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I'masa 1

IIpuBeTcTBYIO!

ITepen Bamu — kHMra 0 Haskell, ynuBuTeIbHOM U ITPEKPACHOM SI3bIKE ITPOrpaMMMUPOBaHMSI.

IIouemy 3Ta KHUra NMOSABMJIaCh

[ToroMy UTO MeHSI OTKPOBEHHO JocTaso. [TouTu Bce u3BecTHbie MHe KHUTM 0 Haskell
HAUMHAIOTCSI C MpUMepa peanm3anuyu ObICTPOI COPTUPOBKM M — KyHa X 0e3 Heé!
— mocienoBaTeabHOCTM ®OuboHayuM. JTa KHUra He Takas: MMHMMYM akajgeMu3Ma,
MaKCUMYM MTPaKTUYHOCTM.

Henpb

@OyHKIMOHATbHOE MMPOrpaMMMpOBaHMe — CBOeoOpa3sHOe TeTTO MOoCpeny Merarosuca
Hameit MHIycTpun. J1ost GyHKIMOHATbHBIX SI3BIKOB ITOKA eIé o4eHb Majia, M MHOTHe
Pas3paboTuUMKM IT06aMBaOTCSI 3HAKOMCTBA C 3TUMU sA3bIKaMu, 1 ¢ Haskell B ocobeHHOCTH.
Most 11esib — paspymnuThb 3TOT CTpaX. BepossTHO, BhI ciblinany, uto Haskell — aTo uTo-TO
apXMCIOKHOE, CYyTy60 HAyYHOEe ¥ HEIIPUTOAHOE ISl peabHOI ku3uu? UnTaiite nasbiie,
¥ BCKOPE BbI yOoemuTech B 0OpaTHOM.

O cebe

OG6BIKHOBEHHBII MPOrpaMMUCT-caMoyuka. Pa3pabatsiBato ¢ 2006 roma. B 2012 romy
BHepBbIe yoibiinan mpo Haskell, y>xkacHyscst v mocnenimi o HEM 3a6bITh. B 2013 BcrmoMHMI
onsaTh, B 2014 yBnéKkcs Bcepbes, a B 2015, mocie 8 set xu3uu ¢ C++, OKOHUATEIHHO
nepemén B Haskell-mMup. Takke s MOMOXKMI HAyaa0 PYCCKOSI3BIYHOMY COOOIIECTBY
Haskell-paspa6orunkoB!. VI ma, s [geiiCTBUTENbHO MCIOAb3YI0 3TOT SA3BIK B CBOEIi
KakIOgHEeBHOJ pabore.

thttp://ruhaskell.org/
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O Bac

3HaeTe, 4yTO Takoe KoMmmisgTtop? He 6ourech KOMaHAHON CTpoKu? CIIbIIIAIN CIOBO
«byHkiMsI»? Ecmu ga — cMeno MpoJo/pKaiTe 4uMTaTb, HUKAKMUX TOMOJTHUTETbHBIX
HaBBIKOB OT Bac He oxupgaercs. VM Kakoif-1mMbo MaTeMaTUuecKoil ITOATOTOBKM —
TOKe.

OoOemranmue

Bo3MO3KHO, BBI 110 y1Iu BaoO6uTech B Haskell. Bo3MOKHO, OH BBI30BET Y BaC OTBpallleHMe.
OG6elato 0OHO — CKYYHO He OyneT. HauHEM.
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IlepBbIEe BOIIPOCHI

MHe 3amaBain X MHOXeCTBO pa3. OTBeyaro.

«YTo Takoe 3tot Baml Haskell?»

Haskell — umcTo yHKIMOHAMBHBIN S3bIK MMPOrpaMMMPOBAHMS OOIEro Ha3HAueHMsI,
MOXKeT OBITh MICIIO/Ib30BAH [IJIST peIIeHMs CAaMOTO IMPOKOTo Kpyra 3aaa4. KoMomampyemsblii,
HO MOKeT BeCTy cebs ¥ KaK CKpUIITOBBIN. KpoccmiaTdopMeHHbI. JIeHUBBIN, CO CTPOroit
CTaTU4YeCcKoi Tunmusanyeii. I oH He IMOX0X Ha Apyrue si3biku. CoBCceM.

«3TO YTO, KAKOV-TO HOBBI SI3BIK?»

BoBce Het. Vcropus Haskell Hauanach emié B 1987 romy. DTOT SI3bIK ObLT POKAEH B
MaTeMaTHU4YeCKMX Kpyrax, Kora rpyIina JIoei penia CO34aTh TyUImii QYHKIVMOHATbHbI
A3bIK TporpamMMmupoBaHus. B 1990 romy Beilia mepBasi Bepcus s3bIKa, HA3BAHHOTO B
4ecTb M3BECTHOTO aMepMKaHCKOro MaTemaTtuka Xackenana Kappu!. B 1998 romy si3bIk
ObLI CTaHAAPTMU30BaH, a HauMHas ¢ 2000-X HaYajI0Ch €ro MeIJIeHHOe BXOXKIEeHMe B MUP
MMPaKTUUYECKOTO MPOrpaMMMUPOBAHMS. 3a 3TU TOAbI SI3bIK COBEPIIEHCTBOBAJICS, U BOT

B 2010 mMup yBuaen ero OOHOBJAEHHBI cTaHAAPT. Tak YTO MbI MMeEM JIeJIO C SI3bIKOM,
KOTOPBI cTapie Java.

«H KTO ero caenaa?»

Haskell cosgaBascs MmHOrMMM mogbmu. Hambosee n3BecTHas1 peaamsaius si3bIka Halia
cBoé porutoieHme B kommuisitope GHC (The Glasgow Haskell Compiler), pogusiierocs
B 1989 romy B VHuBepcutere Imasro. V KoMImIsTOpa ObUIO HECKOJIBKO IJIABHBIX
pa3paboTUMKOB, 13 KOTOPHIX Haubomee U3BEeCTHBI ABOe, Simon Peyton Jones? u Simon
Marlow>. BriocyiencTBuM BecOMbIit BKIAM B paspaborky GHC BHewn elé HeCKOIbKO

'https://en.wikipedia.org/wiki/Haskell Curry
http://research.microsoft.com/en-us/people/simonpj/
®http://community.haskell.org/~simonmar/
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coTeH denoBek. Vcxogublii ko, Kommuasitopa GHC otkpeiT®. KeraTu, cam KOMIIMISTOP
Ha 82% namucaH Ha Haskell.

Iy MI06OIBITHBIX: JMCUepIIbIBaollee IoBecTBoBaHMe 06 ucropum Haskell m GHC
yuTaiiTe 3mech’.

«A ouoimmmotexku nia Haskell mmerorca?»

O pa! Mx maske He COTHUM — MX ThicsiuM. B mponecce 4TeHMsa Bbl ITIO3HAKOMUTECh CO
MHOI'MMU U3 HUX.

«/ uTo, ero y>xe MOKHO B production?»

OH yxe B production. C MOMeHTa BbIXO#A IEPBOTO CTAaHAApPTa SI3bIK YAYUILIACS,
pasBMBaiach €ro 3KOCUCTeMa, IOSIBISUIMCh HOBbIe OMOIMOTEKM, BBIXOOWIM B CBET
kuuru. Haskell momHOCTBIO TOTOB K cephE3HOMY KOMMEPUECKOMY MCIIOIb30BAHUIO, O
YyéM CBUIETENbCTBYIOT UCTOPUM ycIeliHoro BHeapeHus Haskell B 6u3Hece, B TOM unciie

KpyIHOM®.

«A mopor BxoxxaeHust B Haskell Bbicokmuii?»

U1 na n Het. OcBoeHne Haskell ¢jioskHO B mepByI0 ouepenb M3-3a €ro HeIoXOXeCTu Ha
OCTajIbHbIe SI3bIKM, TTOITOMY JIIOASIM, MMEIONIMM OIBIT PaboThl C APYTUMMU SI3bIKAMM,
MO3TI'M ITOJIOMaThb MPUIETCS. VIMEHHO MMOJIOMaTh, a He IIPOCTO mnomieBeauTbh umu: Haskell
3acTaBJIseT MHaue B3MISSHYTh Jaske Ha NMpuBbIYHbIe Bemu. C npyroii croponbl, Haskell
TIPOIIle MHOTMX M3BECTHBIX SI3bIKOB. He BepbTe MHe Ha CJIOBO, BCKOPE BbI ¥ CAMM B 3TOM
ybenurech. U 3HaiiTe: MHOrMe Jitoau, y3HaB BKyc Haskell, kaTeropmuecku He skeaioT
BO3BpAIAThCS K IPYTUM SI3bIKaM. §I Bac mpemyrnpeani.

«A s cipIniasi emé IIpO KaKMue-ToO MOHadbl...»

Ia, ectb Takoe geno. Hekoropseie Benu 13 Mupa Haskell He MMeloT psIMbIX aHAJIOTOB
B ApPYruX sI3bIKax IMPOrpaMMMPOBaHMSI, ¥ 3TO BBOOMUT HOBMUYKOB B CTyrmop. Ho He
0ecroKoiTeCh: S caM IPOIIEN Yepe3 3TOT CTYIIOP M XOPOIIO Bac MoHMMalo. [ToMmHuTe:
HOBOE JIMIIb KasKeTCSI CTPAIIHbIM.

*https://ghc.haskell.org/trac/ghc
*http://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 ¢ mipyrumMmu si3pikaMy BBIXOAUT 3@ paMKM 3TOi KHUTM. HeckonbKo pa3
BbI BCTPETUTE 3[I€Ch KYCOUKM KO/IA Ha IPYTHUX SI3bIKAX, HO S IPUBOXKY UX UCKTIOUUTETHHO
IS TOTO, YTOOBI MOAYEpKHYTh pasnuume ¢ Haskell, a BoBce He mjisi cpaBHEHUSI B
KOHTEKCTe «jIyulne/xysxke». VI BoobIe, s1 6ymy M30 BCeX CUJI CTapaTbCsl He BOCXBAJSITh
Haskell 6e3 mepsI, S Xouy JMIIb paccka3aTh BaM IpaBay 0 HEM. Moii BbIBOO 00 3TOM
sI3bIKE S y3Ke CJieJiasl, a CBOJ BbIBOJT O HEM BbI JJOJIKHBI ClleJIaTh CaMM.
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00 3TOM KHUTre

B nocsieiHMe TOABI 3aMEeTHO BO3POC/IO UMCI0 KHUT, TOocBsEHHbIX Haskell, v aTo pagyer.
Kaskmast 13 HUX IpeciieyeT CBOIO 11e/Ib, II03TOMY TPYIHO CKa3aTh, KaKasl U3 HUX JIyJIIle.
Llenpb 3TOV KHUTM ABOSIKAS.

Bo-mepBhiX, s Hayuyy Bac mraBHomy B Haskell. OcHoBam, 6e3 OCBOeHMSI KOTOPBIX
IBUTAThCS JaJIbllle HUKAK He TTOTyYMUTCS.

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 cTpaniHblii, B HEM
HeT YEépHOI Maruu, ¥ YTOOBI IIPOrPaMMMUPOBATh Ha HEM, BaM He HY)KHa yUYE€Hasl CTeIIeHb.
Bosnee Toro, Bl YAMBUTECH, HACKOIbKO ITpocTo B Haskell menaTh MHOTMe Beliyu, HO 3Ta
MPOCTOTA OTKPOETCS BaM JIMIIb TOC/Ie TOrO, KaK Bbl GJIM3KO MO3HAKOMUTECh ¢ Tpemst
Kuramu Haskell, a Taxke ¢ rocrioxkoit Yepenaxoii, moggepskuBaloniei oHbix. iMeHa 3Tux
KutoB 1 Uepernaxu Bbl y3HaeTe yKe B CJIeAyIOIIel IaBe.

OTa KHMUTa He BO3BeIET Bac Ha BepiuuHbl Haskell, Ho oHa OoTKpoeT Bam IyTb K 3TUM
BepIIMHAM.

Yero 3aech HET

Tpéx Bele Bbl He HalIE€Te HA CTPAHUIIAX 3TOI KHUTK:

1. UcuepnbpiBawinero crpaBouHuka 1o Haskell. [IybmaupoBaTh oduimanibHOe
onucaHue craggapra Haskell 2010! s He crany.

2. Habopa roToBbIX pelenToB. 3a peLienTamMu noxanyiite Ha Stack Overflow?.

3. BBemeHusi B MmaTeMaTuueckyi Teopuio. Hecmotpst Ha To, uto Haskell kopHsMM
CBOMMM YXOOUT B MaTEMATHKY, B 3TOI KHUTE HET MTOTPY>KeHNSI B TEOPUIO KaTeropuii
" B MiHbIe Teopun. I3BMHUTE, ec/i pa3odapoBall.

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

13
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O nnepBOM M BTOPOM U3JaHUU

Ha 06:105kKe BbI BuIean MeTKy «u3ganue 2.0». Ilepen Bamu BTOpoe U3gaHue, IIOTHOCThIO
nmepepaboTaHHOe ¥ IIepeOCMbIC/IEHHOE. BOT [Be MpuUMHBI, OOYOMBINNME MEHS
repenycaTh KHUTY.

[lepBast — Mou ommoOKM. S yOeKIEH, UTO 00y4aTh SI3bIKY MPOTrPaMMMPOBAHUSI MOTYT
JIMIIb Te, KTO MCIOb3yeT 3TOT SI3bIK B CBOEi KaXXmomHeBHOW pabore. Ha MomeHT
HaIMcaHus IIepBoil Bepcuu s emié He paboTan ¢ Haskell, a moTomy MHOroro He 3Hasl u
He MTOHMMaJI. B pesynbTaTe yacTh MHGOPMAIMM M3 TIEPBOTO U3TAHMS OblIa OTKPOBEHHO
6emHa, a HECKOJIbKO IJIaB BOOOIIe BBOAM/IM YMTATENS B 3a0/TyKIeHME.

Bropas npuunHa — M3MeHMBIIASICS 11eJTb KHUTY. Sl HAMepPEeHHO Cy3MJI KPYT pacCMaTpUBaeMbIX
3mech TeM. Terepb KHUTa BCEIEJIO TTOCBSIIIEHA OCHOBAM SI3bIKa, IO3TOMY HE MIIMUTE
371eCch pacCMOTpeHMs crnenmm@uueckux TeM. I He o4eHb-TO Bepw B upaew book-all-
in-one, KHKUTa IS HOBMYKOB AO/IKHA ObITh KHUTOW IJIs1 HOBMUKOB. Bbl He BCTpeTuTe
3[IeCh HM TIPMMEPOB peanusanuu 3D-IBMKKa, HM pacckasza o pabore ¢ PostgreSQL, Hu
IOBECTBOBAHMS O MPOEKTUPOBaHuy UI'psl A1 Android. Beé aTo moxkHo menath ¢ Haskell,

HO MOJOOHBIM Te€MaM ITOCBSIIEHbI APYyryue MyOoJuKaiuy, KOTOpble HECOMHEHHO OyIyT
BaM I10 IIJIeYY MOC/Ie POYTEHMSI MOEI KHUTH.

YuraiiTe nocjienoBaTe/JlIbHO

1 3TO0 BaskHO. B mporiecce uTeHus Bbl 3aMETUTE, UTO S MEPUOAMUYECKM ITOSHMMAI0
BOIIPOCHI U KaK ObI OCTaBJISIIO UX 6e3 oTBeTa. ATO JIe/IaeTCs BIIOJIHE OCO3HAHHO: OTBETHI
00s13aTe/IbHO OYAYT IaHbl, HO B MOCJIEOYIOIIMX IlaBaX, TaM, Ime 3TO OymeT Hauboee
ymecTHO. [ToaTOMy mepernpbITMBaHKe C TJIaBbl HA [7IaBy MOKET Bac 3aITyTaThb.

Brpouem, B BeO-Bepcuu KHUTU ecThb «[IpemMeTHBINi yKa3aTesib», KOTOPBI ITOMOXET
BaM OBICTPO HAMTU HY’KHOE MECTO, UTO 0COGEHHO I0JIE3HO MPU IIOBTOPHOM MPOUYTEHUN
KHUTM.

1711 TFI0OOIBITHBIX

B KOHIIe 60IBIIMHCTBA IVIaB BbI HaiAETe He6O0IbILOI pa3aes, KOTOPbIi TaK M Ha3bIBAeTCS
— «JI71s1 MOOOMBITHBIX». YUTATh €ro HeoOsI3aTeIbHO, HO JII0003HATEIbHBIM HEIIPEMEHHO
MMOHPABUTCSI. B 3TOM pasgene s1 MPUBOXY HEKOTOPbIe TEXHUUYECKME TOAPOOHOCTH,
MCTOPUUECKME CBeIeHMS U IPOCTO MHTEePeCHbIe (DaKThI.

W yuTuTe, MOXKaNyiicTa: comepskumoe pasnaena «Jjas JI00OIMBITHBIX» MHOIMA YYTOK
JIOMaeT Moc/IefOBaTeIbHOCTb U3IOXKEHUSI MaTepuana, 3TO COelaH0 0CO3HaHHO. [ToMHs
0 MHOTUX BOITPOCAX YMTaTesel K I/laBaM U3 MpebIIyIero u3aaHus, s BbIHEC OTBEThI Ha
HEKOTOpbIe 13 3TUX BOIIPOCOB B AHHBIN pa3fes, ¥ MO3TOMY OHBIN, CKakeM, B 12 ri1aBe
MOXeT CChbUIAThCSI HA MaTepuasl, U3J0KeHHbIN aulllb B 16 miase. EciM comHeBaeTech —
He YuTaiTe.
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O nosiCHeHUaIX

Bo mHorux MnpmMepax NMCXO0AHOIo KoAga Bbl YBUAUTE IMMOSACHEHMS BOT TAaKOI'O BMaad:
type String = [Char]

™Mn  3TOT paBeH ToMmy

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

Bor e11é ooy nmpumep:
let (host, alias) = (”173.194.71.106”, “www.google.com™)

AdHHOE 3Ha4eHue
3TO
XOCT
a BOT 3TO
3Ha4yeHune
3TO0
nMa

31ech 51 TOBOPIO BaM: «/JlaHHOe 3HaUeHMe — 3TO XOCT, & BOT 3TO 3HaUeHue — 3TO UMsI». B
psizie CTydaeB S MCITOIb3YI0 TaKKe pasIMyHOTO BUAA MOTUYEPKUBaHME:

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

31ech 1 IPOBOXKY Mapasesib: «3HaueHMe host aCCOLMMUPOBAHO CO CTPOKOI 173.194.71.106,
a 3HaveHMe alias — CO CTPOKO www.google.com».

biaromapHoCTh

OTa KHUra — IUIOH, He TOJIbKO MOMX yCuauii. MHOTMe ujieHbl Halllero CoobIecTBa
MTOMOIJIM MHE COBeTaMM, 3aMeYaHMSIMM M MCIIpaBieHusIMKU. Bosbinoe criacub6o Bam,
Opy3bs!

A emgé g Gmaromapio Bcex TeX, KTo co3mayn Haskell, 1 Bcex Tex, KTO HeyCTaHHO
COBEpIIEeHCTBYET ero. Bammmm ycunmsimy Hama Ipodeccusi CTaHOBUTCS emlé 6Gosee
MpeKpacHoit!
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C/1I0BO K YMTaBIIMM ImepBoe nu3gaHue

Eciu BbI He UMTaIM €ro — MOsKeTe IepexoauTh K CIeAyloleil riase.

Kak yxke 6bUIO CKa3aHO, 1leJb KHUTY TIOMeHsIach. S yOeskaéH, UTO HOBUYKY CIeayeT
naTtb GyHAAMEHT, OCBOMB KOTOPbIV, OH CMOKET YK€ CaMOCTOSITe/IbHO M3y4yaTh TO, UTO
HY’KHO MMEHHO eMy. §1 60sibliie He X0Uy 1aBaTh YMTATE/SIM PbIOY, 5 XOUY IaTh UM YA0UKY.
[TosTOMY 37€Ch HET ITOBECTBOBAHMIT 060 BCEX MMEIOIMXCS MOHAIHBIX TpaHCchopmepax,
MM 060 BCex KOHTelHepax, miu 0 KMeTTOBCKMX IMH3aX, uin o Tpybax oHcaneca.

S cpenmaio yriop Ha Teopuio, HO yke miyoke. Tak, B MPOILIOM W3IaHUU S 4ACTO
MCII0JIb30BaJI HETOUHYIO TEPMMUHOJIOTHMIO, OTKPOBEHHO CTYINJI C OTIpefeNieHieM MOHA/IbI,
MPOTHAJT Kakyio-To mypry ¢ ®BII, HM CJTOBOM He OOMOJIBWICS O (PYHKTOPHBIX M MHBIX
3aKOHaX, MOYTM He paccKasal O MaTTepH-MaTuMHTe M MCIIOIb30BaJl Majo MPUMEPOB
peasbHOrO Kofa. B 3TOM M3maHuu s 1ocTapaoch MCIIPAaBUTh BCE 3TU OIIMOKM.

U s no-npeskHeMY OTKPBIT [J1sI Ballleit KpUTUKHA.



I'masa 4

IIpuroroBmumMcs

MbI He MOXXEM HavaThb M3y4eHMe SI3bIKa 0e3 MCITBITATEebHOTO IOJUTOHA. YCTaHOBUM
Haskell.

Coenatb 3TO MOXHO HECKOJbKMMM CIIOCOOaMM, Mbl BbIOepeM caMblii YIOOHBIIA.
HaspiBaetca oH The Haskell Tool Stack!. OTa maneHbKkast yTuimra — BCE, 4TO BaM
rmoHamobouTcs o padbotsl ¢ Haskell.

Haskell — kpoccrtaTdopmeHHbIi I3bIK, paboTatomuit 1 B Linux, u B macOS OS X, u
nasxxke B Windows. OmgHako B 2008 romy s1 HaBcerga mokuHysn mup Windows, 1mostomy
BCe TMOC/IeIyIoNIe TIpuMepbl B3aMMOAECTBMSI C KOMaHIHOM CTPOKOI MoJgpasyMeBaoT
Unix-way. BripoueMm, ecyin Bbl BCEé-Taku ucrnonab3yete Windows, 6yabTe yBepeHbl — BCE
OTIMCaHHOe HIDKe 3apaboTaeT 1 y Bac.

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

YcraHaBsiuBaemMm

pém cioma? u 3abupaeM HyKHYIO HaM Bepcuio. O6mmii Unix-BapMaHT yCTaHOBKU
NpesiesIbHO MPOCT:

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

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

Ha MOMeHT HammcaHusl KHUTH SI UCIIOMb30Ban stack Bepcun 1.4.0. Eciu y Bac 6omee
cTapasi Bepcusi — HelmpeMeHHO 0O0HOBuUTeCh. Ecyin ke Gosiee HOBast — y Bac 4YTO-HUOYIb
MOXeT paboTaTh HE COBCEM TaK, KaK OIMMCAHO HIKe, TOCKOJIbKY stack BCE ellé aKTUBHO
pa3BUBaeTCs.

I'naBHOE (HO He e,]lI/IHCTBeHHOE), 4YTo yMeeT nenaTh stack, 3TO:

1. PasBopaumBaTh MHOPACTPYKTYPY.
2. CobupaTh MPOEKTHI.

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

Haskell-mHdpacTpykTypa — 3KOCHCTEMA, KPaeyrojbHbIM KaMHEM KOTOPOIi SIBJISIETCS
paHee yromsaHyTblii komnuasitop GHC. Haskell sBasieTcsi KoMmuanpyeMbIM SI3bIKOM:
MIPWIOXKEHNE IIPeICTaB/IsieT co00i1 OObIKHOBEHHBIN MCITOMHSIEMBIN (aHI. executable)
aiin.

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

Haskell-616110TeKM — KeM-TO HalMCaHHbIe pellieHMs], Criacale Hac OT U300peTeHMsT
BeJIOCUIIEIOB.

PazBopaunBaeM MHPPACTPYKTYPY

Henaem:

$ stack setup

B pesynbraTe Ha Ball KOMITbIOTep OyHeT ycTaHOB/IeHa MHOPACTPYKTypa IMOCIeqHen
cTabuabHO Bepcum. JKUTb BCE 3TO XO3SICTBO OYIET B TOIBKO UTO CO3JaHHOM KaTayiore
~/.stack/. VIMeHHO MO3TOMY YyCTaHaBAMBATh MHOPACTPYKTYpy MAJjisl TOCIEOYIOUIUX
Haskell-ripoekToB BaM yske He MPUAETCS: eAVMHOXIbI pa3BepHY/IM, UCIIOIb3yeM BCeraa.
[Toka BaM He HY}KHO 3HaTh 00 YCTPOJCTBE 3TOI MH(PPACTPYKTYPbI, BOCIPUHUMAIITE €€
KaK JaHHOCTb: Tellepb Ha BallleM KOMITbioTepe skuBeT Haskell.

Hi World

Cospamum Hai repBbiii Haskell-mipoekT:

$ stack new real

3mech real — HasBaHMe MpPOeKTa. B pesynabTaTe OymeT CO3[JaH KaTajaoT real, BHYTPU
KOTOPOT'O Mbl YBUIUM 3TO:

app

L— Main.hs <- [naBHbIi MOAY/Ab NPOFpaMMbl
LICENSE

README .md

real.cabal <- C60pouYHbli KOHPUI npoekTa
Setup.hs

src

L— Lib.hs <- Eué oauH Moayb
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

3amoMHMTE 3Ty KOMaHy, Mbl OyIeM MCIT0/Ib30BaTh €€ IMOCTOSIHHO. B pe3ynbraTe cOOpKMU
rossBUTCSL aiiyl real-exe. PacmosaraeTcsi OH BHYTPM CKPBITOTO KaTajora .stack-work
B KOpHe TpoeKTa. UToObl cpa3y ero 3amyCTUTb, HE KOIMAasiCb BO BHYTPEHHOCTSIX 3TOTO
CKPBITOTO KaTajiora, UCI0/ib3yeM KOMaHLY:

$ stack exec real-exe
someFunc

KomaHpa stack exec 3amyckaeT mnporpaMMy (B JAaHHOM (JIyyae real-exe) BHYTPU
stack-OKpykeHMsI. B oflHOVI 13 mMocCienymIIuX I1aB s MogpoOHee pacCKaxy 00 3TOM
OKpYyXeHMM. Bripouem, MbI MOKeM 3aIlyCTUTh HAIIy MPOrpaMMy M HampsiMmylo, 6e3
stack. VicrionHsieMblit haii real-exe HAXOAUTCSI BHYTPU CKPBITOTO KaTaora .stack-work
B KOpHe mpoekTa. Hampumep, Ha MOEM KOMIIbIOTEpe MYTb K MCIOTHSIeMOMY Gaiiry
TaKOI:

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

Ho MOXXHO ¥ yIIpOCTUTH cebe sKM3Hb, BHITIOJIHMB KOMaHAY:

$ stack install

B pesynbraTe ucnonHseMblii ¢aiin OygeT CKONMMpOBaH B KaTalaor ~/.local/bin
(mompa3yMeBaeTCs, UTO TaKOi KaTaJIor y Bac yke mmeetcst). KcraTu, momesHo 106aBUTh
~/.local/bin B PATH, YTO MIO3BOJIMT BaM TYT )K€ 3aIllyCKaTb IpOrpaMmy:

$ real-exe
someFunc

Bor mbI 1 cosmany Haskell-mipoeKT 1 3amyCcTuaM HaIly IMepBYI0 IIPOrpaMMy, BHIBEIIIIYIO
CTPOKY someFunc. Ho Kak ke 3T0 paboTaeT? [Ipuiiiza rmopa mo3HakoMUTHCS ¢ GyHIaMeHTaTbHO
eAVHUIIeI TIPOeKTa — MOAYJIEM.

Mopaynu: 3HaKOMCTBO

Haskell-ipoekT cocTrouT u3 wmomyneit. Mopynem HasbiBaeTcs daiii, comepskammit
ucxomublii Haskell-kox. Onun ¢aitn — oguH Moay/ab. Pacmyipenne .hs — cTaHIapTHOE
paciipenus ajist moayieii. B Haskell HeT moHSTHST «3aro/I0BOYHBIN (haiii»: KaKIblii U3
MOy/eli paccMaTpuUBaeTcsl KakK CaMOCTOSTe/bHAs edMHMIIA MPOeKTa, copepskallasi B
cebe pa3Hble IT0/Ie3HbIe Bel. A YTOObI BOCIIO/NIb30BaThCSI STUMM BelllaMi, HE0OXOIMMO
OAVH MOAY/Ib UMIIOPTUPOBATH B IPYTOIA.

OTKpoeM MOIyNIb src/Lib.hs:



I'naBa 4. IIpurotoBumcs 20

module Lib -- Wma modyns
( someFunc -- MHmepgelic modyss
) where

-- Bcé codepmumoe MO0y - 3ma QyHKyus.
someFunc :: I0 ()
someFunc = putStrLn “someFunc”

B mepBoii CTpoKe 06BSIBJIEHO, UTO MMSI 9TOTO MOIY/IS — Lib. [lajiee B KPYIJIbIX CKOOKAx
yKasaH uHTepdeiic JaHHOTO MOJIY/ISI, TO €CTh Ta €r0 YacTh, KOTOpAst BUAHA BCEMY MUPY.
B maHHOM C/lyyae 3TO eIMHCTBEHHast PyHKUMSI someFunc, OOBSIBJIEHME U OIpefe/ieHNe
KOTOPOJi UIET majiee, BCIEH 3@ KIIOUEBBIM CJIOBOM where. [Ioka BaM He HYKHO 3HaTh O
CUHTaKClCce OOBbSIBIIEHNS U OIpeieneHnii GYHKIMM, B CTIEAYIONIMX [IaBaX Mbl pa3depém
€ro TIIaTeJbHENIINM 00pa3oM.

Ternepb OTKpOEM MOAY/b app/Main.hs:

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

main :: I0 ()
main = someFunc -- /Mcnoib3yem e2o codepmumoe. ..

OTO MOmy/ib Main, IJIaBHBIV MOMY/Ib HAIIero MPUIOKEHMs, Bedb MMEHHO 37eCh
omnpeneneHa GyHKIMS main. C ITOMOIIbIO AMPEKTUMBBI import MbI BK/IIOUaeM Croza
MOIY/Ib Lib ¥ MOXXeM paboTaTh C COMEPSKUMbBIM 3TOTO MOJYJISI.

3aroMHMTe MOAyJ/b Main, C HMM MBbI 6y,HEM pa6OTaTb yaire Bcero. Bce IMpuMepbl
MCXOOHOI'o KoJa, KOTOpbi€ Bbl YBUINUTE Ha CTPaHUILIAX 3TOM KHUTHU, JKXUBYT MMEHHO B
MozAyJie Main, €C/I He OTOBOPEHO MHOE.

Bce Momynu B HAIMX MPOEKTaX MOXHO pasfelnTh Ha B YacTU: Te, KOTOPbIE MBI
6epém 13 6UOGIMOTEK U Te, KOTOPbIe MbI CO3LAIN CaMU. BUOIMOTeKM — 3TO yke KeM-
TO HaMJ)CAaHHbIE PeIleHMs], B MOCAeAYIOIMX [7IaBaX MbI MTO3HAKOMMMCSI CO MHOTMMM
n3 Hux. Cpeny 6MOGIMOTEK CAeAyeT BbIAEIUTH OHY, TaK HAa3bIBAEMYIO CTAHIAPTHYIO
6mbmoTeKky. Momgyau M3 CTaHIAPTHOM OMOIMOTEeKM Mbl HAUHEM MCIOIb30BATh YKe
B OmoKaimx rmaBax. A ofHa M3 MIaB Oy#eT MOTHOCTHIO TOCBSIIEHa pacckasy o
6mMbMMoTeKax: U3 Heé Mbl ITOAPOOHO y3HAeM, OTKyHda O6epyTcs OMOMMOTEKM M KaK UX
MOYKHO MCITOJIb30BaTh.

J171s1 TFI0OOIIBITHBIX

Ilo mosiBieHMsI stack OCHOBHBIM cItoco6oM yctaHoBKM Haskell 6pi1a Tak Ha3piBaeMast
Haskell Platform®. OgHako MMeHHO stack, HECMOTpPSI Ha CBOIO MOJOJOCTb (BbILIEN B
cset sietoM 2015 ropga), sIB/IsieTCs MpeANoUTUTeIbHBIM IyTéM B Mup Haskell, oco6eHHO

Shttps://www.haskell.org/platform/
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IJIST HOBMYKOB. Ero HacTo/nbKo Momoomiu, uto nocienHue Bepcum Haskell Platform
BKJIIOYAIOT B Ce0SI stack IT0 YMOTYAHUIO!

Kak BbI 3aMeTunu, uMeHa (aiiyioB C MCXOOHBIM KOMOM HAuUMHAIOTCSI C OOJbIIOi
OYKBBI: app/Main.hs M src/Lib.hs. CTpOro roBopsi, 3TO HeOOSI3aTEJIbHO, MOXHO U C
MaJIeHbKOJi 6YKBbI, OHAKO JIJIT TApMOHMM C MMEHEeM MOIYJIS JIydIlle TIPUIePKIUBAThCS
OOIIETIPUHSTONM MPAKTUKY ¥ Ha3bIBaTh (haiiyl MOMIY/ISI IT0 MMEHM CaMOI'0 MOIYJIS:

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

1 emgé. IIpu co3maHMM MPOEKTa Mbl MOIIM Obl MCIIOIb30BaTh CXeMY simple BMECTO
Tpe/ijIaraeMoysi 1o yMOoJTYaHM10. JIJIsT 9TOTro IMPOEKT HY>KHO ObIJIO CO3/1aTh KOMaH/I0:

$ stack new real simple

rae simple — MMSI CXeMbI POeKTa. Jlesio B TOM, YTO KOMaHJa stack new MOXeT CO3,aBaTh
3arOTOBKM MTPOEKTOB IS pa3HbIX HYX. [IpocTeiiiias 13 3aroTOBOK Ha3bIBaeTCs simple.
B aTOM city4ae B mpoeKkTe OTCYTCTBYeT MOAY/Ib src/Lib.hs, a €CTh INIIb src/Main.hs:

LICENSE

Setup.hs

real.cabal

src

L— Main.hs <- EAMHCTBEHHbI Moay/b
stack.yaml

[ TTTT

Ia, Mbl MoOraM ObI BOCIOJIB30BATbCS JAHHOM CXEeMOJ, OJHAKO B 3TOM Caydyae MbI
He yBuaenu Obl MeXaHM3Ma MMIIOPTa OJHOTO MOAYJIS B Apyroit. S pag, 4TO BbI
MO3HAKOMMUJIUCh C MMIIOPTOM Y)Ke ceifuac, Befb B IOCIEAYIOUIMX IJIaBaX MbI OymeMm
TTOCTOSIHHO VCITO/Ib30BaTh Pa3/JIMUHbIe MOIY/IM 3 MHOTUX OMOIMOTEK.
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Kutsl u Uepermnaxa

I/ITaK, IMMPOEKT CO3aaJ/IN, TEIIEPb MbI TOTOBBI HAUATb HAalll€ ITyTEIIECTBUE.

