBus for-
KOHCTPYKIIMHU, COeNaTh 3TO MOXKHO TOJBKO OJHMM CIIOCOO0M — depe3 peKypCuio (aHI.
recursion).

Vnes peKypcuu mpeaenbHO IPoCTa:
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Eciy Ham HY’>KHO TTIOBTOPUTD BbIUMCIEHME, TIPOMU3BOAMMOE HEKOM (QyHKIIM-
e, MbI JOJDKHBI TPUMEHUTD 3TY PYHKIMIO BHYTPU cebst camoii. Y momyuuTes
3alMKIMBaHNE.

BsrmissHeM Ha ornpeneneHne QyHKIIUY map:

map _ [] =[]

map f (x:xs) fx :map f xs

A Temepb pa3bepEM 3TO MHTepecHelIIee oIpeie/ieHi e 10 KOCTOYKaM.

IIpaBga o crimcke

[TepBbIM apryMmeHTOM, Kak Mbl IOMHMM, BBICTYIIaeT Hekast PyHKIMs, 2 BTOPbIM — CITU-
COK, K 97IeMeHTaM KOTOPOro npumeHsieTcs 3Ta GyHkiuusi. Ho 4To 3TO 3a CTpaHHOTO BUAA
KOHCTPYKIIMS B KPYTJIbIX CKOOKaX?

(x:xs)

9T0 — 0co6bIit 06pa3sell, UCITOIb3YEMBbIii /IS paGOTHI CO CIIMCKaMu. M UTOOBI OH CTa MO-
HSITEH, S TOJDKEH paccKkasaTh BaM IMpaBay o GopMMUpOBaHUM CITMCKA.

Kak MbI TOMHUM, GOpPMUPYETCS CITUCOK MTpeaeabHO IMPOCTO:

[1, 2, 3] -- Cnucok u3 mpéx yenbix 4yucen.

OpnHako B IeiiCTBUTENbHOCTM OH (POpMUpYyeTCsT HeCKOMbKO MHayve. [IpyBbIUHAs HAM KOH-
CTPYKLMSI B KBaPATHBIX CKOOKAxX eCTh HM UTO MHOE, KaK CMHTaKCUUeCKuii caxap (aHII.
syntactic sugar). CMUHTaKCMYEeCKMM CaxapoM Ha3bIBaIOT HEKOe yIpollleHKe Koaa, aesato-
1iee ero ¢aiie, pusiTHee 1Jis Hac. Ecau ske Mbl yoepéMm caxap (WM, Kak eIé roBopsiT,
paccaxapum Kop), TO yBUIUM BOT UTO:

1:2:3:1]

MIMeHHO Tak CIMCOK U3 TPEX LiebIX urcen GopMupyeTcs: Ha camoM Jene. CTaHJapTHBIN
oriepaTop : HaM yke 3HaKOM, MbI BCTPeTU/INCH C HUM B IIaBe O CIIMCKaX:
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newHost : hosts
3TOT
onepaTtop

6epéT

370

3HayeHune

n pobasnsaer
ero B Hayano
3TOro cnvcka

To ecTh crMcokK CTPOUTCA HYTéM ,ILO6aBJIeHI/IH 9JIEMEHTAa B €ro «rojioBy», HauMHasd C I1y-
CTOTO CITMCKa:

=1:2: [3]
=1: [2, 3]
= [1: 2, 3]

HaunHas ¢ mpaBoro Kpasi, Mbl CHauajia IIpyuMeHsieM OTepaTop : K 3 ¥ IyCTOMY CITUCKY, B
pe3y/bTaTe Yero MmojiyuaeM CIMCOK C eIVMHCTBEHHBIM 3JIEMEHTOM [3]. 3aTeM, IpUMEeHSISI
BTOPOJ OTIepaTop : K 2 ¥ K TOJIBKO UTO MOJyYeHHOMY CITMCKY [3], MbI TIOJTy4aeM HOBBIN
CIIMCOK [2, 3]. U B KOHIIE, BHOBb IIPMMEHMB OIEPATOP : K 1 U K CIUCKY [2, 3], MBI I1O-
Jy4aeM UTOTOBBIN CIIMCOK [1, 2, 3]. BOT mouemy cTO/b yIO6GHO ONIepUPOBATH «T'OJIOBOV»
U «XBOCTOM» CITMCKA. VI MMEeHHO MO3TOMY ObUT CO3JaH OCOOBINI 0Opaser s aTTepH-
MAaTYMHTOBOJ PabOThI CO CITMCKOM:

(head : tail)

B maHHOM cityyae CJIoBa head U tail He OTHOCSITCS K CTaHIAPTHBIM (YHKIVSIM, ST JIUIIIh
MOKa3bIBal0 Ha3HAUEHNe 3IeMeHTOB JaHHOTO 06pa3iia. BoT 6osee xxuBoii mpumep:

main :: I0 ()
main = print first
where
(first:others) = [”He”, “Li”, ”Be”]

ITocKoMbKY MbI TOUHO 3HAeM, UTO CIIpaBa y HAC CIIMCOK, ¢JIeBa MbI ITMIIIEM OOpa3err 1JIst
CITCKa, B KOTOPOM first aCCOIMMPOBAH C IIEPBLIM 3JIEMEHTOM, C «[0JIOBOJi», a IabI0H
others — C OCTaBIIMMMCS 3JIEMEeHTaMM, C «<XBOCTOM».
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Ho BbI CIIpoCuUTeEe, 3a4eM HaM 3TO Hy>KH07 Ecin Y>K MbI TaK XOTUM pa6OTaTB CO CITMCKOM
yepes raTTepH MATUMHI, MOXKHO Be€Jlb BOCITIO/Ib30BAaTbCA ABHBIM O6p8.3L[OMZ

main :: I0 ()
main = print first
where
[first, second, third] = [”He”, ”Li”, “Be”]

+H+++ +H++

Bcé BepHO, 0iHAKO 0Opa3sel ¢ KpymIbIMM CKOOKaMM Ype3BbIUaifHO yI00eH MMEeHHO JIJIsSt
PEKYPCUBHOJ pabOThI CO CIIMCKOM, ¥ BOT ITouemy. BcmoMHMM ompenenenne GyHKIUU
map:

map f (x:xs) = f x : map f xs

[TopcTaBMM peasibHble 3HAaUEHMSI HA OCHOBeE TIpMMepa Mpo MepeBof, CUMBOJIOB CTPOKU B
BEPXHUIT PETUCTP:

1
—

map f (x:xs) X :map f XS

s

map toUpper ”neon” = toUpper ’n’ : map toUpper “eon”

BOT Ternepb-TO MbI BUAMM, KaKMM 00pa3oM (PyHKIIMS map IPOOETaeTCs 10 BCEMY CITUCKY.
[TpoiigémMcs Mo UTepausim, UToObl BCE OKOHUATEIbHO BCTAJI0 HAa CBOM MecTa. Y Hac Xe
LIMKJI, BepHO? A rlie MK — TaM UTepalun.

Ha miepBoJi 13 HUX ONepaTop : NPUMEHSIETCS K BBIpOXKEHMSIM toUpper 'n' U map toUpper
”eon”. BbIpaskeH1e C/ieBa BBIUMC/ISIETCS M JAET HAM CMMBOJ 'N':

s

toUpper ’n’ : map toUpper “eon”

’N’ : map toUpper “eon”

BbipaskeH1e cripaBa COIeP>KUT MpUMeHeHMe TO¥ ske QYHKIMM map, TO €CTh Mbl BXOJUM B
LIMKJI, BO BTOPYIO €ro uTepaiuio:

LI ]

map toUpper “eon” = toUpper ’e’ : map toUpper on”
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Bpra)KeHI/Ie C/IeBa BbIUMCIAETCA 1 ,IlaéT HaM 'E':

3 b

toUpper ’e’ : map toUpper ”on”

’E’ : map toUpper “on”

BbrunciisieM BbIpaskeHye CIipaBa — ¥ BXOAUM B CIeAYIOIIYIO UTepalnio:

s 29 3

map toUpper “on” = toUpper ‘o’ : map toUpper ”n

BripaskeHue ciieBa JAa€T HaM '0':

s 9 3

toUpper “o° : map toUpper “n

I

’0’ : map toUpper ”n

CnpaBa BHOBb IIPMMEHEHNME map — M Hallla ITOCJIeAHSA UTepalus:

33 95 EI ]

map toUpper ”n” = toUpper ’n’ : map toUpper []

Bpra)KeHI/Ie cjieBa ,HaéT HaM 'N':

s

toUpper ’n’ : map toUpper []

’N’ : map toUpper []

MBI BBITAIIMIN U3 CITCKA TTOCIeIHIIA Y3 YeTHIPEX CMMBOJIOB, U CIIMCOK OCTAaJICSI ITyCTBIM.
Yto ke MbI OyeM JenaTh Aanblie? A ganabiiie Mbl BCIOMMHAEM IEPBBI BApUAHT OTIpe-
neneHus GyHKLIMM map:

map _ [] =[]

3nech QyHKIIVS TOBOPUT: «KaK TOMBKO 51 BTOPbIM apryMeHTOM IOy4y ITyCTOM CIMCOK,
s1, UTHOPUPYS MepPBbIil aprTyMeHT, HeMeIJIeHHO JaM TOT >Xe CaMblii ITyCTOM CIIMCoK». [1o-
9TOMY OCTaBllleecsl Ha TTOC/IeAHel uTepaliuu BbIpakeHue CripaBa:

map toUpper []

TOAOMIET IO, JaHHBIV CJTyyait U IMPOCTO JACT HAaM ITYCTOM CIMCOK. Bc€, roroBo, pabo-
Ta (pyHKIMYM 3aBepiieHa. Ha Kaxmoii uTepaiy Mbl OTKYCbIBa€M «T'OJIOBY» CITMCKA U TTe-
penaém e€ GYHKIINM toUpper, «XBOCT» JKe TepelaéM BHOBb QYHKLIMM map. Ha ueTBEPTOIL
uTepalum ynupaeMcs B IycTol CMCOK 1 Bo3Bpaiiiaem ero xke. COBMeCTUB BCe UTeparumn
BOeAMHO, TTOJIydaeM BOT UTO:

,N’ . ’EJ : ’O) . ,N, : []

Y3HaéTe? ITO XXe Halll paccaxapeHHbIN CIMUCOK, COeIMHSIOIINIICSI BOeIVHO:
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[’N,’ ’E’, ,0” ,N,]

Bot mbI 1 IMPpUIIJIM K HalllIeMYy PaBE€HCTBY:

map toUpper neon”

E E E

map toUpper [’n’, ’e’, ’0’, ’n’]

[,N,, :EJ, ,03, ,N,]

- ”N EON”

Tyna u oOpaTHO

Omnpepensisi peKypCUBHYIO0 (QYHKIMIO, BAXKHO TTIOMHUTh O TOM, YTO B Heli JOJIKHO ObITh
KaK IMPaBWIO 3alIMKIMBAaHMS, TaK ¥ IPABWIO BBIXOJA M3 IIMKJ/IA:

map _ [] =[] -- Bbix00uM U3 YUKAA.
map f (x:xs) = f x : map f xs -- 3ayukisusaemcs,
-- npumeHss camy cebs.

Eciu 661 MBI OITYCTWIM TIEPBOE OIpefesieHre, KOMITUISITOP ITPeIyCMOTPUTEIBHO CO06-
T 661 HaM O TIpobiieme:

Pattern match(es) are non-exhaustive

U sTo COBEPpIIEHHO ITpaBMUJIbHO: €C/IM Ha KaXXI0M1 urepauumy Mbl YMeHbIIIaeM CIIMCOK, TO
PaHO MJIN ITO3AHO CIIMCOK TOYHO OCTaHETCA ITYCThIM, a CJie40BaTE/IbHO, MbI 00513aHbI 00b-
SICHUTD, UTO 3Xe OeJIaTb B 3TOM CJIy4yae.

1711 TFI0OOIIBITHBIX

OTkpoto cekpet: pekypcuBHbIMM B Haskell 6p1BatoT He TOMBKO GYHKLMM, HO U TUITbL. HO
00 3TOM B MOCIEAYIOIINX ITaBaxX.



I'masa 18

JIeHBb

[TomHMTE, B I7IaBe C MepBbIMYU BorrpocaMu 0 Haskell s ymoMsiHyJ1, UTO 3TOT SI3bIK SIBJISIETCS
neHuBbIM? Celiyac Mbl HAKOHEI[-TO Y3HaeM O JIEHUBBIX BBIYUCIIEHUSIX U IO3HAKOMUMCS
C UX CBETJION U TEMHOM CTOPOHAMM.

JIBe Moaeiy BbIUMC/IeHUN

Kak mbI yke 3HaeM, Haskell-riporpamMma cocTouT 13 BhIpasKeHMIA, a 3aITyCK ITPOrPaMMbl
CYTb HAuaJI0 AJIMHHOM LIeTTOUYKM BbIYMCJIeHU . BcrmoMHMM GQYHKIIMIO square, BO3BOZSIILYIO
CBOJ eIVHCTBEHHBII apryMeHT B KBaJpar:

main :: I0 ()
main = print . square $ 4

3mech BCE MPOCTO: PYHKIIMS square IPUMEHSIETCS K HEpeAyLpyeMOMY BbIpaXkeHUIO 4 U
JaéT HaM 16. A ec/Iu Tak:

main :: I0 ()
main = print . square $ 2 + 2

Tertepb QyHKIMS square IPUMEHSIETCS Y3Ke K PeIYIIIPYEMOMY BbIPASKEHUIO:

square $ 2 +2

OYHKUMA MpuMeHAeTCA peayuupyemomy
K BbIPAXEHWI

Kak BbI ;ymaeTe, UTO MpoM30iAET paHblie? [[pyMeHeHMe onepaTopa CJIOKEeHUS VU XKe
npuMeHeHMe QYHKUMY square? Bopoc XUTPbIN, Beb MPaBUILHOTO OTBETA HA HETO HeT,
MOCKOJIBKY CYILIECTBYET IBE€ MOZEIM BbIUMCIEHMSI apTYMEHTOB, & MMEHHO SHepruyHas
(aHr/1. eager) v ieHuBas (aHII. lazy).

[Tpu s3HeprUYHOM Moaenu (Ha3bIBaeMOJi elll€ «3KaJHO» MU «CTPOTOii») BEIpaskeHHe, SIB-
nsioleecst apryMeHTOM (QYHKIMM, OyIeT BbIUMCIEHO elllé 10 TOTO, Kak MOMaaeT B Telo

104
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dyukuun. Ha dhoHe onpenenenust GyHKIUYU square OyIET sSICHee:

square X =X * X
[\
square $ 2 + 2
\ /
4 =4+*4=16

To ecTb BUIAVM BbIpaskeHMe 2 + 2, 5KaJHO Ha Hero HabpachIBaeMCcsl, IIOJTHOCTbIO BbIUMC-
JIsieM, a y>Ke TIOTOM Pe3y/IbTaT 3TOTO BbIUMCIEHMS TTepelaéM B QYHKIIMIO square.

[Tpu 1eHUBOII ke MO BCE HA0OOPOT: BhIpasKEHME, SIBJISIONIEECS] apTyMeHTOM (yHK-
Iyu, mepenaéTcst B QyHKIMIO IIPSIMO TakK, 6e3 BbrumciaeHust. 1306pa3smThb 3TO MOXKHO clie-
OYIOMYM 06pa3oM:

square X = X * X

/A U A U A
square $ 2 + 2 =(2+2) * (2 +2) =16

Ho kakast pa3Huiia, cripocute Bbi? Bcé paBHO B UTOTe MOJYUYUM 16, XOTh TaM CJIOXKWUIIH,
XOTb TYT. Tak 1 eCTh: MOJIe/Ib BRIUMC/IEHMS He BIMSIET HA Pe3y/IbTaT 3TOTO BHIUMCIEHMS,
HO OHAa BAMSIET Ha MYTb K 3TOMY pe3y/IbTarTy.