Haskell crouT Ha Tpéx KuTtax, umeHa KotopbiMm: @yHkuust, Tun 1 Kiacc Tumos. OHM ke,
B CBOIO oUepeb, IOKOSITCS Ha OrpOMHOI1 Ueperaxe, MMsi KOTOpPOil — BeIpakeHue.

Yepemnaxa

Haskell-riporpamma npencraBiisieT co607 COBOKYITHOCTD BhIPayKeHMI (aHIJI. expression).
B3rnsguure:

1+2

910 — ocHoBHOJ Kkupnuu Haskell-mporpammel, 6yab 1O Hello World mam yactb
MHOPACTPYKTYPbl MEXKIyHApOAHOro 6aHKa. KoHeYHO, MOMMMO CIOKEHUS eIUHUIIBI C
IBOVKO¥ CyIeCTBYIOT U APYTUe BbIpAasKeHMsI, HO CYyTh Y HUX Y BCeX OfTHA:

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

[Tone3Hblil pe3y/nbTaT Mbl IOJyyaeM B pe3y/lbTaTe BblUMCIeHUs (aHII. evaluation)
BbIpakeHNMsi. Bce BbIpaskeHMSI MOKHO BBIUMCIUTb, OJHAKO OJHM BBIPAKEHUSI B
pe3y/ibTaTe BBIUMCIEHMS yMeHbIIaloTcs (aHmI. reduce), a apyrue — HeT. [lepBbie
MHOIJAa Ha3bIBAIOT PeAyLMPYyeMbIMM BBIPOKEHUMSIMM, @ BTOpble — HepegylypyeMble.
Tak, BeIpaskeHMe:

1+2

OTHOCUTCS K pefyl¥pyeMbIM, IOTOMY UTO OHO B pe3y/IbTaTe BbIUYMCIEHNUS] YMEHbIIUTCS
M 1acT HaM JIpyroe BbIpaykeHue:

9TO BbIpa’k€eHIe YK€ HeJIb3sd YMEHbIINTb, OHO Hepeayuupyemoe m Mbl Te€IlePb JIUIIb
MOJXEM UCIIOJIb30BaThb €ro Kak eCTb.

22
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Takum 06pa3oMm, BIPasKEHMS, COCTABISIONIME [TPOTPAMMY, BBIUMCISIOTCS/PeIYIIVIPYIOTCS
IIO TeX IIOp, ITI0Ka He OCTAaHeTCs HeKOe OKOHYaTelbHOe, KOPHEeBOe BbIpakeHue. A 3aIyCcK
Haskell-mporpaMmbl Ha BbIMIOJIHEHME (QHIVI. execution) — 3TO 3aIlyCK BCeil 3TOit
LIeMIOYKM BBIYMCJIEHUI, TIPUUYEM C KOPHEM 3TON LEMOYKM MBI yKe IMO3HAKOMMJINUCH
paHee. [lomHuTe GYHKIMIO main, OINpeNeJEHHYI0O B MoAy/le app/Main.hs? BoT 3ra
dyHKIIMS U SIBJISIETCS TVIAaBHO TOYKOI Haleii mporpaMmbl, eé Anbdoit 1 OMeroii.

IlepBbiit Kut

BepHEMCS K BbIpaXKeHMIO 1 + 2. [ToyIe3HBI pe3y/lbTaT MbI ITOJYYMM JIUIID IIOC/TE TOTO,
KaK BBIUMCIMM 3TO BBIpaKEHME, TO €CTh OCYIIECTBUM CJIOKeHMe. M Kak >Ke MOKHO
«OCYIIeCTBUTb CJIokeHMe» B paMkax Haskell-mporpammpi? C momomibio GyHKIIAN.
MIMeHHO (GYHKUMSI JelaeT BbIpaskKeHMe BbIYMCIMMBIM, MMEHHO OHA OKMBJISIET HaIIy
rporpaMmmy, rmotomy st u HazBan ®yukuuio [Tepseim Kutom Haskell. Ho ma6s1 n3besxkatnb
HeJ0pa3yMeHMii, OTIPeIeIMMCS C TIOHSITUSMUA.

Yro Takoe QyHKIMS B MaTeMaTHKe? BCIIOMHMM MIKOIBHBIN KYpC:

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

PaccmoTpuM (QyHKIMIO BO3BEIEHMS 1I€JIOTO YMC/Ia B KBaJpar:

square v = v * v

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

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

BxogHoe 3HaueHMe QyHKIMM HA3bIBAIOT apryMeHTOM. A TaK Kak GYHKIMS OTIpefesisieT
OMHO3HAYHYIO 3aBMCUMOCTh BBIXOJHOTO 3HAUEHMSI OT aprymeHTa, e€, (QyHKIMIO,
Ha3bIBAIOT elé omobpaxceHuem: OHa OTOOpakaeT/MpoeLpyeT BXOJHOe 3HaueHue Ha
BbIXOmHOeE. [TomyJaeTcst Kak 6bI TpyOa: KMHY/IN B HEE 2 — C APYTOi CTOPOHBI BBITIETENO 4,
KWHYJIU 5 — BBUIETEJIO 25.

YTto6bl 3aCTaBUTh (QYHKIMIO CIeIaTh IOJIE3HYI0 paboTy, eé HeoOXOaMMO MPUMEHUTD
(aurn. apply) k aprymenty. [Tpumep:

square 2

MbI ipuMeHMUIM QYHKIMIO square K apryMeHTy 2. CMHTaKCUC TPeAebHO MPOCT: MMS
dbyHKUIMM M yepe3 mpoben aprymeHT. EcaM apryMeHTOB 0Oojiee OIHOTO — IIPOCTO
IOIMChIBAEM X TaK Ke, uepes rpobes. Harpumep, QyHKIMS sum, BBIYUCISIONIAS CYMMY
IBYX CBOVX II€JIOUMCIIEHHBIX apPTyMEHTOB, IPUMEHSIETCS TaK:
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sum 10 20

Tak BOT BeIpaskeHMEe 1 + 2 €CTb HY UYTO MHOE, KaK mpuMeHeHne GyHKiyu! 1 4ToOb! sicHee
9TO YBUIETH, MIepeInIlieM BbIpaskeHMe:

(+) 12

Oto mpuMeHeHMe (YHKIMM (+) K IBYM aprymeHTam, 1 u 2. He yauBisiiTech, 4To
UMs QYHKIMM 3aKTI0UYEHO B CKOOKM, BCKOpe S pacCcKaxky 06 3TOM moapoOHee. A 1oKa
3aIIOMHUTE IJIaBHOE:

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

U1 em€. Bo3MOXHO, BbI C/bIIIQJM O TakK Has3biBaeMoM «BbI3oBe» dyHKIMMU. B Haskell
(dyHKIIMM He BBI3BIBAIOT. [IOHSITHE «BBI30OB» (PYHKUMM MPUIUIO K HAM U3 MTOYTEHHOTO
sg3pika C. TaM GyHKUMM [OEeMCTBUTENbHO BbI3BIBAIOT (aHmI. call), moromy uto B C,
B oramume oT Haskell, moustue «@yHKUMSI» He MMeeT HMUKAKOTO OTHOIIEHUS K
MaTeMaTuke. Tam 3TO MOAIIpOTpaMMma, TO €CTb 000COOGIeHHbI KycOueK IMPOrpamMMbl,
IOCTYITHBI/ TI0 HEKOTOPOMY ajapecy B MamsTu. Ecim y Bac ecTh OIBIT pa3paboTKu
Ha C-TOmoOHBIX sI3bIKAX — 3a0ymbTe o moamporpamme. B Haskell ¢ynkuus — srto
dyHKIMST B MaTeMaTUUeCKOM CMbIC/IE CJIOBA, IO3TOMY €€ He BbI3bIBAIOT, a IPUMEHSIIOT
K YemMy-To.

Btropoi Kur

Urak, mo6oe penyuyupyemMoe BbIpaskeHUe CYTb NMpuMeHeHMe GYHKIUMU K HEKOTOPOMY
apryMeHTY (TOXe SIBJISIOIEeMYCSI BbIpaXkeHMEeM):

square 2
GYHKUMA apryMmeHT

AprymMeHT mipeAcTaBisieT co60ii HEKOTOpOe 3HaueHMe, ero emé Ha3bIBAIOT «JaHHOe»
(aurn. data). Jauusie B Haskell — sro cymiHocTy, obnamaroiiue ABYMS IVIAaBHBIMMU
XapaKTepUCTUKAMM: TUTIOM ¥ KOHKPETHBIM 3HaUeHEeM/COeP>KUMBIM.

Tun — sto Bropoit Kut B Haskell. Tum oTpaskaeT KOHKpeTHOE COAEPKMMOe JaHHbIX, a
IIOTOMY BCe JaHHbIe B IIporpaMme 06s3aTeIbHO MMeEIOT Hekuii Tvi. Korga Mbl BUIMM
IaHHOE TUIIA Double, MbI TOYHO 3HAEM, UTO Mepe]; HAMU YMCJIO C IIaBaoLIei TOUKOM, a
KOT/Ia BUAVMM JaHHbIE TUIIA String — MOXKEM PydaThCsl, UTO Mepe HaMy CTPOKIA.

OtHomenne K TuaM B Haskell ouenb cepb€3Hoe, 1 paboTa ¢ TUIIAaMU XapaKTepU3yeTCs
TpeMsI BaKHbIMU YePTaMM:

1. craTuueckas IIpoBepKa,
2. cuna,
3. BbIBEIEHMeE.
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Tpu 3T cBovicTBa cucteMbl THIOB Haskell — Hamm mo6pbie Apy3bsl, BeIb OHU IEJIAIOT
HaIlly ITPOrpaMMMCTCKYIO KM3Hb cuacTauBee. [I03HaKOMUMCS C HUMUA.

CraTnyeckasi mpoBepka

CraTuueckas TpoBepKa TUIIOB (aHIJI. static type checking) — 3To mpoBepKa TUIIOB Bcex
IaHHBIX B IMpOrpaMMe, OCyllecTBisiemMasi Ha sTarne kommusiiyu. Haskell-kommmnsitop
YIIPSIM: KOTIA €My UTO-I1M00 He HPaBUTCS B TUIIAX, OH TPOMKO pyraeTcsi. [losTomy ecin
byHKIMS paboTaer ¢ 1eabIMU YMCIaMy, IPUMEHUTD €€ K CTPOKaM HUKAK He TOTYINTCS.
Tak 4TO eCcnM KOMOWISLMS Hallell MporpamMmbl 3aBeplIniach YCIENIHO, Mbl TOUHO
3HaeM, 4YTO C TUIIAMM y Hac BCé B mopsigke. [IpenmylecTBa CTaTUYeCKON MPOBEPKU
HEeBO3MOXXHO I[IepeoLeHUTh, Belb OHA rapaHTUpyeT OTCYTCTBME B HAIIKUX IIpOrpaMmax
1IeJIOTO psa OMMO0K. MbI y)Ke He CMOKeM CITYyTaTh UMCIa CO CTPOKAMMU MM BBIYECTH
MeTpbI U3 pyosIeii.

KoHeuHO, y 3TOV Memanu ecTb M obGpaTHas CTOPOHAa — BpeMsl, 3aTpauyMBaeMoe Ha
KOMIIMJISILIVIO. BaM MpuAETCS CBBIKHYTBCS C 3TOI MbIC/IbIO: BHECV MI3MEHEHMS B IIPOEKT
— 6ynbTe OOPBI CKOMIMIMPOBATh. OFHAKO yTelleHeM BaM MYCTh MOCTYKUT TOT (HaKT,
YTO MPEMMYIIEeCTBA CTATUYECKON MTPOBEPKM Kyda IleHHee BpeMeHM, TOTPauyeHHOro Ha
KOMIMJISILIVIO.

Cuia

CunbHast (aHMI. strong) cucremMa TUIIOB — 3TO 6eCKOMIIPOMMUCCHBIN KOHTPOIb
COOTBETCTBUSI OXKMJIaeMOro JeiicTBuTesbHOMY. Cuia fgenaeT paboTy C TUIIAMM elllé
60s1€€ akKypaTHOi. BoT Bam mpumep u3 mupa C:

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

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

OTO KAaHOHMYECKUIi ITpuMep mpobieMbl, 00yCI0BAeHHOI c/1aboii (aHrI. weak) cucreMoii
TUNOB. PYHKUUS coeff BO3BpalllaeT 3HAauUeHMe Tura double, OAHAKO BbI3bIBAIOIIAS
CTOpPOHA OKMIAET ITOUYeMY-TO Ieoe unciio. Hy BOT omm61ch Mbl, KpMBO CKOITMPOBAJIN.
B sToM ciydyae MpPOM3ONMIET KYJIbHUUYECTBO, Ha3blBaeMOe€ CKPBITBIM IpUBeIeHNEM
TUIIOB (aHII. implicit type casting): umcio ¢ IUIaBamIneil TOYKOW, BO3BpAIEHHOE
dyHKIIMET coeff, OyeT rpy60 CJIOMaHO ITYyTEM IMPUBENEHMS €T0 K TUITY int, B pe3y/IbTaTe
yero ApobHas yacTb OymeT OTOpOIIeHa M MbI ITOJIYIMM He 608.4426, a 608. [lomoOHast
ommnbKa, KCTaTu, MPUBOAWIA K CEPbE3HBIM ITOCAEACTBUSIM, TaKUM KaK YHUUTOXKEHME
KOCMMYECKHMX arrmapaToB. HeT, 3To BoBce He 03HauaeT, UYTO cjabas TUnmM3aius yxacHa
cama 1o cebe, TPOCTO €CTh MHOI ITyTh.

Bnaromapst cunbHOM Tunmsauuu B Haskell momo6GHBIN Kox He MMeeT HUM MasIeMIInMxX
[IAHCOB MPOWTY KOMIWISIMIO. MbI Bcerma IMOAy4aeM TO, UYTO OXMUIAeM, U €eCiau
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IOJDKHO OBbITh UMCIO C TIJIaBalOIIeif TOYKON — pacmmbuch, HO MPeIoCTaBb MMEHHO
ero. KoMmmasiTop CKpymy/l€3HO OTCIEXKMBAeT COOTBETCTBME OXUAAEMOTo Turma
(akTMUeckoMy, TTOSTOMY KOTIA KOMITMJISIIIVSI 3aBepIIaeTcs YCIeNIHO, Mbl abCOMIOTHO
yBepeHbI B TApDMOHMUM MEKIY TUIIaMM BCeX HAIIMX JaHHbIX.

BpiBeneHue

BoiBefenne (aHria. inference) TMIMOB — 3TO CMOCOOHOCTH OIPENENUTH TUIT JTAHHBIX
aBTOMAaTHUYECKM, IT0 KOHKPETHOMY BbIpaskeHM10. B TOM ke si3bike C TUIT JaHHBIX CJIEAYeT
YKa3bIBaTh SIBHO:

double value = 122.04;

omHako B Haskell MbI Hammmiem mmpocTo:

value = 122.04

B sTom cjlydyae KOMIIUJISITOP aBTOMaTUYeCKM BbIBEJIET TUII value Kak Double.

BrIBefeHMe TUIIOB Ae/IaeT Halll KOf, JIAKOHMYHEE U ITPOoIIe B CONMPOBOXKAEHNM. Bripouem,
Mbl MOKEM yKa3aTh TUIT 3HAUeHUS] U SBHO, a MHOTMAA JaXe O/KHBI 3TO ClenaTb. B
MOCJIeAYIONIMX IJIaBax S OOBSICHIO, [TOUEMY.

,H,a, KCTaTu, BOT HpOCTGVIH.IME CTaHOapTHbI€ TUIIbI, OHM HaM l'IOHa,H,O6$ITC$[Z

123 Int

23.5798 Double

’a’ Char
”Hello!” String

True Bool, uctuHa
False Bool, noxb

C Tumamu Int U Double BbI yKe 3HAKOMbI. Tum Char — 3To Unicode-cumBon. Turm
String — cTpoka, cocrosimas u3 Unicode-cuMBOMOB. Tl Bool — JIOTMYECKUIA THII,
COOTBETCTBYIOIIMIT UCTMHE WUAK JDKU. B mowienyomux rjaBax Mbl BCTPETUMCS ellé C
HEeCKOJIbKMMU CTaHIAPTHBIMU TUIIAMM, HO TIOKA XBATUT U 3TuUX. M 3amMeTbTe: MMS TUIIA
B Haskell Bcerma HaumHaeTcs ¢ 6010 OYKBBI.

Tpetuint Kurt

A BoT 0 Tperbem Kute, 0 Knacce Tumos, s moka yMmosdy, IOTOMY UTO 3HAKOMMUTBCS C
HUM CJIeIyeT JIUIIIb ITOC/Ie TOTO, KaK MbI ITOGIVIKE TTOAPYKMMCS C TIEPBBIMY IBYMSI.

VBepeH, Moc/ie MPOYTeHMS ITOM IVIaBbl y Bac MOSIBUJIOCh MHOYXKeCTBO BOIPOCOB. OTBETHI
6ynyT, HO To33Ke. Bosee Toro, cienyomias riaBa HECOMHEHHO YAMBUT Bac.
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JIJ1s1 TFOOOIIBITHBIX

Ecnu BbI paboTanu ¢ 06beKTHO-OPUEHTUPOBAHHBIMMU SI3bIKAMU, TakuMu kak C++, Bac
YOUBUT TOT akT, uto B Haskell MmeXXmy MOHSITUSIMM «TUTI» U «KJIACC» MIPOBEIEHO UETKOE
pasnnume. A MOCKOJIbKY TuHaM ¥ kiaccaMm TurnoB B Haskell orBemeHa xomoccampHO
BasKHasl poJsib, OOOpBIi BaM COBET: KOrjga B OyAyI[MX IJlaBaX Mbl MO3HAKOMMMCS C
HMMM TOO/MVSKe, He TbITaiiTech MPOBOAUTb aHAJIOTUM U3 APYIUX S3bIKOB. Hampumep,
HEeKOTOpbIe YCMaTPUBAIOT POJICTBO Mexxay Kiaccamu Turos B Haskell u untepdeitcamu
B Java. He menaiiTe 3TOr0, BO M30€XaHMe MyTaHUIIbI.
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Hen3MeHHOCTDb 1 YMCTOTA

B mpeppiayiieii miaBe Mbl MO3HAKOMWINCH ¢ (QYHKUIMSIMU U BbIpaSKEHUSIMM, YBUIEB
ONMM3KYI0 CBSI3b 3TUX TIOHSTMI. B 3TOi I71aBe Mbl MO3HAKOMMMCS C GYHKIUSIMU
Mo6IsKe, a TaKKe y3HaeM, YTO TaKoe «UMCTO QYHKIIMOHAIbHBI» SI3BIK U ITOUeMY B HEM
HeT MeCTa OIlepaTopy NpMCBauBaHMSI.

OO0BsAB/ISIEM U ONpenessieM

[IpumeHeHMe (YHKIMM HAM YK€ 3HAKOMO, OCTaJOCh y3HATh IIPO OObBSIBIEHNME U
orpeneneHne, 6e3 HUX MCIIONb30BaTh (PYHKINMIO He IMOMyYUTCS. IToMHUTE QYHKIINIO
square, BO3BOJSIIYIO CBOJ eIMHCTBEHHbBI apryMeHT B KBaApaT? BOT Kak BBINISAUT €6
00BbsIBJIEHME U OTIpeHesieHne:

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

[TepBasi cTpoKa COONEPKUT OObsIBIIeHUe, BTOpasi — ornpeneneHue. OObsBIeHNe (AHIJ.
declaration) — 3TO BeCTh 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 QyHKINS.

PaccMoTpuM 0OBSIBIIEHUE:

square :: Int -> Int

OHO pasjeneHo OBOIHBIM JBOETOUYMEM Ha JIB€ YaCTU: CJieBa yKa3aHO MMS (QYHKIINM,
CIpaBa — TUIIbI, C KOTOPbIMM 3Ta (QYHKIMS paboTaeT, a MMEHHO TUIIbl apTyMEHTOB
M TUIT BBIYMCIIEHHOTO, UTOTOBOTO 3HaueHMs. Kak BbI y3HAIM U3 MPEIbIAYIIel IJIaBbl,
Bce maHHble B Haskell-mporpaMme MMeIOT KOHKPETHBIN TUII, a TTOCKOJbKY (YHKIIMS
paboTaeT C JAaHHBIMMU, €€ OObSIBIIEHME COIEPKUT TUIIbI ITUX JAHHBIX. TUIIbI pa3IeeHbl
CTpeJIKaMN. CxeMaTUYHO 3TO BBITJIAONT TakK:

28
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square :: Int -> Int

nma ™n ™n

GYHKUMM  apryMeHTa  BblYMCJIEHHOrO
3Ha4veHnA

Takoe 06bsIB/IEHVE COOOIIIAET HAM O TOM, UTO QDYHKIIMS square IIPUHMMAET eIMHCTBEHHbI
aprymMeHT TuIa Int ¥ BO3BpalllaeT 3HAUe€HMe TOro Ke Tuma Int. Eciam ke aprymMeHTOB
6osiee OTHOTO, OOBSIBJIEHME TTPOCTO BhITATMBaeTcs. Hampumep, oObsBaeHe GYHKINN
prod, BO3Bpallawleil Mpou3BedeHMe IBYX LIEJOUMCIEHHBIX apryMEHTOB, MOIJIO ObI
BBIIVISIIETDh TaK:

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

aprymMeHTa  aprymMeHTa  3HayeHus

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

MbI He MOXkeM paboTaTth ¢ GyHKIMEN, KOoTopasi Hu4ero He BbiuncisieT. To ecTb aHamora
C-byHKIMM void f(int i) B Haskell 6bITh He MOKeT, TaK KaK 3TO MPOTUBOPEUUT
MaTeMaTu4yeckoi mpupoae. OqHaKo Mbl MOXKEM paboTaTh ¢ QYHKIMEN, KOTOpast HUYETO
He IIPMHMMAET, TO ecThb ¢ aHaorom C-byHKIMM int f(void). C TakKMMM QYHKUMSIMU MbI
[I03HAKOMMMCS B CJIeQyIOLIuX [7IaBax.

Terepb paccMOTpuUM ormipenesneHne GYHKINN square:

square v = v * v

Cxema orrpenejieHMs TaKoBa:
square Vv = vV ¥y

nma nma 3TO BblpaxeHue
GYHKUMM  aprymeHTa

A yHKUMS prod onpeeieHa Tak:

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

aprymMeHTa aprymeHTa

OmnpeneneHue TOXe pa3fgeleHO Ha JBe YacTH: (JieBa OT 3HAKa paBEHCTBA — UM
GyHKIMM M MMeHa apryMeHTOB (MMeHa, a He TUIIbI), pa3lesiéHHble Mmpobenramu, a
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CripaBa — BbIpaXkeHMe, COCTaBJsiOllee CYyThb GYHKIMM, €€ colepkumoe. MiHorma atu
YaCTU HA3bIBAIOT «T'OJIOBOV» U «TEJIOM»:

square \ = v *vy
ronoea ¢GyHKUUM Teno ¢yHKuMn
(aHrn. head) (aHrna. body)

O6paTuTe BHMMAaHMe, peuyb 3[eChb UAET MMEHHO O 3HaKe paBeHCTBA, a HMKAaK He 00
oreparope TpuUcBauBaHMs. Mbl HMUETO He MNpPUCBAMBaeM, Mbl JIUIIb JeKIapupyeM
PaBeHCTBO JIeBO M MpaBoiil yacteil. Korma Mbl uiiem:

prod X y = x *y

MbI 00BsSIBNIIEM cienywoilee: «OTHbIHE BbIpaskeHMe prod x y PaBHO BBIPAKEHUIO x
* y». Mbl MO)keM 6e30I1acHO 3aMEeHUTb BbIpaskeHue prod 2 5 BbIpaKEHMEM 2 * 5, a
BbIpaskeHMe prod 120 500 — BbIpaskeHMEM 120 * 500, ¥ IPU 3TOM paboTa IPOrpaMmbl
rapaHTMPOBAHHO OCTAHETCSI HeM3MEHHOIA.

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

Yncro QyHKIMOHATIbHBIN

Haskell — uncro dyHKIMoHanbHbI (aHIII. purely functional) s3b1k. UncTo QyHKIIMOHATbHBIM
OH Ha3bIBAETCS IOTOMY, UYTO IIEHTPaJbHOE MeCTO B HEM YyZe/IeHO UMCTOM PYHKIMM (aHIL.
pure function). A 4ucToii Ha3bIBaeTcs Takasi PyHKIMsI, KOTOpasl MpeaeabHO YecTHa C
HaMU: e€ BbIXOZHOE 3HaUeHMe BCellesio OTpeieNsieTcsl e€ apryMeHTamMmu 1 60jiee HU4eM.
9To 1 ecTh QYHKIMSI B MAaTEMATMYECKOM CMbIC/IE. BCTOMHMM GYHKINIO prod: KOTIa Ha
BXOZle UKciaa 10 U 20 — Ha BbIXOZe Bceraa OyaeT 200, M HUUYTO He CITOCOOHO MOMeIIaTh
sToMy. DYHKIMS prod SIBJISIETCSI UMCTOM, @ TIOTOMY XapaKTepuU3yeTcs] OTCYTCTBMEM
1o6ouHbIx 3pdexToB (aHII. side effects): oHa He crtoco6Ha caieslaTh HUUETo, Kpome Kak
BEPHYTb MPOM3BeJleHMe IBYX CBOMX apryMeHTOB. IMeHHO mo3ToMy umcTast GyHKIMS
TpefebHO HAJIEXKHA, BeIb OHA He MOXKET IPEITOIHECTY HAM HUKAKMX CIOPIIPU30B.

Ckaxy 6osibliie: umcTbie QYHKIMM HE BUISAT OKpYysKatomiuii mup. Boobie. OHM He MOTYT
BBIBECTM TEKCT Ha KOHCOJIb, X HeJIb3S 3aCTaBUTh oO0paborath HTTP-3ampoc, oHM He
YMEIOT IPYKUTh ¢ 6a30Ji TaHHBIX U IIPOYeCThb (aiiyl OHM TakKe HecrocooHbsl. OHU CYyTh
Belllb B cebe.

A 4TOGBI yOMBUTD Bac elié 60sblile, OTKPOIo elné onuH cekpeT Haskell.

«IIpucBanBanue? He, He cibImial...»

B mupe Haskell HeT mecTa oriepaTopy npucBamuBaHus. Bripouem, 3TOT bakT yauBUTeIeH
JUIIb Ha TIepBBIA B3IISAA. 3amyMaeMcs: e Kakgas (QYHKIMS B KOHEYHOM MUTOTe
MpeCcTaB/IsieT cOO00I0 BbIpaskeHMe, BHIUMCISIEMOe TTOCPeACTBOM IIPYMEHEeHUS] KaKUX-TO
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Ipyrux QYHKIMI K KAKMM-TO APYTUM apryMeHTaM, TOT/Ia HaM IPOCTO He HY>KHO HUUero
HUUYEeMY ITPUCBauBaTh.

BcrioMHMM, YTO TIpUCBaMBaHMe (QHIVI. assignment) MPUILIO K HAM M3 MMITepaTUBHBIX
SI3bIKOB. MIlepaTuBHOE IIporpaMMupoBaHue (aHIJI. imperative programming) — 3TO
HarpaBJieHKe B pa3paboTke, 06 beAMHSOLIee HeCKOIbKO MapaurM MporpaMMUpPOBaHMS,
OITHOV 13 KOTOPBIX SIBJSIETCSI 3HAMEHUTAs] 0ObeKTHO-OPMEeHTMPOBAaHHAs Mapagurma.
B pamkax 3TOro HampaB/ieHUsI ITpOrpaMMa BOCIIPMHMMAETCSI KaK Habop MHCTPYKIIMIA,
BBITIOJIHEHME KOTOPBIX HEPa3phIBHO CBSI3aHO C M3MeHEeHMeM COCTOsSIHUMS (aHI/I. state)
3TOI TIporpaMMbl. BOT mouemMy B MMITIEPaTUBHBIX SI3bIKAX 00SI3aTEIbHO MPUCYTCTBYET
TIOHSTHUE «IlepeMeHHasl» (aHIJ. variable). A pa3 ecTb IepeMeHHble — JIOJKEH OBITH U
omepaTop npucBauBauus. Korma Mbl mmem:

coeff = 0.569;

MbI T€M CaMbIM ITPMKa3bIBaeM: «Bo3bMM 3HaUEHME 0.569 U repesamnmnim MM To 3HaueHume,
KOTOpOE YyKe COomep>KasioCb B nepeMeHHoﬁ coeff mo storo». 1 repe3armcbiBaTb 3TO
3HavyeHMe Mbl MOXKeEM MHOXXeCTBO pa3, a ¢JieaoBaTe/IbHO, MbI BLIHY>KJI€HbI BHMMATE/IbHO
OTCIIEXXMBATh TEKyIIee COCTOsSSHUE HepeMEHHOﬁ coeff, paBHO KaK M COCTOSHUS BCEX
OCTaJIbHbIX IT€pEMEHHbBIX B HallieM KO/Jl€e.

OmHako CyIIeCTBYeT MPUHIMIIMAIBHO MHOV IIOAXOHN K pa3paboTke, a MMEHHO
IeKjJapaTuBHOe IIporpamMmMupoBaHue (aHmi. declarative programming). [TaHHOe
HampaBjieHMe TaKke BK/IIOUAaeT B CeOS HECKOJbKO IapagurM, OIHOV M3 KOTOPBIX
sBiseTcss GYHKIMOHA/JIbHAS IMapagurMa, Hamieminasi cBoé BoruiomieHue B Haskell.
[Ipu sTOM TOAXOHE IMporpaMma BOCIIPMHMMAETCS YK€ He KaK Habop MHCTPYKIMIA, a
KaK HabOp BBIPAKEHMIL. A IMOCKOJIbKY BbIPAsKEHUST BBIUMCISIIOTCS ITyTEM MPUMEHEeHMUS
dbyHKIMIT K apryMeHTaM (TO €CTb, MO CyTH, K APYTMM BbIpaKeHMSIM), TaM HET MecTa
HM TIepeMeHHbIM, HU orepaTopy IpucBauBaHus. Bce manHbie B Haskell-mporpamme,
OyayuM CO3MAHHBIMM €IVHOXIbI, )K€ He MOTYT ObITh M3MeHeHbI. [loaToMy HaM He
HY>KEH He TOJIbKO OIlepaTop MpMCBaMBaHMs, HO M K/IOUeBOe CJI0BO const. M Korma B
Haskell-konme mbI ruiiem:

coeff = 0.569

MbI ITPOCTO 00BbsiB/IsIeEM: «OTHbIHE 3HaUeHMe coeff PaBHO 0.569, ¥ TaK OHO Oy[IeT Bcermar.
Bor nouemy B Haskell-kozme cMMBOJI = — 3TO 3HaK paBeHCTBA B MaTeMaTUYeCKOM CMbICITE,
Y C TIpMCBaMBaHMeM OH He MMeeT Huuero ob1iero.

VBepeH, Bbl yayuBieHbl. Kak ke MOXKHO HamucaTh peajibHYI0 ITpOrpaMMmy Ha si3bIKe, B
KOTOPOM HeJlb3s1 U3MeHSTh AaHHble? KaKkoii TPOK OT 3TUX YMCTBIX GYHKIINIA, €C/T OHU He
CITOCOOHBI HM (AT TPOUECTb, HU 3aITPOC IO CETU OTIPaBUTh? OKa3bIBaeTCs, IIPOK €CTh,
1 Ha Haskell MO’kHO HamMcaTh OYeHb Jaske peaibHYIO porpaMmy. 3a IIpUMepOM JTajIeKO
XOAUTDb He Oymy: cama 3Ta KHUTA MOCTPOEHA C TIOMOIIbIO TPOTpaMMbl, HAaIIMCAHHON Ha
Haskell, o uém s1 mompo6Hee paccKasky B CJIETYIOMIMX I7IaBax.

A reneps, 1abbl HE MyUMUTH BaC BOIIpOCcami 6€3 OTBETOB, Mbl HAUHEM GJIV5Ke 3HAKOMUTbBCS
¢ Kuramu Haskell, n geTany 60/1bI11071 rOTOBOIOMKY ITOCTEIIEHHO CIOKATCSI B KPACUBYIO
KapTHHY.
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JIJ1s1 TFOOOIIBITHBIX

B mpomecce pa6orsr Haskell-porpamMmbl B MamMsaTu CO3JAETCSI BEJIMKOE MHOXKECTBO
Pa3IMYHBIX JAHHBIX, BeOb MbI MMOCTOSIHHO CTPOMM HOBBIE AAHHbIE HA OCHOBE YKe
MMeIoNMXCcs. 32 MX CBOEBpEMEHHOE YHUUTOXKEHME OTBeuaeT COOPIIMK Mycopa (aQHIU.
garbage collector, GC), BcTpanBaeMblIit B TiporpaMmbl KommussTopom GHC.
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BpiOMpaem 1 Bo3BpaniaeMcsi

B 9T0i1 I71aBe Mbl BCTPETUMCSI C YCIOBHBIMM KOHCTPYKIIMSIMY, BBIIVITHEM B TEpMMHAJI, a
TaKke y3HaeM, nmouemy u3 Haskell-yHkinit He Bo3BpaiaroTcst (BIlpoueM, IocjieTHee —
He 6oJiee ueM Urpa CJioB).

BoirissHem BO BHEIITHUI MUP

Mpl HauMHaeM IMCATh HACTOSALIMIT KoA. A [y 9TOr0 HaM IIOHALOOMTCS OKHO BO
BHeIIHMI Mup. OTKpOeM MOJIYJIb app/Main.hs, HaligEéM (PYHKILMIO main ¥ HAIMILIEM B Hei
clenyoiee:

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

CranmapTHast GYHKIMS putStrin BBIBOAUT CTPOKY HA KOHCOJb. A €CJIi TOBOPUTH CTPOKE,
yHKIMST putStrin TIPMMEHSIETCSI K 3HAUEHMIO TUIIA String M JelaeT TakK, YTOObI MbI
YBUEIM 3TO 3HAUEHMe B HAllleM TepMMHaIe.