JKagHas mozesnb Hallljla CBOE BOTJIONIEHME MPAKTUUYeCKM BO BCEX COBPEMEHHbIX SI3bIKaX
nmporpammupoBanus. Hanuirem Ha C:

#include <stdio.h>

int strange(int i) {
return 22;

}

int main() {
printf(”%d\n”, strange(2 / 0));
}

OYHKIMSA strange NENCTBUTEIBHO CTPaHHAas, Bellb OHA UTHOPUPYET CBOIM aprymMeHT U
MPOCTO BO3BpalllaeT unMcio 22. M BCE ke MpU 3allycke 3TOJ MporpaMMbl Bbl rapaH-
TUPOBAHHO IIOJIYYMTE OIIMOKY Floating point exception, 160 KOMIMISITOP si3bika C
KaTeropuyecky He TEPIIUT JeJieHUs Ha HOJib. A BCE TIOTOMY, UTO s13bIk C mpuaepxuBa-
eTCSl SHePTMYHOI MOJENN BbIYMCIEHUI: OIlepaTop Me/leHus 2 Ha 0 OyaeT BhI3BaH eIné
IO TOTO, KaK MbI BOJIEM B TeO0 PYHKIIUY strange, TOITOMY IpOrpaMMa yrajeT.

Takoii moaxo MPSIMOJIMHEEH U CTPOT: CKa3ay HaM CHavasia pasfeinuTh Ha HOJIb — pas-
IeuM, He 3a[yMbIBasiCh. JIeHMBas ke MOJIe/b IPUAEPKUBAETCS MHOTO MoAX0a. B3mis-
uute Ha Haskell-Bapuanr:
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strange :: Int -> Int
strange 1 = 22

main :: I0 ()
main = print . strange $ 2 ‘div‘ 0

V,E[]/IBI/ITEJ'I]:HO, HO ITpM 3aITyCKe 3TOM nmporpaMMbI Mbl YBUIAVM:

22

Brpouem, royeMy yauMBUTeNbHO? DYHKIIMS strange, IPOUTHOPUPOBAB CBOJ apryMeHT,
Jajila HaM 3HaueHue 22, KOTOpoe, ToIaB Ha BXOJ (QYHKILVM print, BbIJIETEJIO B HAIll TEP-
MuHas1. Ho rae ke omnmmb6Ka JeyieHus 2 Ha 0, cripocuTe Bbi? E€ Her.

JIeHUBBIIi TTOAXO], BITOJIHE TaPMOHMPYET CO CBOMM Ha3BaHMEM: HaM JIeHb JIeJlaTh paboTy
cpasy ske. BMecTo 3TOro mMbl, MOJ00HO pe6EHKY, KOTOPOTO 3aCTaBU/IM yOpaTh pa3bpo-
CaHHbIE IO KOMHATe UI'PYILIKM, OTKIAAbIBa€M PaboTy M0 Moc/ieqHero. JIeHuBast Moesb
rapaHTUpYyeT, YTO paboTa OyaeT BHITIOJIHEHA JIUIIIb TOTAA, KOT[A pe3yabTaT 3Toi pabo-
ThI KOMY-TO MTOHAI00MTCSI. EC/Iv s)ke OH HUKOMY He TIOHaio6MTCs, Torma paboTa He OyaeT
BBITIOJIHEHA BOBCE.

@DyHKUMS strange JIeHMBA UM MOTOMY palyoHanabHa. OHAa CMOTPUT Ha CBOW apryMeHT
i:

strange i1 = 22

¥ [IOHMMAEeT, YTO OH HUTAE He UCIIOIb3YeTCS B €€ Tejie. 3HAUUT, OH He HY>KeH. A pas Tak,
TO ¥ BBIUMCJIEH OH He OymeT. Kcratu, ey apryMeHT QYHKLMM UTHOPUPYETCS, oIpee-
JIeHMe MIPUHSITO MUCATh C YHUBEPCATbHBIM 00Pa3I[OM:

strange _ = 22

A

HaMm
BCé
paBHO

Tak U nmosnyvyaeTcs:

strange = 22

/ \

strange $ 2 ‘div‘ 0 = 22

BoIpaskeHue, comepskaliee nejeHue Ha HOMb, MOMajaeT BHYTPb QyHKUIMM, Oymyun elné
HEBBIUMCIIEHHBIM, HO ITOCKOJIbKY B Tejie (YHKIIMM OHO HUTIE He MCIIOIb3YeTCsl, OHO TaK
¥ OCTaHETCSI HEBbIUMCIEHHBIM. [IeBM3 JIEHN : €CJTY Pe3YJIbTAT pabOoThl HUKOMY HE HY>KEH —
3aueM ke e€ menaTh? BoT mouemy paKkTMUeCKOTO Je/IeHus Ha HOJIb 3[eCh He ITPOU30IIET
U MporpaMMa He pyXHeT.
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PasymeeTcs, ecyiv 6bI MbI ONpeenuan QYHKIINIO strange MHAYE:

strange :: Int -> Int
strange 1 =1 + 1

TOT/IA IPYyTOe JIeJI0: 3HaueHMe apryMeHTa yKe UCIOIb3yeTcs B Teae GyHKUMUY, a 3HAUUT
BbIUMC/IEHME apryMeHTa HellpeMeHHO TTPOM30iiIET:

strange i = i +1
/ \ / \
strange $ 2 ‘div‘® 0 = (2 ‘div‘ 0) + 1

OmnepaTopy cnoxkeHus TpebyeTcsl 3HaueHre 060MX CBOMX apryMeHTOB, B TOM UMCIIe Jie-
BOTO, a [TOTOMY ITOJTyYNTe OUIMOKY AeIeHUs Ha HOJb.

Kaxk MO>XHO MeHblIe

Jlo Tex mop, IOKa pe3y/bTaT BbIUNCIeHMSI HUKOMY He HY)XKeH, OHO He Tpou3BoguTcs. On-
HaKo Jaxke TOTAA, KOTA pe3ylbTaT KOMY-TO TOHAL00MIICS, BbIYMCIeHNE TIPOUCXOAUT He
Io KoH1a. [IoMmHMTe, BbILIE g CKa3aJl, UTO IIPY JKaJHOV MOV BbIUNC/IeHVS BbIpakeHue,
SIBJISIIONEECSI apTyYMEHTOM, BBIUMCIISIETCS «IIOJTHOCTBIO»? A BOT ITPY JIEHUBOW MOJE/IN MbI
BBIUNC/ISIEM BbIpakeHMe JIUIITb HACTOMbKO, HACKOIBKO 3TO Heobxonumo. Kaxk Bbllieyrno-
MSIHYTbIV pe6EHOK, YOUpaloIiuii UTPYIIKY B KOMHATe, yOupaeT X BOBCe He IO KOHIIa, a
JIUIIB IO TAKOM CTeTIeHM, YTOOBI €T0 He PyTraii POIUTEITN.

C TOuKM 3peHusT BeIUMc/IeHus 06oe BoipakeHue B Haskell mpoxogut uepes tpu cra-
IoVn:

1. HeBBIUMCIIEHHOE,
2. BBIUMCJIEHHOE HEe J0 KOHIIA,
3. BBIUMCJIEHHOE 0 KOHIIA.

HeBbIuncieHHbIM Ha3bIBAETCS TaKoe BbIpa>keHne, KOTopoe BOO6H.[€ He TporaJin. Bcriom-
HMM BBIIIEYIIOMAHYTOE Je/ieHVe Ha HOJIb:

2 ‘dive 0

Mbl yBUI€IM, YTO IIPOrpaMMa He yriaaa, ¥ 3TO TOBOPUT HaM O TOM, UTO JieJieHUs He ObLIO0.
To ecTb dyHKIMA div TaKk U He OblIa IPMMeHEeHa K CBOMM apryMeHTam. Boobiie. Takoe
BbIpakeHMe Ha3bIBaloT thunk (MOKHO MepeBecTH Kak «3aAyMKa»). To eCcTb Mbl 3afyMan
MPUMeHUTDh GYHKINIO div K 2 U K 0, IPUTOTOBUIUCH CHENaTh 3TO — HO B UTOTe Tak U He
crenam.

BbluMCieHHBIM [0 KOHIIA Ha3bIBAalOT TaKOe BbIpakeH)e, KOTOPOe BbIUMCIEHO A0 CBOeil
OKOHYATeIbHOI, HepeaylpyeMoii Gopmbl. O TakoM BbIpakeHUM TOBOPSIT KaK O BbIpa-
>KeHUM B «<HOpMasbHOI popme» (aHII. normal form).

A BOT BBIUMCJIEHHBIM He [0 KOHIIA HAa3bIBAIOT TAKOE BbIpaskeHye, KOTOPoe Havaiyu 6bUI0
BBIUMCISITH, HO CIEJIa/IM 9TO He 10 KOHIIA, TO eCTh He 10 HOPMaIbHOM (hOPMBI, a IO TaK
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Ha3bIBaeMoJi «cmaboii rooBHOI dhopmbl» (aHmT. Weak Head Normal Form, WHNF). Bbr
CIIPOCUTE, KaK Ke 3TO MOKHO BbIYMCIUTD BbIpakeHMe He 10 KOHIa? PaccMOTpuM mpu-
Mep:

main :: I0 ()
main =

let cx =2/ 6.054 -- thunk
nk =4 * 12.003 -- thunk
coeffs = [cx, nk] -- thunk

in putStrLn ”Nothing...”

EcTb y Hac nBa KoagduiinmeHTa, cx u nk, 1 eIié CIMCOK coeffs, B KOTOPbI Mbl TOMECTUIN
9T K03 duimenTsl. Ho, Kak MbI BUIMM, B UTOTE HU 3TU KO3DOUIIMEHTDI, HU 3TOT CITH-
COK HaM He TTOHaZOOWMIMCh: MbI IIPOCTO BBIBEIM CTPOKY M TUXO BBIIUIA. B aTOM ciydae
HM OJHO U3 3TUX BBIPAKeHMI1 Tak U He ObLJIO BBIUMCIEHO, OCTaBIIMCh B Buae thunk. To
€CTb OIepaTop JAeeHMs TaK M He ObLI MPUMEHEH K 2 U 6.054, OIIepaTop YMHOKEHUST He
TIPUKOCHYJICSI HU K 4, HY K 12.003, a CITMCOK OCTaJICS JIMIITb B HAlllMX yMax. JIeHuBas cTpa-
Terusl palyoOHaJbHA: 3a4eM TPATUTh KOMITbIOTEPHbBIE PECYPChI HA CO3IaHMe TOTO, YTO B
MUTOTe HUKOMY He TTIOHaI00uTCs1?

N3mMeHMM KoOJ;:

main :: I0 ()
main =

let cx =2 [/ 6.054 -- thunk
nk =4 * 12.003 -- thunk
coeffs = [cx, nk] - - WHNF

in print $§ length coeffs

Ara, y)ke nHTepecHee. B 3TOT pa3 3ax0Tesi0Ch HaM y3HaTh AJIMHY CIIMCKA coeffs. B aTOM
cJTyyae HaM yke He 060¥TICh 6e3 CITMCKa, MHave Kak ke Mbl y3HaeM ero minHy? OmHako
d)OKyc B TOM, YTO BbIpaskeHMe [cx, nk] BBIYMUCIISIETCS He IO KOHIIA, a JIMILb A0 TOV CBOe
(bopmbI, KOTOpAast yIOBIETBOPUT (PYHKLMIO length.

3amymaeMcsi: GYHKIMS length BO3BpaIIaeT YMCIO 3JIEMEHTOB CIMCKA, HO KaKoe eii Je-
JIO 10 COAEPKMMOTO 3TUX 3JIEMEHTOB? POBHBIM CUETOM HMKAKOTO. [TI03TOMY B TaHHOM
crydae cmcok popmupyeTcst 3 thunk-os:

coeffs = [thunk, thunk]

[TepBBIM 3/IEMEHTOM 3TOTO CITMCKA sABIsieTcs thunk, acconmMmMpoBaHHbI ¢ HEBBIUMCIEH-
HBIM BbIpasKEHMEM 2 / 6.054, a BTOPBIM 3JIEMEHTOM CITiCKa siBsieTcst thunk, accouympo-
BAaHHBII C HEBBIUMCIEHHBIM BhIPAKEHMEM 4 * 12.003. DaKTUUECKU, CITUCOK coeffs MOTY-
YMJICS KaK ObI HE COBCEM HACTOSIIMM, ITyCThIIIEYHBIM: OH ObUT COOPMIUPOBAH B TAMSITU
KaK KOPPEKTHBII CIIMCOK, OMHAKO BHYTPU 060X €ro 3JIeMeHTOB — BaKyyM. M BCE ke ma-
ke Takasi ero (opMa BITOJIHE TIOAXOAUT AJ1s1 GYHKUIMY length, KOTOpAst 4 TaK MpeKpacHo
MOMMET, YTO B CIIMCKe ABa yieMeHTa. O TaKOM CITMCKEe TOBOPSIT KaK O BbIPAKEHUN B ClIa-
6011 royI0BHO¥ hopMe.

Emié 4yToK M3MeHUM KOZ,:
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main :: I0 ()

main =
let cx =2/ 6.054 -- thunk
nk =4 * 12.003 -- normal
coeffs = [cx, nk] - - WHNF
in print $ coeffs !I! 1

Heo6bryHOrO BMA omepaTop !! M3BJIeKaeT U3 CIMCKA 3JIEMEHT IO MHIEKCY, B TaHHOM
c/Ty4yae HaC MHTEpecyeT BTOPOIi IO CUETY 3/ieMeHT. Terepb HaM yKe HeIOCTaTOYHO ITPO-
cT0 chopMMPOBATh CIMCOK, HAM JIEICTBUTEILHO HY)KEH €TI0 BTOPOJI 3JIEMEHT, MHAaYe KaK
ObI MBI CMOIJIV BBIBECTM €Tr0 Ha KOHCOJb? B 3TOM ciiyyae BbIpakeHue 4 * 12.003 GymeT
BBIUMCJIEHO IO CBOEV OKOHYATEeIbHOM, HOPMaIbHOI (POPMBI, a pe3y/IbTaT 3TOTO BHIUMC-
JIEHMS JISDKET BTOPBIM 3JIEMEHTOM CIIMCKa, BOT TaK:

coeffs = [thunk, 48.012]

OpmHaKo MepBblil 37IEMEHT CITMCKA TakK 1 OCTAJICSI HEBOCTPeOOBaHHbBIM, [TIO3TOMY BbIpaske-
HMe 2 / 6.054 O-TIPE;KHEMY OCTAETCS JIUILb Hallleil MbIC/IbIO, He Oojiee ueM. B aTom cty-
yae CITICOK coeffs BCE paBHO OCTAETCS B ¢J1ab0Ji TOIOBHOI hopMe, Be[lb BHYTPY ITEPBOTO
€ro 37IeMeHTa BCE elllé BaKyyM.

U Teneppb HanuiIeM Tax:

main :: I0 ()

main =
let cx =2/ 6.054 -- pormal
nk =4 * 12.003 -- normal
coeffs = [cx, nk] -- normal

in print coeffs

Bor, Tennepb HMKaKO¥ JieHM. CIIMCOK coeffs MOMKEH OBITh BbIBEEH Ha KOHCOJIb TOJTHO-
CThI0, a CJIEIOBATENIbHO, 00a ero 3J1eMeHTa JOJIKHbI ObITh BHIUMCIEHBI 0 CBOEI HOpMaJlb-
HOVi (hopMbl, B TPOTMBHOM C/Ty4ae Mbl He CMOIJIM ObI ITOKAa3aTh MX B KOHCOJIN.

Bor dunocodus 1eHMBOI cTpaTernu: qaske eciv HaM Hy>KHO BBIYMCJIUTD BbIpaskeHMe, Mbl
BBIUMCJISIEM €T0 JINIIb 10 TOV GOPMBI, IOCTATOUHO B KOHKPETHBIX YCJIOBUSIX, U He 6oree
TOTO.

PanmmoHaabHOCTD

Kax y>ke ObLIO YIIOMSIHYTO, IEeHUBAsI CTpaTerus IoMoraeT nporpamMmme ObITh paliiOHa b-
HOJ1 1 He JIeNaTh JIMUIHIOW paboTy. PaccMoTpum npumep:

main :: I0 ()
main = print $ take 5 evens
where evens = [2, 4 .. 100]
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Cnucok evens, bopMupyembliii uepe3 apudmeTuecKkylo Ioc/ieloBaTebHOCTh, COIEPKUT
B cebe YETHBIE UMCIa OT 2 10 100 BKAUYUTENbHO. VICTIOMb3yeTCs 3TOT CIMCOK B KauecTBe
BTOPOTO apryMeHTa CTaHAapTHOI QyHKIMMK take, KOTOpast 4A€T HaMm N ITepBbIX dTeMeH-
TOB U3 TIepeIaHHOTO et CrMcKa:

take 5 evens

BO3bMMN  JINlIb
nATb
S>J1eMeHTOB W13 3TOoro
Cnncka

[Tpu 3arycke 3TO¥ MTPOTPaMMBbl MbI ITOJYYMM OKUIAE€MbIit pe3y/bTaT:

[2,4’6’8’10]

B yéM ke 371eCh palIOHATIBHOCTbD, CIIPOCUTE BbI? A B TOM, UTO CITMCOK evens B UTOTE CO-
nIepskaa B cebe juiib 5 smeMeHTOB. /la, HO Bellb YETHBIX UMCET OT 2 A0 100 Kyaa 60Jb-
1re, Heskesmy siTh! COBepIIIeHHO BEPHO, HO JIEHb TI03BOJISIET HAM CIeJIaTh JIUIIb CTOTBKO
paboThI, CKOJIBKO peabHO TpebyeTcs. Pa3 yiK CIMCOK evens HYKEH JIMIIb QYHKIINM take,
KOTOPAast, B CBOIO OYEPE/Ib, XOUET TOJIBKO IISTh ITEPBBIX €T0 JJIEMEHTOB — 3aUeM JKe CO3/1a-
BaThb OCTaBIIMECS 3/eMeHTbl? Hy;KHO TepBble IMISTh — MOMY4YM MSATh. ECIM sKe Hanuiliem
TaK:

main :: I0 ()
main = print $ take 50 evens
where evens = [2, 4 .. 100]

TOIIA B CITMCKE evens OKaXKETCS y3Ke MSIThIECIT 3JIEMEHTOB, IIOTOMY YTO MMEHHO CTOJIbKO
3arpocuiia GyHKIMS take. [ToBTOpIO Dumocoduio IeHMBOTO palMOHaAIM3Ma: CliejiaeM He
CTOJIbKO, CKOJIBKO HaM CKa3a/ii, a JIKIIb CTOJIbKO, CKOJIbKO JeiCTBUTEIbHO ITOHAL00MUT-
col.

becKOHEeYHOCTH

A uTO0 GymeT, ecyii MbI 3aIIpOCUM U3 cIiicKa evens 500 s;memeHTOB? BOT Tak:

main :: I0 ()
main = print $ take 500 evens
where evens = [2, 4 .. 100]

Huyero cTpaiiHOTo He CIyYnTCsl, GYHKIMS take TpOBepsieT BbIXO[, 32 TPAHULIBI U B CITY-
Yae, eC/IM €€ MepBbIii apryMeHT IIPeBbIlIaeT AJNHY CIIMCKA, OHA ITPOCTO JAET HAM TOT ke
CIMCOK. []a, HO Be[lb MbI XOTUM YBUAETD MSIThCOT YETHBIX UMCET, a He MIAThAeCAT! MOXXHO
ObLJIO ObI YBEJIMUUTD CITUCOK:
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main :: I0 ()
main = print $ take 500 evens
where evens = [2, 4 .. 100000]

HO 3TO HEHaJIEKHO, BeJlb [IOTOM OITSITh MOKET ITOTpe6oBaThes emlé 6osbine. HyskHO UTO-
HMOYIb yHUBepcaibHOe, 1 B Haskell ecTs momxopsiiee pelieHue:

main :: I0 ()
main = print $ take 500 evens
where evens = [2, 4 ..] -- Ymo 3mo?

Terepb He COMHEBATECH: B CITMCKE evens OYIET He MeHee MSITUCOT YETHBIX unces1. Ho uto
9TO 3a KOHCTPYKILIMS Takas? Hauasno gaHo, mar faH, a rae ke KoHel? [Io03HaKOMbTeCh, 3TO
6eCKOHEeUHbIN CIMUCOK:

[2, 4 ..]

JleHuBast MOJle/Ib BBIUMCIEHMI TTO3BOJISIET HAM paboTaTh C 6€CKOHEUHBIMM CTPYKTYypa-
MM JAaHHBIX. BOT MpsiMO Tak, HaUMHas C ABOVIKM U, C IIaroM Yepe3 OAVH, YXOIuM B bec-
KOHeuHble fanu... [llyay. Ha camom fgene, CMCOK MOMYYMUTCS BOBCE HE 6€CKOHEUHBIM, a
HACTOIBKO OOMBIINM, HACKOIBKO HAM 3TO MTOHAI0OUTCS.

B camom pgene, ety QyHKIMS take TpebyeT OoT Hac N 3JIeMEeHTOB — 3a4eM HaM BOOOIIe
3a7laBaTh OKOHUYaHMe auarasoHa crmcka? Bcé paBHO B HEM Oyznet He 6osee yem N. Bec-
KOHEeYHas CTPYKTypa JaHHbBIX TeM U IOJIE3HA, YTO M3 He€ BCeryma MOKHO B3SITh CTOJIBKO,
CKOJIBKO TpeoyeTcs.

KOHe‘-IHO, ed/in 6bl MbI pEIIMIN MMTOXYJIMTAHUTD:
main :: I0 ()

main = print evens -- Jal Ham 8cCé!
where evens = [2, 4 ..]

B 3TOM C/Iydade€ B Hallly KOHCOJIb 6bICTpO ITOCHINAIOCh ObI OU€Hb MHOTO UMCEL. ..

Space leak

[a, 51 fo/keH paccKka3aTh BaM IPaBAy: €CTh Y JIEHMBOJ CTpaTerny BbIYMCIEHNI TéMHAs
CTOpOHA, MOTy4YMBIIast Ha3BaHue space leak (6yKB. «yTeuka IIpoCTpaHCTBa»). VI BOT B Uém
€€ CYTb.

BcmomHMM npmumep C gejeHmuem:

main :: I0 ()
main = print . strange $ 2 ‘div‘ 0
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Kak MbI TOMHMM, JIeJIeHUSI Ha HOJIb TaK ¥ He IIPOM301IUI0 32 HEHATOOHOCThIO €0 pe3yib-
Tata. B aTOM ciyuae BbIpaskeHMe ocTasoch B Buae thunk. BosHmukaeT Bompoc: UTo e ¢
HUM cTano? Y Hac ecTb QyHKIMS div 1 eCTb Ba 3HaUEeHMsI TUIIA Int, 2 U 0. Ecnu dyHKIMS
div Tak 1 He ObLIa IPMMEHEHA K HUM, IJIe JKe BCE 3TO X035ICTBO HAaXOAM/IOCh B IIpoIiecce
paboThI Hallel mporpammMbi? OHO HaXOOMUJIOCh B IIAMSITH, B Bujie 0co60ro rpada, KoTo-
PbIii MOKHO M300pasuTh Tak:

1
| div | | |

To ecTb cama GYHKIMS ¥ IBa 3HAUEHMSI, KOTOPbIE MO/KHBI ObLIM 3aHSITh MECTO JIBYX €&
aprymeHTOB. 1 BOT 9TOT rpad B MamsiT Tak U OCTajcs HeBocTpeGoBaHHbIM. Kasanoch
ObI, HY ¥ B 4€M TpobaeMa? A mpobsema B KoiandecTBe. EC/iv Mbl CMOT/IM HANMCATh KO/,
Ipy paboTe KOTOPOTO B MaMSITh OTIOKMIICS oavH thunk, 3HaUUT TeopeTUYeCKU Mbl MO-
’KeM HaIucaTh M Tako¥ Kof, KomndecTBo thunk-oB mmpu paboTe KOTOPOro O6yIeT McUnc-
JISIThCSI MMJUIMOHAMM. A yUMTBIBasl TOT aKT, YTO Kakablii thunk 3aHumaer B maMsTu
XOTsI 6bI HECKOJIBKO 0aiiT, BbI MOXKeTe cebe MpeicTaBUTh MacIITab mpo6ieMbl.

[Tpy4yémM BO3HUKHYTbH 3Ta ITPO6IEMa MOXKET 13 BeCbMa HEBMHHOT'O Ha MePBbIii B3IJISIA, KO-
na:

bad :: [Int] -> Int -> Int
bad [] c=c
bad (_:others) c = bad others $ c + 1

[TpocTeHbKas peKypcuBHast GYHKIVSI, TPOOEraroIasicst 10 HEHY;KHOMY €Ji CITVCKY U yBe-
JINYMBAIOIASICS CBOM BTOPOI apryMeHT Ha eaAuHUITy. Ho 1 He mpOCTO Tak Ha3BaJl e€ bad.
IlaBajiTe IpMMEHUM €€:

bad [1, 2, 3] ©

[TogcraBum B oripenejeHmne, cogepxkaiiee 3alilMK/IMBaHMe:

bad (_: others) c = bad others $ c + 1

bad [1, 2, 3] ©

bad [2, 3] $0 +1

«T'omoBa» CIMCcKa OTKYChIBA€TCSI M UTHOPUPYETCS, a K 0 mpubassieTcs 1. Ho mMOCKOMbKY
pes3yabTaT CJIOKEHMST TI0Ka YTO HMKOMY He HYKeH, CJIOKeHMe He TTpou3BoauTcsi. Bmecro
3TOTO, HAa BTOPO¥ UTepaluy, Mbl BUAUM CIefyloliee:
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bad [2, 3] $0 +1 =bad [3] $ (0 +1) +1

K MnpeabiaymemMy BbIDa>K€HNIO BHOBb l'Ip]/I6aBJISIETCH eIVMHNIIa — U MbI OIISITb BXOOMM B
OouepenHylo utTepanunio, TakK 1 HE BBITIOJTHUB C/IOKE€HMA

bad [3] $ (0 +1) +1=bad []$ (0 +1)+1)+1

Oma! Vriépnuce B MyCTOM CIUCOK, BCTIOMUHAEM MPaBUJIO BbIXOZA U3 PEKYPCUN:

bad [] c =c

I/ITaK, B 3TOM C/Iydae MbI ITPOCTO BO3BpalllaeM 3HaUe€HMe BTOPOIro aprymMeHrTa. CnenaeM
JKe 3TO:

bad [] $((0+1)+1)+1=((0O+1)+1)+1=3

U1 BOT TOJMBKO 37€Ch MbI PEaJIbHO BBIUMC/ISIEM BTOPOI apryMeHT, CKJIaAbIBast TPU eIy-
HUIIBL. BbI cripocuTe, ImoUyemMy ke Mbl HAaKaIUIMBaIM 3T CJIOKEHUSI BMECTO TOTO, UTOObI
nenaThb uX cpasy? [IoToMy UTO MbI JIEHMBBI: pa3 Pe3y/abTaT CJIOKEHMS TIOHAI00MIICS HaM
JIMIIb HA MOCIeIHEN UTepalum, 3SHAYUT OO ITOV UTepalyuy HUKAKOTO CJIOKeHUS He Oy-
IleT, Be[lb JIeHb BBIHYKIAeT HaC OTK/IAAbIBAaTh PAbOTY 10 KOHIIA.

BOT B 3TOM-TO HaKOIJIEHUU BCSI 6ena. Hpe,H,CTaBI/IM, YTO MbI HaIlMCaJIM TaK:

main :: I0 ()
main = print $ bad [1..50000000] O

50 MUJJIMOHOB 371IeMEHTOB, @ 3HAUUT, 50 MUJUIMOHOB pa3 CJI0KeHYe BTOPOTO apryMeHTa C
eqVHUIIel OyIeT OTKIabIBaThCsl, HAKAIIMBAsI TUTAHTCKUI «XBOCT» U3 (TI0KA YTO) HEBbI-
YMCIEHHBIX BbIpasKeHMIi. XOTUTE 3HATh, UTO MPOMU30MAET MPU 3aITyCcKe TaKOoi MporpaMm-
MbI? E€ BoinmonHeHMe, Ha MacBook Pro 2014 roga, 3aiiMET mpuOIM3UTENbHO 63 CEKYHIbI
U CKyIlIaeT, HX MHOTO HU Majio, 6,4 I'b nmamsitu! A Tenepb mpeAcTaBbTe, UTO CIYIMUIOCH
ObI, ecyiy ObI 3JIEMEHTOB B CIIMCKe ObII0 He 50 MUIIMOHOB, a 50 MUIIMapAoB...

Nuorpa space leak ommnbouHo myTaloT ¢ Apyroii mpobiemoii, Ha3biBaemoit memory leak
(aHIVI. «yTeuKa MaMsTU»), OGHAKO 3TO BOBCE HE OLHO M TO Xe. YTeuka IamMsiITu — 3TO
omnbKa, XapakTepHasl AJIs SI3bIKOB C PYYHBIM yIIpaBjieHMeM MaMsTbio, Hanpumep, C.
Eciyu Mbl BeIIEIMM TTaMSITh B Kyde (aHIVI. heap), a 3aTeM IoTepsieM yKa3aTesb, CBS3bI-
BaIOIIMIA HAC C 3TOM MaMSThI0O — BCE, BbIJe/leHHAs NaMsTh yTeK/a, OHa MOTepsHa JJIs
Hac HaBeku. Ho B cryuae space leak Mbl He TepsieM MaMsITh: KOT/Ia BECh 3TOT «XBOCT» U3
CJIO’KeHUI B KOHIIe KOHIIOB BBIUMCIUTCS, MAaMSTh, 3aHMMaeMas MwiinoHamu thunk-os,
ocBo6OaAUTCS. MbI He TEPSIEM ITaMSITh, MbI IIPOCTO UCIIOb3yeM €€ CJIUIITKOM MHOTO.
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Bopno6a

[Tpo6iema space leak BoITeKaeT 13 camMmoi TPUPOIbI IEHMBbBIX BbIUMCIEHMIT. MHOTME TTPO-
rpaMMMCTBI, Y3HAB 00 3TO¥ Mpobiaeme, orBopaunBatTcs ot Haskell. Mo, ecnu B aTom
SI3bIKE MOKHO JIETKO HAIMCATh KO, CKUPAIOMINI YAMUIIY MaMsSITU, 3HAUUT 3TOT SI3bIK
TOYHO He MOAXOOUT IIJIsSI CepbE3HOI0 MUCII0Ib30BaHMsI. HO He Tak cTpallleH Y€PT, KaK ero
MaJTIoIoT. S paccKkaxky o ABYX crmocobax 60pbr0bI co space leak.

BrpoueMm, ¢ KOHILIEIITYaJIbHOM TOUKM 3PEHMS CIIOCOO BCEro OaMH. 3aAyMaeMcs: ecyin B
MpUMepe BBhIIIe JIeHb SBUJIaCh MPUUMHON OTKIAAbIBAHMS CJIOKEHUII HA TIOTOM, UTO XKe
MOKHO cziesiaTb? OTBET MPOCT: Mbl JOJIKHBI YOPaTh M3JIUIIHIOW JTJEHUBOCTb ¥ 3aMEHUTD
€€ CTpOrocThio. B 3TOM ciyyae mpuMeHeHMe orepaTopa CIOKeHUs yke He OyIeT OTKIa-
IbIBATbHCSI 10 TIOC/IeHETO0, a OyAeT MPOMU3BOIUTHCS TYT e, Kak B SI3bIKaX CO CTPOToif MO-
IIe/1bI0 BBIYVIC/IEHUA.

U KaK ke Mbl MOKeM pa36aBUTh JIEHb CTPOTOCThIO? BOT /Ba criocoba.