Ia, g1 y>Ke CIIBILTY BOIIPOC BHUMATENbHOTO uMTaTess. Kak ske Tak, CIIPOCUTE Bbl, pa3Be Mbl
He TOBOPWJIM O UYMCTBIX QYHKIMSIX B POIIION T/IaBe, HECTIOCOOHBIX B3aMIMO/IEICTBOBATh
¢ BHemHUM Mupom? IIpumércst mpusHaThbCs: GYHKIMS putStrln OTHOCUTCSI K OCOOBIM
(yHKIMSIM, KOTOpbIE MOTYT-TaK/ BbIJIE3TM BO BHeNTHMIT Mup. Ho 06 3TOM B ciemyrommx
r7aBax. DTO MPeJoOOoIbITHEIIIAs TeMa, TOBepbhTe MHe!

W e11i€ Ham caiegyeT IIO3HAKOMMUTDBCA C HaSkeu-KOMMEHTapI/IHMI/I, OHM HaM HOHa,H,O6${TC5{I

33
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{-
A - CA0KHbIT MHO20CMPOYHbIU
KommeHmapuli, codepxauudl
Hey4mo
oyeHb BaxHoe!

-}
main :: I0 ()
main =

-- A A - CKPOMHbIli 0OHOCMPOYHbIU KOMMeHmapudi.

putStrLn *Hi, real world!”

CuMBOMBI {- U -} CKPbIBAIOT MHOTOCTPOYHbIVI KOMMEHTapuii, a CUMBOJI -- HauMHaeT
KOMMEHTapUil OGHOCTPOYHBIIA.

Ha Bcskumit cirydai HalmoMMUHa0 KOMaHITy COOPKM, 3aITyCKaeMYyI0 13 KOPHS ITPOeKTa:

$ stack build

HOCHGC6ODKM38HYCK8€MZ

$ stack exec real-exe
Hi, real world!

BbIOOD ¥ BBIXOJ,

Bb16upaTh BHYTpY GYHKUMY IPUXOAUTCS OUeHb yacTo. CylecTByeT HeCKOJIbKO CITI0COO0B
3a/1aHMSI YCIOBHOM KOHCTPYKIMHU. BOT 6a30BbIii BapMaHT:

if CONDITION then EXPR1 else EXPR2

rge CONDITION — JIOTMYeCKOe BbIpakeHue, [arllee JIOKb WIM WUCTUHY, EXPR1 —
BbIpaKeHMe, UCIO0Jb3yeMOe B cliyuyae True, EXPR2 — BBIpaXkeHUe, UCIOIb3yeMOe B
ciny4dae False. [Ipumep:

checkLocalhost :: String -> String
checkLocalhost ip =
-- True unu False?
if ip == ”127.0.0.1” || ip == ”0.0.0.0”
-- Ecnu True - udém myada. ..
then ”It’s a localhost!”
-- A ecnu False - cwoa...
else ”"No, it’s not a localhost.”

DYHKIMSA checkLocalhost MpPUMeEHSIETCS K €IMHCTBEHHOMY apryMeHTy THUIA String M
BO3BpalllaeT Apyroe 3HaUeHUe TUIA String. B KauecTBe apryMeHTa BBICTYIIAeT CTPOKA,
comepskamias IP-ampec, a GyHKIMS IIpOBepsIeT, He JIeSKUT Jiu B Heit localhost. OmepaTop



[aBa 7. BeiGMpaem 1 BO3BpaliaemMcs 35

|| — craHmapThlii omnepaTtop Jiormueckoro «MJIW», a omepaTrop == — CTaHAAPTHBIN
onepaTop IpOBepKM Ha paBeHCTBO. MTak, ewiu CTPOKA ip paBHA 127.0.0.1 MM 0.0.0.0,
3HauuT B Helt localhost, 1 Mbl Bo3BpaillaeM mepBoe BbIpakeHMe, TO eCTb CTPOKY It’s a
localhost!, B IPOTMBHOM C/Iyyae BO3BpalllaeM BTOpPOE BbIpaskeHMe, CTPOKY No, it’s not
a localhost..

A KcTaTH, UTO 3HAUMT «BO3BpaiaeM»? Bemb, Kak mMbl y3Hamu, pyukuum B Haskell ne
BBI3BIBAIOT (aHMI. call), a 3HAUMT, U3 HMUX M He BO3BpamaiTcs (aHrI. return). Y sto
IeViCTBUTENbHO TaK. ECiv Hanuiiem:

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

IIpH 3aIlyCKe YBUIUM 3TO:

It’s a localhost!

d eCJIM TaK:

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

TOroa YBUAMM 3TO:

No, it’s not a localhost.

Kpyr/ibie cCKOOKY BK/IIOYAIOT BhIpasKeHME TUIIA String 11O CXeMe:

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

L— BupaxeHne Tuna String —!

To ecTb QPyHKIMS putStrLn BUAUT He MMpuMeHeHMe QYyHKIMUM checkLocalhost K CTPOKE, a
MPOCTO BhIpakeHMe Turia String. ECi 6bI MbI OITYCTM/IM CKOOKY M HAIMMCAIM TaK:

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

Mpou3sonyia 6bl OIMNMOKA KOMIMJISIMM, M 3TO BIIOJHE OXUAaeMO: (QYHKIMS putStrln
MIPUMEHSIETCS K OMHOMY apryMeHTY, a TYT MX I0yYyaeTcs IBa:

main = putStrLn checkLocalhost 173.194.22.100”

dyHKUNA K 3TOMy
NPUMEHAGTCA apryMeHTy...
n K 3Tomy??
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He 3Ha10 Kak BbI, a I HE OUEHb JIIOOJIO KPYT/Ible CKOOKM, IIpM BCEM yBaskeHMM K Lisp-
nporpammuctaM. K cuactsio, B Haskell cymiecTByeT crmoco6 yMeHbBIIUTh YMCIO CKOOOK.
06 aToM crtocobe — B OJTHOV M3 TTOCIEAYIOIVX IIaB.

Taxk uTo ke ¢ Bo3BpaleHueM 13 QyHKIyM? BCOMHMM O paBeHCTBE B OIIPeIe/IeHUN
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 3HAaKa PaBEHCTBA, PABHO TOMY, UTO CIIpaBa. A pa3 Tak, 9T JIBa Kojaa
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” == 70.0.0.0”
then ”It’s a localhost!”
else ”No, it’s not a localhost.”)

MbI TpOCTO 3aMeHWIM TpuMeHeHMe GYHKIUM checkLocalhost €€ BHYTPEeHHUM
BbIPaKEHMEM, TIOACTaBUMB BMECTO apryMeHTa ip KOHKPETHYIO CTPOKY 173.194.22.100.
B urtore, B 3aBUCUMMOCTY OT MCTUMHHOCTM WJIM JIOKHOCTYM ITPOBEPOK HA PaBEHCTBO, 3Ta
YCJIOBHASI KOHCTPYKIMS OyIeT Takke 3aMeHeHa OFHUM U3 ABYX BbIpaskeHUil. B aTom u
3aK/II09AeTCs Maesi: Bo3Bpanjaemoe GyHKIMeli 3HaueHe — 3TO0 e€ TocaegHee, UTOTOBOE
BbIpakeHMe. TO eCTh eC/iu BhIPasKEHUE:

#173.194.22.100” == *127.0.0.1” ||
173.194.22.100” == ”0.0.0.0”

JlacT HaM pe3y/abTaT True, TO Mbl IIEPEXOAMM K BbIPasKeHUIO U3 JIOTMUECKOI BETBU then.
Ecsii ke OHO 1acT HaM False — MbI IEPEXOAMM K BBIPAKEHUIO M3 JIOTMYECKOI BETBHU else.
OTO JAaéT HaM MPaBO YTBEPXKIATh, YTO YCIOBHASI KOHCTPYKIIVMS BUA:

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

MOXeT OBITb 3aMeHeHa Ha IepBoe HepenylMpyeMoe BbIpaKeHMe, CTPOKY It’s a
localhost!, a YCJIOBHYIO KOHCTPYKIIVIO BUA:

if False
then ”It’s a localhost!”
else ”"No, it’s not a localhost.”
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MOXXHO CIIOKOVMHO 3aMEeHUTh BTOPBIM HEPEOYLIMPYEMbBIM BbIpa>K€HNEM, CTpOKOﬁI No, it’s
not a localhost..IloaTOMy KOZ:

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

SKBUBAJICHTEH KOAY:

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

AHaJoru4HoO, KOZ:

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

€CTb HM YTO MHOE, KakK:

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

Kakyum ObI CJIOKHBIM HM OBLIIO JIOTMYECKOE BeTBJIEHME BHYTPU (PYHKIMM checkLocalhost,
B KOHEYHOM WTOT€ OHO BEPHET/BBIYMUCIUT KaKOe-TO OLHO WTOTOBOE BbIpa>KeHUE.
HmenHo nmoatomy u3 dbyHKiMKM B Haskell Henb3s BbINiTM B TPOM3BOJIBHOM MeCTe, Kak
9TO MIPMHSTO B MMIIEPAaTUBHBIX SI3bIKaX, BeAb OHA He SIB/ISIETCS HAO0OPOM MHCTPYKLMNIA,
OHa — BbIpaXkeHMe, COCTOsIIIee U3 APYTUX BbipaskeHMii. BoT mouemy gyHkuym B Haskell
Tak IPOCTO KOMIIOHOBATh APYr C OPYrOM, M II03’Ke MbI BCTPETUMM MHOXECTBO TaKMUX
[IPpUMEpPOB.

17151 TFI0OOIIBITHBIX

BHUMAaTe/NbHBI YMTaTelb HECOMHEHHO 3aMeTu HeoObIluHOe OObBbsiBieHUe IJIaBHOM
(byHKIMM HaIIero mpoeKkTa, GyHKLIMM main:

main :: I0 () -- 0bbssieHue?
main = putStrLn ...

Ecin 10 — 310 Tum, TO 4TO Takoe ()? U moueMy ykasaH Julllb OOuH TUN? UTO Takoe
I0 (): aprymMeHT (PyHKUMM main, MJIA K€ TO, YTO OHA BhrumciaseTr? Coxkasero, HO IOKa S
BBIHY)XX/IEH COXPaHUTb 3TO B cekpeTe. Korma mMbl mo6sMske MO3HAKOMUMCS €O BTopbiM
Kutom Haskell, 1 HeripeMeHHO paccKasky Ipo 3TOT CTPAHHBIN 10 ().
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Bb160p 1 06pa31bl

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

He TO/IBKO M3 OABYX

YacTo MbI XOTUM BBIOMpPATh HE TOJBKO M3 IBYX BO3MOKHBIX BapMaHTOB. BOT Kak 3TO
MO>XKHO CIeJaTh:

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 YK€ CTUpaeTe IUIEBOK C 9KpaHa. BiioxkeHHas if-then-else KOHCTPYKIIUS He
MOXET IMOHPABUThCSI HMKOMY, Belb OHA KpaiiHe HeymoOHa B OOpameHuM. A YK ecin
6Bl aHATM3UPYEMbIX TTPO6 30/I0TA OBLIO MITYK ISITh WJIM CeMb, 3Ta JIECTHUIIA CTaja ObI
rouctuHe yxkacHoii. K cuactsio, B Haskell Mo>kHO HamucaTh IO-IpyromMy:

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 — BbIpakeHus, JAIOIIye JIOXKb UM MCTUHY, a EXPR1..n — COOTBETCTBYIOIIVE
UM pe3ylbTUpYoIye BbipaskeHust. Ocobast QyHKLMS otherwise COOTBETCTBYET OOIIEMY
CJTy4yalo, KOraa HU OJHO U3 JIOTMUYECKUX BbIPAKEHUI He ajio True, M B 3TOM CUTyalIUu
pPe3yabTaTOM YCIOBHOM KOHCTPYKLIMY IMTOCTYKUT BhIpaskeHe COMMON_EXPR.

He nipene6peraiite otherwise! EC/iu BbI €ro He yKaskeTe U [P 3TOM IIpUMeHUTe QYHKIINIO
analyzeGold K 3HaU€HMI0, 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...

KOMITWISILIVSL 3aBEPIIUTCST YCIIeIIHO, OJHAKO B MOMEHT 3aIlycka IporpaMMbl Bac
OKMJaeT HEMIPUSTHBIN CIOPIIPU3 B BUJIE OMIMOKN:

Non-exhaustive guards in multi-way if

[TpoBepka Moay4Ynaach HEIMOMHO, BOT U IMOTYYUTE OLUINOKY.

Kcratu, BuauTe CJIOBO guards B COOOIIeHMM 00 ournbke? BepTukanbHble 4epThl Meper,
JIOTUYECKMMM BBIpaKEHUSIMM — I3TO M eCTb OXpPaHHMKM (aHI/. guard), HeyCHIITHO
OXpaHSIoIIMe HalM ycIoBus. IloTelnHoe Ha3BaHue BbIOpain. YToOGbI UMTATh UX GBIIO
Jierye, BOCIIPUMHMMANTE UX KaK aHaior ciaoBa «UJIN».

A cejtuac cTor. Bel Beib MOIIpO60BaIM CKOMITMJIMPOBATH 3TOT KO/, He TaK Jin? A royemy
BbI He pyraeTech? Bemb TaKoil Kog He CKOMIIMIMPYETCS, TaK KaK He XBaTaeT OXHO
MaJieHbKOJi, HO BasKHOI ieTasu. BOT Kak I0Ji’kKeH BBIT/ISAeTh MOIY/Ib Main:
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{-# LANGUAGE MultiWayIf #-} -- Ymo amo??
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 Temnepp Bcé B mopsiake. Ho 4TO 3TO 3a CTpaHHBIMI KOMMEHTapuii B IepBOii CTpOKe
Monaynsa? Bpome 6bl oopmiaeH KaK MHOTOCTPOYHBI/I KOMMEHTapuii, HO BBIIJISIIUT
HeoObIuHO. [lepem HaMyu — yKasaHue paciuupeHus si3bika Haskell.

Craupapt Haskell 2010! — 3T0 oduimanbHbli cTepskeHb sI3bIKa. OTHAKO KOMITMISTOP
GHC, maBHO VK CTaBHIMiI KOMIIMISTOPOM II0 YMOJIYaHMIO TNpU pa3paboTke Ha
Haskell, o6nagaetr psimom 0coObIX BO3MOKHOCTei. [0 ymMoOayaHMI0O MHOTME U3 3TUX
BO3MOYKHOCTE# BBIK/IIOUEHBI, a IIparmMa LANGUAGE Kak pa3 JIjisl TOrO ¥ IpeqHasHaueHa,
YyTOOBI MX BK/IIOYATh/aKTMBU3MPOBATh. B TaHHOM cyyae Mbl BKIIOUWINM pacilupeHyue
MultiWayIf. IME@HHO 9TO pacliMpeHye M03BOJIsSeT HaM MCIIOIb30BaTh MHOKECTBEHHBIN
if. Takoro poja pacIIMpeHMii CYIIeCTBYeT OYeHb MHOTO, M MbI OyIeM YacToO UX
MCIIOJIb30BaTh.

[TomHMTE: pacliMpeHye, BKIIOYEHHOE C IOMOIIbIO TParmMbl LANGUAGE, N€iCTBYET JINIIb B
paMKax TeKkyllero Monynasd. U eciu g mponucan ero TOIbKO B MOZLYJIE app/Main.hs, TO Ha
MOLY/b src/Lib.hs MexaHN3M MultiWayIf He pacIIpOCTpaHsIeTC.

be3 Eciin

MHOKeCTBEeHHbBII i1f BecbMa yno06eH, HO eCTh CIT0c06 60iee KpacuBbIit. B3risiHuTe:

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...”

KnioueBoe cinoBo if ucuesno. CxeMa 34ech 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

VYCTpoiCTBO MOUTHU TaKoe ke, HO, TOMMMO MCUE€3HOBEHMS K/IIOUeBOro cjoBa if, Mbl
Ternepb MCIONb3yeM 3HaKkM paBeHCTBA BMECTO CTpeJNoK. VIMeHHO Mo3ToMy wucue3
3HAKOMbIf HaM 3HAaK paBeHCTBa MOCAe MMeHM aprymMeHTa arg. B meiicTBUTETbHOCTU
OH, KOHEYHO, HMKYIA He ¥McYe3, OH JIMIIb IMePemién B BbIpakeHMsl. A 4TOObI 3TO jierdye
MIPOYECTb, HAMUIIIEM BbIPAXKEHMS B CTPOUKY:

function arg | COND1 = EXPR1 |
3Ta nam paBHa
dyHKUMA
3ToMy
BbIPaXeHWNK
B Cayyae
NUCTUHHOCTH
3T0ro
BbipaXeHus

mwim wn T.Aa.

To ecTb mepen HaMM yKe He OIHO oIpeneneHyue (GYHKIMM, a LIeIIOUYKa OIpeneneHni,
MOTOMY HaM M He HYKHO KJloueBoe (JIOBO if. HO 1 3Ty 11emouKy ompeneneHmnii MOKHO
YIIPOCTUTb.

CpaBHeHMe C 00pa3IoM

V6paB ¢J10BO if, MBI M C HalIMMM BUPTyaIbHbIMU «WJI» MOXeM paccTaThbcsi. B aTom
Clyvyae OCTaHeTCs JUIIb 3TO:

analyzeGold :: Int -> String -- 0O0HO obbsB/iIEHUE.
-- W mHomecmso onpedesneHud. . .

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 MPOCTO Tepeuncauau ompeneneHuss QyHKIMMU analyzeGold OfHO 3a ApyruM. Ha
TepBbIii B3IISI, BO3MOKHOCTh MHOSKECTBA OIpPeAeIeHuit OIHOM M TO¥ ke (QYyHKIIUU
YIUBJISIET, HO €C/M BCIIOMHUTb, UTO MpUMeHeHMe (QYHKLIMM CyThb BbIpaskeHue, TOrna
HUYEero yauBUTeIbHOI0. BOT Kak 3TO UMTaeTcs:
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analyzeGold 999 = “Wow! 999 standard!”
ecnn  3Ta GYHKUMA MpUMEHSIETCA TOraa >STOMY BbIPIXEHMI0
K 3TOMy OHa
aprymeHTy paBHa

analyzeGold 750 = ”Wow! 999 standard!”

ecan 3Ta ¢YHKUMA MpUMEHAETCA Toraa ApPYromy BblpaxeHuio
K ApYyromy 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
MOCJIeIOBATE/IbHO CPaBHMBAETCS ¢ 00pa3lioM (aHII. pattern matching). O6pasiia 3mech
TpU: 999, 750 U 585. I ey paHblle Mbl CPaBHUBAAU aprymMeHT C STUMU UMUCIOBBIMU
3HAYEHMSIMU SIBHO, ITOCPECTBOM (PYHKIUMM ==, Tellepb 3TO IPOUCXOOUT CKPBITO. Unes
CpaBHEHMSI C 06pa3IOM OUeHb IMIPOCTA: YTO-TO (B JAHHOM C/Ty4ae peasbHbIil apryMeHT)
corocTasiiseTcs ¢ 06pa3ioM (Win o6pasliamMmi) Ha MpegMeT «IIOAXONUT/He MOAXOAUT».
Ecnu mogxomUT — TO eCTh CpaBHeHMe ¢ 06pasiioM [IaéT pe3ylbTaT True — TOTOBO,
MCIIO/Ib3yeM COOTBETCTBYIOLee BbIpakeHyue. ECIn ke He MOAXOOAUT — IepexoiuM K
cienymoleMy oopasiry.

CpaBHeHMe ¢ 06pa31ioM, Ha3bIBa€MOe eIIé «COMOCTaBIeHMEM C 00pPa31I0M» VCITONIb3YeTCsI
B Haskell upe3BbruaitHo 1mMpoko. B pyccKosi3bIUHOM TMTepaType IepeBoi, CIOBOCOUeTaH S
«pattern matching» He 0co60 3aKpenmics, BMECTO 3TOTO TaK M TOBOPAT «IaTTePH
MaT4YMHI». $1 IOCTYIUIIO TaK Xe.

Ho 4To 3TO 3a CMMBOJ MMOAYEPKMBAHMS TAaKOM, B IOC/IeJHEM BapuaHTe oIlpeae/eHus?
Bot sTOT:

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

C ¢popMasbHOI TOUKM 3peHMs], ITO — YHUBEPCATbHbIN 06pasel], CpaBHEHVE C KOTOPbIM
BCerga MCTUHHO (ell€ roBOPSIT, YTO C HUM MaTuMUTCS (aHMI. match) BCEé UTO yrogHo).
A ¢ HeOpMaAJIBHOM — 3TO CMMBOJI, KOTOPBIVi MOKHO IPOYECTb KaK «MHE BCE PaBHO».
MbI Kak 6B TOBOPUM: «B JaHHOM CJTyyae HaC He MHTepecyeT KOHKPETHOe COHmepKIuMOoe
aprymMeHTa, HaM BCE paBHO, Mbl MPOCTO BO3BpallaeM CTPOKY I don’t know such a
standard.. .».

BaskHO OTMETUTD, YTO CpaBHEHE apTyMeHTa ¢ 00pasiaMu IMMPOUCXOIUT MOCIe0BaTETbHO,
cBepxy BHM3. [I03TOMY ec/iy Mbl HAIIUILIEM 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.”

Hama QyHKIMS OyIeT Bceraa BO3BpaliaTh IepBoe BhIpaskeHMe, CTPOKY I don’t know such
a standard. .., ¥ 3TO BIIOJIHE OKMaeMO: ITlepBasi )Ke IIPOBepKa rapaHTUPOBAHHO JACT HAM
True, BeZlb C 06pasIoM _ COBIIAJaeT BCE UTO yromHo. TakuM o6pa3om, obImuii o6pasers
CJIeIyeT paciioyiaraTh B CaMOM KOHIIE, UTOOBI MbI ITOTIAJIM Ha HETO JIUIIb IT0C/Ie TOTO, KaK
He cpaboTajy Bce OCTaIbHbIe 00pa3Ihl.

case

CyliecTByeT 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...”

3aloMHUTE KOHCTPYKLMIO case-of, Mbl BCTPETUMCSI C Helo He pa3. Pa6oraeT oHa 10
MOZeNIN:

case EXPRESSION of
PATTERN1 -> EXPR1
PATTERN2 -> EXPR2

PATTERNN -> EXPRn
-> COMMON_EXPR

Ime EXPRESSION — aHaJM3MpyeMoe BbIpakeHMe, I0C/IedoBaTe/lbHO CpaBHMBaemoe C
obpasiammu PATTERNL..n. Eciv HM OmHO He cpaboTajio — KakK OOBIYHO, YIMpaeMmcs B
YHUBepCaJIbHBIN 0Opasel] _ 1 BbIaéM COMMON_EXPR.

B modjieAyKmux riiaBax Mbl BCTPETUMCA U C ADYTUMM BUAAMMU IIATTEPH MAdTUMHIA, BEb
OH MCITIO/Jb3YETCA He TOJIbKO OJ1d BbI60pa.



I'maBa 9

ITycTb OymeT Tam, I'me...

B 5T0J1 Ir/1aBe MbI y3HAeM, Kak CAeIaTh HalIy GYHKIMM 60iee yIOOHBIMU M UMTAOETbHBIMU.

IlycTh

B HmKeciemyomux MnpuMepax Mbl BHOBb OymeM MCIIONb30BaTh pacipenne GHC
MultiWayIf, He 3a0yAbTe BKIIOUUTDh €ro. PaccMoTpuM caenyoinyio GyHKINIO:

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

MbI cunTaeM BpeMsi HEKOTOPOTO COOBITUSI, M €CIM UCXOLHOE BpeMs MeHbIlle 40 CeKyHJ,
— pesyJbTUPYIOLee BpeMsl YBeIMUYEeHO Ha 120 CeKyH, B [IPOTMBHOM C/lyyae — ellé Ha
8 CeKyHs, cBepx Toro. Ilepen HaMy KjlaccuyecKui mpuMep «Marudyeckux 4ymcesn» (aHIul.
magic numbers), KOrga CMbIC/I KOHKPETHBIX 3HAUEHMI CKPBIT 3a CeMblo nevatsiMu. Uto
3a 40, 1 4TO 3a 8? Bo n3beskaHue 3T0O¥ MPOOI€MbI MOSKHO BBECTY BpeMeHHbIe BbIpaskeHMs,
M TOT[a KOJ, CTaHEeT COBCEM IPYTUM:

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

Bor, coBceMm apyroe neno! Mbl M30aBUIMCh OT «Maru4ecKux 4ucesi», BBeIs MOSICHSIIOIIe
BbIpakeHUsI threshold, correction M delta. KOHCTpYyKUMS let-in BBOOMT IIOSICHSIIOLLIME
BbIpakeHUS I10 CXeMe:

44



ImaBa 9. Ilycte OGymet Tam, I'me... 45

let DECLARATIONS in EXPRESSION

rae DECLARATIONS — BbIpa’keHMsI, AeKlapupyemMble HaMM, a EXPRESSION — BbIpa’keHUe, B
KOTOPOM MCIT0/Ib3YeTCsI BbIpaskeHMd U3 DECLARATION. Korma mb1 Hanucanu:

let threshold = 40

Mbl 00BsIBMIN: «OTHBIHE BbIpaKeHME threshold PaBHO BBIPAKEHUIO 40». BIMISAUT
KaK MpucBaMBaHMue, HO MbI-TO Y)Ke 3HaeM, uTo B Haskell ero nert. Tereps BbIpaxkeHue
threshold MOKeT 3aMeHUTH COO0I0 UMCIIO 40 BHYTPU BbIpAsKeHUSI, CJIEAYIOIIEro 3a CJIOBOM
in:

let threshold = 40

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

oTa KOHCTPYKIMA JIETKO UNTAETCA:

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

C OMOI1bIO0 K/TI0UEBOT0 C/I0Ba let MOSKHO BBECTY CKOJIBKO YTOHO MOSICHUTENbHBIX/TIPOMEXYTOUHBIX
BbIPasKEHUIA, UTO JlefiaeT Halll Ko, IOHSTHee, 8 BO MHOTMX CIydyasixX ellé 1 Kopoyue.

W kctaTu, Mbl Beflb MOXXeM YIIPOCTUTb YCJIOBHYIO KOHCTPYKIMIO, BOCIIOIb30BaBIINCh
otherwise:

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

Ba’kHO MMOMHUTD, UYTO BBEIEHHOE KOHCTPYKI[MET let-in BbIpaskeHMe CyIIeCTBYeT JIUIIIb B
paMKax BbIpaskeHMsl, CJIeIyIOIIero 3a cJI0BOM in. Vi3MeHUM (PyHKIIMIO:



ImaBa 9. Ilycte OGymet Tam, I'me... 46

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 JiMub B
BblpaxeHue pamMKax 3TOro BbipaxeHua

MbI cOKpaTuUIM 061aCTh BUAMMOCTY IIPOMEXKYTOUHOTO BBIPaKeHMUS delta, CIe/laB ero
BUAVMBbIM JIMIIb B BBIpa’KeHUN timeInS + delta + correction.

HpI/I JKeJTaHUM let-BbIpayK€HMSI MOXXHO 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 3aIsiTOM. JINYHO MHe TaKol CTU/b He
HPABUTCSI, HO BBIOMPATH BaM.

I'ne

CylecTByeT MHOJ CITOCc006 BBeAEHMS IIPOMEKYTOYHbIX BbIpasKeHUI, B3TJISTHUTE

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

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

KitoueBoe 10BO where IenaeT NPUMEPHO TO XXe, UTO U let, HO MPOMEXYTOUYHbIE
BBIpaKeHMs 3aal0TCSI B KOHIle GyHKUMM. Takass KOHCTPYKUMSI UMTAETCS IMOA06HO
Hay4yHOI1 popmyre:
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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 MOKET OBITh MCITOIb30BAHO /1JISI BBEIeHMS CyIep-I0KaTbHOTO
BbIpaskeHUs (KaK B IOC/TeIHEM TpuMepe C delta), BCe where-BbIpaKeHMUS TOCTYITHbI B
106071 YacTy BhIpaskeHMs, ITPeIIeCTBYIOIIEro KII0UeBOMY CIOBY where.

BmecTe

MbI MOXKeM MCIOIb30BaTh let-in U where COBMECTHO, B paMKax OLHO Q)YHKLH/II/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 MPOMEXKYTOUHBIX 3HAUEHMI 3aIaHa BBEPXY, a YaCTh — BHM3Y. O6I1ast peKOMeHI Al :
He CMeIIMBaiiTe let-in U where 6€3 0C060/ HaJOOGHOCTM, TAKOM KOJI UMTAETCS TSKEIO,
M3OBITOYHO.

OTMeuy, 4TO B KaueCcTBe IMPOMEXKYTOUHBIX MOTYT BBICTYNaTb U Oojiee CIOXKHbBIE
BbIpaskeHud. Hanmpumep:

calculateTime :: Int -> Int
calculateTime timeInS =
let threshold = 40 in
if | timeInS < threshold -> timeInS + correction
| otherwise -> timeInS + delta + correction
where
-- 3mo npomexymo4HoOe BbipaXeHue 3dsucum om dpaymerHmd. . .
correction = timeInS * 2
-- A 3mo - om 0py2020 BbIpAXEHUS. . .
delta = correction - 4

BoipaskeHue correction paBHO timeInS * 2, TO €CTh TeIlepb OHO 3aBUCUT OT 3HAYEHMS
aprymeHTa GyHKIMKU. A BbIpaskeHMe delta 3aBMCUT B CBOIO ouepellb OT correction.
[Tpryém MbI MOXKEM MEHSITb MOPSAOK 3aaHMS BhIPasKeHUIA:
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let threshold = 40
in
if | timeInS < threshold -> timelInS + correction
| otherwise -> timeInS + delta + correction
where
delta = correction - 4
correction = timeInS * 2

BoipakeH1e delta Temepb 3aJaHO IEPBBIM II0 CUETY, HO 3TO HE MMeeT HUKAKOTO
3HaueHus1. Bemb MbI BCEro JINIIb OObSIB/ISIEM PABEHCTBA, U PE3Y/IbTAT STUX OObSIBIECHUI
He BJIMSIET HA KOHEYHBIN pe3ynbTaT BbIUuMCAeHM. KoHeuHO, MOpsIOK OObSIBIEHMS
pPaBEeHCTB He BaskeH U JJ1s1 let-BbIpakeHUI:

calculateTime :: Int -> Int
calculateTime timelnS =
let delta = correction - 4
threshold = 40
in
if | timeInS < threshold -> timeInS + correction
| otherwise -> timeInS + delta + correction
where
correction = timeInS * 2

Mano Toro, 4ro Mbl 3amanu let-BbIpakeHMSI B APYTrOM IIOpSiIKE, TaK Mbl eIlE U
JCIIO/Ib30BAJIM B OOHOM M3 HUX BbIpakeHue correction! To eCTb B let-BbIpakeHUU
MCITOJIb30BAJIOCh where-BbhIpaykeHMe. A BOT ITPOJIe/IaTh 06PaTHOE, YBbI, HE ITOTYUMUTCS :

calculateTime :: Int -> Int
calculateTime timelnS =
let delta = correction - 4
threshold = 40
in
if | timeInS < threshold -> timeInS + correction
| otherwise -> timeInS + delta + correction
where
correction = timeInS * 2 * threshold -- /3 let??

[Tpu MOMBITKE CKOMIIMIMPOBATD TAKOM KOJ, MbI IOTYYUM OIIMUOKY:

Not in scope: ‘threshold’

TakoBO OrpaHMYEHME: WUCIOJNb30BaTh let-BbIpaK€HUSI BHYTPU where-BbIpakeHUN
HEBO3MOXHO, BeOb IMOCJIeqHMe yKe He BXOIST B BbIpaXkeHue, clefylollee 3a CJIOBOM
in.

Hy 4To X, mopa ABUTaTbCs [HOajblile, Belb BHYTPEHHOCTM HAMMUX QYHKUUI He
OTpaHMUEeHbI YCUIOBHBIMU KOHCTPYKIIUSIMU.



I'masa 10

Mup ommepaTopos

Omnepatop (aHII. operator) — 4acCTHbI ciydai GyHKIMM. B ipenplayimx riiaBax Mbl yoKke
MMO3HAKOMMJICh C HUMM, OCTaJIOCh OOBSICHUTD ITOApOOHEE.

BcrioMHMM Hallle caMoe ITIepBoe BhIpakeHue:

1+2

@OyHKIMS + 3anmucaHa B MHOUKCHONM (aHmI. infix) dopme, TO ecTb MeXAy CBOUMM
aprymeHTaMu. Takast 3aMmich BITJISAUT eCTeCTBEHHee, HesKeIy 00bIuHast:

(+) 12

Bupute Kpyriibie ckoOkm? OHM TOBOPSIT O TOM, UTO AaHHast QYHKIMS ITpeiHa3HaYeHa 1)1t
MH(PMKCHON 3ammcy. ABTOP 3TOi (GYHKLUMM M3HAYAIBHO PACCUMTHIBAI Ha MHMUKCHYIO
dbopmy ncronb30BaHMS 1 + 2, a He HAa OOBIUHYIO (+) 1 2, UMEHHO ITO3TOMY UM QYHKIIUY
B OIIpeie/IeHMM 3aK/II0YEHO B KPYIJIble CKOOKM:

(+)

@OyHKUMM, TpeJHA3HAyeHHble i1 MHOUKCHON (opMbl TpUMeHeHMSs, Ha3bIBAIOT
ornepaTopaMm.

Ecnu ke uMs GYHKUMM He 3aK/II0YEHO B KPYIVibie CKOOKM, MOApPa3yMeBaeTCsl, UTO MbI
paccuMThIBaeM Ha 0ObIUHYIO (hopMy e€ mpumeHeHMss. OGHAKO M B 3TOM CIy4ae MOKHO
MPUMEHSTh €€ MHQPMUKCHO, HO MMS [O/DKHO 3aK/II0YaThCsl B OOpaTHbIE OAMHApPHBIE
KaBbIuky (aHr/1. backtick).

OnpepenM (QYHKIUIO isEqualTo, SIBJISIONIYIOCSI aHAJOTOM OIlepaTopa IMPOBEPKM Ha
PaBEHCTBO IS IBYX LI€JIOYMC/IEHHBIX 3HAUEHUIA:

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

[Tpu 06pIYHOI hOpMe e€ TpMMEeHeHNEe BhITTISIIEN0 Obl TaK:

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

where codel = 123
code2 = 124

Ho pmaBaiiTe nmepenuiiem B MHPUKCHOI hopme:

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

where codel = 123
code2 = 124

Topa3mo nyulie, Beb Terepb KO YMTAETCST KaK OObIUHBIN aHTJIMIACKUIA TEKCT:

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

Crporo roBopsi, Ha3BaHMe «OIEepaTop» BecbMa YCIOBHO, Mbl MOXEM €ero u He
MCIT0/Ib30BaTh. [OBOPUTh O (YHKIMM CJIOKEHUSI CTOJb K€ KOPPEKTHO, Kak u 06
omepaTrope CI0XKeHMs.