OnTumusanus

[TepBbIit criocoba camblii ITPOCTOi — omTuMM3auusi. Korma KoMOuasTop IpeBpamiaeT
HAIll KOJ, B IPOrpaMMYy, €ero MOXKHO IOIIPOCUTh OIITMMMU3MPOBATD HaIll KO, CIe/JIaB ero
6omee 3()beKTUBHBIM, MO TEM WM MHBIM KpUTEPUSIM. UTOOBI MOMTPOCUTb KOMITWIISITOD
IIPOBECTM ONTUMM3AINIO, Mbl JO/DKHBI MCIIONb30BaTh CIIeMaibHbI (uar. OTKpoem
CcOOpOUHBIN (haiiyl Hallero IpoeKTa real.cabal, HAMAEM CEKLMIO executable real-exe, B
KOTOpPOI1 eCTh CTPOKa:

ghc-options:

OJTa CTpOKa COOepXKUT pasandHbie omuyyu Kommwisitopa GHC, 1 onTMMM3aMOHHBII
(dnar gomuceiBaeTcsl UMEHHO cioa. [Tompobyem MmoAcTaBUTh Tyga cHavasna gmar -00, a
3aTeM -02. Pe3ysbTaThl 3a1mycKka IporpaMMbl OYAyT TAaKUMMA:

OnTummsauns Bpema MamaTb
-00 63 c 6,4 I[b
-02 3,2 c 104 «b

BrieuaTisionias pasHuiia, He npasjaa au? dar -00 FTOBOPUT KOMITMISITOPY O TOM, YTOOBI
TOT He IIPOU3BOAMII HUKAKYIO0 ONITMMM3ALMIO, B ITOM C/Iyyae FOBOPST O HYJIeBOM YPOBHE
onTuMmsauyuyu. @dmar -02, HAlIpOTUB, yCTaHABAMBAeT CTaHAAPTHBIN s production-
IIPOEKTOB YPOBeHb ONTUMM3auuu. Tak BOT IpU CTaHAAPTHOM YPOBHE KOMIIWJISITOD
crioco6eH pacro3HaTh M3IMILHIOI JIEeHMBOCTb B HallleM Kofe U J00aBUTh YYTOK JKaJl-
HOCTU. B mpumepe Bblllle KOMOUISATOP YBUIOUT HakoluieHue thunk-oB ciokeHus: u
npecevy€T oHoe. Cornacurech, ¢ rurabaiToB MPBITHYTb Cpa3y Ha KWIOOANTbI — 3TO

KpYTO.

Taxk uTo ke, mpobaembl HeT? Hy, eyt onTuMm3anys -02 ¥ TaK CTaHJApTHA — Tak Ja-
BaiiTe CTaBUTb €€ B HAIIIM IIPOEKTHI 1 3a0ymem mpo space leak! K coskaneHnio, He BCE Tak
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MPOCTO.

Bo-mepBbIiX, KOMIIMISATOPHAS ONTMMM3ALMS CPOOHM UEPHOM Marum, Ha Heé TPymHO
rosiaratbcss. Mbl oueHb GsarogapHbl KoMmwisiTopy GHC 3a IMOIBITKY ITOMOYb HaM, HO
9Ta MOMOIIb He BCeTAa COOTBETCTBYET HAIIMM OKMUIAHMSIM. M BO-BTOPBIX, K COXKaJIEHUIO,
KOMIIMJISITOP He BCeraa Croco6eH paclio3HaTh M3JIMIIHIOW JieHb B HalleM Kofe, U B
3TOM C/Ty4ae HaM MPUXOIUTCSI-TaKM MPUOErHYTh KO BTOPOMY CIT0Cc00y 60pbObI CO Space
leak.

Bpyunyio
BepHéMmcs K orpeneneHn0 QyHKLNMA bad:

bad :: [Int] -> Int -> Int
bad [] c=c
bad (_:others) c = bad others $ c + 1

Hpo6neMa, KaK MbI Y>Ke ITOHAJ/IM, BO BTOPOM dPIryMeEHTe:

bad others $ c + 1

HaKornJieHne
thunk-os...

[TpeBpaTyM ke 3/1y10 QYHKILNIO B JOOPYIO:

good :: [Int] -> Int -> Int
good [] c=c
good (_:others) c = good others $! c + 1

OTOT KO, 1acT HaM MPUOIN3UTETBHO TAKO¥ ke BBIMTPBIIIL, UTO ¥ ONITUMMU3ALMS YPOBHS
-02: CeKYHIbl BMECTO MUHYTBI ¥ KMJIOOATHI BMECTO rurabaifToB. Uto ke M3MeHUIOCh?
CMOTpUM BHMMATEIBHO:

good others $! c + 1

BMecTo MpUBBIYHOIO OIlepaTopa MpUMeHeHMs $ Mbl BUAMM OIIEpPaToOp CTPOTO IIpuUMe-
HeHus $! (aHI. strict application operator). 3TOT onepaTop TOBOPUT apryMeHTy: «3a-
Oyab O JIeHM, ST IPMKa3bIBalo Tebe HeMeIIEHHO BIUMCIUTBCS OO (J1ab0it ToI0BHOI hop-
MbI»:
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good others $! c+1

BbIYMCAM  3TOT
aprymeHT

cTporo,
a He
nexmBo!

BoT MoTOMY-TO Halll «XBOCT» 13 thunk-oB 1 He OyIeT HaKaIJIMBAThCS, BEIb Ha KaXKI0M 13
50 MMUUTMOHOB UTepaIMii OyIeT MPOUCXOAUTb He3aMeIJIUTeIbHOE IPUMEeHEeHMe orepa-
Topa caokeHuss. TakuM 06pa3oM, 3aCTaBUTh aPTYMEHT TYT JKe BbIUMCIUTBHCS 10 ¢1aboit
TOJIOBHO¥ WJIV HOPMaJIbHOM (hOPMBI MOKHO KaK IMTOCPEACTBOM TOTO, UTO 3TOT apryMeHT
MIPSIMO ceifyac KOMY-TO ITOHaT00MIICS, TaK U ITOCPEICTBOM CTPOrOro IMPYMeHEeHMS.

JIeHb M CTPOrOCTH BMeECTe

@OyHKIMIO HA3bIBAIOT JIEHMBOM 110 TEM apryMeHTaM, KOTOpble He BBIUYUCIISIIOTCS, Y CTPO-
rOi1 110 TeM apryMeHTaM, KOTOpbIe BBIYMCISIOTCS. [IpMMUTUBHBIN TTpuMep:

fakeSum :: Int -> Int -> Int
fakeSum x _ = x + 100

DyHKIMS fakeSum CTpora IO CBOEMY IIePBOMY apryMeHTY U JIEHMBA 110 CBOEMY BTOPO-
My aprymeHTy. [lepBblit apryMeHT x HelTpeMeHHO OyleT BbIUMC/IeH, Belb OH IepelaéT-
Cs1 OTIepaTopy CIOKeHMs . BTOPOJi ske apryMeHT UTHOPUPYETCS, OCTAaBIIMCh HEBBIUMCIIEH-
HbIM. U KcTaTH, CylecTBYeT IPOCTOI CIIOCOO IMTPOBEPUTD, CTpOra Ji GYHKIIMS 10 HEKO-
TOPOMY apTyMeHTY M/ JIEHUBA.

B cranpaptHoit 6ubnmoteke Haskell ormpenenena ocobast @yHKIMs undefined. DTO — uép-
Hasl IbIpa: NP TOIbITKE MTPUKOCHYTHCS K HEJi MporpaMMa rapaHTUMpPOBAaHHO TajaeT C
onnbkoii. Ilposepsiem:

main :: I0 ()
main = print $ fakeSum 1 undefined

B sTom CJiyqyae MbI ITIOJIy4MM PE3YyJIbTaT:

101

YépHas apipa 6pl1a IPOUTHOPMPOBAHA, Belb (PYHKIMS fakeSum JIEHMBA 10 BTOPOMY ap-
ryMmeHTy. Ec/iu 5ke Mbl HaruIieM Tax:

main :: I0 ()
main = print $§ fakeSum undefined 45
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MporpaMma, MOMbITABIINCH TTepefaTh undefined OrepaTopy CJIOKeHUS, aBapUITHO OCTa-
HOBUTCS. Vnmu BOT Apyroi nmpmumep:

main :: I0 ()
main = print . head $ [23, undefined, undefined]

He comHeBajiTech: mporpamMmMa CIIOKOTHO BEpHET HaM 23, Belb MYHKIMS head CTpora
JIUUIb TI0 TIePBOMY 3JIeMEHTY TepeaHHOro eii CIMCKa, OCTaJbHOEe COAEPKMMOe OHOTO
eé abcomoTHO He MHTepecyeT. Ho ecn morpobyeTe BBITAIIUTL BTOPOI WJIM TPETUi
9JIEMEHT 13 MTOI0OHOr0 CITMCKA — KpaX HEMUHYEM.

J1J1s1 TIOOOIIBITHBIX

Haskell — He mepBbIii SI3bIK C JIEHUBOM cTpaTermei BpramciaeHmin. OTKpoio BaM McTopuye-
ckuit daxkt: y si3bika Haskell 6611 rpeiiiiecCTBeHHUK, SI3bIK ITPOTPAMMMPOBAHMSI C Kpacu-
BbIM )KeHCKMM uMeHeM Miranda'!. Jlens 1 uncras dyHKkumoHanbHoCTh npuniay B Haskell
MMeHHO 13 Miranda, v JINIIIb B 3TUX ABYX SI3bIKaX JIEHMBAS CTPATErVsI BEIUMCIEHUS apry-
MEHTOB MCITO/Ib3YeTCs TT0 YMOTUaHuio. Ha cerogHsImHMi 1eHb, HACKOIbKO MHE U3BeCT-
HO, s13bIK Miranda MEpTB. BripoyeM, Kak Cyryoo MCC/IeOBaTeNbCKUI SI3bIK OH, MOXKET
ObITh, KEM-TO U UCTIOb3yeTCs.

Yro ke KacaeTcs mpobiaemsl space leak, To K cyacTbio, CyLIECTBYIOT CITIOCOOBI OOHApYKe-
HMST QYHKILIMIA, IMOKO ITPOSKOPIMBBIX 10 MaMsITH. B camoM fieste, mpencTaBbTe cebe 60ib-
IIO¥ MTPOEKT, ThICSTUM GYHKIINIA, ¥ UTO-TO KylIaeT rurabaitTsl namsitu. Kak HaiiTyi BUHOB-
HOro? DTOT IMPOIeCC Ha3bIBAIOT ellé «space leak mpodbunmmpoBanmem». PacckassiBaTh 06
9TOM 3[IeCh S He CTaHy, MaTepuaj IOBOJIbHO 00bEMHBIN. Ho 1151 0060 JTF06OITBITHBIX
TIPMBOKY CCHITIKY Ha HETUIOXYIO aHIVIOSI3bIYHYIO cTaThio 1o Teme: Chasing a Space Leak in
Shake?.

U eni€ BCITOMHMM BOT 3TO:

square X = X * X

/NN /N

square $ 2 + 2

1
~
N
+
N
~
*
~
N
+
N
~
1}
[y
(o)}

BblYMCAAEM U 4TO,
onaTb
BblUncaem? !

BHUMaTeNbHBIN YUTATENb YOUBUTCS, MOJI, HEY>KeIU BbIpaKEeHNe 2 + 2 BBIUMUC/ISIeTCS JIBa-
Kabi?! Benpb 5To HepalMoHaabHO. KOHEYHO HepallMOHAIbHO, TO3TOMY B Ae/ICTBUTEIBLHO-
CTY OHO OyZeT BbIuMcyieHo eqnHokabl. B Haskell ecTb 0coObIii MeXaHM3M «IIIapMHTa» (AH-
/1. sharing), rmo3Bossrommit 136exaTh HaIIpacHO paboTsl. 1 ec/iu y HaC eCTh HECKOJIBKO
OIMHAKOBBIX BbIpakeHMI, BbIUMCI€HE OHOTO MPOUCXOAUT OIMH pa3, pe3yabTaT ke Co-
XpaHsIeTCs U TTIOTOM ITPOCTO TTOACTABSIETCS B Hy>)KHbIe MecTa. Hammpumep:

https://en.wikipedia.org/wiki/Miranda_(programming language)
http://neilmitchell.blogspot.am/2013/02/chasing-space-leak-in-shake.html
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main :: I0 ()
main =
let x = sin 2 in print x * x

Ecim 661 He sharing-mexanmu3Mm, GyHKIMS sin 6bUta ObI IpMMEHeHa K 2 ABaxkabl. K cua-
CTbI0, 3HAUEHME CHMHYCA OYIeT BBIYMCIEHO eMHOK/IBI M TYT )K€ COXPaHEHO, YTOOBI TOTOM
MIPOCTO BCTATh HA MECTA TEX JIBYX X.
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Hamm Tuimbl

Bor mbI 1 mo6panuch 10 Broporo Kurta Haskell — go Tumos. KoneuHo, Mbl paboTaim ¢
TUIAMM IOYTU C CAMOr0 Hauasa, HO BaM yKe IMOPS,AKOM HaZl0eIy BCe 3T Int U String, He
nipasaa au? [Ipuiia mopa Mo3HAKOMUTBCS C TUIIAMM Kyza GIske.

3HAKOMCTBO

VnusutenbHo, HO B Haskell oueHb Masio BCTPOEHHBIX TUIIOB, TO €CTh TAKMUX, O KOTOPBIX
KOMITWJISITOP 3HAeT C CaMOTo Havasia. ECTh Int, eCcThb Double, Char, HY 1 €I1I€ HECKOJIbKO. Bce
’Ke OCTaJIbHbIE TUIIbI, JakKe HOCSIINE CTATYC CTAaHJAPTHBIX, He SIBJISIIOTCSI BCTPOEHHBIMU B
SI3bIK. BMECTO 3TOro OHM OIpefe/ieHbl B CTAHIaPTHOM MM MHBIX OMOIMOTEKAX, IPUUEM
ompefesieHbl TOYHO TaK ke, KaK Mbl OyIeM OMpenessTh M Hallly COOCTBEHHbIE TUITBI. A
ITOCKOJIbKY 6€3 CBOMX TUIIOB HaIMCaTh CKOJIb-HUOYIb CepbE3HOe MPUIOKEeHMe Y HaC He
TTOJTYYMUTCS, TEMA 3Ta TOCTOHA CAMOT'0 IPUCTATIBHOTO B3I/IsIIA.

Ornpenenym TUI Transport IJISI IBYX M3BECTHBIX IPOTOKOIOB TPAHCIIOPTHOTO YPOBHS MO-
menu OSI:

data Transport = TCP | UDP

Hepen HaMIM — OYE€Hb l'IpOCTOI7[, HO Yy>Ke€ Halll COOGCTBEHHbIN TUIL. PaCCMOTpI/IM €ro BHI-
MaTeJIbHee.

KitoueBoe C/10BO data — 9TO HavaJio omnpeneeHus Tuia. Jlanee ciemyeT Ha3BaHUe TUIIA,
B TaHHOM cJTy4yae Transport. VIMsI JTT060TO THIIa 06sS13aHO HAYMHATHCSI C OOJIBIITON OYKBBI.
3aTeM UIET 3HAK paBEHCTBA, ITOC/Ie KOTOPOTO HaUMHAeTCs haKTUUeCKoe OIMCaHye TUTIA,
€ro «Tejio». B JaHHOM CTyyae OHO COCTOUT M3 ABYX IPOCTENMIINMX KOHCTPYKTOPOB. KoH-
CTPYKTOp 3HaueHus (aHmI. data constructor) — 3TO TO, UTO CTPOUT 3HAUEHME AAHHOTO
TuMa. 371ech y HaC iBa KOHCTPYKTOpPA, TCP U UDP, KasKIbIi1 13 KOTOPBIX CTPOUT 3HAUEHME
TUIa Transport. VIMSI KOHCTPYKTOpA TOKe 00S13aHO HAYMHATHCS C OOJIbIIO0N OYKBBI. VIHO-
IIa I1J1 KPaTKOCTY KOHCTPYKTOP 3HAUEHMST Ha3bIBAIOT ITPOCTO KOHCTPYKTOPOM.