3ayeM 3TO HY)KHO?

[Tout Bce ASCII-cuMBoOMBI (@ Takke MX BCEBO3MOXXHbIE KOMOMHAIIMM) MOKHO
MCITOSIb30BaTh B KauecTBe orepaTtopoB B Haskell. 9To gaéT Ham mmpokme BO3MOXKHOCTY
s peanusaiuu pasnanuHbix EDSL (anrn. Embedded Domain Specific Language), cBoero
pofa «sI3bIKOB B sI3bIKe». BOT mpumep:

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

JIt060i#1, KTO 3HAKOM C Beb6-pa3paboTKOi, MTHOBEHHO y3HaeT B 3ToM kome HTML. 3To
Kycouek kopa!, crposimero HTML-1ma610H AJ1s1 Be6-BapuaHTa JaHHOM KHuru. To 4To
BBl BUIUTE — 3TO COBepIIeHHO JieranbHbIi Haskell-kom, B mpoliecce paboThl KOTOPOTO
re”Hepupyetcsi peasbHblii HTML: Ter <divs ¢ KJIacCOM nav-wrapper, BHYTPU KOTOPOTO
JIEKUT <a>-CChUIKA C ABYMS KJIacCaMM, KOPHEBBIM aJpecOM U BHYTPEHHUM TEKCTOM
#ohaskell.

UnentudukaTopsl div, class_ U href — 3TO MMeHa GYHKUWI, a CUMBOJBI ! U $
— DTO OIlepaTophl, 3amucaHHble B MHGUKCHOM ¢opme. Camoe IJaBHOe, YTO [Jis

https://github.com/denisshevchenko/ohaskell.guide/blob/master/src/CreateHtmlTemplates.hs#L56


https://github.com/denisshevchenko/ohaskell.guide/blob/master/src/CreateHtmlTemplates.hs#L56

I'maBa 10. Mwup orepaTopoB 51

MOHMMAHMSI 3TOTO KOJAa HaM abCOMIOTHO Heobs3aTeNbHO 3HATh, Tfe OIpeleeHbI
BCe 3TU (YHKI[MM/OTMEepaTopbl X KaK OHM PAbOTAIOT. DTO BaskHAsl MbICTb, KOTOPYIO S
HEOAHOKPATHO Oy/Iy IMTOBTOPSITh B IMOC/IEIYIONIMX [JIaBaX:

Yro6bl MCHOMb30BaTh (YHKLIMM, HAM BOBCE HeOOSI3aTeIbHO 3HATh UX
BHYTPEHHOCTH.

A nipo EDSL 3anoMHMTe, MbI C HUMU €eIll€ BCTPETUMCSI.
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Cnoucox

[lomHMUTE, B OOHOV M3 MpeNbIAYLIMX IJIaB S TOBOPWJ, YTO NMO3HAKOMJIIO BacC ellé C
HeCKOJTbKMMM CTaHJApTHbIMM TuraMu OaHHbIX B Haskell? ITpumuio BpemMs y3HaTh O
CITMCKAX.

Crmcox (aHrt. list) — 9T0 cTaHIAPTHBIN TUII, XapaKTePU3YIOLINIA yKe He IIPOCTO JaHHbIe,
HO CTPYKTYPY JaHHbBIX (aHI/I. data structure). DTa CTpyKTypa IpeacTaBiseT co60it Habop
IaHHBIX OJHOTO TUIIA, M eIBa JIM XOTh ofgHa peasbHass Haskell-mporpamma moskeT
000iiTHICh 6€3 CIIMCKOB.

CTpyKTypBI, cofepskallye AaHHble OOHOTO TUIIA, HA3bIBAIOT €Ié TOMOTeHHbBIMU (B
repeBoJie C IPeuecKoro: «0IHOTO PoJa»).

Bor crimcok n3 TpéX OeJIbIX UMcea:

[1, 2, 3]

KBampaTHble CKOOKM 1 3HAUEHUSI, pa3/ie/i€HHbIe 3aMAThIMU. BOT Tak BBIVISIAUT CIMCOK
13 IBYX 3HaUEHMIA TUIIa Double:

[1.3, 45.7899]

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

OSI-mopenu:

[”TCP”, ”UDP”, ”DCCP”, »SCTPJ:]

Ecu y Bac ecTb OIBIT pa3paboTky Ha si3bike C, BbI MOKeTe IOJyMaTh, UTO CITMCOK ITOXOK
Ha MaccuB. OHAKO, XOTSI CXO[ICTBA MMEIOTCS, s HAMEPEeHHO M30eraio CI0Ba «MacCUB»,
rmoromy uto B Haskell cymecTByroT MaccuBbI (aHIVI. array), 3TO HECKOIbKO MHAs CTPYKTypa
TaHHBIX.

52
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CnucoKk — 3TO TOXe BBbIpaKEHUE, MO3TOMY MOXKHO JIeTKO CO34aTh CIIUCOK CIIMCKOB
MPOM3BOJIbHOM BIOKEHHOCTU. BOT Tak OyneT BBIMISAETh CIMCOK M3 psifia IPOTOKOIOB
Tp€x ypoBHelt OSI-monenn:

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

]

OTO CHMUCOK CIIMCKOB CTPOK. CDOpMaT]/IpOBaHI/Ie B OTHOIIE€HMM KBaApPaTHBIX CKOOOK
BeCbMa BOJIbHOE, ITPU JKeJIaHUM MOXXHO M TaK HAIIMCATb:

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

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

(]

Twun criucka

Pa3 crimcoxk mpeacraBiseT co60i CTPYKTYPY, COMEpPsKallyi0 TaHHbIe HEKOTOPOTrO TUIIA,
KaKoOB ke TUII caMoTo ciucka? Bor:

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

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

[[String]] ~-- Cnucok cnuckos cmpok

Mopeiib 04eHb IIpoCTa:

[ [String] 1

| Tun |
L panHbix 4

Tun
cnmcka

|
|
3TUX AaHHbIX —

r——
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XpaHUTh JaHHbIE PA3HbIX TUIIOB B CTAHAAPTHOM CIMCKe HeBO3MOXHO. OIHaKO BCKOpe
MbI TTO3HAKOMMMCS C IPYroi CTaHAAPTHOM CTPYKTYPOI HAHHBIX, KOTOpas MO3BOJISIET
3TO.

JleiicTBUS HaJ CIMCKAMMU

Ec/u CliMCKM CO3/1al0TCST — 3HAYUT 3TO KOMY-HMUOYAb HYKHO. CO CITMCKOM MOYKHO J1e/1aTh
oueHb MHOro Bcero. B cranmmaprHoit Haskell-6ubGmmoTreke cyiiecTByeT OTHEIbHbBIN
MOJTY/Ib Data.List, BKJIFOUAIOIIMII IMPOKMI HabOp DYyHKIMI, pabOTaIOUIMX CO CITMCKOM.
OTKpoeM MOAYJb Main ¥ UMIIOPTUPYEM B HETO MOMY/Ib Data.List:

module Main where

-- CmaHOapmubili MOOYAIb 019 pabomsl CO CNUCKAmU.
import Data.Llist

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

@yHKIMS head BO3BpalllaeT rojIOBY CIMCKa, TO €CTh €ro IMepBblit semMeHT. [Ipu 3amycke
9TOJ IIPOTrPaMMbl Ha BBIXOE TOTYUVIM:

Vim

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

ronosa L— xBoct —

Dfakasl ryCceHMlla IMOJy4aeTCs: TepBbIii 3JIeMeHT — TOJI0Ba, a BCE OCTa/JIbHOE — XBOCT.
OyHKIIMA tail BO3BpallaeT XBOCT:

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

BoT pesynbTar:

[”Emacs”, “Atom”]

DOyHKIMA tail GopMUpPYyeT IPyroii CIIMCOK, TPeICTaBIISIONII COO010 BCE OT TepBOHAYATTbHOTO
CIMcKa, Kpome ronoBbl. O6paTuTe BHMMaHME HAa HOBYIO (QYHKIMIO print. B maHHOM
CJTyyae MbI He MOIJIM GbI ICTIO/Ib30BATh HAIIy 3HAKOMYIO putStrin, BEIb OHA TPUMEHSIETCS
K 3HAUeHMIO0 TUIIA String, B TO BpeMsl Kak (QYyHKIMS tail BEpHET HAM 3HauUeHMe TUIa
[String]. MbI Beb IOMHMM ITPO CTPOTOCTb KOMIIMJISITOPA: YTO OKMUIAEM, TO U MIOTYIUTh
OO/DKHBI. MDYHKUMS print MpeaHa3sHaueHa IS «CTPUMHTM(UKAILMKM» 3HAUYEHMSI: OHA
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OepéT 3HaueHMe HEKOTOPOrO THMIIA M BBIBOAUT 3TO 3HAUeHMe Ha KOHCOJb YK€ B BUJIE
CTPOKI.

BHMMAaTeNbHBIM UMTATENb CIIPOCUT, KakKUM ke 00pa3om (YHKUMS print y3HAET, Kak
MMEHHO OTOOpa3suUThb KOHKPETHOe 3HaueHue B Bume cTpoku? O, 5TO MHTepecHeimast
Tema, Ho oHa oTHOcUTCS K Tpetbemy Kuty Haskell, 1o 3HakoMcTBa ¢ KOTOPbIM HaM ellié
T aJIeKo.

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 OIHOI Moeit TporpaMmbl, GyHKIMS handleTableRow
obpabaTeiBaeT CTpOKy Tabmuiibl. CTaHgapTHas QYHKLIMS length Ja€T HAM IJIMHY CITMCKA
(UMCIo 37ieMeHTOB B HEM). B MaHHOM (jiyyae Mbl Y3HA€M YMCIO 3JIEMEHTOB B CTPOKE
TaOGIMILIBI row, ¥ B 3aBUCYMMOCTY OT 3TOV IJIMHBI IIPMMEHSIEM K 3TOW CTpPOKe (QYHKIINIO
composeTwoOptionsFrom UJI composeThreeOptionsFrom.

Ho mocroiiTe, a roe ke TyT cnucoK? OYyHKUMS handleTableRow IIPUMEHSIETCS K CTPOKe
U BBIUMC/ISIET CTPOKY. A BCE A€o0 B TOM, UYTO CTPOKAa €CTh HU UTO MHOE, KaK CHMUCOK
CMBOJIOB. TO eCTh TUIT String SKBUBaJeHTeH TUITY [Char]. CKaxy 6osee: String — 3TO
Ia>ke He CAMOCTOSITeIbHbBIN TUII, 3TO BCErO JIMIIb IICeBIOHUM IJISI TUMA [Char], M BOT KakK
OH 33[JaH:

type String = [Char]

KitoueBoe CJIOBO type BBOAUT CHMHOHMM IJISI YK€ CYIIECTBYIOLIEro Tuma (aHmI. type
synonym). IHOTja ero Ha3bIBalOT «IICEBIOHMMOM THIIa». UUTAeTCS 3TO TaK:

type String = [Char]

TMN  3TOT paBeH ToMy

TakuM 06pa3oM, 00bsiBIeHMe (PYHKUNUM handleTableRow MOXKHO ObIJIO ObI IEpemnucaThb
TaK:

handleTableRow :: [Char] -> [Char]

[Ipu paboTe cO CIMCKamMM Mbl MOKEM MCIIOTb30BaTh YK€ 3HAKOMbIE ITPOMEXKYTOUHbIE
BbIpaskeHMsI, HaT[puMmep:
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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

3mechb BbIpaKeHUS twoOptions U threeOptions MMEIOT yiKe 3HAKOMBI1 HAM CTaH,HapTHbIﬁ

TUII Bool, BeJlb OHM PaBHbI Pe3y/bTAaTy CPAaBHEHMSI 3HAUEHUSI size C UMCIIOM.

HensMeHHOCTDH CIIMCKA

Kak Bl Y>Ke 3HaeTe, BCe ONaHHbIe B Haskell He3MEeHHbI, KaK Erumnerckue nmMpamMmmnbl.
CnMckM — He MCKJIIUYeHMe: Mbl He MOKeM M3MEHUTh CYLL[eCTBYIOH_[Mﬁ CITMCOK, MBI

MO’KeM JIMIILIb CO3/1aTh HAa ero OCHOBE HOBBII CIIMCOK. Hanmpumep:

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”]

Pe3yanaT 3TOM InmporpaMMbI TaKOB:

[¥124.67.54.90”,745.67.78.89”,7123.45.65.54”]

PaccmoTtpumMm orpeneneHe GyHKIMM addTo:

addTo newHost hosts = newHost : hosts

CraHmapTHBIM oIepaTop : Jo6aBjsieT 3HaUeHMe, SBSIOIIeecs JeBbIM OIepaHIOM, B

HayvaJIio CIIMCKaA, ABJAIOIIErocs rpaBbIM OII€paHAO0M. UnraeTcs 3TO Tak:
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newHost : hosts
3TOT
onepaTop

6epéT

370

3HayeHune

n pobasnaetr
ero B Hayano
3TOro cnucka

ECTeCTBeHHO, TUII 3HAUEeHUS cJieBa 00s13aH COBITagaThb C TUIIOM 3HaquMﬂ, CoAep Kalmnxcs
B CIIMCKe CITpaBa.

C KOHIIeITYaJbHOM TOYKM 3peHust GyHKIMS addTo JoOaBMIa HOBbIV IP-ampec B Havaso
CIMCKa hosts. B Ie/iCTBUTEIBHOCTY K€ HMKAKOTO A006aB/ieHMs He ITPOMU30IUI0, MO0
CIIUCKM HeM3MeHHbI. OmnepaTop : B3sUI 3HaUeHMe newHost U CIIMCOK hosts U CO34,a1 Ha UX
OCHOBE HOBBIJ CITMCOK, COfepsKaluii B cebe yxke Tpu IP-ampeca BMeCTo IBYX.

Ilepeuncienmne

IormycTuM, TOHAI00MIICS 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 ThiCcsUa. ECTh JIydmimit
My Th:

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

KpacuBo, He mpaBpa in? BeipaskeHue B KBaIpaTHbIX CKOOKaX Ha3bIBAETCS IIePeUMCIeHNEM
(aHr1. enumeration yim cokpaniéHHo enum). IHOrma eé MMeHYIOT Takke apudmeTueckoit
MOCeI0BATEIbHOCTBIO. Ves ipeelbHO MPOCTA: 3aUueM yKa3bIBaTh COAEPKMMOE CIICKA
LIeJIMKOM B TO¥ CUTyallMM, KOTOa MOXKHO YKa3aTh JUIIb AMAIla30H 3HAUEHUI? DTO MbI U
caenann:

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

3HaueHMe (jieBa OT .. — 9TO HAyaJio AMana3oHa, a 3HaueHue CrpaBa — €ero KOHell.
Komnussgtop cam moramaercsi, 4YTO 1ar MeXay YMcaaMiy B TaHHOM MOCaeq0BaTeIbHOCTU
paBeH 1. Bor emnié 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 LIar U SIBHO:

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

HO]'IY‘II/IJ'II/I TOJIbKO UE€THBIEe 3HaUeHMs1. CxeMa ImpocCTa:

[2, 4 .. 10]
nepBbin KOHel
BTOpPOM

| pashmua |

L paét war -

Bort eig nmpumep:

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

MoOsKHO 3a4aTb M HUCXOISIIMI OMala30H:

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

Wnu tak:

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

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

B ob6mem, ugesa sicHa. Ho 4To 3TO MBI BCé ¢ umMciaMyu ga ¢ umuciamu! BosbMEM
CUMBOJIBI:

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

IIvamna3oH OT *a’ 00 ’z’ — MOMYyIMIN aHIJINiCcKMi adaBuUT B Bue [Char] UK, KaK MbI y3Ke
3HaeM, IIPOCTO String. [Ipy GOBIIIOM KeJTaHMM IBHO 3aJaTh IIAar MOKHO U 37€Ch:

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

Tenepb, I10CJ/Ie 3HaKOMCTBa CO CIIMCKOM, MbI 6y,£LeM MCITOJIb30BATDb UX ITOCTOSAHHO.

1711 TFI0OOIIBITHBIX

B paspene nipo auarnasoHsbl 4JIs CIIMCKA MbI OIIEpUPOBAJIM 3HAYEHUSIMU TUTIA Int, Double
" Char. Bo3HMKaeT BOIMPOC: a MOXKHO JIY UCTIO/Ib30BaTh 3HAUEHMSI KAaKMX-HUOYIb IPYTUX
TunoB? OTBeYar: MOKHO, HO C OTOBOPKOIL. [Torrpo6yeM mpozenaTh 3TO CO CTPOKOIA:

main :: I0 ()

main = print [”a”,”aa”..”aaaaaa”] -- Hy-wy...

[Tpu MOMBITKE CKOMIIMIMPOBATh TAKOM KOJ, YBUIUM OLIMOKY:

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

M youBAATBCS TYT HeueMy: IIar MeXOy CTpOKamMu abCypieH, ¥ KOMITWISATOpP B
3aMelnraTeabCcTBe. He Bce TUITBI MTOAXOAST IJIsI TIEPEUMCIEHUIT B CUTY CBOEI TIPUPOIBI,
OIHAaKO B OymylieM, KOTAa Mbl HAyYMMCSI CO3[IaBaTh HAIIM COOCTBEHHBbIE TUITHI,
Mbl y3HaeM, 4YTO MX BIIOJIHE MOXXHO MCIIO/NIb30BaTh B AuarnasoHaxX. Habepurech
TepIeHMusl.

[IpMOTKpPOIO CEKpeT: 3TOT CTPAHHBIN IIPUMep C IIaroM MeXIY CTPOKaMy TeOpeTUUeCKU
MOXKHO-TaKy 3aCTaBUTh paboTaTh, HO O TOM, KaK 3TO CHelaTh, Mbl y3HaeM BO BpeMs
3HakomMcTBa ¢ Tpetbum Kutom Haskell.
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KopTrex

B 3TOI1 rmmaBe Mbl ITO3HAKOMMMCS C KOpTeXemM u emé O/IKe MOAPY>KMMCA C IMaTTEPH
MaT4YMHIOM.

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

CTpYKTYpBbI, CITOCOOHBIE COAEPKATh JaHHbIE€ PA3HBIX TUIIOB, HA3bIBAIOT reTePOreHHBIMMU
(B IepeBoie C TPEeUeCcKOro: «pa3sHOro poaar).

BOT Kak BbITTISSAUT KOPTEX:

(”Haskell”, 2010)

Kpyrible CKOOGKM M 3HaueHMs, pasfe/i€HHble 3aIlSITBIMU. JTOT KOPTEX CONEPSKUT
3HAuUeHMe TUIIA String U elé OmHO, TUIIA Int. BOT elé npumep:

(”Haskell”, 2010”7, *Standard”)

To eCTb HMUUTO He MelIaeT HaM XPpaHNUTDb B KOPTeEXe JaHHbIe OOJHOIO TUIIA.

Tumn Koprexa

Tum crmcKa CTPOK, Kak Bbl IOMHUTE, [String]. I He BasKHO, CKOTbKO CTPOK MbI 3aITMXHY/IN
B CITMCOK, OOHY UJIX MUJUIMOH — €T0 TUII OCTaHeTCsI Heu3MeHHbIM. C KOpTeskeM 3Ke JIeJI0
o6cTouT abCOMIOTHO MHAUe.

Tun KopTeska 3aBUCUT OT KOJIMUYECTBA €ro 3JIeMEHTOB. BOT TuIll Kopresxka, Cofepskaiiero
IIBE CTPOKI:

(String, String)

Bort eig nmpumep:

60
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(Double, Double, Int)

U eme:

(Bool, Double, Int, String)

Tun KopTexka SBHO OTpakaeT ero cogepkumoe. [loaromy ecyiv QyHKIVS TPUMEHSIETCS K
KOPTEXY U3 IBYX CTPOK, IPMMEHUTb €€ K KOPTeXY U3 TPEX HUKAK He IOJIYYUTCS, Belb
TUITBI ITUX KOPTEXKEN pasanyaroTcs:

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

HericTBUsI Hag KOPpTEKaMMu

Co cnuckaMy MOXHO JieJlaTh MHOTO BCEro, a BOT C KOpTexkamu — He oueHb. Cambie
yacThle JeiicTBUSI — cOOCTBeHHO (hopMuUpoBaHMe KOpTeXa 1 U3BIeueHe XPaHsSIIXCs B
HEM maHHbIX. Hampumep:

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

[Moskasmyii, HUYEro mpolle NpPUAyMaTh Helb3s: Ha BXOMe ABa apryMeHTa, Ha BbIXOJe —
IBYX3JIEMEHTHBII KOPTEX C 3TUMMU apryMeHTaMu. [IByX3JIeMEeHTHBII KOPTEK Ha3bIBAIOT
elll€ Tapoii (aHI/I. pair). I XOTs KOpTexX MOsKeT coflepskaTh CKOJIbKO YIOIHO 371IeMeHTOB,
Ha TMpaKTUKe UMEHHO Mapbl BCTPEUAIOTCS Yallle BCero.

O6paTuTe BHMMAaHME, HACKOJBKO JIETKO CO3[AETCSI KOPTeX. [IpMumMHa TOMy — YsKe
3HAKOMbIIf HAaM MMaTTepH MaTUYMHT:

makeAlias host alias = (host, alias)

MBpbI ITPOCTO YKa3bIBAEM COOTBETCTBME MEXY JIEBO U ITPAaBOil CTOPOHAMM ONpeAeIeH NS :
«ITyCTb TIepBBIN 3JIEMEHT Maphl OymeT paBeH apryMeHTY host, & BTOPOil — apryMeHTy
alias». Huuero ygo6Hee 1 mpoiije U MpuIyMaTh Hesb3s1. U ecivt 6b1 MbI XOTeIN MOTYUYUTh
KOPTEX M3 TPEX 37IEMEHTOB, 3TO BBIIVISIAENO ObI TaK:
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makeAlias :: String -> String -> (String, String, String)
makeAlias host alias = (host, “https://” ++ host, alias)

Onepatop ++ — 3TO OmepaTop KOHKaTeHaluu, CKIEUBAIOIIVIT OBe CTPOKU B OLHY.
Ctporo roBopsi, OH CKJeMBaeT ABa CIIMCKa, HO MbI-TO C BaMM yXKe 3HaeM, 4TO String
€CTb HUM UYTO MHOE€, KakK [Char]. TakuM 06pa3oM, *https://” ++ “www.google.com” JA€T HAM
”https://www.google.com”.

N3BiieueHue 371eMEHTOB U3 KOpTeXKa TaKKe ITPOM3BOANTCA Uepe3 MMaTTepH MAaTUMHT

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

OyHKLMS makeAlias BAET HAM Mapy M3 XOCTa M MMeHU. Ho 4TO 3TO 3a cTpaHHAas 3alUCh
BO3JIe y)Ke 3HAaKOMOT'0 HaM CJI0Ba let? DTO IPOMEXYTOYHOE BbIpaskeHMe, HO BbIpaXkeHue
XUTpoe, 0Opa30oBaHHOe uepe3 MaTTepH MaT4YMHI. UTOOGBI ObUIO TOHSITHee, CHaydasia
nepenuineM QyHKINIO 63 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¥ MPOTPaMMBbI ITOTYUMM :

”173.194.71.106, www.google.com”

CranpgapTHbie QYHKUMM fst M snd BO3BpAIllalOT MEPBbIi ¥ BTOPOI 37IeMEHT KOpTeXa
COOTBETCTBEHHO. BbIpaskeHMe pair COOTBETCTBYET Iape, BbipaxkeHMe host — 3HAUEHUIO
XOCTa, a alias — 3HaUeHMIO MMeH. Ho He KaskeTcs i BaM TaKoii CItoco6 M36bITOUYHBIM?
Mps1 B Haskell 106umM m3sIiHbIe pereHus, TO3TOMY IIpeAIiouMTaeM MaTTepH MaTUMHI.
BOT Kax IToTy4aeTcs BhIIEIIPUBEIEHHbIN CII0C00:
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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 Takast mpoctast marus. ®yHKIINS makeAlias JA€T HAM Tapy, ¥ Mbl JOCTOBEPHO 3HaEM
9TOo! A ec/iv 3HaeM, HaM He HY>KHO BBOJUTH ITPOMEXKYTOUHbIE BbIpakeHMs Bpoje pair. Mbl

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

Mbl TOYHO 3HaEeM, UYTO BbipaxeHue,
BbIYMC/IEHHOE 3TOW dyHKLUMEn

370 BOT
Takaa napa

JTO «3€epKaJIbHasi» MOJeJ/Ib: yepe3 ImaTTepH MaTUYMHT d)OpMI/IpyeMI

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

>>>> >>>>

>>>>> >>>>>

M yepe3 Hero ke M3BJIeKaeM:

-- Qopmupyem sieB8yH 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 LKL L L L L L L L L L L LK

Bor enié omuH mpumep paboThl ¢ KOPTEXEM Yepe3 MaTTepH MaTUYMHT
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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 OTyYaeMm:

“white: e2-e4”

O6patuTte BHMMaHMe, 00bsiBieHMe (PYHKIMM OTHOPMATUPOBAHO UYTOK MHAUe: TUIIbI
BBICTPOEHBI IPYT IO/, APYTOM Yepe3 BbIpaBHMBAaHME CTPEJIOK ITOA, ABOeTOUreM. Bbl yacTo
BCTpeTuTe Takoii cTuib B Haskell-ripoekTax.

DYHKIMS chessMove TAET HAM KOPTEX C KOPTeXeM, a pa3 Mbl TOYHO 3HA€M B[ 3TOTO
KOPTEXa, Cpa3y yKasbIBaeM where-BbIpaskeHle B BUIe 00pasiia:

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

He BCé

MbI MOKeM BBITACKMBATD IT0 00Pa3ILy JIMIIb YaCTh HY>KHOV HaM MHGopMauyu. IIoMHMUTE
YHUBepPCaJIbHbIN 06pasern _? BamisgHuTe:
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- - [loAacHaAwwyue 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

))

@yHKIMS patientEmail JA€T HAM MOUTY manyeHTa. TUm Patient — 3TO ICEBAOHUM JJISI
KOpTEeXXa M3 YeTBIPEX JIeMEHTOB: YHUKAIbHbBINA MUIEHTUDUKATOP, TTOTHOE VMSI, agpec
IIOYUTHI U BO3pacT. JIomoIHNUTEeIbHbIE TICEBIOHMMBI AeIai0T Halll KOJ SICHee: OGHO JeJI0
BUIETh 6€3IMKYIO String ¥ COBCEM JIpyroe — Email.

PaCCMOTpI/IM BHYTPEHHOCTb Cl)YHKLU/II/I patientEmail:

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

OyHKIIMS TOBOPUT HaM: «/la, S 3HAK0, YTO MO apryMeHT — 3TO YeThbIPEX3TeMEeHTHbIN
KOpTeX, HO MeHS B HEM MHTepecyeT MUCKIIOUMUTEIbHO TPETUI MO CYETY 3JeMEHT,
COOTBETCTBYIOLIMIT afgpecy IOYThI, €T0 S M BepHY». YHUBepCalbHbI/ 0Opasell _ menaeT
Hall KOJ, JTaKOHWYHee U TIOHSITHee, Bellb OH MOMOTaeT HaM UTHOPUPOBATh TO, UYTO
HaMm HeuHTepecHO. CTporo roBopsi, Mbl He 00s513aHbI MCII0Ib30BaTh _, HO C HUM OyzAeT
ayduie.

A eciiu omimo6/aUCH?

HpI/I MCITIOJIb30OBAHMM ITIATTEPH MATUMHI'A B OTHOLIEHWMU ITapbI CJIEAYET OBITh BHMMATE/IbHbBIM.
Hpe,H,CTaBI/IM ce6e, qTo BbIHIEYHOMﬂHYTbIﬁ TUII Patient OBLI pacCiinpeH:
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type UUID = String
type FullName = String
type Email = String
type Age = Int

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

, FullName

, Email

» Age

, Diseaseld

Bbi1 mo6aBiieH uaeHTuduKaTop 3ab6oneBanus. Y Bcé 6bI XOPOIIO, HO BHECTY M3MEHEeHUS
B (DyHKIIMIO patientEmail MbI 3a0BIIN:

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

AAA A -~ A nameili 20e?

K cuacTblo, B 3TOM CJy4yae KOMIIMJISITOP CTPOrO OOGpPATUT Halle BHMMAaHMWE Ha
OIMOKY:

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

OHO ¥ TTOHSATHO: QYHKLIMS patientEmail MCIOMB3YyeT 06pa3ell, KOTOPbIi yske HEKOPPEKTEH.
BoT mouemy nmpu UCIIO/Ib30BaHMM [TATTEPH MaTUMHTA CJIe[IyeT ObITh BHUMATETbHbBIM.

Ha sTOM Haille 3HaKOMCTBO C KOopTeXXeM CUMTaro 3aBep]_LIéHHbIM, B IMO/IeAYIOMIMX IIaBax
MbI 6y,ELeM MCIIOJIb30BATh UX IMepuoandeCcKi.

1711 TFI0OOIBITHBIX

Jlns paboThl C 3/MeMeHTaMM MHOTOeMeHTHBIX KOpTexkeil MOKHO MCIIOIb30BaTh
rOTOBble OMOGIMOTEKN, BO M36eXKaHMM IJIMHHBIX TATTePH MAaTYMHTOBBIX LieTOYek.
Hanpumep, naxer tuple!:

Data.Tuple.Select

main :: I0 ()
main = print (sel4 (123, 7, “hydra”, ”DC:4”, 44, ”12.04”))

'http://hackage.haskell.org/package/tuple
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@OyHKIMUS seld U3 MOJIY/S Data.Tuple.Select M3BJIeKaeT YETBEPTHIN IO CUETY JIEMEHT
KOpTEeXa, B JAaHHOM CJTyJae CTPOKY “DC:4”. Tam ecTb YHKIMM BILIOTh 0 sel32, aBTOPHI
BITOJTHE Pa3yMHO COYJIM, UTO HUKTO, HAXOASICh B 3[paBOM yMe U TBEPHOON MaMsITH, He
CTaHeT ONepMpoOBaTh KOPTeXaMM, COCTOSIIIMMU U3 6osiee uem 32 371eMeHTOB.

KpOMe TOTO, MbI N OOHOBJISITH 3JIEMEHThI KOpTeXKa MOXKeM :

import Data.Tuple.Update

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

EcrecrBeHHO, 10O NpnymMHe HEM3MEHHOCTM KOPTeXd, HMKAKOIro OOHOBJIEHUS TYT He
IIPOUCXOANT, HO BBITJIAAUT CMMIIATMYHO. HpI/I 3aITyCKe I1o/iydaeM pe3yJibTaT:

(”S:L”, 2)

BTOpoit anemMeHT KOpTeXka M3MeHWIICS C 45 Ha 2.
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JIamoOma-PyHKIIuA

[Tpuruio Bpems MO3HAKOMUTLCS C BaXKHOM KOHIIeMIei — 1aMona-gyHkimein. ImeHHO
C HE€ BCE U HAUYaJIOCh. [IpUroTOBBTECH: B ATOI IVIaBe HAC XAYT HOBbIE OTKPBITUSI.

NUcToxknu

B panékux 1930-x mMon0m0Mi aMepMKaHCKUII MaTeMaTUK AJIOH30 ‘lépql 3az1acs
BOIIPOCOM O TOM, UTO 3HAUUT «BBIUYMCIUTb» UTO-IM00. IIIOMOM ero pasMbIIUIeHNIT
SIBWJIACh cucTeMa s GopManm3aluyuy IOHSITUSI «BbIUYMCIEHME», M Ha3BaJl OH 3Ty
cucTeMy «IIMbaa-ucumcieHnem» (aHra. lambda calculus, mo MMeHM rpeyeckoi GYKBbI
A). B ocHOBe 3TOJt cuCTeMbl JEXUT JIMOaa-QYHKIIVS, KOTOPYI0 B HEKOTOPOM CMBICTIe
MOXKHO CUMTAaTh «MaTepbio (PYHKIMOHAIBHOI'O IpOrpaMMMpOBaHys» B HeaoM 1 Haskell
B yacTHOCTHU. Jlasiee Oyay Ha3bIBaTh e€ JID.

B otHomenun JI® MOXKHO cMejio cKa3aTh: «Bcé reHmuanbHoOe IpocTox». Mmes JI® cronb
Tojie3Ha UMEHHO IT0TOMY, YTO OHa MpeAenbHo mpocTa. JI® — 370 aHOHMMHAasT QYHKITHAS.
Bort kaxk ona BoisaauT B Haskell:

\X -> X * x

O6parHbIit caoml B Havyaime — mpusHak JI®. CpaBHUTe ¢ MaTeMaTuUuyeckoir ¢Gopmoii
3aMnucu:

AX . X * X

[Toxoke, He TipaBaa Ju? BocmpuHumaiiTe obpaTHbI ci31n B omnpeneneHun JIO kak
CIIMHKY OYKBBI A.

JI® mpencraBisier coboii mpocTeimmit BuA GYHKIMM, 3Hakas (QyHKUMsI, pasgeTtast
morosia. Y He€ 3a6payiv He TOJIbKO OOBbsIB/IEHME, HO M MMSI, OCTaBUB JIMIIIb HEOOXOIVMBbIA
MMUHUMYM B BUJIE UMEH apTyMEHTOB U BHYTPEHHETO BbIpaskeHMsI. AJIOH30 UYEépY MOHSLI:
YTOOBI TPUMEHNTH QYHKIINIO, BOBCE HEOOsI3aTebHO €€ MMeHOBaTh. U ecu y 06BIYHOI
byHKIMM cHavana UOET OOBSIBIEHMEe/OmpeeneHne, a 3aTeM (Ige-TO) MpPUMEHEHMe

https://en.wikipedia.org/wiki/Alonzo_Church
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C UCIOb30BaHMEM VMeHU, TO y JI® BCE Kyma Mmpolle: Mbl €€ orpenensieM U TYT XKe
MIpMMeHsIeM, Ha MecCTe. BOT Tak:

(\x ->x *x) 5

[TomHuTe QYHKINIO square? BoT 3T0 eé issMOIa-aHasor:
(\x -> x * x) 5

nAMbaa-abcTpakuma aprymeHT
JIasmbpa-a6crpakiys (aHri. lambda abstraction) — 3To 0co60e BbipaskeHue, ITopoXKaaiolee
(yHKIIMI0, KOTOPYIO MBI Cpa3y ke IMpUMeHsieM K apryMmeHTy 5. JI® ¢ omHUM apryMeHTOM,
KakK ¥ MPOCTyio (PyHKUMIO, Ha3bIBalOT emé «JI® oT omHoro aprymeHTa» winm «JIdD

OHOTO apryMeHTa». Takke MOXHO CKa3aThb U O «ISMOma-abCTpakiuy OT OJHOTO
apryMeHTa».

CtpoeHne

CTpOEHI/Ie JIHM6,ILa-a6CTpaKLU/II/I IIpeagejgbHO IPOCTOoe:

\ X -> X * X
NMPU3HAK UMA BblpaxeHune
no AprymeHTa

CooTBeTCTBeHHO, ecyin JI® mpuMeHseTcs K IBYM apryMeHTaM — IUIIeM TaK:

\ X y > x*y
npu3Hak wuma 1 ums 2 BblpaXeHune
no ApryMeHTa apryMeHTa

U korpa mbl IMIpUMEHSEM TaKYIO d)YHKI_U/IIOI

(\ xy ->x *y) 10 4

TO IIPOCTO IIOACTaBJIsIeM 10 Ha MeCTO X, a 4 — Ha MeCTO y, M I10JIlydaeM BbIpa’keHue 10 *
4:

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

B o6111eM, Bcé Kak ¢ 0ObIYHOI (PyHKIIMEN, Jaske MMpOIIe.

MbI MOXKeM BBECTHU ITPOMEXKYTOUHOE 3HAUEHMe IJIsT JIIMO1a-a6CTpaKIIum:
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main :: I0 ()
main = print (mul 10 4)
where mul = \x y -> x * y

Termmepp MBI MOXeM IPUMEHSITh mul Tak ke, Kak eciau Obl 9TO OblIa cama JasIMOma-
abcTpakims:

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

U 3pech MbI MPUOGIU3MINCH K OGHOMY BaKHOMY OTKPBITHIO.

Tun QyHKIIUM

MbI 3HaeM, UTO y Bcex maHHbIX B Haskell-rporpamme 06s13aTeIbHO €CTh KAKO-TO TUII,
BHMMATEJIbHO MIPOBEPSIeMblIil Ha 3Tare KOMIMISIMK. Borpoc: Kakoi TUIT y BeIpaskeHMSI
mul U3 TIpeabIAyIero npuMmepa?

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

OTBeT mpoCT: TUIT mul TaKOi 3kKe, KaK M y 3TOi JIMOma-abcTpakiumu. M3 3TOr0 MbI
JelaeM BakKHbIV BbIBOA: JI® mMMeeT TuIl, Kak 1 00bIUHbIe HaHHble. HO mockonbKy JID
SIBJISIETCST YaCTHBIM CJTydaeM (DYHKUIMM — 3HAYUT U Y OOBIKHOBEHHOW (DYHKIIMM TOXKe
€CTb TUII!

B HedyHKIMOHAIBHBIX SI3bIKAX MeXAY (QyHKUMSIMM M JAaHHBIMM IIpOBeleHa YETKas
rpaHulia: BOT 3TO QPyHKIMK, a BOH TO — AaHHble. OnHako B Haskell mexxny nanHbIMM 1
GbyHKIMSIMY pa3HUIIBI HET, BeJIb U TO U Apyroe MTOKOUTCS Ha OHOI U Toii ke Uepernaxe.
BoT Tun GpyHKIMM mul:

mul :: a ->a ->a

IToromure, cKaskeTe Bbl, HO Bellb 3TO ke 00bsiBIeHMe (yHKIMM! COBepIIeHHO BEpPHO:
00bsiBNIeHMEe QYHKIMM — 9TO M eCTb yKasaHue e€ tura. [loMmHuTe, KOraa Mbl BIlepBbIe
MMO3HAKOMUJINUCh C (YHKIMEN, ST YTOUHUJI, UYTO €€ OObSIBIIeHME pa3deleHO IBOHBIM
npoerouneMm? Tak BOT 3TO JBOIHOE ABOETOUME U TIPENCTAB/SET CO00I yKaszaHMe
TUIA:

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

To4yHO TaK >ke Mbl MOKEM YKa3aTb TUIT JII0OBIX APYyIuXx naHHbIX:
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let coeff = 12 :: Double

Xots Mbl 3HaeM, uto B Haskell Tumnbl BbIBOASITCS aBTOMaTU4YeCKM, MHOTAA Mbl XOTUM
B3STb 3Ty 3a060Ty Ha cebsi. B aHHOM ciyyae Mbl SIBHO roBopuM: «IlycTh BbIpakeHMe
coeff OymeT paBHO 12, HO TUII €TO MYCTb OyzeT Double, a He Int». Tak ke U ¢ QyHKIMeEI:
KOTJ|a MbI OOBSIBJISIEM €€ — MbI T€M CaMbIM yKa3bIBaeM €€ TUIL.

Ho BBI CIIPOCUTE, MOXKEM JIM MbI HE YKa3bIBaTb TUIIL d)YHKL[I/II/I SIBHO? MoxkeM:

square x = X * x

9To Hara crapas 3Hakomasi, yHKIuS square. Korga oHa 6ymeT mpuMeHeHa K 3HAUEHUIO
TUMA Int, TUII apryMeHTa OyJeT BbIBeJleH aBTOMaTUYeCKM KakK Int.

U pa3 QyHKIIMS XapaKTepu3yeTcsl TUTIOM TaK ke, Kak M IIpoune JaHHble, MbI JleJlaeM elllé
OIIHO Ba)KHOE OTKPbITHE: QYHKIMSIMM MOXKHO OIepUpPOBaTh Kak JaHHbIMM. Hampumep,
MOSKHO CO3JaTh CIIMCOK (QYHKI[MIA:

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

]

BoipakeHne functions — 9TO CIMCOK U3 ABYX GyHKUMi. [IBa sIMOAA-BbIpaskeHMUS
MOPOXKIAIOT 3TU ABe MYHKIMM, HO O MOMEHTA MPUMeHEeHMs] OHM HUYETro He JeaiorT,
OHM Oe3kM3HEeHHBbI U Oecrione3Hbl. Ho korma mbl npumeHsieM (GYHKIMIO head K 3TOMY
CIMCKY, MBI TIOJTy4aeM ITepBbIif 37IEMEHT CITICKA, TO eCTh MePBY0 GYHKLNIO. U Momyuns,
TYT 3Ke IIpUMeHsIeM 3Ty GYHKIIMIO K CTPOKe “Hi”:

putStrLn ((head functions) ”Hi”)

eé
aprymeHT

nepsas

| |
| oyHkuma |
L u3 cnucka —!

9TO PaBHOCUJIbHO KOZY:

putStrLn ((\x -> x ++ ” val1”) “Hi”)

HpI/I 3allyCKe ITporpaMmbI MbI ITOJTYUYUM

Hi valil

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

Pa3 yx mexay JI® u npocTbiMu GyHKIMSIMU (PaKkTUUeCKM HeT pas3inuuii, a GyHKIUU
€CTb YaCTHBIN CJTydai JaHHbIX, Mbl MOKEM CO3/1aBaTh QYHKIMM JOKAIbHO IJISI IPYTUX

dyHKUMI:

-- 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 HamBHasi GQYHKIMSI validComEmail IpoBepsieT .com-ampec. E€ BbIpaxkeHMe
06pa3oBaHO OIEepaToOpOM && ¥ IBYMS BhIpaKeHMSIMM TUIIA Bool. BOT Kak 06pa3oBaHbI

9TU BbIpa>XK€HU:

containsAtSign e = 7@’ ‘isInfix0f‘ e
endsWithCom e = ”.com” ‘isSuffix0f‘ e

910 — nBe QYHKIMM, KOTOpbIe Mbl OIPENeMIN MPSIMO B where-CeKILIVM, IO9TOMY OHU
CYIIECTBYIOT TOJIBKO [IJISI OCHOBHOTO BbIpaskeHMsI (PyHKUMM validComEmail. C IIPOCTHIMM
GyHKIMSIMM TaK IMOCTYMAIOT 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 NOKAJIbHYK 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 TPOCTHIX PYHKLIMIA, KaK IPaBUIIO, HEOOSI3aTENIbHO.

BoOT Kak 3TOT KOJ, BBIIJISIAUT C HHM6,ILa-a6CTpaKLU/I$IMI/IZ
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validComEmail :: String -> Bool
validComEmail email =
containsAtSign email && endsWithCom email
where
containsAtSign = \e -> ”@” ‘isInfix0f‘ e
endsWithCom = \e -> ”.com” ‘isSuffix0f‘ e

Teriepp BbIpaKeHMUSI containsAtSign M endsWithCom ImpupaBHeHbl K JI® OT OZHOro
aprymMeHTa. B 3TOM ciaydyae Mbl He yKa3blBaeM TUIT 3TUX BbIpakeHuit. Bripouem,
eC/iv OYeHb X0UeTCs, MOSKHO U YKa3aTh:

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

nambaa-abcTpakuma TMN 3Ton abcTpakuum

JIamb6ma-abCcTpakys B35iTa B CKOOKM, YTOOBI YKa3aHMe TUITa OTHOCUIOCh K (YHKIIMY B
1IeJIOM, 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 (bYHKU,I/II/I TO>Xe MO>XHO BBECTU IICEBAOHMM

-- [lcesdoHum 019 muna PyHKYUU.
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

BHpO‘IEM, Ha IIpaKTMKe YyKa3aHue THUIla I )'IHM6,E[a-a6CTpaKLU/II71 BCTpevaeTcd
MCKIIOUUTEJIbHO peakKo, 160 He3aueM.

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

U1 Harocnenok, Borpoc. [ToMmHuTe TUIT QyHKINY mul?

mul :: a ->a ->a

Yro 370 32 6yKBa a? Bo-1IepBbIX, 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 10 B
TOM, UTO OYKBa a B TAaHHOM C/Tyyae — 3TO He COBCEM MMSI TUTIA. A BOT UTO 3TO TaKOE, MbI
y3HaeM B OJIHO 13 6vkaimx I1as.

17151 TFI0OOIIBITHBIX

A mouemy, co6CcTBeHHO, siMb1a? TTouemy UEpu BbIOpa MMEHHO 3TY IPEYECcKyI0o OYKBY?
ITo ogHO 13 BepCuii, ITPOU3OILIO 3TO YMCTO CIIYYaHO.

[l 30-e rompl MPOLIJIOTO Beka, KOMIIBIOTEPOB He ObLIO, M BCe HayyHble PaOOThI
HabMpaIMCh Ha TIeUYaTHBIX MallMHKaX. B rmepBoHayaqbHOM BapuaHTe, 1a0bl BBIAEISATD
uMs aprymenra JI®, Uépu craBuia HaL MMEHEM aprymeHTa CUMBOJI, MOXOXMUI Ha °
Ho xorpma oH cmaBasi paboTy HaOGOPIIMKY, TO BCIIOMHWI, UTO IeyaTHas MallMHKa He
CMOKET BOCITPOM3BECTY TaKO CMMBOJ HaJl 6yKBO¥. TOTma OH BBIHEC 3TY «KPBIIIY» ITepe,
MMeHeM apryMeHTa, ¥ OIyYMIOCh YTO-TO Harozoome:

AX .o x * 10

A HabopUIMK, YBUIEB TAKOI CMMBOJI, MCIIOJIb30BAJI 3aIJIaBHYIO IPeUeCKyIo OYKBY A:

AX . x * 10

BOT Tak ¥ mosyumioch, JsiMo1a-ucumucaeHue.



I'masa 14

KomMmmno3suumsa QyHKuun

OTa r7aBa paccKasbIBaeT O TOM, KaK 00beAMHATh QYHKIINM B LIEIIOYKM, & TAKXKE O TOM,
KaK M30aBUTHCS OT KPYIJIBIX CKOOOK.

CkoOkam — 0oii!

Ha, s He 10610 KpyI/ible CKOOKM. OHM HenaloT KOJ BU3YaabHO M30BITOUHBIM, K TOMY
ke HY)KHO CJIEIUTD 38 CUMMeTpHel CKOG0OK OTKPBIBAIOIIMX U 3aKpbIBaloNIMX. BcrioMHUM
TpMMep U3 I71aBbl TPO KOPTEXKMU:

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

N

Co cko6KaMM KopTeska Mbl HUYETO CIIeIaTh He MOXKeM, Be[lb OHY SIBJISIIOTCSI CUHTAKCUYECKOT
YacTbl0 KOpPTeka. A BOT CKOOKM BOKpPYT MHpuMeHeHMs] (YHKUIMM patientEmail MHe
abCoMIOTHO He HpaBsATCsA. K cuacTbio, Mbl MOXKeM M306aBUTbCS OT HUX. Ho mpexkae yem
MCKOPEHSITh CKOOKM, 3aIyMaeMcsI BOT O UEM.

Ecin npuMeHeHMe QyHKIMY TTpenCcTaBisieT co60i BbIpaskeHue, He MOXKeM JIM Mbl Kak-
HMOYAb KOMITOHOBATh UX APYT ¢ ApyroM? KoHEUHO MOKeM, MbI yyke Aesiaii 3TO MHOTO
pas, BCIIOMHUTE:

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

3mech KOMMOHYIOTCSI OBe GYHKIMM, putStrln UM checkLocalhost, TOTOMY UTO TUII
BBIp@XXKEHUSI Ha BbIXOOE d)yHKuMM checkLocalhost coBIIafgaeT C TUIIOM BbIpaskeHUS
Ha BXoze QYHKIMMA putStrin. CXeMaTMUYHO 3TO MOXKHO M300pa3uUTh TaK:

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

[TonyyaeTcss smakuii KOHBelep: Ha Bxome crpoka ¢ IP-ampecom, Ha BbIXOo#e —
coob1ieHne B HalieM TepMuHase. CyIecTByeT MHOM CII0CO0 coeniHeHMsT IBYX QYHKITMI
BOEIMHO.

KOMHOSI/II_U/UI U ripuMeHeHmue

Bsrnguure:

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

Heo6bruno? Ilepen HaMu ABa HOBBIX CTAHIAPTHBIX OlepaTopa, M36aBJsIoNie HacC OT
JIMUTHUX CKOOOK U ieiaoliie Halll Kog, Impoiie. OnepaTop . — 3TO oIlepaTop KOMITO3ULIUU
dyukunit (aam. function composition), a omepaTop $ — 3TO orepaTop MPUMEHEHMUS
(anrn. application operator). OTu omepaTopbl YacTO MCIIOJIb3YIOT COBMECTHO APYT C
opyrom. I oTHbIHE MbI OyieM MCIT0/Ib30BaTh MX UyTh JIX He B K&K O/ I1aBe.

OmnepaTop KOMITO3UIIUY 00beuHSeT ABe GYHKIMM BOEAMHO (MM KOMIIOHYeT UX, aHII.
compose). Korga mbl niuiiem:

putStrLn . checkLocalhost

MIPOUCXOOUT MaJieHbKasl «Marusi»: IBe (PYHKUIUM OObEeIMHSIOTCS B HOBYIO (DYHKIIMIO.
BcriomMHuM Haill KOHBeliep:

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

Pa3 Ham HY)KHO MMOMAaCTb M3 TOYKM A B TOUKY C, HeJIb3S1 JIX ClieJIaTh 3TO cpas3y? MOXHO,
Y B 9TOM 3aKJ/IIOYAETCS CyTh KOMITO3UIMN: Mbl OepéM aBe QYHKLMU U 0ObeIMHSIEM UX B
TpeTbio GYHKIMIO. Pa3 checkLocalhost MPUBOAUT HAC M3 TOUKM A B TOUKY B, a YHKIIUS
putStrLn — M3 TOYKM B B C, TOT/IA KOMITO3UIIMS 9TUX ABYX (PYHKIINIT OyIeT IpeaCcTaBIsiTh
€0060i1 PyHKIMIO, TPUBOISIIYIO0 HAC CPAa3y U3 TOUKM A B TOUKY C:
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T 1
String ->|checkLocalhost + putStrLn|-> ...
L |

A C

B maHHOM ciTy4yae 3HaK + He OTHOCUTCSI K KOHKPETHOMY OIepaTopy, S JIUIIb ITOKa3bIBAI0
daxkT «06BbeaVHEeHUSI» IBYX (PYHKIINIT B TPEThIO. Terepb-To HaM MOHSITHO, [TOYEMY B TUTIE
(byHKLIMM, B KaueCTBe pa3fennTesi, UCIIOIb3YyeTCs CTpesiKa:

checkLocalhost :: String -> String

B HallleM ITpMMepe 3TO:

checkLocalhost :: A -> B

OHa roka3bIBaeT Hallle IBMKEeHMEe U3 TOUKM A B TOUKY B. [I03TOMY UacTO roBOpSIT O
«(yHKIMM U3 A B B». Tak, 0 GYHKIMM checkLocalhost MOKHO CKa3aTh KakK O «DyHKIIUM U3
String B String».

A omepaTop nmpuMeHeHMsI paboTtaert elé mpoiie. be3 Hero Kop O6bI1 6bI TAKMM:
main :: I0 ()
main =

(putStrLn . checkLocalhost) ™173.194.22.100”

obbeanHéHHAA ¢YHKUMA apryMmeHT

Ho MbI Benib X0Tenu M36aBUTHCST OT KPYIJIBIX CKOOOK, a TYT OHM OMSITh. BOT 1151 3TOTO M
HYKEH orepaTop npumeHeHust. Ero cxema mpocra:

FUNCTION $ ARGUMENT
BOT 3Ta  MNPUMEHAETCA BOT 3TOMY
dyHKUMA K aprymeHTy

Iyt Hateli 00beAMHEHHO (PYHKIINMM 3TO BBIVISIAUT TaK:

main :: I0 ()

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

K 3TOMY apryMeHTy

Terepb MOMYYMIICS HACTOSIIINIA KOHBeliep: CIipaBa B HEro «3ae3ykaeT» CTPOKa U ABUKETCS
«CKBO3b» (DYHKIIMHU, a CJIEBA «BbIE33KAET» PEe3y/IbTaT:
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main = putStrLn . checkLocalhost $ 7173.194.22.100”

<- <- <- aprymeHT

YT0o6BI 6BUIO JIETYe YUTATh KOMITO3UIIMIO, BMECTO OIlepaTopa . MbICJIEHHO ITOZICTABJIIEM
(dbpasy «mpumeHsieTcs mocsiex:

putStrLn . checkLocalhost
3Ta npuMeHAeTCs 3ToWn
GyHKUMA  nocne dyHKUMN

To ecTh KOMIIO3MIIVSI TTPABOACCOIIMATMBHA (aHIVI. right-associative): cHauaa mpuMeHseTCs
dbyHKIMS cripaBa, a 3aTeM — CJIeBa.

Emnié omHo 3ameuaHue Ipo ornepatop npumeHenus GyHkuuu. OH BecbmMa I'MOOK, ¥ Mbl
MO>KEM HaIiCcaTh 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

Ot nBe GopMbI, KaK BbI y3Ke TIOHSITM, SKBMBAJIEHTHBI. §I TOKAa3bIBAIO 3TO /ISl TOTO, YTOOBI
BHOBb ¥ BHOBb ITPOJEMOHCTPUPOBATH BaM, CKOJIb TMOKO MOXKHO paboTaTh C JAaHHBIMU U
dyukunsimu B Haskell.

JJIMHHBIE IIeIOYKMA

KpaCOTa KOMITO3UIIMM B TOM, YTO KOMIIOHOBATb MbI MOXX€M CKOJIbKO YTOAHO QJYHKL[MIZI

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

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

OyHKIIMS logWarn TOTOBUT MepedaHHYI0 el CTPOKY IJISl 3alMCU B XKypHal. OyHKIUS
asciiOnly TOTOBUT CTPOKY K BBIBOAY B HEJIOKAIM30BaHHOM TepMuHasie (1a, B 2016 romoy
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Takyue BCE elllé MMeIoTCs), QYHKIMS correctSpaces youpaeT myonupyromyecs: pobestsl,
a QyHKIMS warning AelaeT CTPOKY IMpenyrpexaeHnem (Harpumep, A06aBIsIeT CTPOKY
“WARNING: ” B Ha4asio coobieHust). [Tpu 3arrycke 9TO¥ MTPOTpaMMbl Mbl YBUIVM:

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

31mech MbI 00beIVMHUIIN B «PYHKI[MOHATbHBIV KOHBeep» yKke Tpu QYHKIMM, 6€30 BCIKUX
CKOOOK. BOT KaK 9TO MOTYYMIOCH:

warning . correctSpaces . asciiOnly $ rawMessage

N

L— nepeas komnozuums —!

A
PR
L BTOpaA Komno3snuma

aprymeHT

[TepBasi KOMITO3UIMSI OObEAVHSIET MIBe IPOCThie (YHKIMM, correctSpaces M asciiOnly.
Bropast 06bequHsIeT ToKe ABe QYHKIVM, ITPOCTYIO warning ¥ 00beIMHEHHYIO, SIBJISTIONTYIOCS
pe3yabTaTOM MEePBOI KOMITO3ULIN.

Bosee Toro, onpenenenue GyHKIMM logWarn MOXKHO CIIe/IaTh eIié 60s1ee MpoCThIM:

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

[Toromure, HO rae ke UM apryMeHTa? A ero 60Jbllie HET, OHO HaM He HY)XHO. Beqlb MbI
3HaeM, UTO nMpuMeHeHMe QYHKIMY MOXKHO JIETKO 3aMEeHUTh BHYTPEHHUM BbIpakeHUeM
dbyHKUMNK. A pa3 Tak, BbipaxkeHMe logWarn MOXeT ObITh 3aMeHEeHO Ha BbIpakeHMe warning
. correctSpaces . asciiOnly. CmeaeM 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! ”

1 Bcé pab6oraer! B Mupe Haskell mpuHATO MMEHHO TaK: €C/IM YTO-TO MOXKET ObITh
YIIPOIIEHO — MBbI 3TO YIIPOIIIaeM.

CrpaBeJIMBOCTM paau clenyeT 3aMeTUThb, UTO He Bce Haskell-paspaboTumkm o6sT
136aBISIThCS OT KPYIJIBIX CKOOOK, HEKOTOPBIE MTPEAIIOYMTAIOT MCIIOIb30BaTh MMEHHO UX.
YTo 3K, 5TO JIUIIb BOIIPOC CTUJISL U IIPUBBIYEK.
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Kak paGoTaeT KOMIIO3UIIVS

Eciu BAPYT BbI MOAYMaJIM, UTO OMlepaTop KOMITO3UIIMM YHUKaIeH U BcTpoeH B Haskell —
Crienry Bac pa3zouyapoBaTh. Hukakoi maruu, BCE mpeaeabHO NPOCTO. DTOT CTaHAAPTHbIN
omepaTop OIpee/IeH TaK ke, Kak 1 Jiobas gpyrast GyHKUMs. BOT ero orpeneneHue:

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

Oma! [la TyT ¥ BIpaBay HET HUYET0 0COOeHHOT0. OTiepaTop KOMIO3UILIMM ITPUMEHSIETCS K
nByM ¢dyHKuMsIM. CTom, ckaskeTe BbI, Kak 3T0? [IpumeHsieTcst K pyHkumsam? [la, MMeHHO
TaK. Beab MblI ykKe BBISICHM/IM, YTO (PYHKIMSIMM MOSKHO OIEPUPOBATh KaK JaHHBIMMU. A
pas Tak, YTO HaM MelllaeT nepenath QyHKINMIO B KaUuecTBe apryMmeHTa Apyroi GyHKImumu?
Yto Ham MelIaeT BepHYTb GYHKINIO U3 Apyroit dyHkumuu? Huvero.

OmnepaTop KOMITO3UIIMM TTOTyYaeT Ha BXO[, ABe MYHKIMM, a TOTOM BCEro JIMIIb Ja€T HaM
JI®, BHYTpM KOTOPOI TPOUCXOAUT OOBIKHOBEHHBI IMOC/IeJOBATE/IbHBIN BbI30B 3TUX IBYX
byHKIMIT Yepe3 cKOOKM. Y1 HMKAKO Marum:

) f g = \x ->f (g x)
6epém 3Ty n a1y ¥ BO3BpauWaem
GYHKUMI  dYHKUMI N0, BHYTpPHU
KOTOpoWn

Bbl3blBaeM uX

ITogcTaBum HalM QYHKIIAN

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

BOT Tak 1 mMpoucxoauT «00beaHeHe» IBYX QYHKIMIA: Mbl IPOCTO Bo3Bpalinaem JI® ot
OTHOTO apryMeHTa, BHYTPM KOTOPOJ ITPaBOaCCOLMAaTUBHO BbI3biBaeM 06e GyHKIMMU. A
apryMeHTOM B JAaHHOM CJTy4yae SIBJISIeTCs Ta caMasi cTpoka ¢ IP-agpecom:

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

putStrLn (checkLocalhost ”173.194.22.100))

Ho ecnu 51 Bac erié He yoemu, JaBaiiTe orpeaeanm cOOCTBEHHbBIN OrlepaTop KOMITO3UIIUY
dyHkumit! IIomHuTe, 1 TOBOPMI BaM, 4To ASCII-CMMBOJIBI MOKHO TMOKO OObeIUHSTD B
orepaTopsi? [laBajiTe BO3bMEM IUIIOC CO CTPEIKAMM, OH UeM-TO ITOX0XK Ha 00beIMHEHNE.
[Mumem:
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-- Haw cobcmseHHbI onepamop Komno3uyuu.
(«+>) f g =\x ->f (g x)

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

BoIISIAUT HEOOBIYHO, HO paboTaTh OymeT Tak, KaK M OXMUIAETCS: Mbl OIpPeaeanin
COOCTBEHHBIN OIepaTop <+> C TeM ke (YHKIMOHAJIOM, YTO M CTAHIAPTHBIN OIepaTop
KoMMo3uiun. [I09TOMy MOKHO HAIMCaTh emié mpoiie:

(<+>) fg=f . g

Mbi roBopum: «IlycTh orepaTtop <+> OyneT 3KBMBAJ€HTEH CTaHAAPTHOMY OIlepaTopy
KOMIO3uIMu GYyHKUIMA.». VI Tak OHO M OymeT. A MOXHO — He TOBepuTe — emnié
Tnpoiie:

f<t>g=Ff . g

U sto 6ymet paboraTh! Pa3 onepartop npemHasHavyeH A5 MHOUKCHOTO TPUMEHEHUSI, TO
MBI, OTIpeIeIsisi ero, MOKHO Cpa3y yKas3aThb ero B MH(puKcHOi hopme:

f <+>g = f.g
nycTb
Takoe
BblpaxeHune
6byaet
paBHO
TakoMmy
BbIpaXeHMI

Teriepb MbI BUAVIM, UTO B KOMIO3UIMM QYHKIIMIT HET HUYETO CBEPXbECTECTBEHHOTO. DTy
MBIC/Ib I TIOMUEPKMBAIO Ha MPOTsDKeHMM Beeil KHuru: B Haskell HeT HMKaKkoii maruu, oH
JIOTMYEH ¥ TIOC/Ie0BaTeNeH.
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@BII, mnu ®dyuxkuuu Boiciiero IMopsaxka (anmi. HOF, Higher Order Functions) —
BakHas KoHuenuus B Haskell, ¢ koTopoit, omHako, MblI yke 3HaKOMbI. Kak MblI y3Ha/IM
U3 TpembIaylux I71aB, QYHKIMSIMM MOXKHO OIlepMpOBaTh KaK 3HaueHusiMu. Tak
BOT (YHKIMM, ONEpUpYIOIINMe APYTMMU (PYHKIMSIMM KaK apryMeHTaMM M/WIM Kak
Pe3yIbTUPYIOIINM BbIpaskeHMEM, HOCSIT Ha3BaHMe (PyHKIMIT BBICIIETO ITOPSIIKa.

Tak, omepatop Kommosuiuu (GyHkuuit seiasercs OBII, moToMy 4TO OH, BO-IIEpPBBIX,
npuHUMaeT (QYHKIMM B KayeCcTBe apryMeHTOB, a BO-BTOPbBIX, BO3BpallaeT APYTylo
dyukumio (B Bume JI®) kak pe3ynbTaT CBOero nmpuMeHeHust. Micmonb3oBanne GyHKIMIA B
KayeCTBe apTyMeHTOB — Upe3BbluaifHO pacipocTpaHéHHas rpakTuka B Haskell.

OToOpaskenme

PaccmoTpuM GYHKIMIO map. Ta CTaHAAPTHASE GYHKUMS UCTIOTb3YeTCS ISt OTOOpaskeHMsI
(a"m1. mapping) yHKIMK Ha 27MeMeHThI criucka. ITycTh Bac He cMylaeT Takoil TEpMUH:
oTob6pakeHue (QyHKIMM Ha 37eMeHT (akTUUeCKu O3HayaeT e€ MpUMeHeHMe K ITOMY
37IeMEeHTY.

BoT 06bsiBieHne GYyHKIUN map:

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

BoT onsiTh 9TM MasieHbKMe 6YKBbI! [ToMHMTE, 5T 06€elas pacckasaTh 0 HuX? PacckasbiBalo:
Majioil OYKBOJ TIIPUHSATO MMEHOBATh MOAMMOPGHLIM (aHMI. polymorphic) Tum.
[TomumopdusmM — 3TO MHOTOO6Pa3HOCTb, MHOrO(OPMEHHOCTh. B maHHOM ciydae
peub UIET He 00 yKa3aHUM KOHKPETHOTO TUIIA, a O «TUITOBOJ 3aITyIIKe». Mbl TOBOPUM:
«DYHKIMS map MPUMeEHSIETCS K QYHKIMM M3 KAKOrO-TO THUIIA a B KaKOM-TO TUII b U K
CIIUCKY TUMA [a], @ pe3yJabTaT €€ paboThl — 3TO MAPYroi CIMCOK Tuma [b]». TuroBoit
3aMTYIIKO ST HA3BaJI MX IIOTOMY, UTO Ha X MECTO BCTAIOT KOHKPETHBIE TUITBI, UTO JIe/IaeT
dyHKIIMIO map OYeHb r'MOKoii. Harpumep:

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 IMPOrpaMMBbl 6yIeT CTpOoKa:

HASKELL .ORG

DyHKUMS map TIPUMEHSIETCS K JBYM apryMeHTam: K (yHKLUUMU toUpper M K CTPOKE str.
@OyHKIIMS toUpper M3 CTAHAAPTHOTO MOJYJIS Data.Char TIepeBOAUT CMMBOJ TUIIA Char B
BepPXHMIT PETUCTP:

toUpper ’a’ = ’A’

BoT eé oO6bsaBieHne:

toUpper :: Char -> Char

@yHKIMS U3 Char B Char BBICTYIIAeT IEePBbIM apryMeHTOM (PYHKIMM map, TTOACTAaBUM
CUTHATYpY:

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

Ara, yXKe Teree! Mbl cienany 1Ba HOBBIX OTKpPBITHSA: BO-TIEPBBIX, 3aIJIYIIKN a U b MOTYT
OBITb 3aHSITHI OOJHMM U T€M K€ KOHKPETHbIM TUIIOM, a BO-BTOPbIX, CUTHATYypa ITIO3BOJISET
HaM TYT K€ IIOHATb OCTa/IbHbI€ TUIIBI. ITogcraBuMm Mx:

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

A Terepb BCIIOMHMM O TIPMPOJIe TUIIA String:

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

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

Tak, Ha mepBoM Iare QyHKIMS toUpper OyIeT MpYMEHeHaA K 3JIEMEHTY *h’, Ha BTOPOM —
K 2JIeMeHTy ’a’, U TaK Jajiee IO mocjaenHero sjneMeHTa ’g’. Korma (byHKLU/IH map OEXKUT
10 3TOMY CITMCKY, pe3y/bTaT MpuMeHeHUs] QYHKLIVM toUpper K €ro 3JeMeHTaM CITY>KUT
9JIeMeHTaMM JIJISI BTOPOTO CIIMCKa, KOTOPbIii ¥ OyIeT B KOHEYHOM UTOre Bo3BpailléH. Tax,
pe3y/IbTaTOM MEePBOTO miara 6yIeT sJIeMeHT ’H’, pe3y/IbTaTOM BTOPOTO — 3JIEMEHT ’A’, a
pe3yabTaToOM NOoUIeqHEero — 3aeMeHT *G’. Cxema TakoBa:

map toUpper [ ’h’ >> [ ’H’

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

Bor u IMMOJIy4aeTCAa:

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

Pa6oTa GyHKINMM map BBIVISIAUT KaK M3MEHEHMe CIMCKa, OJHAKO, B BUAY HEM3MEHHOCTY
MoC/IefHero, B 1eMiCTBUTEIbHOCTY (POpMUPYETCST HOBBI CIIMCOK. UTO camoe MHTepeCcHOe,
(yHKIMS toUpper TpeObIBAET B IMOJTHOM HEBEOEHMM O TOM, UTO €0 B KOHEYHOM MUTOre
M3MEHSIIOT PEerucTp 1e/Ioii CTPOKM, OHA 3HAeT JIMIb 00 OTHEeIbHBIX CMMBOJAX 3TOi
cTpoku. To ecTb QYyHKIIMS, SIBJISIONIASICS apTyMeHTOM (QYHKIMM map, HUUYETO He 3HAET O
GbyHKIMM map, ¥ 3TO O4eHb Xopoio! Uem MeHbIIe (QyHKIMM 3HAIOT APYT O Apyre, TEM
TIpole ¥ HaJIEKHee MCII0Mb30BaTh UX APYT C IPYTOM.

PaCCMOTpI/IM ,I[perﬁ IIpuMep, KOorma TUIIOBbIE 3aIVIYIIKKM a M b 3aMeIlaloTCsa pasHbIMU
TUIIAMUA

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

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

DyHKIMS toStr paboTaeT yKe CO CIMCKAMM Pa3sHBIX TUIIOB: Ha BXOJ€ CITMCOK YMCEN
C TJIaBAIOIEN TOYKOM, HAa BBIXOAE CIMCOK CTpOK. [Ipu 3amycke 3TON MpOrpaMMbl Mbl
YBUAUM Clefyrolee:

[”1.2”,”1.0”,”4.0”,”1.6”]
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Vske 3HAKOMasi HaMm cTaHgapTHas (GyHKIMS show IE€PeBOAUT CBOV eIVHCTBEHHBIN
apryMeHT B CTPOKOBBIV BUJ,:

show 1.2 = »”1.2”

B maHHOM ciyuyae, pa3 yX Mbl paboTaeM C uucjaaMmu Tura Double, TUIT QYHKIMM show
TaKO:

show :: Double -> String

[TogcTaBMM B CUTHATYypy QyHKLIMM map:

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

NMmeHHO TaK, KaKy HaC 1 eCTb:

map show [1.2, 1,4, 1.6] = [”1.2”,71.07,74.0”,71.6"]

@OyHKIMS map MpUMeHsieT (QYHKIMIO show K UMCIaM M3 TIE€PBOTO CITMCKA, HA BBIXOME
ToJTyyaeM BTOPO¥ CIIMCOK, YyKe CO CTpoKamu. U Kak U B cyryuae ¢ toUpper, QYHKITUS show
HUYEro He MOoJ03peBaeT O TOM, UYTO €10 OIIepUpPOBaIM B KauecTBe apryMeHTa QyHKIIUMA
map.