HOILO6HO€ ornpeneneHmne JIETKO UNTaeTCAa:

119
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data Transport = TCP | ubP

™n Transport 3to TCP wam UDP

Tenepb MbI MO>XeM UCITONIb30BATh TUII Transport, TO €CTh CO34aBaTh 3HAUEHMSI 3TOI'O TUIIA
M 4YTO-TO C HUMU OeJIaThb. HaanMep, B let-BbIpaskeHUN:

let protocol = TCP

MpbI co3fianiy 3HaUeHMe protocol TUIIA Transport, MCIIOIb30BaB KOHCTPYKTOP TCP. A MOYKHO
U TaK:

let protocol = UDP

XOTS MbI UCITIO/Ib30BaIN pa3Hbl€ KOHCTPYKTODPBI, TUII 3BHAYECHNUSA protocol B O6OI/IX CIy4asax
OIOVH U TOT >Xe€ — Transport.

PacimpuTh TOMOOHBII TUI TpeaeabHO MPOCTO. To6aBUMM HOBBIM MpoTokon SCTP
(Stream Control Transmission Protocol):

data Transport = TCP | UDP | SCTP

TpeTuit KOHCTPYKTOp 3HAueHMS [OajJ HaM TPeTuil Crocob co3haTh 3HAUYeHMe TUIa
Transport.

3HaueHMe-IIyCThIIIKA

3agymaemcsi: TOBOPSI O 3HAUEHUM TUIMaA Transport — O UYEM B JIeMICTBUTEIbHOCTU UIET
peub? Kasanoch 6bl, 3HaUEHUS-TO (GAKTUUYECKOTO HET: HU UMCIa HUKAKOTO, HU CTPOKU
— IPOCTO TPU KOHCTPYKTOpPaA. Tak BOT OHM U eCTh 3HaueHMs. Korga Mbl nmuiiem:

let protocol = SCTP

MbI CO3/1aéM 3HaueHMe TUTIA Transport C KOHKPETHBIM COMEepKMMbIM B Buje SCTP. KoH-
CTPYKTOP — 3TO U eCTb cofiep>kuMoe. [JaHHbI BUJl KOHCTPYKTOpA Ha3bIBAeTCs HY/Ibap-
HbIM (aHII. nullary). T Transport MMeeT TPU HYJIbapHbBIX KOHCTPYKTOpPA. U gaxke CTOIb
MIPOCTOVi TUIT YK€ MOKET ObITh TTOJI€3€H HaM:
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checkProtocol :: Transport -> String
checkProtocol transport = case transport of
TCP -> ”That’s TCP protocol.”
UDP -> ”That’s UDP protocol.”
SCTP -> ”That’s SCTP protocol.”

main :: I0 ()
main = putStrLn . checkProtocol $ TCP

B pesynbrare yBuaum:

That’s TCP protocol.

@OYHKIUS checkProtocol 0OBSIBII€HA KaK IMPUHMMAIOIIAS apryMeHT TUIIa Transport, a IIPH-
MEHSIETCS OHA K 3HAUeHUI0, TIOPOKAEHHOMY KOHCTPYKTOPOM TCP. B MTaHHOM C/Tyyae KOH-
CTPYKUMS case-of CpaBHUBAET apryMeHT C KOHCTPYKTOpaMmu. UMeHHO mo3TOMY HaM He
HY>kHA QYHKIMS otherwise, BeJlb HUKAKMM MHBIM CITOCOG0M, KPOMe KaK C IIOMOIIbIO TPEX
KOHCTPYKTOPOB, 3HaU€HMe TUIIA Transport CO34aThb HEBO3MOKHO, a 3HAUUT, OOUH U3 KOH-
CTPYKTOPOB TaPaHTUPOBAHHO COBMNAJIET.

Tum, COCTOS LN TOMBKO U3 HYJIbapPHBIX KOHCTPYKTOPOB, HA3bIBAIOT €IIE IepeuncaieHneM
(aHr1. enumeration). KOHCTPYKTOPOB MOSKET OBITh CKOJbKO YTOZHO, B TOM UMCJIe OJMH-
eIMHCTBEHHbIN (XOTS MOoJb3a OT MOJ0OHOro TMMa 6blIa Obl HeBelyKa). Bot emé ogmuH
M3BECTHBIN ITpuMep:

Sunday
Monday
Tuesday
Wednesday
Thursday
Friday
Saturday

data Day

O6paTuTe BHMMaHMe Ha (opmaTupoBaHMe, KOTAA MeHTadbHble «MJIM» BbIpOBHEHBI
CTPOTO TIOJ, 3HAKOM paBeHCTBAa. Takoi CTUIb Bbl BCTPETUTE BO MHOTMX peabHbIX
Haskell-mipoekTax.

3HaveHMe TUIA Day OTPAKEHO OMHMM U3 CeMU KOHCTPYKTOPOB. CaenaeM ske ¢ HUMM YTO-
HUOYIIb:
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data WorkMode = FiveDays | SixDays

workingDays :: WorkMode -> [Day]
workingDays FiveDays = [ Monday
, Tuesday
, Wednesday
, Thursday
, Friday

workingDays SixDays = [ Monday
, Tuesday
, Wednesday
, Thursday
, Friday
, Saturday

@yHKIMS workingDays BO3BpalaeT CIMCOK TUIIA [Day], ¥ B Ciydyae MSITUIHEBHOI pabo-
yeil HesleN, OTPAKEHHO KOHCTPYKTOPOM FiveDays, STOT CIIMCOK COPMMPOBAH ISIThIO
KOHCTPYKTOpaMU, a B CTyuyae 1eCcTUTHEBHOI — IIeCThi0 KOHCTPYKTOpaMM.

[Tonb3a OT TUIIOB, COPMMUPOBAHHBIX HYJIbAPHBIMY KOHCTPYKTOpPaMM, HE OYeHb BEJIMKA,
XOTSI BCTPEYAThCS C TAKMMM TUIIAMM Bbl GyieTe 4acTo.

TIpMOTKPOIO CEKPET: HOBBIN TUIT MOKHO OIIPEIeITUTh He TOIbKO C IIOMOIIbIO KII0UEBOI0
c/10Ba data, HO 06 3TOM Y3HAeM B OFHOI 13 CIeIYIOLIMX I/IaB.

A Tellepb Mbl MOKEM ITO3HAKOMMUTLCA C TUIIAMUM Kyadad 60J1ee MoIe3HbIMU.
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AT/,

AT, nnnu Anre6panueckue Tunbl JanubixX (aHm1. ADT, Algebraic Data Type), 3aHMMAaOT
MouyéTHoe MecTo B Mupe TuroB Haskell. AGcooTHO momaBJsiioniee 60JbIIMHCTBO BaIINX
COOGCTBEHHBIX TUIIOB OYAYT a/ire6panvyeckKMMm, ¥ TO K€ MOSKHO CKa3aTh O TUIIAX M3 MHO-
skectBa Haskell-mmakeToB. Asire6pandeckM TUIIOM JTaHHBIX HA3bIBAIOT TAKOW TUII, KOTO-
PBIil COCTaBJIEH U3 IPYTUX TUIIOB. Mbl 6€pEM ITPOCTbIE TUITBI M CTPOUM M3 HUX, KakK U3
KMpHOu4eii, TUIIbI CJIOKHBIE, a U3 HUX — eIl OoJiee CI0KHBIE. ITO JAET HAM HEBEepOsIT-
HBIii TIPOCTOP [IJIs TBOPYECTBA.

OcTaBuM ceTeBble ITPOTOKOJIbI U JHU HeJely, pacCCMOTPUM TaKoii mpumep:

data IPAddress = IPAddress String

Tum IPAddress UCIIOb3YeT OIMH-eJMHCTBEHHBI KOHCTPYKTOP 3HAUEHMSI, HO KOe-UTO 13-
MEHUJI0Ch. Bo-T1epBbIX, MMeHa TUIIa M KOHCTPYKTOPA COBIAAal0T. DTO BIIOJIHE JIETaIbHO,
BbI BCTPETUTE TaKoe He pa3. Bo-BTOPbIX, KOHCTPYKTOP Y>Ke He HyJbapHbIii, a YyHApHbII
(aHII. unary), MTOTOMY 4TO TeIlepb OH CBSI3aH C OOHMM 3HaUeHMeM THuIIa String. M BOT Kak
CO3JAl0TCSI 3HAUEHUSI TUIIA IPAddress:

let ip = IPAddress ”127.0.0.1”

3HaueHue ip Tuia IPAddress o6pa30BaHo KOHCTPYKTOPOM U KOHKPETHBbIM 3HAYE€HMEM
HeKoero Turia:

let ip = IPAddress ”127.0.0.1”
KOHCTPYKTOP 3HayeHue
3HayeHuna TMna

Tna IPAddress String

L 3HaueHne Tuna IPAddress -

3HaveHMe BHYTPM HaIlero TUIIA HA3bIBAIOT elllé mosiem (aHrI. field):

123
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data IPAddress = IPAddress String

™n KOHCTPYKTOp noJe

Pacmmpum Tui IPAddress, caiesiaB ero 60i1ee COBpeMeHHBIM

data IPAddress = IPv4 String | IPv6 String

Terepb y Hac iBa KOHCTPYKTOPA, COOTBETCTBYIOIIMX pa3HbIM IP-BepcusiM. DTO TO3BOIUT
HaM CO3/laBaTh 3HAUeHMe TUIla IPAddress TaK:

let ip = IPv4 ”127.0.0.1”

WJIN TakK:

let ip = IPv6 ~2001:0db8:0000:0042:0000:8a2e:0370:7334”

Cnenaem Tum enié 6osee yno6HbIM. Tak, mpu pabore ¢ IP-agpecom Ham 4acTo TpebyeT-
sl localhost. M1 UTOGBI IBHO He MMUCATh “127.0.0.1” 1 »0:0:0:0:0:0:0:1”, BBEAEM ell€ Ba
KOHCTPYKTOpa:

data IPAddress = IPv4 String

IPv4Localhost
IPv6 String
IPv6Localhost

[TockobKy 3HaUeHMs localhost HAM 3aBe€LOMO M3BECTHBI, HET HYK[bI YKa3bIBATb UX SIB-
HO. BMecTo 3TOro0, KOrma HaM IMOHa00UTCS IPv4-localhost, TTUIIIEM TaK:

let ip = IPv4Localhost

N3Bj1ekaeM 3HaUeHUe

IomycTuM, MbI CO30ajIM 3HaUYEeHMe google:

let google = IPv4 ”173.194.122.194”

Kak ke HaM MOTOM M3BJIeYb KOHKPETHOE CTPOKOBOE 3HaueHMe u3 google? C MOMOIIbIO
Halllero CTaporo Jpyra, MaTTepH MaTuMHTa:
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checkIP :: IPAddress -> String
checkIP (IPv4 address) = ”IP is ’” ++ address ++ ”’.”

main :: I0 ()
main = putStrLn . checkIP $ IPv4 »173.194.122.194”

Pesynbrart:

IP is °173.194.122.194°.

B3rnsiHem Ha orpepeneHue:

checkIP (IPv4 address) = ”IP is ’” ++ address ++ »’.”

3necb Mbl rOBOpUM: «MbI 3HaeM, UTO 3HaUeHMe TUIa IPAddress COPMMPOBAHO C KOH-
CTPYKTOPOM M CTPOKOV». OOHAKO BHMMATENbHbI KOMIWJISITOP CHejlaeT HaM 3amMeyva-
HHUe:

Pattern match(es) are non-exhaustive
In an equation for ‘checkIP’:
Patterns not matched:
IPv4Localhost
IPve _
IPv6Localhost

B camoMm fese, OTKyza Mbl 3HAaeM, UTO 3HAU€HME, K KOTOPOMY MPUMEHMIN (QYHKIVIO
checkIP, 6bUT0 CHOPMMPOBAHO MMEHHO C TTIOMOIIbI0 KOHCTPYKTOpA IPv4? V HAC XKe eCThb
elié Tpu KOHCTPYKTOPA, ¥ HaM CJIeIyeT MPOBEPUTH UX BCE:

checkIP :: IPAddress -> String

checkIP (IPv4 address) = ”IPv4 is ’” ++ address ++ ”’.”
checkIP IPv4Localhost = ”IPv4, localhost.”

checkIP (IPv6 address) = ”IPv6 is ’” ++ address ++ ”’.”
checkIP IPv6Localhost = ”IPv6, localhost.”

C KakuM KOHCTPYKTOPOM COBITIQJI0 — C TaKUM U ObLIO CO3JaHO 3HaUeHue. MoXHO, KO-
HEYHO, ¥ TaK MPOBEPUTh:

checkIP :: IPAddress -> String

checkIP addr = case addr of
IPv4 address -> “IPv4 is ’” ++ address ++
IPv4Localhost -> ”IPv4, localhost.”
IPv6 address -> ”IPv6 is ’” ++ address ++ ”’.”
IPv6Localhost -> ”IPv6, localhost.”

99 9
.
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Ctpoum

Onpenmenmm TUII IJIS1 CETEBOI TOUKMA:

data EndPoint = EndPoint String Int

KoHcTpyKTOp EndPoint — GMHAPHBIN, BeIb 37€Ch YKe ABa 3HaueHus1. CO3aéM 0ObIYHBIM
obpasom:

let googlePoint = EndPoint »173.194.122.194” 80

KOHerTHbIe 3HaUYeHM M3BJIEKAeM OITATb-TaKM Uyepe3 MMaTTepH MaTUMHT .

main :: I0 ()
main = putStrLn $ “The host is: ” ++ host
where
EndPoint host _ = EndPoint ”173.194.122.194” 80

_ 1
L— o6pazey — L———— 3Hayenue

O6paTtuTe BHMMAaHME, UTO BTOPOE I0JIe, COOTBETCTBYIOIIEE IMOPTY, OTPAKEHO YHUBEP-
CaJIbHBIM 06pasI[OM _, TOTOMY UTO B TaHHOM C/Tyuyae HaC MHTepeCcyeT TOJIbKO 3HaUeHMe
XO0CTa, a MOPT MPOCTO UTHOPUPYETCSI.

U BCE O6bI XOPOIIIO, HO TUII EndPoint MHe He OYeHb HPaBUTCS. ECTh B HEM UTO-TO HEKPACK-
Boe. [IepBbIM IOJIEM BBICTYIIAET CTPOKA, copepskaiias IP-ampec, HO 3aueM HaM CTpoKa?
V Hac ke eCcTb ITPeKPACHBIN TUIT IPAddress, OH Ky/1a Jiydilie 6€3MKOi CTPOKM. ITO 0b1Iee
nipaBuito ayist Haskell-paspa6oTumka: uem 60osbliiie MHGOpMAaIMy HECET B cebe TUII, TeEM
OH Jryutiie. J[aBajiTe 3aMeHUM OIpeeeHe:

data EndPoint = EndPoint IPAddress Int

Twun craji noOHSITHee, M BOT KaK MbI Terepb 6y,£LeM CO30aBaTb 3HAUYEHMS:

let google = EndPoint (IPv4 ”173.194.122.194”) 80

KpaCI/IBO. N3BiiekaThb KOHKpETHbIE€ 3HaUEeHM S 6Y,U,EM TaK:

main :: I0 ()
main = putStrLn $ ”The host is: ” ++ ip
where
EndPoint (IPv4 ip) _ = EndPoint (IPv4 173.194.122.194”) 80

3mech MbI OTISITh-TaKM UTHOPMPYEM TTOPT, HO 3HaUeHMe IP-agpeca n3BaekaeM yke Ha OC-
HOBe 00pasiia ¢ KOHCTPYKTOPOM IPv4.
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9TO IPOCTO¥ IPUMEP TOTO, KaK U3 MIPOCTBIX TUIIOB CTPOSITCS 6osiee cyioskHbIe. Ho c1osk-
HBIVi TUIT BOBCE HE 03HAYAET CJIOKHYIO PabOTy C HMUM, ITAaTTePH MATUMHT 3JIeTaHTeH KakK
Bcerga. A BCKOpe MbI Y3HAeM O IPYTOM CII0cO6e paboThI C IMOISIMU TUIIOB, 6€3 ImaTTepH
MaT4YMHTA.