PasymeeTcsi, B KauecTBe aprymeHTa QYyHKIMM map Mbl MOKEM MCIIOJb30BaTh M HalIU
coO6CcTBEeHHbBIE (PYHKITUNA:

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

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

Pe3ynbpTaT paboThI:

[12.0,10.0,40.0,16.0]

Mpb1 ntepenany GyHKIIMY map HAITy cOOGCTBEHHYIO JID, yMHOXKAIOUTYIO CBOJ €IMHCTBEHHbBIN
aprymeHT Ha 10. O6paTuTe BHMMAaHME, Mbl BHOBb MCIOIb30BaIM KPATKyI (GoOpmMy
omnpeneneHus: GyHKLIUY ten, OITYCTUB UMSI €€ aprymeHTa. Packpoem nogpobHee:
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print . ten $ [1.2, 1,4, 1.6] =
S e
/ \

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

main

BbI cIpocuTe, KaK K€ BBIILIO, YTO ONEepaTop MPUMMEHEHMST PACIIONOKEH MEKAY JBYMS
aprymeHTaMy QyHKIUYU map? Pa3Be OH He IpeIHa3HAUEH [JIs1 IpUMeHeHMs QYHKIUU K
eIVHCTBEHHOMY apryMeHTy? CoBepIllieHHO BepHO. [IpUIILJI0O BpeMs OTKPBITh €IlEé OmuH
cekpet Haskell.

YacTuuHOe npumMeHeHne

DYHKIMS map OKMIAET JIBa apryMeHTa, 3TO OTpakeHO B e€ Ture. Ho uto Gymert, ecian
IIPUMEHUTD €€ He K IBYM apTyMeHTaM, a JuIllb K omHOMY? B aTOM Cyiydae mpou30ingeT
ellé OJHO «Marmueckoe» TpeBpalleHNe, Ha3biBaKIIeecs YaCTUUYHBIM MPUMEHEeHUEM
(aurn. partial application) dyaKIMNM. YacTMUHBIM Ha3bIBAIOT TaKOe MPMMEHEeHNe, KOrma
apryMeHTOB MeHblile YeM OXKUAAeTCs.

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

nepBbLIn a rpge xe
apryMmeHT BTOpON??
ecTb

OYHKUMS map IOAyYM/Ia JIMIIL MEpBbIii apryMeHT, a IOe ke BTOpoi? BTopoii, Kak
Mbl YK€ 3HaeM, OyJeT MOoydeH el0 yKe IOTOM, IOC/Ie TOTO, KaK MbI IMOACTaBUM 3TO
BbIpaskeHMe Ha MecTO QyHKIIMM ten. HO UTO ke mpoucxoauT ¢ GpyHKIIMe map O 3TOTO?
A 1o 3TOTO C Hel MPOUCXOAUT YaCTUIHOe mpuMeHeHue. [IOHATHO, UTO OHA elé He
MOSKET BBITIOJTHUTH CBOIO pabOTy, MO3TOMY, Oymayuu NPUMEHEHHONM JIUIIb K OTHOMY
aprymeHTy, oHa Bo3BpaiaeT JI®! ComoctaBuM ¢ TUIIOM (YHKIIVM map, ¥ BCE BCTAHET Ha
CBOM MeCTa:
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map :: (a -> b) -> [a] -> [b]
map (\n ->n * 10)

TOJIbKO MepBbiv

aprymeHT

| 4acTUYHO |

| NpUMEHEHHan |

| map I
aprymeHT oTBeT
AN YaCTUYHO
NPUMEHEHHOMN

GYHKUMM map
[1.2, 1,4, 1.6]

Tun JIO, BO3Bpal|éHHOM TOC/Ie TPUMEHEeHUS map K IEpBOMY apryMmeHTy — [a] -> [b]. DTO
«TUTIOBOV XBOCT», OCTABIINIACS OT ITOJIHOTO TUITa QYHKIIMA map:

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

rosnosa L— xgocT —

[TockoyibKy Tros0Ba B BUJE MEpBOro aprymeHra Ttuma (a -> b) yXe JaHa, OCTIOCh
MOJIyYUThb BTOPOV aprymeHT. [TosTomy JID, opoka€HHAass YaCTUUYHBIM IPUMMEHEHUEM,
OXXMIAeT eIVMHCTBEeHHBI/i apryMeHT, KOTOPhIM ¥ OYIeT TOT CaMblii BTOPOii, 8 MMEHHO
CIIMCOK [1.2, 1,4, 1.6].

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

ten :: [Double] -> [Double]
map :: (a -> b) -> [a] -> [b]
rosnosa L—— xBocT —

BoT noueMy Mbl MOKEM MCII0/Ib30BaTh KPATKyI0 Gopmy onpeneneHus 0jisi PyHKIMUA ten:
OHAa y3Xe SIBJISIeTCS. HAallUM XBOCTOM!

PaCCMOTpI/IM emé OOVH IIpMMep YaCTUMYHOI'O IIpMMEHEHN, ,]la6bl 3aKpeIInTb Hallle
IIOHMMaHMue:

replace :: String -> String -> String -> String
910 00bsIBIEHME QYHKIMMU replace, MIPUHMUMAIOIIEI TPU CTPOKM: MEePBast COOEPKUT TO,

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

Ornpepnenenne GYHKIMM replace HAC ceifuac He MHTEpPECYeT, paCCMOTPUM IIOIIaroBoe
MpUMeHeHe:

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

Tun BbIpakeHUs1 first — String -> String -> String, OHO $SBWJIOCb PE3YyJIbTaTOM
YACTUYHOTO MpUMeHeHUs (PYHKUUM replace K TE€PBOMY apryMeHTy, CTPOKe “http”.
Tun BbIpaxkeHUs1 second — String -> String, OHO SIBUJIOCH PE3YJIbTaTOM BTOPUYHOTO
YAaCTUYHOTO TMpuMeHeHUs (QYyHKIUM first K yKe BTOPOMY apryMeHTY, CTpPOKe
“https”. M HakoHell, TpuMeHUB GYHKIMIO second K TpPeTbeMy apryMeHTy, CTpPOKe
”http://google.com”, MbI HAKOHEII-TO ITOTy4aeM KOHEUHBI Pe3y/ibTaT, aCCOUMUPOBAHHbIN
C BBIpakeHMeM result.

W13 3TOTO MBI Ae/IaeM MHTEPEeCHOe OTKPbITHE:

DYHKIMS OT HECKOJIbKMX apTYMEHTOB MOSKET ObITh pa3J/ioskeHa Ha IT0C/IeIoBaTeIbHOCTh
MpMMeHeHMI I BpeMeHHbIX QYHKIMIT OT OHOTO apryMeHTa Kaxkaasl.

HOQTOMY MbI I CMOIVIM ITOACTABUTD YACTUYHO HpI/IMeHéHHy}O map Ha MeCTO BbIpa>kK€HNA
ten. HCHO]’IbByEM KpyTJibie CKO6KI/I, ,I[a6bI sSICHee IIOKa3aTb, YTO €CTb UTO:

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

| 4aCTMYHO |
L npumeHéHHas map 4

[ KOMMO3nLMA GYHKLMM |

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

apryMmeHT Ans
KOMMNo3uumn

I'mbKo, He mpaB/a an? Teriepb Mbl 3HAKOMBI C YaCTUUHBIM ITPUMeHeHeM QyHKIVN.

KOMHOSM].U/UI AJIs1 OTOGpa)KEHI/ISI

BepHémcs K pyHKIMM map. Eciv Mbl MOkeM IiepeaTh eif HeKylo (PyHKINIO 1151 paboThbI
C 9JIeMeHTaMM CIIMCKa, 3HAUYUT Mbl MOXKEM TepeaTh eif ¥ KOMITO3UIIMIO ABYX WiIu 6osee
dyukunit. Hampumep:
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import Data.Char

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

++ S ++ VX
main :: I0 ()
main = print . pretty $ [”haskell”, ”1isp”, “coq”]

Mbl XOTMM YKPacuUThb MMeEHa TPEX S3bIKOB IPOTpaMMMUpPOBaHus. [ 3TOr0 Mbl
npoberaemcsi MO CIMCKYy KOMITO3MIMeN AOBYX (GYHKUMI, big M stars. OyHKIUS big
MepeBOAUT CTPOKM B BEPXHUIT peructp, a GyHKIUS stars yKpamiaeT UMS ABYMS
3BE30YKaMI B HauaJle U B KOHIIe. B pe3ynbraTe nmeem:

[”* HASKELL *”,”* LISP *”,”* COQ *”]

[IpoiiTiCh MO CMMUCKY KOMIIO3UIMEN stars . big paBHOCWJIBHO TOMY, KaK eCiy Obl MbI
MPONLINCh CHavayia QyHKIMel big, a 3aTemM ¢GyHKIUMEN stars. [Ipy 9TOM, KaK MbI YXKe
3HaeM, 06e 9T GYHKIMM HMUYEro He 3HAIOT HU O TOM, UTO MX CKOMITOHOBAJIM, HU O TOM,
YTO 3Ty KOMIIO3UIIMIO TTepenanyt GyHKINM map.

Hy 4To X, Termepb Mbl 3HaeM O (PyHKIMM map, U MOCIEAYIOUMX IJIaBaX Mbl YBUIUM
MHO3KeCTBO ApyruxX ®BII. OTHbIHE OHM OYIyT HAIIVMM ITOCTOSTHHBIMM CITYTHUKaMM.
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Hackage u 6mb6amoTexknu

PaHee s yke ymoMMHa/l O OMOIMOTEKaX, MPUILIO Bpems ITO3HAKOMMUTBCS C HUMM
o6/1Ke, Bellb B IMOCJIEAYIONIMX I7IaBaX MbI OyIeM MCITO/Ib30BaTh MX MTOCTOSTHHO.

Bu6amoTeku 60bIIVIE M MaJIEHbKHE

3a rogpl cyuiectBoBaHus Haskell paspa6oTumku co Bcero Mupa CO34a/ii MHOXKECTBO
616nmoTreK. B1bnmoTexky 136aBIsSIOT HaC OT HEOOXOAMMOCTY BHOBb 1 BHOBb IICATh TO,
YTO yyKe HammyMcaHo A0 Hac. [IJis1 JIlo60TOo JKMBOTO S3bIKa IMPOrpaMMMUPOBAHMS HAIMCAHO
MHOXecTBO 6ubmmorek. B mupe Haskell nx, koHeuHO, He Takas Tyd4a, KaK IJIsI TOV JKe
Java, HO MTOPSITOYHO: CTAOMIJIbHBIX €CTh He MEHEee ABYX ThICSIY, MHOTYE 13 KOTOPBIX OU€Hb
KavyeCcTBEHHbIE U Y)kKe MHOTOKPATHO MCITBITAHbI B CEPbE3HBIX IMPOEKTAX.

C momynsmu — daitnamu, comepkamumy Haskell-kom, — MbI y)ke 3HaKOMBI, OHU
SIBJISTIOTCSI OCHOBHBIM KupIinuom Jito6oro Haskell-mpoekTa. Bubnmoreka, Takske SIB/ISISICh
Haskell-ripoekTom, TOXe COCTOMUT M3 MOAYJei (He BaKHO, U3 OJHOTO WJIM U3 COTEH).
[TosTOMY MCITO/b30BaHMe GUOIMOTEKM CBOOUTCS K MCIIOIb30BAHUIO BXOASIIVX B HEE
Mopysieit. I Mbl y’ke HEOTHOKPATHO JeJIaIiv 3TO B MPEIbIAYIINX IIaBaXx.

BcnmomHaMM 1ripumep u3 riasbl ipo OBII:

import Data.Char

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

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

DYHKIMS toUpper OIpeeieHa B MOMYJIe Data.Char, KOTOPBIiA, B CBOIO OYePelb, KUBET B
CTaHIAPTHOV 6MOMMOTEKe. BUOIMOTEK eCTh MHOXKECTBO, HO CTaHIAPTHASI JIUIIb OFHA.
OHa comepkUT camble 6a30Bble, HamMboee IIMPOKO MCIOTb3yeMble WHCTPYMEHTBI.
A mpexkie ueM IPOJO/DKUTD, 3amaAMMCSl BaKHbBIM BOIpocoM: «[me >KMBYT Bce 3T
6mbmmorexkn?» OHM KMBYT B pa3HbIX MecTaxX, HO IJlaBHOe 13 HuxX — Hackage.

90
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Hackage

Hackage — aT0 nenTtpanbHbIii pero3utopuii Haskell-6m6mmorek, miam, Kak MPUHSITO
y Hac Ha3bIBaTh, MakeTOB (aHMI. package). HazpaHue pemo3mMTOpusi MPOUCXOAUT OT
CIMSTHMS CJI0B Haskell 1 package. Hackage cymiectsyet ¢ 2008 roga 1 )KUBET 37ech!. Panee
YIOMSIHYTas CTaHJapTHasi 61ubamnoTeka Toke XXuBET B Hackage 1 Ha3bpiBaeTcs OHa base.
Kaskmoi1 61bmmoTeKe BbIfeaeHa CBOSI CTPaHUIIA.

Kaxknmpiit 13 Hackage-1makeToB XUBET 110 azpecy, copMMUpoOBaHHOMY 110 HEM3MEHHO
cxeme: http://hackage.haskell.org/package/MMANAKETA. Tak, JOM CTaHIaPTHOI OMOIMOTEKN
— http://hackage.haskell.org/package/base. Hackage — OTKpBITBIN pero3uTOpuii: 110607t
pa3paboTYMK MOXKET TO0OaBUTh Ty[a CBOV MAKETHI.

CranpmapTHass 6MO/MMOTEKAa BK/IIOUAaeT B ceOst 6ojee COTHM MOMYyIei, HO eCThb Cpeau
HUX CaMblil U3BECTHBIN, HOCAILIMUI UM Prelude. TOT MOLY/b 10 YMOTYAHUIO BCeraa C
HaMM: BCE €ro COmepXkKMMOe aBTOMAaTUYECKM MMIIOPTUPYETCS BO BCE MOIY/IM HaIIero
mmpoekTa. Hampumep, y>ke M3BeCTHbIe HAM map MJIM ONepaTOpPbl KOHKaTeHALIMM CIIMCKOB
SKMBYT B MoAyJ/ie Prelude, IIO3TOMY AOCTYNHbI HaM Bcerda. [lomMmuMo HuX (M MHOTMX-
MHOTIUX JEeCSITKOB APYrux QyHKIINI) B Prelude pacrionararoTcst GyHKIUM IJ1 paboThI C
BBOAOM-BBIBOJIOM, TaKl/e KaK Hallly 3HAKOMbIe putStrLn U print.

Hackage Becbma 60/1b111071, TOTOMY MCKaTh MTAKEThI MOKHO IBYMS crioco6amu. [TepBbiit
— Ha efIMHOI CTpaHuIle Bcex MaKeToB2. 37ech MepeunciieHbl Bee MaKeTsl, a [jisl Hallero
yI06CTBa OHM PACITONIOKEHBI TT0 TEMATUUYECKMM KaTeTOPUSIM.

BTopoii crioco6 — yepes crenyaabHbI MTOMCKOBUK, KOMX CYIIECTBYET /IBa:

1. Hoogle3
2. Hayoo!*

OTU TIOMCKOBMKM CKPYMYJIE3HO IIpoCcMaTpMBaloT BHyTpeHHocTu Hackage, u BbI
6ymeTe 4YacTO MMM IIONb30BaThes. JIMuHO s mpenmoumrao Hayoo!. ITomb3yemcs
OHBIM KaK OOBIUHBIM IMOMCKOBUKOM: HaIlpuMep, 3HaeM Mbl UMSI (PYHKIIMM, a B KAKOM
rakeTe/MOAYJe OHA XKUBET — 3a0bUTN. B6OMBaeM B OMCK — MOTy4aeM pPe3y/IbTaThl.

YT0O6bI BOCIIOMH30BaThCS TAKETOM B HallleM MTPOeKTe, HY>KHO J1J151 Hayasia BKIIOYUTD ero
B HAIll TPOEKT. [IJIsI mpuMepa pacCMOTPUM TaKeT text, IpeIHA3HAUEHHBIN 71 PaOOTHI C
TekcToM. OH HaMm B JII0O0OM CJTydyae MOHaA00UTCS, TO3TOMY BKJIIOUMM €ro B Halll ITPOEKT
He3aMeIIUTeTbHO.

OTkpbiBaeM cOOpPOUHBIN (aiii MpoeKTa real.cabal, HAXOOMUM CEKLIMIO executable real-exe
U B T10JIe build-depends uepe3 3aMsTyIO0 JOMMICbIBaeM UM TTaKeTa:

build-depends: base -- Ywe 30ech!
, real
, text -- A 3mo Hoswill 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 comepkUT IVIaBHbIe MHCTPYKIMM, Kacarliuecs cO0opku mpoekra. C CMHTAKCUCOM
cbopouHoro daitiia Mbl 6yeM IMOCTEITeHHO 3HAKOMUTHCS B CIEAYIOMIVX TIaBax.

Kak BuaguTe, maker base yke TYT. BK/IIOUMB ITakeT text B CEKIMIO build-depends, MbI
OOBSIBMIM TE€M CaMbIM, UTO Halll IIPOEKT OTHBIHE 3aBMCUT OT 3TOro mnakera. Terepsb,
HaXOJsICh B KOPHE IIP0EKTa, BBIMIOJIHIEM YK€ 3HaKOMYIO HaM KOMaHIy:

$ stack build

[loMHMUTE, KOTHA MbI BIIEpBble HAaCTpamMBaaM IPOEKT, sI YIOMSIHYJI, UTO YTUINUTA stack
yMeeT ellé 1 6ubamoTeku ycraHaBauBaTh? OHA YBUIMUT HOBYIO 3aBMCMMOCTDb HAIIETo
MPOEKTa ¥ YCTAaHOBUT KaK caM IaKeT text, TaK U BCe Te IMaKeTbl, OT KOTOPbIX, B CBOIO
ouepenb, 3aBUCUT TaKkeT text. Ilocie cCOOPKM MbI MOKEM MMIIOPTMPOBATbh MOIY/IN
M3 3TOrO IMakeTa B HaNIM MOAyau. M Terepp Ipuiiljia rmopa y3HaTh, KaK 3TO MOXKHO
nenarh.

Hepapxusa B umeHu

Korpma mbl nuiieMm:

import Data.Char

B MMEHM MOJY/ISI OTpaskeHa Mepapxus rmakeTa. Data.Char O3HAYaeT, UTO BHYTPU TakeTa
base eCTb KaTaJIOT Data, BHyTPY KOTOPOTO XMBET (aiisl Char.hs, OTKPBIB KOTOPBIN, MbI
YBUIUM:

module Data.Char

Takum o6pa3om, TOUka B MMEHM MOZAY/ISl OTpaskaeT GailyIoBYl0 Mepapxuio BHYTPU
IOaHHOTO nakeTa. Mo)keTe BOCIIPMHMMATb 3Ty TOUKY Kak a1l B Unix-myTu. ECTh makeTsl
CO 3HAUMTEIBHO 6oJiee IIMHHBIMY MMeHaMy, HallpUMep:

module GHC.IO.Encoding.UTF8

COOTBETCTBEHHO, MMEHa HAIIMX COOCTBEHHBIX MOMY/IEl TOXKe OTpakaloT MecCTo,
B KOTOpPOM OHM KMBYT. Tak, omuMH M3 Momy/ieii B MOEM paboyeM ITPOEKTe HOCUT
HasBaHue Common.Performers.Click. OTO O3HAyaeT, YTO >XMBET ITOT MOIY/Ib 3[€Ch:
src/Common/Performers/Click.hs.

JInno

BepHéMcS K HallIeMy IpuMepy:
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import Data.Char

MMIIOpT MOZy/isl Data.Char JenaeT MOCTYIIHBIM [JISI HAcC BCE TO, YTO BK/IIOUEHO B
uHTepdeiic 3Toro Mmomyssi. OTKpoeM Halll COGCTBEHHbI MOIY/b Lib:

module Lib
( someFunc
) where

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

Vms QyHKIMM someFunc YITOMSIHYTO B MHTepderice MOy, 8 MMEHHO MEKIY KPYIJIbIMU
CKOOKaMM, CAeAYyIOIMM 32 MMeHeM Mopayiist. UyTok rmepedopMaTupyeM CKOOKM:

module Lib (
someFunc
) where

B HacTosIIMiT MOMEHT TOJbKO MYHKIIMS someFunc TOCTYITHA BCEM MMIIOPTEPAM JaHHOTO
mopyssi. Ecin ske Mbl omipeiesiuM B 9TOM MOJYJ/Ie IPYTyIo QYHKIMIO anotherFunc:

module Lib (
someFunc
) where

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

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

OHa OCTAHEeTCS] HeBUOMMOM JJIsl BHELITHEr0 MMUPa, TOTOMY UTO €€ MM He YIIOMSIHYTO B
uHTepdeiice momyns. U ecnu B Mofysie Main Mbl HalMIlIeM TaK:

module Main
import Lib

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

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



I'maBa 16. Hackage u 6ubamoTeku 94

module Lib (
someFunc,
anotherFunc
) where

toraa GyHKUMS anotherFunc TOKe CTaHeT BUAMMOI BceMy mupy. ViIHTepdeiic mo3BosseT
HaM IIOKa3bIBaTh OKPYKAWIIMM JIMIIb TO, YTO MbI XOTMM MM II0Ka3aTh, OCTaBJISS
CITy>keOHble BHYTPEHHOCTHM Halllero MOAYJISI TaifHOM 3a CeMbIO IevaTsMu.

NmnopTupyem nmo-pasHomy

B peasbHBIX ITPOEKTAX Mbl UMIIOPTUPYEM MHOKECTBO MOZYJ/IeH 13 Pas3IMYHbIX ITaKETOB.
VHorma 3TO SIBJASETCS TPUYMHON KOH(MIMKTOB, C KOTOPHIMU IIPUXOAUTCS MMETh
nerno.

BcrmoMHMM (QYHKIIMIO putStrin: OHA CYIIECTBYET He TOJbKO B HE3PMMOM MOJIyJ/Ie Prelude,
HO M B MOZyJIe Data.Text.IO M3 I1aKeTa text:

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

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

[Tpy TIOTIBITKE CKOMIITMIMPOBATD TAKO KOZ, 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 yKa3aTb, KaKylo M3 GYyHKIMI putStrin Mbl MMeEeM B BUIY. DTO
MOJKHO C/IeJIaTh HECKOTbKUMU CIIOCOOaMM.

MOsKHO yKa3aTb MPUHAIIEKHOCTb QYHKI[MY KOHKPETHOMY MOAY/0. V3 coobIeHns 06
OIIMOKe yske BUIHO, KaK 3TO MOKHO CIe/IaTh:

-- 30ecb moxe ecmb ¢QYyHKUUS NO umeHu putStrin.
import Data.Text.IO

main :: I0 ()

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

Terepb yXe COMHEHMII He OCTaJIOCh: MCIIOJb3yeMas HaMM putStrln TPUHAIIEXUT
MOZYJTIO Data.Text.I0, TO3TOMY KOJIJTU3UIT HET.
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BripoueM, He KaskeTcs JiM BaM IOmo0Has ¢hopMa CIMIIKOM JJIMHHOI? B yrmoMsiHyTOM
paHee CTaHIAPTHOM MOJMYJIE GHC.IO0.Encoding.UTF8 eCTb GYHKIMS mkUTF8, U ITPEICTaBbTe
cebe:

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

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

CIMIIKOM IJWMHHO, HY)XHO YKOPOTUTb. VMIIOpTMpyeM MOIyAsI TOH KOPOTKUM
MMEeHeM:

import Data.Text.I0 as TIO

BKJIWYMTb STOT MOAYAb  KakK 37O

main :: I0 ()

main = TIO.putStrLn ...

Bort, Tak 3HaUMTENBHO Jy4dlle. KOpOTKOe MM MOXKET COCTOSITh JIaske 13 OHOV OYKBbI, HO
KaK ¥ TI0JTHOe MMSI MOJIYJIsI, OHO 06sI13aTeJIbHO AO/DKHO HAYMHATBHCSI C OOJBIINON OYKBBI,
MO3TOMY:

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

WHorga, ajist 60IbIIero mopsiaKa, MCroab3yoT qualified-ummopt:

import qualified Data.Text.IO as TIO

KiroueBoe €10BO qualified MCIIONB3YyeTCS OJIS «CTPOrOro» BKAKOYEHUS MOZAYJSL: B 3TOM
cryyae Mbl 00sI3aHbI YKa3bIBaTh IIPMHAJIEKHOCTh K HeMy. Hampumep:

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 KOJJIU3UIA C Prelude HET, Mbl 00sI3aHbI YKa3aThb, YTO 3Ta (PYHKIMS MUMEHHO U3
Data.Text. B 6ombimnx momynsix qualified-uMmopt 6bIBaeT mosie3eH: ¢ OJHOI CTOPOHBI,
rapaHTMPOBAHHO He OyIeT HMKAaKMX KOHMIMKTOB, C IPYroi, Mbl Cpa3y BUIUM, OTKyIa
pOIOM Ta WM MHas QYHKIINS.

Brpouem, HekoTopbiM Haskell-iporpammucram 060e yKazaHue MPUHAIIEXKHOCTU K
MOZY/TI0 KaKeTcs M36bITOYHbIM. [103TOMY OHM MAYT IO APYrOMY MIYTU: BBIOOPOUYHOE
BKJIIOYeHMe/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 (PYHKUMST IO MMeHM map. K CUacTbhlo, HUKAKOM KOIM3UM He OymeT, Beab
MbI UMIIOPTUPOBAJIX He BCE COMlePsKMMOe MOTY/ISI Data. Text, a JIMIIIb OJHY €ro QyHKIINIO
pack:

import Data.Text (pack)
“MNopTUpYyeM OTCloaa TO/IbKO
370

Eciu ske MbI XOTMM MMITOPTMPOBATh ABe Wiy 6oee GYHKINY, IEPEUnCIsieM UX dyepe3
3amsTyIO:

import Data.Text (pack, unpack)

CylIecTByeT ¥ IMPSMO MPOTUBOIIOIIOXKHBIN ITyTh: BMECTO BbIOOPOYHOTO BKIIIOUEHUS —
BbIOOPOUHOE BBIK/IIOUEHME. V36eXaTh KOUIM3UM MeKIYy QYHKIMSIMU putStrin MOXKHO
ObLIO OBI M TaK:

import Data.Text.IO hiding (putStrLn)

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

CnoBo hiding MO3BOISIET CKPbIBATh KOE-UTO M3 MUMIIOPTMPYEMOTI'O MOAYJIS:

import Data.Text.IO hiding (putStrLn)

MMNOpTUPYEM BCE OTCHAA KpomMe  3TOro

MOXHO 1 HECKOJIBKO (YHKIIMI 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

O6miast pekoMeHZALMsI TakoBa — OMOpPMJISIITE TaK, YTOObI ObUIO Jierdye 4ymMTaTh. B
peasbHOM IpOEeKTe B KaXKIblii M3 BallMX MOZAy/ei OymeT MMIIOPTUPOBATHCS JOBOIbHO
MHOTO Bcero. BoT Kycouek 13 0JHOr0O MOero pabovero 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)

Kak mosnHble, Tak 4 KpaTKue MMeHa MOJy/eii BBIPOBHEHbI, TaKOi KOJ, MPOIlle YMTaTh U
M3MeHsTh. He Bce mMpOrpaMMMCThI COTTIACSITCS C TAKMM CTWJIEM, HO TIOIIpo6GyeM yopaTh
BbIpaBHUBaHMeE:

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. BHpO‘IEM, BbI60p 3a
BaMMU.
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Pexkypcus

YT0O6bI MOHSITh PEKYPCUIO, HY;KHO CHavasIa MOHSITh PEKYPCHUIO.

OTa cTapasi IIyTKa Ipo peKypCcuio MHOTAA IyraeT HOBUYKOB, KaK B CBOE BpeMsI Haryraia
" MeHSI. B meiicTBUTeNbHOCTY B PEKYPCUM HET HMYETo CTPAITHOTO, U B 3TOV IJIaBe MbI
TMO3HAKOMMMCS C 9TUM BasKHbBIM MeXaHM3MOM.

Hukn

VousutenbHo, HO B Haskell HeT BCTpOEHHBIX IIMKIMYECKMUX KOHCTPYKIMIA, CTOJIb
TIPUBBIUHBIX JIJIT APYTUX SI3bIKOB. Hu Tebe for, HU TebGe while. OmHAKO 060ITUCH 63
LIMKJIOB B HAIlIeEM KOJIe MbI HE CMOXKeM. Kak ke HaM X OpraHu30BbIBATh?

K cyacTtblo, yallle BCero Ham 3TO M He HYKHO. BCOMHMM Hairy 3Hakomylo, QyHKLIUIO

map:

map toUpper somelist

Hy u yem 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]);

@OyHKUMM HAMOJo0Me map B MOZJABJSIONIEM OGONMBUIMHCTBE C/TyyaeB M30aBJSIOT HAC OT
HaIMCaHMS SIBHBIX IUKINYECKMUX KOHCTPYKIMIA, U 3TO HE MOXeT He pafgoBaTh. OgHaKO
u3penKa Ham BCE-TaK TMPUIAETCS TucaTh UKLl ssBHO. B Haskell, n3-3a orcyrcTBus
for-KOHCTPYKIIMM, CHeNaTh 3TO MOXKHO TOJIBKO OJHMM CIIOCOO0OM — dYepe3 peKypCHuio
(aHrI. recursion).

Vnes peKypcuu mpeaenbHO IPoCTa:

98



I'naBa 17. Pexkypcus 99

Eciv HaM HY>KHO TOBTOPUTD BbIUMCI€HME, TTPOM3BOAMMOe HeKO (pyHKIIMel,
MblI TOJKHBI TIPUMEHUTH 3Ty (QYHKIMIO BHYTpU cebst camoit. I momyunTtcst
3alMK/IMBaHNeE.

BsrmissHem Ha omnpeneneHue QyHKIIUY map:

map _ [] =[]

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

A Temepb pa3bepéM 3TO MHTepecHejiIIee orpee/ieHi e 10 KOCTOYKAM.

IIpaBga o crimcke

[lepBpIM aprymMeHTOM, Kak Mbl TIOMHMM, BBICTyIIaeT HeKasi (QYHKIMS, a BTOPbIM —
CIIMCOK, K 37IeMeHTaM KOTOPOro NnpumeHsieTcs 3Ta GyHKiys. Ho 4To 3TO 3a CTpaHHOTO
BU/Ia KOHCTPYKIMS B KPYIJIBIX CKOOKAX?

(x:xs)

9To — 0co6bIii 06pasel], UCIOAb3yeMbIil IJIT paboThl CO CrMCcKaMy. M1 4TOGbI OH CTasl
TIOHSITEH, S JO/DKEH paccKasaTh BaM IpaBay 0 GOpMMUPOBAHMM CITICKA.

Kak Mbl TOMHUM, (OpPMUPYETCS CITUCOK MTpeaeabHO IPOCTO:

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

OnmHako B JeiCTBUTETbHOCTM OH (OPMMPYETCS HECKOJIbKO MHaue. IIpMBbIYHAS HaM
KOHCTPYKIIMSI B KBaJJpaTHBIX CKOOKAX €CTb HM YTO MHOE, KaK CMHTAKCUUYECKUIl caxap
(a"mI. syntactic sugar). CMHTaKCMUYeCKMM CaxapoM Ha3bIBAIOT HEKOe YIIPOoIeHNe KoAa,
Ienalee ero ciaile, mpusTHee 1js1 Hac. Ecmn ke Mbl yoepém caxap (MM, Kak eIné
TOBOPSIT, paccaxapyuM KO[I), TO YBUAUM BOT UTO:

1:2:3:1]

MIMeHHO TaK CIMCOK U3 TPEX LienbIX umcen GopMupyeTcs: Ha camoM Jene. CTaHIapTHBIN
oriepaTop : HaM yke 3HaKOM, MbI BCTPeTU/INCH C HUM B IJIaBe O CIIMCKaX:
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newHost : hosts
3TOT
onepaTop

6epéT

370

3HayeHune

n pobasnaetr
ero B Hayano
3TOro cnucka

To eCcThb CIIMCOK CTPpOUTCA HYTéM JILOﬁaBJIeHI/IH 9JIEMEHTa B €ro «rojioBy», HauMHasd C
ITyCTOI'O CIIMCKaA:

1:2:3:1]

=1:2: [3]
=1: [2, 3]
= [1’ 2, 3]

HauuHag ¢ ripaBoro Kpasi, Mbl CHaJajia IpuMeHsieM OrepaTop : K 3 U IyCTOMY CIIUCKY, B
pe3yabTaTe 4ero MojydaeM CIUCOK C eIMHCTBEHHBIM 3JIEMEHTOM [3]. 3aTeM, MPUMEHSIS
BTOpOI1 OIEepaTop : K 2 U K TOJBKO UTO ITOJYYEHHOMY CIIMCKY [3], MBI MOJIy4yaem
HOBBIN CIMCOK [2, 3]. I B KOHIle, BHOBb IPUMEHMB OIEPATOpP : K 1 U K COUCKY [2, 3],
MbI TIOJTyYaeM MTOTOBBIN CIMCOK [1, 2, 3]. BOT rmoyemy CTONb yIOOGHO OIEpUPOBATH
«T'OJIOBOJ» U «XBOCTOM» CITMCKA. M1 MMeHHO ITO3TOMY ObII CO3[aH 0COObIN 0bpa3elr st
MaTTepH-MaTUMHIOBOI PAaOOThI CO CITMCKOM:

(head : tail)

B maHHOM ciy4dae cj10Ba head U tail He OTHOCATCA K CTaHOAPTHBIM beHKLU/IHM, s1 JINIb
ITOKa3bIBAlO HA3HAYE€HMe 3JIEMEHTOB JaHHOTO o6pa3ua. Bort 6051ee skuBoit Inpmumep:

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

[TOCKOJTIbKY MbI TOUHO 3HAaeM, YTO CIIpaBa Y HacC CIMCOK, CJieBa MbI ITuIeM o6paselr Ajis
CITMCKA, B KOTOPOM first acCOIMMPOBAH C IIEPBBIM 3JIEMEHTOM, C «I'OJIOBOVi», a a6I0H
others — C OCTaBIIVMMCS IEMEHTAMM, C «XBOCTOM».