HIO6OHbITHO, UYTO KOHCTPYKTOPBI TUIIOB TOXKE MOXXHO KOMIIOHOBATb, B3IVIAHUTE!:

main :: I0 ()
main = putStrLn $ ”The host is: ” ++ ip
where
EndPoint (IPv4 ip) _ = (EndPoint . IPv4 $ ”173.194.122.194”) 80

OTO MOX0XKe Ha MajJieHbKOe BOJIIIEO6CTBO, HO KOHCTPYKTOPbI TUTIOB MOSKHO KOMITOHOBATb
3HAKOMbBIM HaM OIlepaToOpOM KOMIMO3UIMM QYHKIINIA:

(EndPoint . IPv4 $ ”173.194.122.194”) 80

| 3HauyeHne TWna |
L 1pPAddress ———

BaMm 3TO HMUEro He HalTOMMHAeT? JTO ke B TOUYHOCTU TaK, KaK Mbl paboTanu ¢ QyHKIM-
savu! V3 3TOTO MBI JiejlaéM BbIBOJ: KOHCTPYKTOP 3HAUYEeHMsI MOXKHO pacCMaTpPMBaTh Kak
ocob6yto hyHKIMI0. B camom mere:

EndPoint  (IPv4 ”173.194.122.194”) 80

oyHkumna” | nepBbiii | BTOPOI
L— apryment ——  aprymeHT

MbI Kak ObI ITPUMMEHSIEM KOHCTPYKTOP K KOHKPETHBIM 3HAUeHMSM KaK K apryMeHTaM, B
pe3y/bTaTe Yero rmojiyuaeM 3HaueHye Halllero Tuma. A pas Tak, Mbl MOKEM KOMITOHOBATh
KOHCTPYKTOPBI TaK ke, KaK ¥ 00bIYHbIe (DYHKIINM, JIUIIb Obl MX TUIIbI ObUIV KOMOVHUPY-
eMbIMI. B maHHOM C/Tydae BCE B IMOPSIIKE: TUIT 3HAUEHMSI, BO3BPAI[aeMOT'0 KOHCTPYKTO-
pPOM IPv4, COBITaJ@eT C TUIIOM IIEPBOTO apryMeHTa KOHCTPYKTOPA EndPoint.

BOT MbI ¥ ITO3HAKOMMJIMCD C HACTOSIIIIIMMY TUITaMu. [IpUILIo BpeMs y3HaThb 0 60s1ee yno6-
HOVi paboTe C MOISIMU TUTIOB.
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AT/l: rmoJ/sist ¢ MeTKaMu

MHoOrue TUIIbI B peaJIbHBIX MPOEKTaX JOBOJIbHO BEJIMKHA. BarnsiHuTe:

data Arguments = Arguments Port
Endpoint
RedirectData
FilePath
FilePath
Bool
FilePath

3HayeHMe TUIIA Arguments XPAHUT B CBOMX TIOJISIX HEKOTOpbIe 3HAUEHMSI, M3BIEUEHHbIE
13 MapaMeTpPOB KOMaHAHO CTPOKM, C KOTOPBIMM 3aITyllleHa OJJHa M3 MOUX IporpamMmm. 1
BCE ObI XOPOIIIO, HO paboTaTh C TAKMM TUIIOM aObCOMIOTHO Heyno6HO. OH COmepKUT CeMb
TOJIeA, ¥ TATTePH MaTUMHT OBLT OBl CIMIIKOM IPOMO3IKUM, TIPeJICTaBbTe cebe:

where
Arguments _ _ _ redirectLib _ _ xpl = arguments

Borsee Toro, korma Mbl CMOTPUM Ha OIIpede/ieHMe TUIIA, Ha3HaueHMe ero I10jieii OCTaeTcs
TaiHOJ 3a ceMblo nevyaTtsimMu. Buanure npenmnocienHee none? OHO MMeeT TUI Bool U, MO-
HSITHOE [1eJ10, OTpaykaeT Kako¥-To ¢uiar. Ho uto 310 3a diiar, unTaTe/ib He IpeacTaB/iser.
K cuacTbio, CyIleCTBYeT CII0C00, CriacaroiMx Hac OT 06eux 3TUX MpobIeM.

MeTtku

MbI MOXKeM CHAGAUTH HAIIM OISt MeTKaMM (aHIUI. label). BOT Kak 3TO BBIJISIAUT:
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data Arguments = Arguments { runWDServer :: Port
, withWDServer :: Endpoint
, redirect :: RedirectData
, redirectLib :: FilePath
, screenshotsDir :: FilePath
, noScreenshots :: Bool
, harWithXPI :: FilePath

Terepb Ha3HaAUEHME METOK Ky/ia MTOHsITHee. CxemMa ompeie/ieHNsT TaKoBa:

data Arguments = Arguments { runWDServer :: Port }
TMN  TaKoW-TO KOHCTPYKTOp  MeTKa noJiA ™n
nosa

Terepb 10JIe MMeEET He TOJIBKO TUIT, HO M Ha3BaHMe, UTO U JielaeT Hallle oIpefeieHne
3HAUUTEIbHO 60s1ee unTabenbHbIM. [107151 B 3TOM CJTyuae pasesieHbl 3aMsIThIMU U 3aKJTI0-
YyeHbI B QUTYPHBIE CKOOK.

Eciu moapsia uayT aBa uiy 6osiee MoJst OMHOTO TUIIA, eT0 MOXKHO YKa3aTh JIMIIIb JIJIS I10-
cemHeli u3 MeToK. Tak, ecyiv y Hac eCTh BOT TaKOii THUII:

data Patient = Patient { firstName :: String

, LastName :: String
, email :: String
}

€ro orpenaejieHre MOXHO YyTOK YIIDOCTUTb M HAlMMCaThb TaK:

data Patient = Patient { firstName
, LlastName
, email :: String

}

Pa3 Tur Bcex TPEX MoJieii OQMHAKOB, Mbl YKa3bIBA€M €TI0 JIUIID JIJIs TTOCTeAHE 13 METOK.
Emié mpumep 1osxHo hopMbI:

data Patient = Patient { firstName :: String
, LastName :: String
, email :: String
, age :: Int
, diseaseld :: Int
, i1sIndoor :: Bool
, hasInsurance :: Bool

U TYT XK€ YIpolllaeM:
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data Patient = Patient { firstName

, lastName

, email :: String
, age

, diseaseld :: Int

, i1sIndoor

, hasInsurance :: Bool

ITonst firstName, lastName ¥ email MMEIOT TUII String, IOJS age U diseaseld — TuUM Int, U
OCTaBIlIMeCs ABa MMOJid — TUII Bool.

Getter u Setter?

YTo 3Ke mpeacTaBIsiioT co60it MeTKU? daKkTuuecKku, 3TO 0cobbie GYHKIMM, CTeHePUPO-
BaHHbIE aBTOMAaTHUUECKU. AT (PYHKIMM MMEIOT TP IpeaHa3HAUYeHMs: CO30aBaTh, U3-
BJIEKaTh ¥ M3MEHSThb. [Ia, s1 He OrOBOPWICS, U3MeHsITh. HO 06 3TOM 4yTh IO33Ke, IMYCTh
OymeT MaJieHbKast MHTPUTA.

BoT kak MbI cO3/1aéM 3Ha4YeHMe TUIIa Patient

main :: I0 ()
main = print $ diseaseld patient

where
patient = Patient {
firstName = ”John”

, lastName = ”Doe”
, email = ”john.doe@gmail.com”
, age = 24
, diseaseld = 431
, i1sIndoor = True
, hasInsurance = True

}

MeTky 1oseil MCHONb3YIOTCS KakK CBOEro popa setter (OoT aHII. Set, «yCTaHaBIU-
BaTh»):

patient = Patient { firstName = ”John”

B 3TOM Tina none c
3HaYyeHun Patient  >Tol MeTKOW paBHO 3TOW CTpPOKe

Kpome Toro, MeTKy MOKHO MCIIOTb30BaTh M Kak getter (OT aHIJI. get, «<IIOMy4aTh»):

main = print $ diseaseld patient

METKAa KaK aprymeHT
GYHKUMN
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MbI ipyMeHsieM MeTKY K 3Ha4eHUI0 TUTIA Patient U TTOTyYyaeM 3HaUeHMe COOTBETCTBYIO-
1Iero JaHHOM MeTKe 1101, [ToaToMy [IJ1sl mOoTydeHy s 3Ha4YeHMI1 [10JIeli HaM y>Ke He HY>KeH
MaTTepH MaTUMHT.

Ho 4uToO Xe 3a MHTPUTY s MPUTOTOBWJI MOJ, KOHel? Boliie s yIIOMSIHY/I, UTO METKMU WUC-
TOTb3YIOTCSI HEe TOJIBKO /IS 3aJjaHMsl 3HAUeHMI ToJeit 1 IJisl UX U3BJe4eHus, HO U JIJIst
M3MeHeHus. BOT uTo s umen B BUAY:

main :: I0 ()
main = print $ email patientWithChangedEmail

where
patientWithChangedEmail = patient {
email = ”j.d@gmail.com” -- M3menaem???
}
patient = Patient {
firstName = ”John”
, lastName = ”Doe”
, email = ”john.doe@gmail.com”
, age = 24
, diseaseld = 431
, isIndoor = True

, hasInsurance = True

[Tpu 3amycke TIpOrpamMMbl TTOTYYUM:

j.d@gmail.com

Ho moctoiiTe, uTo e TyT npousomnno? Benb B Haskell, kak Mbl 3Haem, HeT omepaTopa
MIPUCBaMBAHMS, OMHAKO 3HAYeHMe IOJIS C METKOM email mOMeHsI0Ch. [IoMHIO, KOraa s
BIIEPBbIE YBUIEJ TTOAOOHBIN MTPUMED, TO OU€Hb YAVBUIICS, MOJI, V3K He BBEJIM JI MEHSI B
3a0JTysKIeHMe T10 TT0BOAY HeM3MeHHOCTH 3HaueHuii B Haskell?!

Her, "e BBenn. [Togo6Hast 3aM1Ch:

patientWithChangedEmail = patient {
email = ”j.d@gmail.com”

}

IeiICTBUTEIbHO MTOX0XKa Ha M3MeHeHMe T0JIs1 uepe3 MpucBanBaHue eMy HOBOTO 3Haue-
HMSI, HO B Ie/ICTBUTEIbHOCTY HMKAKOTO M3MeHeHMs He TTpoun3oIuio. Koraa s Ha3Bai MeT-
Ky setter-om, s HEMHOTO CTyKaBWJ, Belb Kiaaccuueckuit setter u3 mmpa OOII 6bu1 GbI
HeBo3MoskeH B Haskell. [TocmoTpuM eliié pas BHUMAaTe/bHee:
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where

patientWithChangedEmail = patient {
email = ”j.d@gmail.com” -- M3menaem???
}
patient = Patient {
firstName = ”John”
, lastName = ”Doe”
, email = ”john.doe@gmail.com”
, age = 24
, diseaseld = 431
, isIndoor = True
, hasInsurance = True

B3rnsHuTe, Belb Y HaC TeIepb ABa 3HAUEeHMs TUIIA Patient, patient M patientWithChangedEmail.
OTU 3HAUEeHUSI He MMEIOT APYT KO APYTy HU MaJjielilllero OTHOIIeHMs. BcrloMHMUTe, Kak

s roBopui, uto B Haskell Henb3s M3MeHUTh MMeloleecs: 3Ha4eHre, a MOXKHO JIUIIb CO-
31aTh HAa OCHOBE MMEIOIerocss HoBoe 3HadeHue. TO MMeHHO TO, UYTO 3[eCh IIPOU30IILIO:
MBI B3s/IM UMelollleecs 3HaueHe patient ¥ Ha €ro OCHOBe CO3JaJiM yoke HOBOe 3HaueHue
patientWithChangedEmail, 3HaUeHMe I10JIS email B KOTOPOM Tereps apyroe. [IOHSITHO, 4TO
rmosie email B 3HAUEHMU patient OCTA/IOCh HEM3MEHHbBIM.

Byane BHMMATEJ/IbHLI IIPU MHULIMA/IN3alIM 3HAYE€HM C ITOJIAMU: Bbl 00s13aHbI npeno-
CTaBUTb 3HAUEHMS OJ1s1 BcexX moseii. Eciy Bbl HanuileTe Tak:

main :: I0 ()
main = print $ email patientWithChangedEmail

where
patientWithChangedEmail = patient {
email = ”j.d@gmail.com” -- M3meHsem???
}
patient = Patient {
firstName = ”John”
, lastName = ”Doe”
, email = ”john.doe@gmail.com”
, age = 24
, diseaseld = 431
, i1sIndoor = True

-- [lone hasInsurance 3absinu!

KOZ, CKOMITMJIMPYETCS,, HO BHMMATEJIbHBIN KOMITWISITOP TMPeIyIpeauT Bac O Mpobie-
Me:

Fields of ‘Patient’ not initialised: hasInsurance

[Tokasyiicta, He MpeHebperaiiTe MOJOOHBIM IMpPeIyIIpPeKIeHNeM, Bellb €CJIM BbI MPO-
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UTHOPUDPYETE €ro M 3aTeEM IIOIIbITa€TECh O6paTI/ITbC$I K HEeMHULIMAIN3UPOBAHHOMY
IT10JII0:

main = print $ hasInsurance patient

Ballla IIPOrpaMMa aBapMIfHO 3aBEPILIUTCS Ha JTare BHIIOJHEHUS C OXKUAAeMO OIuob-
KOI:

Missing field in record construction hasInsurance

He 3a6bIBajiTe: KOMIWISITOP — Ball JOOPBIN APYT.

be3 meToOK

[ToMHMTE, YTO METKM IT0JIEl — 3TO CMHTAKCHMUYECKUIi caxap, 63 KOTOPOTO MbI BITOJIHE MO-
’KeM 000i1TICh. Jlaske eciu TUII ObIT OIIpeHesIéH C MeTKaMM, KaK Halll Patient, MbI MOXKeM
paboTaTh C HUM MO-CTapUHKe:

data Patient = Patient { firstName :: String
, LlastName :: String
, email :: String
, age .o Int
, diseaseld :: Int
, i1sIndoor 11 Bool
, hasInsurance :: Bool

main :: I0 ()
main = print $ hasInsurance patient
where
-- Co30aém no-cmapuHrke. ..
patient = Patient “John”
”Doe”
”john.doe@gmail.com”
24
431
True
True

COOTBeTCTBeHHO, M3BJIeKaTh 3HAUEHMS 10/1eli ToXXe MOKHO IMMOo-CTapMHKe, Yepe3 IIaTTepH
MAaATUYMHI:
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main :: I0 ()
main = print insurance
where
-- Xymko HeydobHO, HO ec/au xesaerme. ..
Patient _ _ _ _ _ _ insurance = patient
patient = Patient ”John”
”Doe”
”john.doe@gmail.com”
24
431
True
True

C APYTMMHU B AaMN CMHTaKCUMYECKOT'0O CaXdapd Mbl BCTPETUMCA ellle He pa3, Ha Kyda 6omee

MIPOABUHYTHIX IPUMeEpax.
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HoBbIil1 TUII

[Tomumo data CyllecTBYyeT elllé OJJHO K/IIoueBoe CI0BO, NpeaHa3HaueHHoe JIJis olpese-
JeHust HoBoro Tura. OHO Tak ¥ Ha3bIBAETCS — newtype. DTY CJI0BA ITOXOXKM APYT HA Apyra
«B OJTHY CTOPOHY»: BbI MOJKETE ITOCTAaBUTh data HA MECTO newtype, HO HE HA0OOPOT.

Pasauuus

Tum, orpeesisieMblii C ITOMOIIBIO CJIOBA newtype, 00S13aH MMETb OJIH U TOJILKO OIMH KOH-
CTPYKTOP 3HaUeHMs. MbI MOXXeM HaImucaTh Tak:

newtype IPAddress = IP String

A BOT Tak He MOXXeM:

newtype IPAddress = IP String | Localhost

KOMI'[I/IJ'IHTOp 3aYyIIpSIMUTCA:

A newtype must have exactly one constructor,
but ‘IPAddress’ has two
In the newtype declaration for ‘IPAddress’

Kpome TOTrO, B TaKOM TUIIE€ OOJIDKHO OBITh OIHO U JMIIb OZHO mosie. To ecTb MOXHO
TakK:

newtype IPAddress = IP String

Wnu e Tak, C METKOIA:

newtype IPAddress = IP { value :: String }

A BoT [1Ba Wiu 6osiee mosieit 3anMXHYTh He YIacTCs:
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newtype EndPoint = EndPoint String Int

KOMI'II/IJ'IHTOp BHOBb 06paTI/IT Hallle BHMMadHMEe Ha npo6neMy:

The constructor of a newtype must have exactly one field
but ‘EndPoint’ has two

In the definition of data constructor ‘EndPoint’

In the newtype declaration for ‘EndPoint’

Bboitee TOro, Hy/libapHbIi KOHCTPYKTOP TOXE HE MOA0NAET:

newtype HardDay = Monday

U BHOBB omnbKa:

The constructor of a newtype must have exactly one field
but ‘Monday’ has none

3ayeM OH HY>KeH?
B camom pesne, 3aueM HaM HYKHO TaKoe XO3SI/ICTBO? DTO Helb3sl, TO Heab3sl. Kakoit

CMBICT?