I'naBa 17. Pexkypcus 101

Ho BbI CIIpoCuTe, 3a4eM HaM 3TO HY)KH07 Ecin VY>K MbI TaK XOTUM pa6OTaTb CO CITMCKOM
yepes raTTepH MAaTUYMHI, MOKHO Be€Jlb BOCITIO/Ib30BaTbCA ABHBIM O6p&3L[OMZ

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

+H+++ +H++

Bcé BepHO, 0iHAKO oOpa3sel ¢ KpyIbIMM CKOOKaMM Ype3BbIUaifHO yI00eH MMEHHO IJIsSt
PEKYPCUBHOJI pabOThI CO CIIMCKOM, ¥ BOT ITouemMy. BcmoMHMuM ompenenenne GyHKIUN
map:

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

[TopcTaBMM peasibHbIe 3HAUEHMSI HA OCHOBE TIpMMepa Mpo MepeBof, CMMBOJIOB CTPOKU B
BEPXHUIT PETUCTP:

1
—

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

s

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

BOT Ternepn-TO MbI BUAMM, KaKUM 00pa3oM (PyHKIIMS map IPOOETaeTcs 10 BCEMY CITMCKY.
[Ipoitnémcst 1o uTepamusM, YToObI BCE OKOHUYATE/IbHO BCTAJIO HA CBOM MecTa. Y Hac ke
LIMKJI, BepHO? A rle MK — TaM UTepalun.

Ha miepBoii 13 HUX ONepaTop : NPUMEHSIETCS K BBIpOXKEHMIM toUpper ‘n’ U map toUpper
“eon”. BeIpaskeHMe cJieBa BBIUYMUCISIETCS U AAET HAM CMMBOJI *N”:

)

toUpper ’n’ : map toUpper “eon”

’N’ : map toUpper “eon”

BbipaskeH1e cripaBa COEPKUT MpUMeHeHMe TO¥ ske QYHKIMU map, TO €CTh MbI BXOJUM B
LIMKJI, BO BTOPYIO €ro uTepaimio:

LI ]

map toUpper ”eon” = toUpper ’e’ : map toUpper on”
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Bpra)KeHI/Ie C/JIeBa BbIUMCIAETCA 1 ,IlaéT HaMm °E’:

b E 3

toUpper ’e’ : map toUpper “on’

2

’E’ : map toUpper on

BbrunciisieM BbIpaskeHye CIipaBa — ¥ BXOAUM B CIeAYIOIIYIO UTE€PALNIO:

s 29 33

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

BripaskeHue ciieBa JAa€T HaM *0°:
E E) » »

toUpper “o° : map toUpper “n

39 9

’0’ : map toUpper ”n

CnpaBa BHOBb IIPMMEHEHNME map — M Hallla ITOC/JIeAHSA UTepalus:

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

BripakeHue cieBa AAE€T HAM "N’ :

)

toUpper ’n’ : map toUpper []

’N’ : map toUpper []

Mbl BBITALIMIM M3 CHOUCKA TOCAeSHUI M3 UYEThIPEX CMMBOJIOB, M CIMCOK OCTajCs
mycThiM. UTO ke MbI OyeMm OenaTh manblie? A [ajbllie Mbl BCIIOMMHAEM II€PBBIi
BapMaHT orpeaeneHns: GyHKUUY map:

map _ [] =[]

3nech QyHKIMS TOBOPUT: «KaK TOMBKO 51 BTOPbIM apryMeHTOM IMOy4y ITyCTOM CIMCOK,
s, UTHOPUPYSI NEePBbIMi apryMeHT, HEMeIJIeHHO [aM TOT K€ CaMbIii MyCTOM CHUCOK».
[TosToMy ocTaBIlieecs Ha MOC/eJHEeN UTepaluy BbIpaskeHue cripaBa:

map toUpper []

MOJONMOET IOA AAHHBIM CIydal M IIPOCTO OAaCT HaM ITYCTOM CIMCOK. BCE, roToBo,
pabota GyHKUMM 3aBepiieHa. Ha Kaxkmoit uTepaiyy Mbl OTKYCbIBa€M «T'OJIOBY» CITIMCKa U
repenaém e€ GyHKIMMA toUpper, «<XBOCT» JKe IepeaéM BHOBb QYHKIMM map. Ha ueTBEPTOII
uTepalum ynmpaeMcs B IyCcTOol CIMCOK 1 Bo3Bpaiiiaem ero xke. COBMeCTUB BCe UTeparumn
BOeAMHO, TIOJTydaeM BOT UTO:

,N’ . ’EJ : ’O) . ,N, : []

Y3HaéTe? ITO XXe Halll paccaxapeHHbIN CIMCOK, COeAMHSIOIINIICSI BOeIVHO:



I'naBa 17. Pexkypcus 103

[’N,’ ’E’, ,0” ,N,]

Bot mbI 1 IMPpUIIJIY K HalllIeMYy PABE€HCTBY:

map toUpper ”neon”

E 3 3

map toUpper [’n’, ’e’, ’0’, ’n’]

[,N,, :EJ, ,O’, ,N,]

- ”N EON”

Tyna u oGpaTHO

Omnpepensisi peKypCUBHYIO0 QYHKIMIO, BAKHO TIOMHUTh O TOM, YTO B Heli JOJIKHO ObITh
KaK IMPaBWIO 3alMKIMBAaHMS, TaK ¥ IPABWIO BBIXOJA M3 IIMKJ/IA:

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

Ecmu 6bI MBI OIYCTW/IM TI€PBOE OIpeleseHue, KOMIWISTOD MPeqyCMOTPUTETbHO
coob1MT 6bI HAM O TIpobIeMe:

Pattern match(es) are non-exhaustive

" sto COBEpILIEHHO IIPpaBUJIbHO: €CJIM Ha KaXXI0M1 nurepauuy Mbl YMeHbIIaeM CIIMCOK,
TO paHO WM ITO3OHO CIIMCOK TOYHO OCTaHETCA IIyCThbIM, a CJIeJOBATE/IbHO, MbI 00s13aHbI
O6’b${CHI/ITb, YTO JKe OeyiaTb B 3TOM C/Iydae.

17151 TFI0OOIIBITHBIX

OTKpoto cekpeT: pekypcuBHbIMYM B Haskell 6p1BatoT He ToMbKO GyHKIMM, HO U TUIbI. HO
00 3TOM B MOCIEAYIOIINX IIaBaxX.
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JIeHBb

[TomHuTeE, B IVIaBe C MepBbiMYU BorrpocaMmu 0 Haskell s ymoMsiHyJT, UTO 3TOT SI3bIK SIBJISIETCS
neHuBbIM? Celiyac Mbl HAKOHEI[-TO Y3HaeM O JIEHUBBIX BBIYUCIIEHUSIX U IO3HAKOMUMCS
C UX CBETJION U TEMHOM CTOPOHAMM.

JIBe Mmozeay BbIUMC/IeHUN

Kak mbI yke 3HaeM, Haskell-riporpaMma cocTOUT 13 BhIpasKeHMIA, a 3aITyCK ITPOrPaMMbl
CYTb HAUaJI0 AJIMHHOM LIeTTOUYKM BbIUMCJIeHUI. BcoMHMM GQYHKIIMIO square, BO3BOZSIILYIO
CBOJ eIVHCTBEHHBII apryMeHT B KBaJiparT:

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

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

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

Tertepb QYHKIMS square IPUMEHSIETCS Y3Ke K PeIyIIIPYEMOMY BbIPSKEHUIO:

square $ 2 +2

OYHKLUMA MpUMeHAeTCA peayuupyemomy
K BbIPAXEHWI0

Kak BbI fymaeTe, UTO MpoM30iAET paHblle? [[pyMeHeHMe orepaTopa CJIOKEHUS WU XKe
npuMeHeHMe QYHKUMY square? Bopoc XUTPbIH, Beb MPaBUIbHOTO OTBETA HA HETO HeT,
TOCKOJIBKY CYILIECTBYET IBE€ MOZEIM BbIUMCIEHUSI apTYMEHTOB, & MMEHHO SHepruyHas
(aHr/1. eager) v ieHUBas (aHII. lazy).

[Tpy sHepruMuHOi Momenu (Ha3bIBaeMOIJ elllé «KamHOV» MU «CTPOTOii») BbIpakeHMUe,
SIBJISIIONeeCsl apryMeHTOM (yHKIMM, OyaeT BbIYMCAEHO elllé [0 TOro, Kak IMOMaAéT B

104
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teno pyHkuuu. Ha dhoHe ompenenennst GyHKIMY square OyIeT sicCHee:

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

To ecth BUOUM BbIpaXXeHue 2 + 2, XagJHO Ha Hero Ha6paCbIBaEMCH, ITIOJTHOCTBIO
BbIUuMCisieM, a YK€ IIOTOM pe3yjJabTaT 3TOr0 BbIUMCIEHUA nepe,uaéM B (I)YHKLU/IIO
square.

[Ipu 7eHuBON Xe Momenyu BCE HAOOOPOT: BbIpaKeHMeE, SIBJISIOIIEeCs apryMeHTOM
byHKIMM, TIepenaércss B GYHKUMIO MPSIMO Tak, 6e3 BbluMcIeHMs. V306pasuTh 3TO
MOSKHO CIeIYIOIIUM 00pa3om:

square X = X * X

/N /N ]\
square $ 2 +2=(2+2) * (2+2)=16

Ho kakast pa3Huiia, crmpocute Bbi? Bcé paBHO B UTOre MOMYYMM 16, XOTh TaM CJIOKUJIN,
XOTb TYT. Tak 1 eCTh: MOJIe/ib BBIUMC/IEHNMS He BJIMSIET HA Pe3y/abTaT 3TOTO BbIYMCIEHMS,
HO OHA BJIMSIET Ha ITyTh K 3TOMY pe3y/IbTaTy.

JKanmHast Mopesib Hallljla CBOE BOTUIOLIeHMe ITPAKTUUeCKM BO BCEX COBPEMEHHBIX SI3bIKax
nporpamMmupoBanus. Hanumem Ha C:

#include <stdio.h>

int strange(int i) {
return 22;

}

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

@OyYHKIMS strange NEMICTBUTENbHO CTpaHHAasl, Belb OHA UTHOPUPYET CBOJ apryMeHT
M TIPOCTO BO3BpallaeT 4YMEIO 22. VM BCE Ke MpU 3allyCcKe 3TOM MPOTrPamMMbl BbI
rapaHTMPOBAHHO TIIOJMYYMTE OIIMOKY Floating point exception, MO0 KOMITMUJISITOD
s3pika C KaTeropmyecky He TEePIIMT OeJeHMS Ha HOJMb. A BCE IOTOMY, UTO S3bIK C
TIPUIEPKUBAETCS SHEPTUYHOI MOJIENM BhIUMCIEHWIi: OrepaTop AeleHus 2 Ha 0 Oyaer
BBI3BaH €Ill€ 10 TOro, Kak MbI BOWAEM B Tel0 (YHKIMU strange, [IOITOMY IIpOrpaMma
YIAJET.

Takoii Toaxon MPSIMOJIMHEEH M CTPOr: CKAa3ajM HaM CHavasla pasfgeiuTh Ha HOMb —
pas3genum, He 3aJyMbIBasiCh. JIeHMBaAsI ke MOZENb MPUAEPKMBAETCS MHOTO ITOAXOMA.
Bsrnssuute Ha Haskell-BapuaHT:
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strange :: Int -> Int
strange 1 = 22

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

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

22

BripoueM, rouemy yauBuTenbHO? OYHKIMS strange, IPOUTHOPUPOBAB CBOV apryMeHT,
Iajla HaM 3HaueHue 22, KOTOopoe, MOIaB Ha BXOA (PYHKUIMM print, BbIJIETENO B HaIl
tepMmuHas. Ho rae ske ommbKa geneHus 2 Ha 0, cripocuTe Bbi? E€ Her.

JIeHMBBIVi TIOOXON BIIOJTHE TAapMOHMpPYET CO CBOMM Ha3BaHMEM: HaM JieHb [eJaTh
paboTy cpasy ke. BMecTo 3TOro Mbl, OJ00HO PeOGEHKY, KOTOPOTO 3aCTaBWIN YOPaTh
pa3bpocaHHbIe TT0 KOMHATe UTIPYLIKM, OTK/IaJbIBaeM pabOTy A0 MOCIeaHero. JlieHuBas
MOZeJIb TapaHTUPYeT, UTO paboTa 6yaeT BBITTOJHEHA JIUIIb TOTAA, KOTAA Pe3y/IbTaT 3TOM
paboThbl KOMY-TO IMOHALOOUTCS. Eciu ske OH HUKOMY He MMOHAJI00MTCs, Toraa paboTa He
OyzeT BHITIOJTHEHA BOBCE.

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

strange i1 = 22

U TIOHMMAET, YTO OH HUTAE He UCIIOIb3YyeTCs B €€ Teje. 3HAUNUT, OH He HyXeH. A pa3
TaK, TO M BBIUMCIEH OH He Oymet. KcraTu, ecau aprymeHT (GYHKIMM UTHOPUPYETCS,
orpeJiesieHye TIPUHSTO MUCATh C YHUBEPCATbHbIM 00pa3IioM:

strange _ = 22

A

HaMm
BCé
paBHO

Tak n IMosIydaeTcd:

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 : €C/TY Pe3YJIbTAT Pab0Thl HUKOMY He HY>KEH —
3aueM ke e€ menaTb? BoT mouemy paKkTMUeCKOTO Je/IeHNs Ha HOJIb 3[eCh He ITPOU30IET
U MporpaMMa He pyXHeT.
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PasymeeTcs, ecyiv 6bI MbI ONpeeanan QYHKIINIO strange MHAYE:

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

TOT/IA IPYyTOe JIeJI0: 3HaueHMe apryMeHTa yke UCIOIb3yeTcs B Tese GyHKUMUY, a 3HAUUT
BBIUMCJIEHVE apTyMEeHTa HelTPeEMEeHHO IMPOU30MIET:

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

Ormnepatopy CIoXeHMsI TpebGyeTcsl 3HaUeHMe 060MX CBOMX apryMeHTOB, B TOM YMCIIe
JIEBOTO, a IIOTOMY TOJTyUYMUTEe OIIMOKY e/IeHMs Ha HOJIb.

Kaxk MO>XHO MeHblIe

Jlo Tex mop, moKa pe3ylbTaT BbIUMCIEHMS HUKOMY He HYXXEH, OHO He ITPOU3BOAUTCH.
OpHako Jaxe TOr[a, KOTAa pe3yabTaT KOMY-TO MOHAL00MICS, BBIYMCIEHe TPOUCKXOIAT
He [0 KoHua. [TomMHMTe, Bblllle s CKasal, YTO NPM KALHOM MOIENN BbLIYMCIEHUS
BbIpakeHue, SBJIOIIeeCss apryMeHTOM, BBbIUMC/ISETCS <«IIOMHOCTbIO»? A BOT IIpuU
JICHMBOJ MOfenuM Mbl BbIUMCISIEM BbIpa)KeHyue JMIIb HAaCTOJNbKO, HACKOIbBKO 3TO
HeobxoaMmo. Kak BbIIIEyTIOMSIHYTBbIi peGEHOK, yOuparouuii Urpylmiku B KOMHarTe,
yb6upaeT X BOBCe He 0 KOHILIA, a JIUIIb A0 TaKoii CTereHu, YTOObl ero He pyraau
pPOOUTENN.

C TOYKM 3peHMs BbIUMCIEeHMSI JI000e BbIpaskeHue B Haskell mpoxomut uvepes Tpu
CTagun:

1. HeBBIUMC/IEHHOE,
2. BbIUMCIIEHHOE He [0 KOHIIA,
3. BBIUMCJIEHHOE IO KOHIIA.

HeBpIunic/ieHHBIM Ha3bIBAE€TCS TaKoe BbIpakeHne, KOTOopoe BOO6H_[e He Tporan.
BcrmomHMM BBIIIEYIIOMSAHYTOE OEJI€eHNMEe Ha HOJIb:

2 ‘div‘ 0

MbI yBUI€IM, YTO IIPOrPaMMa He yriaia, ¥ 3TO TOBOPUT HaM O TOM, UTO JAeJIeHNS He ObLT0.
To ecTb QyHKLMS div Tak U He ObLIa IPMMEHeHa K CBOMM aprymMeHTam. Boobie. Takoe
BbIpakeHMe Ha3bIBaOT thunk (MOKHO IepeBecTy Kak «3aAyMKa»). To eCTb MbI 3a{yMan
MPUMEHUTDH QYHKIINIO div K 2 ¥ K 0, IPUTOTOBWJINCH ClleJIaTh 3TO — HO B UTOTE TaK U He
cresnanm.

BbIuKcieHHBIM [0 KOHIIA Ha3bIBAalOT TaKOe BbIPaskeHMe, KOTOPOe BhIUMCIEHO IO CBOEiA
OKOHYAaTeJIbHO}, Hepenyuupyemoii ¢opmbl. O TakoMm BbIpakeHUM TOBOPSAT Kak O
BbIpakeHI! B «<HOpMasbHOM hopMme» (aHm1. normal form).
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A BOT BbIYMC/IEHHBIM He JI0 KOHIIA Ha3bIBAIOT TAKOe BhIpaskeHle, KOTOPOe HavaIu ObLIO
BBIUMCJISAT, HO CAeNalM 3TO He N0 KOHIIA, TO eCTh He A0 HOPMajabHOI (GOpMbI, a 0
TaK Ha3bIBaeMOI1 «cs1aboii rooBHOI Gopmbl» (aHr1. Weak Head Normal Form, WHNF).
Brl cripocuTe, Kak ke 3TO MOXXHO BBIYMCJIMTDL BBIpaKeHME He A0 KOHIa? PaccmoTpum
npumep:

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 KoabduIimeHTa, cx 1 nk, 1 eIié CImICcoK coeffs, B KOTOPbI MbI TIOMECTUIIN
9T Ko3pPuuymenTsl. Ho, Kak Mbl BUIMM, B UTOTe€ HU 3TU KO3GPUIMEHTHI, HU ITOT
CIIMCOK HaM He IMOHAA0OWINCh: MbI IIPOCTO BBIBEIM CTPOKY M TUXO BBIILIK. B aTom
cTydyae HY OIHO M3 3TUX BbIpaskeHUi Tak M He ObUIO BbIUMCJIEHO, OCTaBIINCh B BUJIE
thunk. To ecTp omepaTop AeneHuUsI TaK U He ObLI IIPUMEHEH K 2 M 6.054, OIEpaTop
YMHOKEHMSI He MPUKOCHYJICS HU K 4, HM K 12.003, a CIIMCOK OCTaJICS JIUIIb B HaIIUX
yMax. JIeHuBast cTpaTerusl palyoHa/JIbHAa: 3aU4eM TPAaTUThb KOMITbIOTEPHBIE PECypChl Ha
CO3JaHMe TOTO, YTO B UTOTe HMKOMY He ITOHaI00UTCsT?

N3MeHMM KOm:

main :: I0 ()
main =

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

in print $ length coeffs

Ara, yxe uHTEepecHee. B 5TOT pa3 3ax0oTenoCh HaM y3HATh JJIMHY CIIUCKA coeffs. B aTOM
cryyae HaM yske He 060MTICh 6e3 CITiCKa, MHave Kak ke Mbl y3HaeM ero minHy? OmHaKko
d)OKyc B TOM, UTO BbIpakeHMe [cx, nk] BBIUMCISIETCS He 0 KOHIIA, a JIUIIb 10 TO CBoei
(bopMmbI, KOTOpAst yIOBIETBOPUT PYHKLMIO length.

3agymaemcsi: GyHKIMS length BO3BpAIllaeT YMC/IO IeMEHTOB CITMCKA, HO KaKoe eii Ie1o
0 CONepPKMMOTO 3TUX 37eMeHTOB? POBHbIM cuéTOoM HMKakoro. I1oaTomy B JTaHHOM
cryyae ciucok dopmupyetcst u3 thunk-os:

coeffs = [thunk, thunk]

[TepBBIM 3/IeMEHTOM 3TOT'O CIIMCKa sBjsieTcst thunk, acconmMpoBaHHbBIN C HEBBIYMCIEHHBIM
BbIPaKEHMEM 2 / 6.054,a BTOPBIM 3JIEMEHTOM CITMCKa siByisieTcst thunk, acconympoBaHHbI
C HEBBIYMCJIIEHHBIM BbIpa)keHMEM 4 * 12.003. DaKTUUECKU, CIUCOK coeffs TOMYUMIICS
KakK Obl He COBCEM HACTOSIIMM, ITYCThIIIEYHbIM: OH 6bUT C)OPMMPOBAH B MaMSITH KaK
KOPPEKTHBIN CIMCOK, OMHAKO BHYTPU 060X €ro 3IeMEHTOB — BaKyyM. M BCE ke maske
Takasi ero popma BITOJIHE TOAXOAUT MJisI PYHKIMM length, KOTOpasi U TakK MPEKPacHO
MOMET, UTO B CITMCKe JIBa 3yeMeHTa. O TaKOM CIIMCKE TOBOPST KaK O BbIPasKEHUM B
c1ab0ii rosI0BHOM opMe.
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Emié 4yTOoK M3MeHUM KOJ,:

main :: I0 ()
main =

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

Heo6bI4HOTO BMIa OTIEPATOP !! M3BJIEKAET U3 CIMCKA IEMEeHT 110 MHAEKCY, B JaHHOM
CJlydae Hac MHTepecyeT BTOPOV MO CUETY d1eMeHT. Terepp HaM y)Ke HeLOCTaTOYHO
MpocTo chopMMUPOBATh CIIMCOK, HAM JIeICTBUTENBLHO HY)KEH €ro BTOPOi 3/IeMeHT, MHaye
Kak O6bI Mbl CMOIJIM BbIBECTM €r0 Ha KOHCOJb? B 3TOM ciyuae BbIpaskeHUe 4 * 12.003
OymeT BBIUMCIEHO A0 CBOEl OKOHYATEeIbHOM, HOpMaJIbHOM (OpPMBI, a pe3y/lbTaT 3TOTO
BBIUMCIEHUS JISDKET BTOPBIM 3JIeMEHTOM CITUCKA, BOT TaK:

coeffs = [thunk, 48.012]

OpHako TMepBbIii 3ME€MEHT CIMMCKA TaK M OCTaJCS HeBOCTPeOOBAHHBIM, ITOITOMY
BBIpasKeHME 2 / 6.054 TO-TIPEXKHEMY OCTAETCS JIMIIb Hallleil MbIC/IbIO, He 6osee yem. B
9TOM C/TyJae CIMCOK coeffs BCE paBHO OCTAETCS B c1ab0it ronoBHOI popMe, Beb BHYTPU
TIEPBOTO €ro 5/1eMeHTa BCE ellé BaKyyM.

u Ternepb HallMIIeM TaK:

main :: I0 ()
main =

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

in print coeffs

BOT, TeIrepb HUKakoi JyeHN. CIMCOK coeffs OOJDKEH OBITh BbIB€I€EH Ha KOHCOJIb
IIOJIHOCTBIO, a C/IeJ0BaTEe/IbHO, ob6a ero sjeMeHTa JOJDKHBI OBITb BBIUMC/IEHbI pife}
CBOe€I HOpM&J’IbHOVI d)OprI, B IIPOTMBHOM C(C/iIy4ya€ MbI HE CMOIVIN ObI ITOKA3aTh UX 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.

PanyoHaabHOCTD

Kax y>ke 6b1/10 yITOMSIHYTO, JIEHMBASI CTpATeTus TIOMOTaeT IMporpamMmMe ObITh Pal[MOHAIbHOIA
M He JIeJ1aTh JUIIHIO paboTy. PaccMoTpuM rpumep:
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main :: I0 ()
main = print $ take 5 evens
where evens = [2, 4 .. 100]

Crmcok evens, popmMupyeMblii Yepe3 apupMeTUIeCcKyo IOCaeA0BaTeTbHOCTh, COOEPXKUT
B cebe u€THbIe YKucaa OT 2 OO0 100 BKJIIOUUTEIbHO. VCMOAb3yeTcss 3TOT CIMCOK B
KavecTBe BTOPOTO apryMeHTa CTaHAAPTHOM GQYHKIMK take, KOTOpas Ja€T Ham N MmepBbIX
3JIeMeHTOB U3 NepeJJaHHOTO el CIKCKa:

take 5 evens

BO3bMMN  INWb
NATb
SJ1eMeHTOB U3 3TOoro
Ccnncka

HpI/I 3allyCKe 3TOM IMIporpaMmMbl MbI ITOJTy4YUM OKUIaeMBblil pe3yibTarT:

[2,4,6,8,10]

B uéMm ke 37mech pallMOHAIbHOCTD, CIIPOCUTE BbI? A B TOM, UTO CIIMCOK evens B UTOTe
comepskas B cebe JuIIb 5 371eMeHTOB. Jla, HO BeIb YETHBIX YMCEI OT 2 10 100 Kya 60sblie,
Hexxenu 1sTh! CoBepIllleHHO BEPHO, HO JieHb I03BOJISIeT HaM CAeaTh JIMIIb CTOIbKO
paboThl, CKOJIBKO peasbHO TpebyeTcs. Pa3 yX CIIMCOK evens HYXeH JuUIlb (QYyHKIUU
take, KOTOpasi, B CBOI0 ouepenb, XOUeT TOJbKO MSATh MEPBbIX €ro 3JIeMEHTOB — 3aueM
3Ke CO37aBaTh OCTaBIIMeECS 37eMeHThbI? Hy>kHO mepBble MSATh — TMOayun TsITh. Eciu ke
HamnuileM TakK:

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

TOTA B CIIMCKE evens OKA&XETCS YKe ISIThAECSIT 3JIEMEHTOB, IOTOMY UTO MMEHHO
CTOBKO 3ampocwia GyHKIusS take. IToBTOpIO Gmaocoduio JEHUBOTO palMoOHaIM3Ma:
caeiaeM He CTOJIbKO, CKOJIBKO HaM CKasajy, a JUIIb CTOJbKO, CKOJIbKO [Ae/CTBUTEIHHO
[IOHALOOUTCS.

beckoHeuYHOCTH

A uTO 6yeT, ecau MbI 3aIIPOCUM U3 cIiMcKa evens 500 anemeHTOB? BOT Tak:

main :: I0 ()
main = print $ take 500 evens
where evens = [2, 4 .. 100]
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Huyero cTpamHoro He COy4MUTCS, QYHKIMSI take MPOBEpPsSIET BBIXOJ, 3a IPaAHMUIIBI U B
cIy4dae, ey €€ TepBbIii apTyMeHT MpeBbIllaeT IJIMHY CIIMCKA, OHA MMPOCTO OAéT Ham
TOT K€ CIMCOK. [Ia, HO BeJlb Mbl XOTUM YBUAETb MSITHCOT UYETHBIX UMCEN, a HE MSAThAECST!
MO3KHO 6bLJIO ObI YBEJTMUUTD CITUCOK:

main :: I0 ()
main = print $ take 500 evens
where evens = [2, 4 .. 100000]

HO 3TO HEHaJIEKHO, BeJIb [IOTOM OITSITh MOKET ITOTpe6oBaThes emlé 6obine. HyskHO UTO-
HMOYIb YHUBepcaibHOe, U B Haskell ects momxopsiiee peleHue:

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

Ternepb He COMHEBATECH: B CITMCKE evens OY/IET He MeHee MSITUCOT YETHBIX unces1. Ho uto
3TO 3a KOHCTPYKIIMS Takas? Hauano faHo, mar gaH, a rae ke koHel? [lo3HakomMbTeCh, 3TO
6eCKOHEUHbIN CIMUCOK:

[2, 4 ..]

JIeHMBast MOJie/Tb BBIUMCIEHMII TTO3BOJISIET HAM paboTaTh C 6€CKOHEUHBIMY CTPYKTYPaMM
IaHHbIX. BOT mpsiMo Tak, HauMHasl C OBOMKM M, C IIAaroM 4Yepe3 OAVH, YXOOUM B
6eckoHeuHbIe Aanu... [llyay. Ha camom pese, CIIMCOK MOTyYUTCSI BOBCE HE OECKOHEUHBIM,
a HACTOJIbKO OOJBIINM, HACKOIBKO HaM 3TO MOHAL0OUTCSI.

B camom perne, ecnu QyHKIMS take TpeOyeT oT Hac N 371leMeHTOB — 3aueM HaM BOOOIIe
3a7laBaTh OKOHYaHMe AuarasoHa crnucka? Bcé paBHO B HEM OymeT He 6osee uem N.
beckoHeuHast CTPYKTypa MAHHBIX TEeM M II0jJie3Ha, YTO M3 HeE BCerga MOKHO B3SITh
CTOJTIbKO, CKOJIbKO TpebyeTcs.

KOHe‘IHO, ed/in 6bI MbI pEIININ IMTOXYJINTAHUTD:
main :: I0 ()

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

B 3TOM C/Iydae€ B Hallly KOHCOJIb 6blCTpO IOCHINAIOCh ObI OUeHb MHOTO YMCeT. ..

Space leak

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

BcrmomHMM IIpuMep C gejIeHmneM:
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main :: I0 ()
main = print . strange $ 2 ‘div‘ 0

Kak ™Mbl IMOMHMM, OeleHMs Ha HOJNb TaK M He IMPOM3OILIO0 3a HEeHaJOOHOCTbIO €ro
pe3ynbTaTa. B aTOM cimydae BeipaskeHMe ocTanoch B Buze thunk. BosHukaeT Borpoc: uTo
ke ¢ HUM ctayio? Y Hac ecTb GyHKIMS div U eCTh ABa 3HaYeHus1 Tuma Int, 2 u 0. Eciu
(byHKIMS div Tak U He 6blIa IPMMEHEeHa K HUM, TJIe K€ BCE 9TO X03S1/iCTBO HaXOIMIOCh
B ITpolriecce paboThl Hameil mporpammMbi? OHO HaXOAWIOCh B MAMSITH, B BUAE 0COO0TO
rpada, KOTOpbIii MOKHO M300pa3UTh TaK:

1
| div [ | |

To ecth cama (GYHKIMS U IBa 3HAUYEHMSI, KOTOPbIe MO/DKHBI ObUIM 3aHSITh MECTO JBYX
eé aprymeHTOB. M BOT 3TOT Tpadp B maMsATM TaK M OCTAjJCI HEBOCTPeOGOBAHHBIM.
Kasamoch 6bI, Hy 1 B 4éM mpobiema? A mpobiema B KommdecTBe. EcayM MbI CMOIIM
HamucaThb Kom, Mpy paboTe KOTOPOTO B IMaMATh OTIOXKWICS oauH thunk, 3HaumuT
TeOpeTMYeCKM Mbl MOKEM HAaIlMCaThb M TaKoi Kom, KommuecTBo thunk-oB mpu pabote
KOTOPOTO OYAET UCUMCISITHCS MUUTMOHAMM. A YUUTBIBAsI TOT (GaKT, YTO Kaskaplit thunk
3aHMMaeT B MaMSIT XOTsI ObI HECKOJIbKO 6aiiT, BbI MOXKeTe cebe mpeAacTaBUTh MAcCIITao
MIPOOJIEMBI.

[Ipruém BO3HMKHYTH 3Ta IpobieMa MOKET M3 BeCbMa HEBMHHOTO Ha IEepPBBIN B3I,
Koja:

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

[IpocTeHbkass pekypcuBHasi (QyHKIIMSsI, mpoberamoinasics M0 HEeHY>KHOMY €il CITUCKY U
YBeJIMUYMBAIOIIASICS CBOJ BTOPOJ apryMeHT Ha eAuMHMILY. Ho 51 He IMPOCTO Tak Ha3Bas eé
bad. /IaBaiiTe MpUMEHUM €€:

bad [1, 2, 3] 0

ITogcraBum B oripenejeHne, cogepxkaiiee 3alilMK/IMBaHMe:
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bad (_: others) c = bad others $ c + 1

bad [1, 2, 3]

(o}
1l

bad [2, 3] $0 +1

«T'omoBa» CIMCKa OTKYChIBAETCSI M UTHOPUPYETCS, a K 0 mpubassieTcs 1. Ho MOCKOMbKY
pe3yabTaT CJIOKEHMST TI0Ka YTO HUKOMY He HY)KeH, CJIOKeHMe He TTpou3BoauTcsl. Bmecro
9TOT0, Ha BTOPOJi UTepaL, Mbl BUAVM CIedylollee:

bad [2, 3] $0 +1 ="bad [3] $ (0 +1) +1

K nipenpiayiieMy BbIpaskeHUIO BHOBb ITPUOAB/ISIETCST €IVMHNUIIA — U MbI OIISITh BXOJIUM B
ouepeHyI0 UTepalyio, Tak ¥ He BBITOTHUB CJIOKEHUSI:

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

Oma! Ynépauch B MyCTOM CIIMCOK, BCTIOMMHAeM MPaBUJIO BbIXOOA U3 PEKYpPCUN:

bad [] c = ¢

Utak, B aTOM CJiydyae MbI IIPDOCTO BO3BpalllaeM 3HAUY€HME BTOPOIO aprymeHTa. Coenaem
JKe 9TO:

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

M BOT TONBKO 37€eCh Mbl peajbHO BbIUMC/ISIEM BTOpOJ apryMeHT, CKIaAbIBasi TpuU
eOMHUIIBI. BbI cripocuTe, IoyeMy ke Mbl HAKaIUIMBAJIM 3STU CIOKEHUS BMECTO
TOro, UTOOBI AenaTh Mx cpa3y? [IoToMy 4YTO Mbl JIEHUBBI: pa3 pe3yabTaT CIOXKEeHUS
TTOHAA00WIICS HaM JIMIIb Ha ITOCIeIHEe UTepann, 3HAYUT 10 STOM UTepalny HUKaKOTO
CJIOKEeHMST He 6yIeT, Bellb JIeHb BBIHYKIAeT HAaC OTK/IAAbIBATh PabOTy 10 KOHIIA.