CmbIc B onTuMu3anyu. ObpaTuTe BHMMaHMe Ha MOZEIb newtype:

newtype IPAddress = IP String
HOBbIi  Ha3BaHuWe KOHCTpPYKTOp one
T™™n 3HaYeHus

dakTUYeCcKu, newtype OEPET OMHO-eIVMHCTBEHHOE 3HAUEeHMe HEKOTOPOTr'O CYIIeCTBYIOIIe-
ro TUIIA ¥ BCETO JIMIIb 060pPauYMBaeT ero B CBOI KOHCTPYKTOP. VIMEHHO MO3TOMY TWHII,
BBEIIEHHBIN C TOMOIIBIO newtype, He OTHOCUTCS K AT, 1 ¢ TOUKM 3peHMsT KOMITMISITOpa
OH SIBJISIETCS JIMIIIb TIepeMMeHOBaHMeM THuMa (aHIVI. type renaming). OTo OenaeT TaKoi
TUII 60J1ee TPOCTHIM U 3PGEKTUBHBIM C TOUKU 3PEHUS IIPEACTABICHMS B ITaMSITH, HesKe-
JIN TUII, OTIpeie/IsieMblii C data.

Korma mbl nuiieM Tak:

data IPAddress = IP String

MbI TOBOPMM KOMITUJISITOPY: «IPAddress — 3TO abGCOMIOTHO HOBBIM M CAMOOBITHBIN TUII,
KOTOPOT0 HUKOTZA He ObIIO paHee». A KOTra MUIIeM TaK:

newtype IPAddress = IP String
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MbI TOBOPUM: «IPAddress — 3TO BCero JUIllb O6épTKa OJIs 3HAaUYEeHMA yoKe CYIIeCTBYIOIIEro
TUIIA String».

type vs newtype

BHMUMAaTeNbHbIN YUTATENb CIIPOCUT, B UEM Ke QyHIaMeHTaJbHOe OT/INYME TUIIOB, BBO-
IVMBIX C TIOMOIIBIO newtype, OT TUIIOB, BBOAMMbIX C TOMOIIBIO type? TaM CMHOHUM, TYT
— 06€épTka. OTIMume BOT B YEM.

Korga mblI nmuinem Tak:

type String = [Char]

MbI 00BSIB/ISIEM : « TUII String — 3TO 9KBMBAJIEHTHAsI 3aMeHa TUITy [Char]». M mosTomMy Be3-
Oe, roe B Koge CTOUT [Char], Mbl MOXXEM IIOCTaBUTD String, M Be34e, rIe CTOUT String, MbI
MOYKeM TIOCTaBUTb [Char]. Hampumep, eciiu pyHKIMS 0ObsSIBIEHA TaK:

replace :: String
-> String
-> String
-> String

MbI MOKEM CITOKOJHO repemnmncaTb 00BSIBJIEHME:

replace :: [Char]
-> [Char]
-> [Char]
-> [Char]

" HM4Yero He M3aMeHUTCA.

Korpa ke MbI uilieM Tak:

newtype MyInt = MyInt Int

MbI 00BsIB/ISIEM : «THII MyInt — 3TO HOBBII THUII, IIpeaCTaBJIEHME KOTOPOI'O TAKOeE Xe, KaK'y
THna Int». Mbl He MOKeM ITPOCTO B34ATb U ITOCTAaBUTb MyInt Ha MeCTO Int, IOTOMY UTO 3TU
TUIIbI paBHBI JIMIIb C TOUKU 3peHUAI ITpeacTaB/JI€eHMd B IIaMATHU, C TOUYKM 3peHNI CUCTEMbI
TUIIOB OHU aOCOTIOTHO Pa3/JINYHBbI.

A 3auyeM ke HaM HY)XHO 3TO? JIJ1s1 IPOCTOTHI M HaJEXHOCTU Koza. [IOMyCcTUM, eCTb TaKkas
byHKRUIMSA:

getBuildsInfo :: String -> Int -> BuildsInfo
getBuildsInfo projectName limit = ...

Ora dyukius sanpammBaet y Cl-cepsuca (uepe3 REST API) undopmaimio o c6oprax
rpoekTa. M3 onpeneneHns: Mbl BUAUM, UTO IIEPBbIM apryMeHTOM BbICTYIIA€T MMSI ITPOEK-
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Td, d BTOPbIM — KOJIMYECTBO C60pOK. OpHako B MmecTe IIpMMEeHeHM s QJYHKH,I/II/I 3TO MOXeT
OBITb HE CTOJIb O4YeBMIHDbIM:

let info = getBuildsInfo “ohaskell.guide” 4

Yrto Takoe repsas cTpoka? Uto Takoe BTOpoe unciao? HesscHO, HY>KHO IMISIIETh B OIpefie-
JIeHMe, Bellb laske 00bSIBIeHNEe He pacCKakeT HaM ITpaBy:

getBuildsInfo :: String -> Int -> BuildsInfo
4yTo 33 4yTo 33
CTpoka? yncno?

BOT TyT HaMm ¥ ITIOMOTAlOT HAaIllX TUIIbI, BEIb CTAHJAPTHBIE String M Int caMu 1O cebe He
HEeCyT HMKAKO1 IMojie3HoM nHdopMaIum o CBOEM comepkuMoM. KoHeuHO, MbI MOT/IV GbI
000¥THCh 1 6€3 TUIIOB, ITPOCTO BBEIS IMPOMEKYTOUHbIE BbIPASKEHMSI:

let project = “ohaskell.guide”
limit 4
info getBuildsInfo project limit

OpHako MPOrpaMMMCT MOXET 3TOTO M He chenaTh, M TOTHa Mbl IMOJIYYMM <«Marude-
CKMe 3HauYeHMsI», CMbICJI KOTOPBIX HaM Heu3BecTeH. Kyzma jyuiiie BBeCTM COOCTBEHHbBIE
TUITBI:

newtype Project = Project String
newtype Limit = Limit Int

getBuildsInfo :: Project -> Limit -> BuildsInfo

yXe He yXe He
npocTo npocTo
CTpOKa yncio

DTO 3aCTaBUT HAC MMCATh SIBHO:

let info = getBuildsInfo (Project “ohaskell.guide”)
(Limit 4)

Terepb, gaxe 6€3 MPOMEKYTOUHBIX BhIPAsKEHMI, CMBICJI CTPOKY U UMCJIa BIIOJTHE OYEBU-
IeH. To BaskHbI mpuHIun B Haskell: 6e31mkue Tumel Harogoobme String M Int 3aMe-
HSITh HA TUIIbI, UMEIOIIVe KOHKPETHBIN CMbICII IJIS HaC.

Kpome TOro, newtype-TUIIbI TOMOTAIOT HAM He OMyCKaTh IIYMbIX OMKOOK. Hampumep,
eCcTb apyrast QyHKIMs:

getArtifacts :: String -> Int -> Int -> [Project]
getArtifacts projectName limit offset = ...
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MayJio TOro, UTo Iepe HaMmyu BHOBb 0e3/IMKue Int, TaK UX elllé 1 ABa. 1 BOT KaKasi Hejierast
oIIMOKa MOXKET HaC MOMKUIATh:

let project = “ohaskell.guide”

limit =4
offset =1
info = getArtifacts project offset limit

3ameTunn? Mbl CJIydaiiHO MepeIyTaiy apryMeHThl MeCTaMu, ITOCTaBUB of fset HA MeCTO
limit. PaboTra GyHKIVMM ITPY 3TOM HAPYUIMTCS, OMHAKO KOMITWJISITOP OCTaHeTCS HEM KakK
pbIOa, BeZlb C TOUKY 3PEHMS CMCTEMbI TUITOB OIIMOKM He IPOU30IILIO: M TaM Int, M TYT Int.
CHHOHMMBI /151 Int TAKKe He TTOMOT/IM 6b1. OTHAKO eC/T Y Hac 6YOYyT newtype-TUITHI:

newtype Limit = Limit Int
newtype Offset = Offset Int

TOraa IMogo06Hast onIMoKa He ITPOMIET He3aMeUeHHO :

let project = “ohaskell.guide”
limit = Limit 4
offset Offset 1
info getArtifacts offset limit

Turmsl apryMeHTOB Telepb pa3Hble, a 3HAUNUT, ITyTaHMIIA MEXKIY HUMM TapaHTVMPOBAHHO
MPEePBET KOMITUIISILINIO.

BOT Takue OHU, newtype-TUIIBL. B MOC/IeyIONMX I7TaBaX Mbl YBUIVM €II€ OOIbIIYI0 MOIIIb
cucreMmbl Tnuos Haskell.
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KOoHCTpYyKTOp THUIIA

B mpenpIayniux rimaBax Mbl Io3HaAaKOMMUINUCh ¢ AT]I, KoTopbie caMu 10 cebe yke BeCbMa
Tosie3Hbl. V1 BCE 3Ke eCTh B HUX OJHO OrpaHMYeHNe : OHM HallPOUb JIMIIIEHbI TMOKOCTU. BOT
Tebe KOHKpEeTHbIE TT0JIsI, a BOT Tebe KOHKPEeTHbIe TUIIbI, Oyab cuacTamB. Ho cymecTByeT
CII0CO0 HAEIUTh HAIIYM TUIT Kyza 60/bIeli CHIoii. DTa IJIaBa CTaHeT IJIsl Hac IepeioM-
HOJ4, BeJlb C HEE€ HAYHETCS HAIll ITYyTh B MUP AENCTBUTEIBHO MOIIHBIX TUITOB.

OnumoHaJIbHBIV TUIL

HOHYCTI/IM, Y HacC e€CTb CIIMCOK IIap CJIeAYIOIIEero Buaa:

type Chapters = [(FilePath, String)]

chapters :: Chapters

chapters = [ (”/list.html”, ”Cnucok™)
, (”/tuple.html”, “KopTex™)
, (”/hof.html”,  ”0BN”)
]

Turm FilePath ecTh He 60jIee UeM CTaHIAPTHBIN CMHOHUM [IJISI TMUIIA String, HO OH GoJiee
MHbopMaTuBeH. VITak, 3TOT CIIMCOK COAEPKUT Ha3BaHMSI TPEX IVIaB AAHHOV KHUTY U ITyTU
K HUM. U BOT rnoHago6miach HaM (GYHKIMSI, KOTOpasl M3BJIeKaeT Ha3BaHMe IJIaBbl 110 eé

My TH:

lookupChapterNameBy :: FilePath -> Chapters -> String
lookupChapterNameBy _ [] = ”” -- Tak Huye2o u He Haw/U...
lookupChapterNameBy path ((realPath, name) : others)
| path == realPath = name -- llymu cosnadawm, som sBam ums.
| otherwise = lookupChapterNameBy path others

Bcé mpeenbHO MPOCTO: PEKYPCUBHO GEXMM IO CIUCKY Tap chapters, Ha KaXKIOM Ilare
M3BJIeKasl yepes MaTTepH MaTUMHT MYTh KO I71aBe 1 e€ ums. CpaBHUBaeM ITyTU U, e5KeJIn
COBMAJAIOT — Ha BBIXOE MTOTyYaeTcsl MMsI, COOTBETCTBYIOIIee 3aaHHOMY ITyTu. Eciu ke,

140



InaBa 23. KOHCTpyKTOp TUIla 141

MIPOiMist BeCh CIMCOK, MbI TaK ¥ He HAIJIM COOTBETCTBYIOIIETO IyTH, Ha BbIXOHe GymeT
ITyCTasi CTPOKa.

I/ICHOHIJSYQM TaK:

main :: I0 ()
main = putStrLn $
if | null name -> ”No such chapter, sorry...”

| otherwise -> ”This is chapter name: ” ++ name
where

name = lookupChapterNameBy ”/tuple.html” chapters

Ecnn Ha BhIxOOe beHKLU/II/I lookupChapterNameBy ITyCTas CTpOKa, 3HAYUT Mbl HUUETO He Ha-
1IN, B IPOTMBHOM K€ C/Iydae ITIOKa3bIBA€M HalileHHOe UMS.

Hy u xak BaMm Takoe penieHue? Bpoge 6b1 KpacuBoe, HO IMoYeMy, COGCTBEHHO, ITyCTast
cTpoka? 4 BIIOJIHE MOT HamMcaTh 3arOTOBKY [JIS OY€pemHON IJIaBbl M ellé He OaThb el
UMSI:

chapters :: Chapters
chapters = [ (”/list.html”, ”Cnucok™)
, (”/tuple.html”, “KopTex™)
, (”/hof.html”,  ”0BN”)
, (”/monad.html”, ””) -- 3aecomoska

]

B sTOM ciyyae Hallle pelileHMe JIOMaeTcs: IycTash CTpOKa Ha BbIxofle (GYHKIUU
lookupChapterNameBy MOXXET O3HadaTh Telepb Kak TO, UTO Mbl HE€ HaIlJIM IJIaBBI C Ta-
KUM IIyTEM, TaK U TO, UTO IJIaBa-TO CYILIECTBYET, IPOCTO €€ MMS IO0Ka He 3aJaHo.
CnemoBaTebHO, HAM HY)KEH JIPyroii MexaHu3M IIPOBEPKM pesyjbTaTa MoucKa, Oojee
OITHO3HAYHbII.

Omnpenenum OMIIMOHAIbHBINA TUI. ONMIMOHAJbHBIM (aHIVI. optional) Ha3bIBAIOT TaKOIA
TUI, BHYTPU KOTOPOTO JINGO €CTh HEYTO Ioje3Hoe, 6o HeT. Buirismers oH Gymer
TaK:

data Optional = NoSuchChapter

| Chapter String

Eciu 3HaueHue Tuna Optional CO30AHO C IIOMOINBIO HY/JIbAPHOTO KOHCTPYKTOpaA
NoSuchChapter, 3TO O3HaUaeT, YTO BHYTPU HMYET'O HeT, Iepe], HaMy 3HaueHMe-ITyCThINIKa.
91O 1 6yIeT COOTBETCTBOBATh TOMY C/Iy4alo, KOTIA HYKHYIO IJIaBy Mbl He HAIllJIK. A BOT
eIy 3HaueHue ObIJI0 CO3/TaHO C TTOMOIIbI0 YHAPHOTO KOHCTPYKTOpPA Chapter, 3TO HeCO-
MHEHHO Oy#eT O3HayaTh TO, YTO MbI HAaIlJIM MHTEPECYIOIIyI0 Hac I1aBy. [lepenuiiem
dyHKI1MI0 lookupChapterNameBy:

lookupChapterNameBy :: FilePath -> Chapters -> Optional
lookupChapterNameBy _ [] = NoSuchChapter -- [ycmbuka
lookupChapterNameBy path ((realPath, name) : others)
| path == realPath = Chapter name -- PeasnbHoe ums
| otherwise = lookupChapterNameBy path others
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Kop ctan 6oee nmoHATHBIM. M BOT Kak MbI 6yZeM paboTaTh ¢ 3TOM QyHKIMelt:

main :: I0 ()
main = putStrLn $
case result of
NoSuchChapter -> ”No such chapter, sorry...”

2

Chapter name -> “This is chapter name: ” ++ name
where
result = lookupChapterNameBy ”/tuple.html” chapters

OTHbIHE cbyHKuI/m lookupChapterNameBy CUTHaJIM3MPYET O HEYJAUHOM II0MCKe He I1ocper -
CTBOM ITYCTOM CTPOKM, a TIOCPEACTBOM HYJIbapHOTO KOHCTPYKTOpA. JTO U HaAEXHee, U
ynTabeabHee.

KpacyBo, HO B 9TOM 3j/IeTaHTHOM pellleHUY BCE-TaKM OCTAETCS OJIMH U3bSIH: OHO HAMEPT-
BO MIPUBSI3aHO K TUITY String:

NoSuchChapter

data Optional =
| Chapter String

Mouemy
UMEHHO
String?

B camom pgene, mouemy? Hammpumep, B Haskell mmpokoe ripumeHeHme TTOTYIN TUTT Text
"3 OMHOMMEHHOTO TMakeTa. DTOT TUII, KCTaTy, 3HAUMTEIbHO MoIlHee U 3ddeKTuBHee
CTaHIAPTHOV String. 3HAUUT, €CIM Mbl 3aXOTUM OIPEIeIUTDb ONMLVOHAIbHBIN TUI U JIJIST
Text, IPUIETCS TyGIMPOBATh:

data Optional = NoSuchChapter | Chapter String

data Optional = NoSuchChapter | Chapter Text

OpHako KOMIIMJIATOP HAOTPE3 OTKAXKETCA IIPUMHMMATD TaKoi Kop,:

Multiple declarations of ‘Optional’

VimeHa-To TUITOB OAMHAKOBLIEe! XOPOIIO, YTOUYHUM:

data OptionalString = NoSuchChapter | Chapter String

data OptionalText

NoSuchChapter | Chapter Text

Ho 1 B 3TOM C/Tyyae KOMIWISLIUS HE IPOMAAET:
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Multiple declarations of ‘NoSuchChapter’

Multiple declarations of ‘Chapter’

KOHCTDYKTOI)])I 3HAYEHUI1 TOKe O,E[HOI/IMéHHble, OIIATb YTOUHSEM:

data OptionalString = NoSuchChapterString
| ChapterString String

data OptionalText

NoSuchChapterText
ChapterText Text

BoT Temeps 3TO paboTaeT, HO KOA, CTaJl U3OBITOUHBIM. A BAPYT MbI ITOXKeIaeM JO6aBUTh K
IBYM CTPOKOBBIM TUITIaM eIll€ U TpeTuii? Miu yeTBEpThIii? UTO X HaM, /151 KaXKOOro TUIa
BOT TakK BOT yTOUHATH? HeT, yMHBIJi B rOpy He MOMAET — €CTh JIy4IUNIi Iy Th.

MosKkeT ObITh

B cTaHmapTHOI 6MO/IMOTEKe KUBET TUII IO UMEHU Maybe:

data Maybe a = Nothing | Just a

Tur Maybe (OT aHII. maybe, «MOXXeT ObITh») HY>KEH JJIs1 CO3AaHMSI T€X CAMbIX OIMIIMOHAb-
HBIX 3HaueHuii. Bripouem, S BbIpa3micsa HETOUHO, Bellb, HECMOTPS Ha K/IOUeBOe (JIOBO
data, Maybe — 3TO He COBCEM TUII, ITO KOHCTPYKTOP TUIIA (aHIJI. type constructor). JanHaga
KOHIIenuus ucnonbsyercss B Haskell upesBbruaitHo yacto, 1, Kak ¥ OOIBIIMHCTBO KOH-
LIEMIMI B 3TOM $I3bIKe, OHA CTOJIb [10JIe3Ha [I0TOMY, YTO OU€Hb IIPOCTA.

KOHCTpYKTOp THIIa — 3TO TO, UTO CO3TAET HOBBIN TUI (IOTEHIMAIBHO, OECKOHEUHOE
MHO3KeCTBO TuIOB). Korma Mbl SIBHO OIpefensieM TUII, OH TPSIMOJIMHEEH U OJHO3Ha-
YeH:

data Optional = NoSuchChapter | Chapter String
MMA TUNAQ  HYJbapPHbLIN VHAPHbIN none
KOHCTPYKTOP KOHCTPYKTOp TWNa

3HayeHus 3HayeHus String

Korza ske MbI oripefiesnisieM KOHCTPYKTOP TUIIA, MbI CO3/1aéM KOHIETITYaIbHbIN CKeJeT OJ1s1
OyayIIMX TUIIOB. B3mIssHEM el pa3 (K-TOp — 3TO KOHCTPYKTOP, JJIsI KPATKOCTH):
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/ ‘v
data Maybe a = Nothing | Just a
K-TOp TunoBas HY/IbapHbIi  YHApHbLIK  nosie
TMNa  3araywka  K-Top K-TOp Tvna
3HaYeHuA 3HayeHna a

3mech MPUCYTCTBYET yyKe 3HaKOMasi HaM TUIIOBas 3aI/IyIIKa a, OHA-TO U JIeJIaeT Maybe KOH-
CTPYKTOPOM Tuma. Kak Mbl MOMHMM, Ha MECTO TUITOBOJ 3aITyIIIKY BCEr/Ia BCTAET KaKOii-
TO THIl. [lepermiieM GyHKIINMIO lookupChapterNameBy JIs1 paOOTHI C Maybe:

lookupChapterNameBy :: FilePath -> Chapters -> Maybe String

lookupChapterNameBy _ [] = Nothing -- fycmeuka
lookupChapterNameBy path ((realPath, name) : others)

| path == realPath = Just name -- PeasnbHoe umsa

| otherwise = lookupChapterNameBy path others

PaccMOTpyM OOHOBJIEHHOE OOBSIBIIEHME:

lookupChapterNameBy :: FilePath
-> Chapters -> Maybe String

3TO TUN Takowm,
Ha3biBaeTCA
Maybe String

Ha BbIXOZle BUOMM 3HAUEHMe TUTIA Maybe String. ITOT TUII ObUI MOPOKIEH KOHCTPYKTO-
pPOM Maybe, TIpMMeHEHHBIM K TUITY String. CTOII, 51 CKa3a «IIpUMeHEHHbIM»? Jla, UMEeHHO
TaK: BbI MOKETE BOCIIPUHMMATDb KOHCTPYKTOP TUIIA KaK 0COOYIO «(PYHKIIVIO», HA30BEM €€
«tunoBast GyHKius». HeT, 3T0 He opuuimanbHbiit TepMmuH 13 Haskell, aTo mpocTo aHano-
rusi: 00bryHast PyHKIMS paboTaeT ¢ JaHHBIMU, a TUIIOBast QyHKIMS paboTaeT ¢ TUTIAMU.
CpaBHUTe 3TO:

1
w

length [1, 2, 3]

GYHKUMA AaHHOe ApYyroe JAaHHoe

" 3TO:

Maybe String Maybe String

TMNOBas Tun
byHKUMA

ApPYyrov Tun

[IpmMmeHeHMe KOHCTPYKTOPA TUIIA K CYLIECTBYIOIIEMY TUILY [IOPOXKIAeT HeKUli HOBbINI
TUII, ¥ 3TO OUeHb MOIIHAs TEXHMKa, ucroab3dyemMas B Haskell moutyu Ha KaxkmgoM Iiary.
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Hamnpumep, eciv HaM HY>KHO 3aBE€pHYTH B OMI[MOHAIbHOE 3HaUeHMe YKe He String, a pa-
Hee YIIOMSIHYTbIN Text, Mbl HUUETO He JOIKHbI MEHSTh B KOHCTPYKTOPE Maybe:

Maybe Text = Maybe Text

TMNoBas Tun
byHKUMA

Apyrov Tun

Kakoii Tum nogcraB/isieM Ha MeCTO a, TaKO¥ TUII ¥ CTaHeT OILMOHaJIbHbIM. B 3TOM 1 3a-
KJII0YaeTCsl KpacoTa KOHCTPYKTOPOB TUTIOB, Belb OHM AAI0T HAM KOJIOCCATbHbIN TPOCTOP
IIJIsI TBOpUYECTBa.

A Ternepb MbI ITIOAOIIJIN K OYE€HDb Ba)KHOI TeMme.

ITaku

Yrto Takoe TUII Maybe String? Jla, MbI y>Ke 3HaeM, 3To AT/I. Ho 4To 5T0 Takoe o cytu? 3a-
YyeM Mbl KOHCTPYUPYEM CIIOXKHbIE TUTIBI 13 MTPOCThIX? 5 mpejiaraio Bam aHa/IOTuI0, KOTO-
pasi MTOMOKeT HaM B3IJISHYTb Ha 3TOT BOIIPOC HECKOJIbKO MHaye. JTa aHaJ0Tus OTHIOIb
He aKCHOoMa, MPOCTO ST HAIIEN e€ ToIe3HOo¥ Iyist cebst camoro. Jfymalio, BAM OHa TOxe Oy-
net rone3Ha. KoHeuHo, mpeajiaraTh aHaJIOTUM — JIeJI0 HebaromapHoe, Belb JIrobast 13
HMX HEeCOBepIIeHHA M MOKET ObITh TaK WJIM MHAUe MOABEPTHyTa KpuTuke. [TosTomy He
BOCITpMHMMaliTe MOIO aHAJIOTUIO KaK eIMHCTBEHHO BEPHYIO.

C Touku 3peHus TUIOB 106y Haskell-mmporpaMmMy MOSKHO CpaBHUTH C MHOTO3TaKHBIM
noMoM. Y BOT mpefcTaBbTe, Mbl CMOTPUM Ha 3TOT IOM CO CTOPOHBI.

Ha camom HM>KHEM 3Ta)ke pacIioNoXKeHbl MPOCTelillie CTaHJapTHbIe TUIbI, TaKMe Kak
Int, Double, Char mau ciucoK. Bo3bMéMm, Hampumep, TUII Int. UTO 3TO Takoe? Llenoe yuc-
70. OHO He HeceT B ce6e HMKAKOTO CMbIC/IA, 3TO BCETO JIMIIb YMCIO0 B Bakyyme. Win BOT
CTpOKa — YTO OHA TaKoe? JTO IMPOCTO HAOOp KAaKMX-TO CMMBOJIOB B TOM XK€ BaKyyMme, U
Hu4ero 6osee. Y eciivt 6b1 MbI ObITM OTPAHUYEHBI JIMIITh STUMM TUIIAMM, HAIlla IPOTpaM-
MMCTCKasI JXKM3Hb OblIa ObI BECbMa I'PYCTHOIA.

A BOT Ha BTOPOM U TOCJIEIYIOMIMX 3TaXKaX >XUBYT TUITbI Kyfa 6ojee nHTepecHble. Ha-
IIpUMep, Ha OJHOM M3 3TaXKel JKUBET TUIT Maybe String. [Ipy co3maHum TuIia Maybe String
MIPOUCXOOUT BakHOE COOBITME: MbI ITOTHMMAEMCSI C TIepBOro Ha 6ojiee BbICOKUIT TaK.
CumMTaiiTe 3T 3TaXKU YPOBHIMM abCTpakuyu. Eciiu TUI String — 3TO BCETO JIUIIb Oe3/M-
Kasl CTPOKa, TO TUII Maybe String — 3TO y)kKe He ITPOCTO CTPOKA, 3TO ONIIMOHATbHAS CTPOKA,
WJIN, eC/I XOTUTeE, CTPOKA, HaZleJIéHHAs OTIMOHAIbHOCTbIO. [IOJHATHCS HAa TOT UM MHOM
9TaX B HAIlIeM TUIIOBOM HEOOCKPEOGE — ITO 3HAUMT B3SITh 60JIee IIPOCTON TUII M HALeIUTh
€r0 HOBBIM CMBICJIOM, HOBBIMM BO3MOXXHOCTSIMMA.

Wiu BOT BCIIOMHMM TUIT IPAddress:

data IPAddress = IPAddress String

MBI OIISITh-TaKM B3SIJIM HUYETO He 3Hayallylo CTPOKY U IIOOHSIN €€ Ha 3Tax IoJ, Ha3Ba-
HMeM IPAddress, M T€IIEPD 3TO YK€ He IIPOCTO KaKasa-TO CTPOKa, 3TO IP—anpec. HoBbliit THI
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Hazienna 6eCCMBICJIEHHYIO CTPOKY BITOJTHE OMpPee€HHBIM CMBICIOM. A KOTZA MbI BbI-
TaCK1BaeM BHYTPEHHIOIO CTPOKY U3 IPAddress C IIOMOIIbIO TATTEPH MaTUMHTa, Mbl BHOBb
OKa3bIBaeMCsI Ha ITEPBOM 3TasKe.

A BOT elé Hall TuIl, EndPoint:

data EndPoint = EndPoint IPAddress Int

TyT MbI TOOHSIIUCH €Il YYTOK: CHauaja MOJHSUIM CTPOKY Ha aTax IP-ampeca, a 3atem
B3SUIM €T0 M TUIT Int ¥ TIOMHSUIM MX Ha CJAeAYIONIIi 9TaXK IO Ha3BaHueM EndPoint, M Ha
9TOM 3Take Tepef, HaMM yke He MPOCTO Kakoii-To IP-azmpec 1 kakoe-TO YMCIIO, TIepes,
HaMU YKe CBSI3aHHbIE IPYT C IPYTOM afipec U MopT.

A BOT e1ié ogyH IMpuMep, 3HAKOMCTBO C KOTOPBIM I OTKJIaAbIBAJI 0 CUX ITOP. BcrioMHUM
ompeesieHye TVIaBHOM QYHKINMY main:

main :: I0 ()

51 obemran paccka3aThb O TOM, YTO TaKoe 10, ¥ BOT Telepb paccka3biBal: 10 — 3TO TOXeE
KOHCTpPYKTOp Tuma. [IpaBaa, KOHCTPYKTOP OCOOEHHbIN, HEITOX0XKUI Ha HaIllX IPAddress
M EndPoint, HO 06 3TOM ITOApPOOHEe B CIeAYIONIVX I71aBaX. Tak BOT MOJHSIBIIMCH HA 3TAXK
MoJl Ha3BaHMeM I0, MbI [TOJIy4aeM OU€Hb BAKHYIO CIIOCOOGHOCTh — CIIOCOOHOCTDH B3au-
MO CTBOBATh C BHEITHUM MMPOM: (ailyl MpovyecTb, Ha KOHCOIb TEKCT BBIBECTU, U B
TOM Xe ayxe. I moromy Tul I0 String — 3TO y>Ke He MPOCTO HEBECTh OTKYAA B3SIBILIASI-
CsI CTPOKA, HO CTPOKA, MOJTyYeHHast U3 BHEITHEro Myupa (Harpumep, u3 ¢aivia). U enyH-
CTBEHHAs BO3MOXKHOCTb HaJIeJIUTh HalM (QYHKIVM CITOCOOGHOCTHIO B3aMIMO/IEICTBOBATh
C BHEIIHUM MUPOM — TOOHSATH (HY MM ONYCTUTh) X Ha I0-3TaxX. BOT Tak u nomy4vaer-
cs1: B TIporiecce paboThl MPOTPaMMBbI MbI ITOCTOSIHHO MPbITaeM B JIMQT U TTepee3skaeM C
OJHOT'0 TUIIOBOT'O 3Taka Ha IPYroii.

Ho 3anoMHUTe: He BCe 3Taxku ofMHaKoBbl! He co BCSIKOTO 9Taka MOXXKHO HAMpsIMYyIo I0-
MacThb Ha 110607t Apyroii. bosee Toro, ecTb TakMe 3Taxky, OKa3aBUIMCh HA KOTOPOM, MbI B
KOHEUYHOM UTOTe 00sI3aHbI HAa HEro ¥ BepHYThCS. [IoHMMal0, ceityac 3TO IMOPOKAAeT 60Ib-
111e BOIIPOCOB, HeKeJIM OTBETOB, HO He 0eCITOKOTeCh: OTBETHI XKIYT HAC B MOCTEAYIOMINX
I1aBax.
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IIpogo/keHue cienyer...

PaboTa Hag, KHUTOM UIOET ITOJHBIM XO0M, BacC JKAET elé MHOro uHrepecHoro! Cienure
3a HOBOCTSIMM 00 OOHOB/IEHMSIX B HalleM yaTe! 1 B Moém TBuTTepe?.

https://gitter.im/denisshevchenko/ohaskell-book
2https://twitter.com/dshevchenko biz
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