BOT B 3TOM-TO HaKOIIEHUN BCS 6@,&&. HpeﬂCTaBI/IM, YTO MbI HaIlMCaJIM TaK:

main :: I0 ()
main = print $ bad [1..50000000] 0

50 MMUJUTMOHOB 271EMEHTOB, a 3HAUNUT, 50 MUUIMOHOB pa3 CJI0KeHNe BTOPOTrO apryMeHTa
C emyHMUIE OyIeT OTKIAIbIBAThCS, HAKAILJIMBAsI TUTAHTCKUIA «XBOCT» M3 (TIOKA YTO)
HEBBIUMCIIEHHBIX BbIp&KeHUI. XOTUTE 3HATh, YTO IPOU3OMIET IPU 3amycke TaKoi
nporpammbi? E€ BeimonmHenne, Ha MacBook Pro 2014 ropma, 3aiiMET MpuOIM3UTETHLHO
63 CeKyHIbl U CKyIIaeT, HU MHOTO HU mMano, 6,4 I'b mamsaru! A Temeppb INpenCcTaBbTe,
YTO CJIYYMJIOCH ObI, ey Obl 3JIeMEHTOB B cIMcKe ObuIo He 50 MuIMoHoB, a 50
MWUINAPAOB. ..
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NHorpma space leak ommbouyHO MyTaloT ¢ Ipyroit npo6ieMoit, Ha3bIBaeMoii memory
leak (aHr/. «yTeuka mamsITM»), OMHAKO 3TO BOBCE HE OJHO M TO Ke. YTeUyKa MaMsITu —
9TO OImMbKa, XapaKTepHast [IJIs SI3bIKOB C PYYHBIM yIIpaBIeHMEM MaMsIThbiO, HAIpuMep,
C. Eciu Mbl BbIAeIMM MaMsTh B Kyde (aHI. heap), a 3aTeM moTepsieM yKa3aTelb,
CBSI3BIBAIOIIMIT HAC C 3TOM MaMSITbI0O — BCE, BbIZleJIeHHAs MaMsTh YTEK/Ia, OHA OTepsHa
st Hac HaBeku. Ho B ciryuae space leak mbl He TepsieM maMsiTh: KOrZa BecChb 3TOT
«XBOCT» U3 CJIO)KeHU B KOHIIE€ KOHIIOB BBIUMCIUTCS, IaMSITh, 3aHMMaeMasi MUJJTMOHAMM
thunk-oB, ocBo6oauTCSI. MbI HEe TepsieM MaMsITh, Mbl IIPOCTO MCIIOTb3YEM €€ CIUIIKOM
MHOTO.

Bopnba

[Tpo6iema space leak BbITeKaeT M3 camMoOil MPUPOIbI JEHUBBIX BbIUMCIAEHMI. MHOTrME
MPOrpaMMMCTBI, Y3HAB 00 3TOi mpobieme, oTBopaunBarTcsi ot Haskell. Mo, ecnu B
9TOM $SI3bIKE€ MOYKHO JIETKO HAMMCaTh KO, CKUPAIOIINI YIIMUILY ITaMsITH, 3HAUUT 3TOT
SI3bIK TOUYHO He TIOAXOOUT IJIsI CephE3HOr0 MCIOAb30BaHMs. Ho He Tak cTpalieH 4éprT,
KaK ero MajoloT. Sl pacckaxy o IByX criocob6ax 60pb6bI co space leak.

BrpoueMm, ¢ KOHIIEITYaJbHOM TOUKM 3PEHMS CIIOCOO BCEro OAMH. 3agymMaeMcs: eCIu
B TIpUMepe Bblllie JIeHb SBUJIacCh MPUUYMHON OTKIAAbIBAaHUS CJIOKeHUIT Ha MOTOM, YTO
ke MOXHO caenaTb? OTBeT MPOCT: Mbl JO/KHBI yOpaTh M3IUIIHIOW JIEHMBOCTb U
3aMEHUTb €€ CTPOroCThio. B 3TOM C/iyyae NpuMeHeHMe oIepaTopa CJIOKeHUS yKe He
OyZIeT OTK/IabIBAThCS 10 IMOCTEAHET0, a OyIeT MPOM3BOIUTHCS TYT JKe, KaK B SI3bIKAX CO
CTPOr'o MOJEJIbI0 BIYMUC/IEHUA.

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

OnTumusanus

[TepBbIit criocoba camblii TTPOCTO — omTuMM3alys. Korga KOMOMUISTOp IpeBpamiaeT
Hall KOJi B MPOTPaMMy, er0 MOKHO TOTIPOCUTH ONITMMU3UPOBATh HAll KO, Ce/aB ero
6omnee 3(pbeKTUBHBIM, IO T€M WM UHBIM KpUTepusiM. UTOO6bI TOTTPOCUTH KOMITUISITOP
MPOBECTM OINTUMM3AINIO, MbI TOJKHBI MCIIOMb30BaTh CHelMaNbHbIN (dar. OTKpoem
cO0pOoUHBINi (haiiy Hallero MpoeKkTa real.cabal, HAMAEM CEKLMIO executable real-exe, B
KOTOPOJ eCTb CTPOKa:

ghc-options:

OTa CTpOKa COOep>KUT pasandHble omiyy Kommwisitopa GHC, 1 onTMMMU3alMOHHBII
¢dnar monuceiBaeTcss MMeHHO ciofa. [Tornpobyem moAcTaBUTh Tyaa cHauvasa duar -00, a
3aTeM -02. Pe3ysbTaThl 3a1mycKka IIporpaMMbl OYIyT TaKMMMA:

OnTummsauns Bpema MamaTb
-00 63 c 6,4 b

-02 3,2 ¢ 104 kb
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Brieuatssitoniast pasuuiia, He mpasaa jau? dmar -00 TOBOPUT KOMITWIISITOPY O TOM, YTOObI
TOT HE MPOU3BOAMII HUKAKYIO0 ONITMMM3ALIMIO, B 3TOM C/Tyyae FOBOPST O HYyJIeBOM YPOBHE
ontumMusauuu. @mar -02, HaMpPOTUB, yCTaHABJMBAET CTaHAAPTHBIN Ajsi production-
MIPOEKTOB YpPOBeHb ONTUMM3alLMK. Tak BOT MpPU CTAaHAAPTHOM YPOBHE KOMIIUJISITOPD
CIIOCO0eH pacro3HaTh WM3JIUIIHIOW JIEHMBOCTb B HAlleM KOAe ¥ O00aBUTh YYyTOK
KaJIHOCTU. B mpumepe BbIllle KOMIUJISITOP YBUAUT HakoruieHue thunk-oB cioskeHMst
u mpecedyét oHoe. Cormacurech, C TMrabaiiTOB MPBITHYTh Cpa3y Ha KUI00AMTBI — 3TO
KpYTO.

Tak uTO ke, rmpob6ynembl HeT? Hy, eciu onTMmmMsainusl -02 UM TaK CTaHAApPTHA — TakK
JlaBaiiTe CTaBMUTh €€ B HAIIM IPOEKThI U 3a0ymem 1po space leak! K coxkanenuto, He BCé
TaK MPOCTO.

Bo-mepBhIiX, KOMIIMISATOPHAS ONTMMM3ALMSI CPOOHM UYEPHOM Marum, Ha Heé TPyOHO
rosiaratbcss. Mbl o4eHb GsarogapHbl KoMmmwisiTopy GHC 3a IMOIBITKY TOMOYb HaM, HO
9Ta MOMOMUIb He BCETAa COOTBETCTBYET HAIIMM OKMUIAHMSIM. 1 BO-BTOPBIX, K COXKaJIEHUIO,
KOMIIMJISITOP He BCeraa CIoco6eH paclio3HaTh M3IMIIHIOW JieHb B HalleM Kofe, U B

5TOM C/Ty4ae HaM MPUXOIUTCSI-TaKu MPUOErHyTh KO BTOPOMY CIT0co0y 60pbObI CO Space
leak.

Bpyunylo
BepHémcs K orpenesieHUI0 PYyHKLMM bad:
bad :: [Int] -> Int -> Int

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

HpO6J'IeMa, KaK MbI Y>Ke€ IIOHAJ/IM, BO BTOPOM apryMeEHTe:

bad others $ c + 1

HaKornJjieHne
thunk-os...

[IpeBpaTM ke 37y10 GYHKINIO B JO6PYIO:

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

OTOT KOpA, 1acT HaM MPUOIN3UTENBHO TAKO¥ ke BBIMTPBIIIL, YTO ¥ ONTUMMU3ALMUST YPOBHS
-02: CeKYHIbl BMECTO MUHYTBI ¥ KMJIOOATHI BMECTO rurabaiTos. UTo ke M3MeHUIOCH?
CMOTpUM BHMMATEIBHO:

good others $! c + 1
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BmecTo TMpMBBIYHOIO oOllepaTopa IpUMeHeHUs $ Mbl BUAUM OIMEpaTop CTPOTO
npuMeHeHus $! (aHIVI. strict application operator). 3TOT oriepaTop TOBOPUT apryMeHTY:
«3abyap 0 JIeHU, s IPUKa3bIBal0 Tebe HeMeAJIeHHO BBIUMCIUTHCS 0 C1ab0i TOIOBHOM
dbopmbI»:

good others $! c+1

BbIYMCAM  DTOT
aprymeHT

cTporo,
a He
NleHnBo!

BoT moTomy-To Hair «xBocT» u3 thunk-oB 1 He GygeT HAKarIMBAThCS, Beb Ha KasKIOM
13 50 MWUIMOHOB MTepaluii GyAeT MPOUCXOAUTb He3aMeIJIUTelbHOe IpUMeHeHUe
omeparopa ciaoxkeHusl. TakuM 06pa3oM, 3aCTaBUThb APTyMEHT TYT K€ BBIUMCIUTHCS
0 ¢y1aboii TOJMIOBHOM MJIM HOPMa/IbHOM (OPMBI MOKHO KakK ITOCPEICTBOM TOIO, UTO
3TOT apryMeHT IIPSIMO Ceifiuac KOMY-TO TIOHAZOOMJICSI, TaK M ITOCPEICTBOM CTPOTOTO
IpUMEeHeHN.

JleHb u CTPOroCcTtb BMeCTeE

@OYHKIMIO HA3bIBAIOT JIEHUBOV MO TeM apryMeHTaM, KOTOpble He BBIYMCISIIOTCS, U
CTPOTOJi 10 TeEM apryMeHTaM, KOTOpPbIe BbIYMCISIOTCS. [IpMMUTUBHBIN MTpuMep:

fakeSum :: Int -> Int -> Int
fakeSum x _ = x + 100

@OyHKIMS fakeSum CTpora MO CBOeMY IIepBOMY apryMeHTy M JieHMBa II0 CBOeMy
BTOpOMY apryMeHTy. [lepBbIii aprymMeHT x HeIpeMeHHO Oy[eT BBbIUMCIEH, Bedb OH
repenaéTcsl orepaTopy CIoskeHus. BTOpoit ske apryMeHT MTHOPUPYEeTCs, OCTaBIINUCh
HEBBIUMCIEHHbIM. VM KCTaTH, CyIIecTBYeT ITPOCTOi CIIOCOO IpPOBEPUTh, CTpOTa JIn
(yHKIIMS TTO HEKOTOPOMY apryMeHTy Wi JIeHUBa.

B crangaprtHoit 6ubanoreke Haskell onpenmenena ocobast ¢pyHKIMS undefined. DTO —
yépHag IbIpa: MPU MOMBITKE MIPUKOCHYTHCS K Hell ITporpaMma rapaHTUPOBaHHO MafaeT
¢ omm6Koi1. [TpoBepsiem:

main :: I0 ()
main = print $ fakeSum 1 undefined

B sTom CJiyyae MbI ITIOJIy4YMMM Pe3yJbTaT:

101

YépHas mpipa 6bIa TPOUTHOPMPOBAHA, Belb (QYHKIMS fakeSum JIEHMBA IO BTOPOMY
aprymeHTy. Eciu ske Mbl HanuileM Tak:
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main :: I0 ()
main = print $ fakeSum undefined 45

MporpaMma, IIOMbITABIIMCh IlepenaTh undefined OIEPATOPy CIOKEHMS, aBapPUITHO
ocTaHOBUTCS. VI BOT Ipyroii ipumep:

main :: I0 ()
main = print . head $ [23, undefined, undefined]

He comHeBajiTech: mporpamMmMa CIIOKOHO BEpHET HaM 23, Beb MYHKIMS head CTpora
JIULIB T10 TIEPBOMY JIEMEHTY MepefaHHOro eii CIMCKa, OCTAJIbHOE COLepKMMOe OHOTO
e€ abcomoTHO He MHTepecyeT. Ho eciu morpoOyeTe BBITAUIUTH BTOPOI WJIM TPETUiL
9JIeMEeHT 13 MTOI0OHOr0 CITMCKA — KpaxX HEMUHYEM.

JIJ1s1 TIOOOIIBITHBIX

Haskell — He mepBbIii A3BIK C JIEHMBOW CTpaTeruein BbrumcieHuii. OTKpoOl Bam
mcropuueckuii hakr: y si3bika Haskell 6b11 TpeiiieCTBEHHMK, SI3bIK POTPAaMMMUPOBAHMS
C KpacuBbIM JKeHCKMM uMeHeM Mirandal. Jledb ¥ umcras (QyHKUIMOHATLHOCTD
npunuin B Haskell mmenHo u3 Miranda, u auillb B 3TUX JBYX SI3bIKaxX JieHMUBas
CTpaTerusi BbIUMC/IEHUS] apryMEHTOB MCITOJb3yeTCsl M0 yMoa4aHuio. Ha ceromHsirHmit
IeHb, HACKOJIbKO MHe U3BeCTHO, s3bIK Miranda MéEpTB. Bmpouem, Kak cyry6o
MCCIeq0BaTeNbCKUI SI3bIK OH, MOXKET ObITh, KEM-TO U UCIIO/Ib3YeTCS.

Yro ke KacaeTcss Ipobiembl space leak, TO K cCyacTblO, CYIIECTBYIOT CITOCOOBI
obHapyskeHusT QYHKINIA, IMMOKO IMPOKOPIMBBIX 10 ITaMsITH. B camoMm fesne, mpeacTaBbTe
cebe GOJNBION MPOEKT, THICSTUM (YHKIMI, M UTO-TO KyIIaeT rurabaiTel mamsitu. Kak
HaliTV¥ BMHOBHOro? JTOT IIPOLIECC HA3bIBAIOT ellé «space leak mpoduamupoBaHmem».
Paccka3bIBaTh 00 3TOM 3[1€Ch S HE CTaHy, MaTepuall JOBOJIbHO 00bEMHBIN. Ho 11J1s 0c060
JII0OOTIBITHBIX IMMPUBOXKY CCHUIKY Ha HEIJIOXYIO aHIJIOSI3bIUHYIO CTaThIO 110 TemMe: Chasing
a Space Leak in Shake?.

U e11é BCIOMHMM BOT 3TO:

square X = X * X

/NN /N

square $ 2 + 2

1l
~
N
+
N
~
*
~
N
+
N
~
I
[y
()}

BblYMCASAAEM W 4TO,
onATb
Bbluncnaem? !

BHMUMAaTeNbHBIV UMTATE/Nb YOAUBUTCS, MOJI, HEYKeIM BbIpaskeHue 2 + 2 BbIYMCISETCS
IBaxAbI?! Benpb 3T0 HepalMoHaabHO. KOHEUHO HepallMOHAJIBHO, ITO3TOMY B 1€/ICTBUTE/IbHOCTU
OHO OyzeT BbhIUMCIeHO eauHOoXabl. B Haskell ecTb 0coObIii MeXaHU3M «IIapUHTa» (aHIJI.

https://en.wikipedia.org/wiki/Miranda_(programming language)
thtp ://neilmitchell.blogspot.am/2013/02/chasing-space-leak-in-shake.html
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sharing), mosBosstonnii n36exkaTh HAIIPAacHO paboThl. U ecu y HAC €CTh HECKOTbKO
OIVHAKOBBIX BbIPa’K€HUIA, BbIUMCJIIEHME OHOTO MPOMUCXOAUT OOMH pa3, pe3yabTaT ke
COXpaHSeTCs U IMOTOM IMPOCTO MOJCTABSIETCS] B HY)KHbIe MecTa. Hanpumep:

main :: I0 ()
main =
let x = sin 2 in print x * x

Ecmn 6b1 He sharing-mexanusm, GbyHKIMS sin OblIa Obl MpUMeHeHa K 2 ABaKIbl. K
CYaCThlO, 3HAUYEHME CHMHYyCA OymeT BhIUMCIEHO eIVHOXKIBI U TYT K€ COXPAaHEHO, YTOObI
IIOTOM ITPOCTO BCTaTh HA MeCTa TeX ABYX X.
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Hamm Tuisbl

Bor mbI 1 mo6panuchk 10 Broporo Kurta Haskell — go Tumos. KoneuHo, MbI paboTanm ¢
TUIAaMM IOYTU C CAMOr0 Hauasa, HO BaM yKe IMOPS,AKOM HaJl0eIu BCe 3T Int U String, He
nipasa au? I[Ipuiia mopa MO3HaAKOMUTBCS C TUIIAMM Kya GIiske.

3HAKOMCTBO

VnusutenbHo, HO B Haskell oueHb Masio BCTPOEHHBIX TUIIOB, TO €CTh TAKMUX, O KOTOPBIX
KOMITWJISITOP 3HAeT C CaMOTo Havasia. ECTh Int, eCThb Double, Char, HY U €I1I€ HECKOJIbKO. Bce
’Ke OCTaJIbHbIE TUIIbI, JakKe HOCSIINE CTATYC CTAaHIAPTHBIX, He SIBJISIIOTCS BCTPOEHHBIMU B
SI3bIK. BMECTO 3TOro OHM OIpefe/ieHbl B CTAHJAPTHOM MM MHBIX OMOIMOTEKAX, IPUUEM
ompefesieHbl TOYHO TaK JKe, KaK Mbl OyIeM ONpenessaTh M HaIlly COOCTBEHHbBIE TUITBI. A
ITOCKOJIbKY 6€3 CBOMX TUIIOB HaIMCaTh CKOJIb-HUOYIb CepbE3HOe MPUIOKEeHMe Y HaC He
MTOJIYUMUTCS, TEMA 3Ta JOCTOHA CAMOTI'0 IIPUCTATIBHOTO B3IJIsIA.

Omnpenenum TUIT Transport IJISI ABYX M3BECTHBIX ITPOTOKOJIOB TPAHCIIOPTHOTO YPOBHS
mogaenu OSI:

data Transport = TCP | UDP

Hepen HaM — OYEeHb l'IpOCTOI7[, HO YK€ Hall COOCTBEHHBIN TUIL. PaCCMOTpI/IM ero
BHMMATeEJ/IbHee.

KitoueBoe C0BO data — 3TO HaAuajao oOlpenesieHus Tuma. Jlagee ciielyeT Ha3BaHMe
TUIIA, B JTAHHOM CJTy4yae Transport. VIMsI JIF060T0 THMa 06sSI3aHO HAUMHATBCS C OOIBIION
OyKBBI. 3aTeM WMIOET 3HAK pPABEHCTBA, ITOCJe KOTOPOTO HAuMHAETCsT (aKTUIecKoe
ONMCaHMe TUIIA, €ro «Tejo». B JaHHOM cCjlydyae OHO COCTOUT M3 IBYX HPOCTEMIIUX
KOHCTPYKTOpPOB. KoHCTpyKTOp 3HAaueHust (aHr/1. data constructor) — 3To TO, YTO CTPOUT
3HaUYeHMe JaHHOTO TUIA. 3[AeCh y HaC IBa KOHCTPYKTOPA, TCP ¥ UDP, KaXKIbIii 13 KOTOPBIX
CTPOUT 3HAuUeHMe Tuma Transport. MIMS KOHCTPYKTOpa TOXKe O0SI3aHO HAYMHATBHCS C
6onbIIoli OYKBbI. VIHOTHA 111 KPaTKOCTY KOHCTPYKTOP 3HAU€HMSI Ha3bIBAIOT ITPOCTO
KOHCTPYKTOPOM.

[Tomo6HOe ompeneneHue JIeTKO YATAETCS:

119
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data Transport = TCP | ubP

™n Transport 3to TCP wam UDP

Tenepb MbI MO>XeM UCITONIb30BATh TUII Transport, TO €CTh CO30aBaTh 3HAUEHMSI 3TOI'O TUIIA
M 4YTO-TO C HUMU OeJIaThb. HaanMep, B let-BbIpaskeHUN:

let protocol = TCP

MpbI co3fiaiv 3HaUeHMe protocol TUIIA Transport, MCIIOIb30BaB KOHCTPYKTOP TCP. A MOYKHO
U TaK:

let protocol = UDP

XOTS MbI UCIIO/Ib30BaIN pa3Hbl€ KOHCTPYKTODPBI, TUII 3BHAYECHNUSA protocol B O6OI/IX CIy4yasax
OIOVH U TOT >Xe — Transport.

PacimpuTh TOMOOHBII TUI TpeaeabHO MPOCTO. [To6aBUM HOBBIM MpoTokon SCTP
(Stream Control Transmission Protocol):

data Transport = TCP | UDP | SCTP

TpeTuit KOHCTPYKTOp 3HAueHMs [OajJl HAM TPeTuil Crocob co3haTh 3HAYeHMe TUIa
Transport.

3HaueHMe-IIyCThINIKA

3agymaemcsi: TOBOPSI O 3HAUEHUM TUIMaA Transport — O UYE€M B JIeMICTBUTETbHOCTU UIET
peub? Kasanoch 6bl, 3HaUEHMS-TO (AaKTUUYECKOTO HET: HU UMCIa HUKAKOTO, HU CTPOKU
— IMPOCTO TPU KOHCTPYKTOpPa. Tak BOT OHM U ecTh 3HaUeHMs. Korga Mbl nmuiiem:

let protocol = SCTP

Mbl CO3[a€M 3HayeHMe TUIIA Transport C KOHKPETHBIM COZEpXXMMbIM B Bupae SCTP.
KoHCTpykTOp — 3TO M ecThb comepskuMoe. [JaHHbBIN By, KOHCTPYKTOpPA HAa3bIBAETCS
Hy/bapHbIM (aHIVI. nullary). TUII Transport MMeeT TpU HYJIbapHbIX KOHCTPYKTOPA. U maske
CTOJIb TIPOCTO¥ TUIT YK€ MOKET ObIThH MTOJIe3eH 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 yBuamum:

That’s TCP protocol.

OyHKUMS checkProtocol 00BSIB/IeHA Kak IIpMHMMamwIass apryMeHT TUIla Transport, a
IIPMMEHSIETCSI OHA K 3HAUeHUI0, IIOPOKIEHHOMY KOHCTPYKTOPOM TCP. B JaHHOM CiTy4yae
KOHCTPYKLMUS case-of CPABHMUBAET apTyMEHT C KOHCTPYKTOpamMu. UMeHHO M03TOMY HaM
He Hy>KHa QYHKIMS otherwise, Belb HUKAKMM MHBIM CITOCOO0OM, KpOME KaK C ITOMOIIbIO
TPEX KOHCTPYKTOPOB, 3HAUEHME TUIA Transport CO3aTh HEBO3MOXXHO, & 3HAUUT, OAUH
13 KOHCTPYKTOPOB rapaHTMPOBAHHO COBIAAET.

Tum, COCTOS LN TOMBKO U3 HYJIbapPHBIX KOHCTPYKTOPOB, HA3bIBAIOT EIIE NTepeuncaieHneM
(aHra. enumeration). KOHCTPYKTOPOB MOSKET OBITH CKOJIBKO YTOTHO, B TOM UMCJIE OIMH-
eIMHCTBEHHbIN (XOTS MO0Jb3a OT MOJ0OHOro TMMa 6blIa Obl HeBelyKa). Bot emé oguH
M3BECTHBIN IIpuMep:

Sunday
Monday
Tuesday
Wednesday
Thursday
Friday
Saturday

data Day

O6patuTe BHMMaHMe Ha (opmaTupoBaHMe, KOTHa MeHTaabHble «VJIM» BbIPOBHEHBI
CTPOTO TIOJ, 3HAKOM paBeHCTBAa. Takoi CTUIb Bbl BCTPETUTE BO MHOTMX peabHbIX
Haskell-mpoekTax.

3HaveHMe TUIA Day OTPAKEHO OMHMM M3 CeMU KOHCTPYKTOPOB. CenaeM ske ¢ HUMM YTO-
HUOYIb:
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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 BO3BpalllaeT CITMCOK TUIIA [Day], ¥ B CJydae M TUAHEBHO paboueit
HeleNn, OTPaKEHHOW KOHCTPYKTOPOM FiveDays, 3TOT CIIMCOK ChOPMMPOBAH IISIThIO
KOHCTPYKTOpaMM, a B (Jiyuae IeCTUIHEBHOI — 11eCTbhI0 KOHCTPYKTOPaMMu.

[Tonb3a OT TUIIOB, COPMUPOBAHHBIX HYJIbAPHBIMY KOHCTPYKTOpPaMM, HE OYeHb BEJIMKA,
XOTSI BCTpPeYaThCsl C TAKMMM TUIIAMU Bbl OyzieTe 4acTo.

TIpMOTKPOIO CEKPET: HOBBIN TUIT MOKHO OIIPEIeTUTh He TOMIbKO C IIOMOIIbIO KII0UEBOI0
c/10Ba data, HO 06 3TOM Y3HAeM B OFHOI 13 CIeIYIOLIMX I/IaB.

A TeIllepb Mbl MOXKEM ITO3HAKOMMUTLCA C TUIIAMM Kyaa 60J1e€ MOIe3HbIMU.
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AT/,

AT, nnu Anre6panueckue Tunbl JanHbiX (a1, ADT, Algebraic Data Type), 3aHMMaOT
rmouétHoe Mecto B Mupe TurioB Haskell. A6comoTHO mopaBisiioniee OOIBITMHCTBO
BalllMX COOCTBEHHBIX TUIIOB OYAYT ajrebpandyeckKMMu, M TO JKe MOKHO CKa3aTbh O TUIIAX
n3 mMHoxecTBa Haskell-mmakeToB. Anre6panmyeckuM TUIIOM [JaHHBIX Ha3bIBAIOT TaKO
TUII, KOTOPbIV COCTaBJIEH U3 APYTUX TUIOB. Mbl 6€pEM MPOCTbIE TUIIBI M CTPOUM U3
HUX, KaK U3 KUPIIMYeil, TUIIbI CJIOXKHbIE, a 3 HUX — elllé 6ojiee CJIoKHbIe. ITO JaET HAM
HeBepOSITHBIN IIPOCTOP AJISI TBOPUYECTBA.

OcTaBuM ceTeBble ITPOTOKOJIbI U JHU HeZely, pacCCMOTPUM TaKoii pumep:

data IPAddress = IPAddress String

Tun IPAddress MCHOMb3YyeT OOMH-€OVHCTBEHHBI KOHCTPYKTOP 3HAUE€HMs, HO KOe-4TO
M3MEeHUI0Ch. Bo-mepBbIX, MMeHa TUMA M KOHCTPYKTOPa COBMAAAlOT. JTO BIIOIHE
JIeTaJIbHO, BbI BCTPETUTE TaKoe He pa3. Bo-BTOPbIX, KOHCTPYKTOP Y>Ke He HyJbapHbI, a
YHapHLIN (aHIJI. unary), I0TOMY UTO Tellepb OH CBSI3aH C ONHMM 3HaYeHMeM TuIla String.
M BOT Kak cO34a10TCs 3HaUeHMsI TUIa IPAddress:

let ip = IPAddress ”127.0.0.1”

3HaueHue ip Tuia IPAddress O6p330BaHO KOHCTPYKTOPOM M KOHKPETHBbIM 3HAYE€HMEM
HeKoero Turia:

let ip = IPAddress ”127.0.0.1”
KOHCTPYKTOpP 3HayeHue
3HayeHuna TMna

Tna IPAddress String

L 3HaueHne Tuna IPAddress -

3HauveHMe BHYTPU HAIIEro TUIIA Ha3bIBAIOT emié rmoseM (aHr. field):

123
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data IPAddress = IPAddress String

T™™n KOHCTPYKTOp noJe

Pacmmpum Tui IPAddress, caieyiaB ero 60i1ee COBpeMeHHBIM :

data IPAddress = IPv4 String | IPv6 String

Terepb y Hac iBa KOHCTPYKTOPA, COOTBETCTBYIOIIMX pa3HbIM IP-BepcusiM. DTO TO3BOIUT
HaM CO3/laBaTh 3HAUeHMe TUIa IPAddress TaK:

let ip = IPv4 ”127.0.0.1”

WJIN TakK:

let ip = IPv6 ~2001:0db8:0000:0042:0000:8a2e:0370:7334”

Coenaem Tu emié 6osee ynooHsIM. Tak, mpu pabote ¢ [P-agpecom HaM 4acTo TpedyeTcs
localhost. 1 UTOGBI SIBHO He MMCATb ”127.0.0.1” ¥ 70:0:0:0:0:0:0:1”, BBeIEM eIIE IBa
KOHCTPYKTOpA:

data IPAddress = IPv4 String

IPv4Localhost
IPv6 String
IPv6Localhost

[TockonbKy 3HaueHUs1 localhost HAaM 3aBeNOMO M3BECTHbBI, HET HYXX[Obl YKas3blBaTb UX
SIBHO. BMecTo 3TOr0, KOrma HaM IMOHag00UTCS IPv4-localhost, TUIIIEM TaK:

let ip = IPv4Localhost

N3Bj1ekaeM 3HaUeHUe

IommycTuM, MbI CO3ajIM 3HaUYEeHMe google:

let google = IPv4 ”173.194.122.194”

Kak ke HaM MOTOM M3BJIeYb KOHKPETHOE CTPOKOBOE 3HaueHMe U3 google? C MOMOIIbIO
HAIIlero CTaporo Apyra, aTTepH MaTYMHTA:
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checkIP :: IPAddress -> String
checkIP (IPv4 address) = ”IP is ’” ++ address ++ ”’.”

main :: I0 ()
main = putStrLn . checkIP $ IPv4 ”173.194.122.194”

PesyibTar:

IP is °173.194.122.194°.

BamisiHem Ha orpeneleHmne:

checkIP (IPv4 address) = ”IP is ’” ++ address ++ »’.”

3necb Mbl roBOpuUM: «Mbl 3HaeM, YTO 3HaueHMe Tuma IPAddress CHOPMUPOBAHO C
KOHCTPYKTOPOM ¥ CTPOKO¥». OLHAKO BHMMATEIbHBbII KOMIIWISTOD CHelaeT HaM
3aMeyaHue:

Pattern match(es) are non-exhaustive
In an equation for ‘checkIP’:
Patterns not matched:
IPv4Localhost
IPve _
IPv6Localhost

B camomMm fenie, OTKyZa Mbl 3HaeM, YTO 3HAU€HME, K KOTOPOMY MPUMEHMIN (QYHKIVIO
checkIP, 6bUT0 chOPMMPOBAHO MMEHHO C TTIOMOIIBI0 KOHCTPYKTOpA IPv4? V HAC XKe eCcThb
emié Tpu KOHCTPYKTOPA, i 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 KakKMM KOHCTPYKTOPOM COBIIQJI0 — C TaKUM U ObUIO CO3[aHO 3HaueHue. MOKHO,
KOHEYHO, ¥ TaK POBEPUTh:

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 3
.
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Ctpoum

Onpenmenyum TUII IJIS1 CETEBOM TOUKM:

data EndPoint = EndPoint String Int

KoHcTpyKTOp EndPoint — GMHAPHBIN, Beb 37€Ch YKe ABa 3HaueHus1. CO31aéM OObIYHBIM
obpasom:

let googlePoint = EndPoint »173.194.122.194” 80

KOHerTHbIe 3HaUYE€HMS M3BJIEKAeM OIIATb-TAaKM Yepe3 MaTTepH MaTUMHT .

main :: I0 ()
main = putStrLn $ “The host is: ” ++ host
where
EndPoint host _ = EndPoint ”173.194.122.194” 80

_ 1
L— o6pazey — L———— 3Hayehue

O6paTuTe BHMMAaHME, UTO BTOPOE [10JIe, COOTBETCTBYIOIIEE ITOPTY, OTPAKEHO YHUBEPCATbHBIM
06pasIoM _, IOTOMY UTO B TaHHOM C/Tyyae HaC MHTepecyeT TOJIbKO 3HaUeHMe X0CTa, a
ITOPT IIPOCTO UTHOPUPYETCS.

1 Bcé 6bI XOpOIIO, HO TUIT EndPoint MHE He OYeHb HPABUTCS. ECTh B HEM UTO-TO
HekpacuBoe. IlepBbIM 0/IeM BBICTYIIaeT CTPOKa, comepxkauias [P-anpec, HO 3auem Ham
cTpoka? V Hac ke eCTh IMPeKPacHbIil TUIT IPAddress, OH KyJa JIydie 6e3JMKOIl CTPOKN.
Oto obmee mpaBwio Aysi Haskell-paspabortunka: yuem 6osbiie MHbOpMALUM HECET B
cebe T, TeM OH Jyiyuiie. [laBaiiTe 3aMeHUM OIIpe/ie/ieHNe:

data EndPoint = EndPoint IPAddress Int

Twun cran noOHSITHee, M BOT KaK MbI TeIepb 6Y,J1€M CO3aaBaTb 3HAYEHUA:

let google = EndPoint (IPv4 »173.194.122.194) 80

KpaCI/IBO. N3BiekaThb KOHKpETHbIE€ 3HaUEeHMS 6y,H,EM TaK:

main :: I0 ()
main = putStrLn $ ”The host is: ” ++ ip
where
EndPoint (IPv4 ip) _ = EndPoint (IPv4 173.194.122.194”) 80

3mech MbI OISITb-TaK¥ UTHOPMPYEM TIOPT, HO 3HaueHMe [P-ampeca mM3BieKaem yke Ha
OCHOBe 00pasiia ¢ KOHCTPYKTOPOM IPv4.
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OTO MpOCTOi MpuMep TOTO, KaK M3 IMPOCTBIX TUIIOB CTPOSITCS Oosee cyiokHbie. Ho
CJIOSKHBIV TUIT BOBCE He 03HayaeT CJIOKHYIO paboTy ¢ HUM, IMaTTepPH MaTUMHT 3/IeTaHTeH
Kak Bcerna. A BCKOpe Mbl Y3HaeM O JpyroM croco6e paboThI € MOJNSIMM TUIIOB, Oe3
MaTTepH MaTUYMHTA.

HIO6OHbITHO, YTO KOHCTPYKTOPBI TUIIOB TOXXE€ MOXHO KOMIIOHOBATb, B3ITIAHUTE!

main :: I0 ()
main = putStrLn $ ”The host is: ” ++ ip
where
EndPoint (IPv4 ip) _ = (EndPoint . IPv4 $ 7173.194.122.194”) 80

OTO MOX0XKe Ha MajieHbKOe BOJIIIEOCTBO, HO KOHCTPYKTOPbI TUTIOB MOSKHO KOMITOHOBATb
3HAKOMbBIM HaM OIIepaToOpOM KOMIO3UIMM QYHKIINIA:

(EndPoint . IPv4 $ ”173.194.122.194”) 80

| 3HayeHne TWna |
L 1pAddress ———

BaM 3TO HMYero He HAroMMHaeT? IJTO K€ B TOYHOCTM TaK, KaK MbI paboTaayu C
dyHKIMAMM! VI3 9TOr0 Mbl iejiaeM BbIBOJ,: KOHCTPYKTOP 3HAUEHMSI MOXKHO PaCCMaTpPUBATh
Kak ocobyio GyHKUMI0. B camom nere:

EndPoint  (IPv4 ”173.194.122.194”) 80

?édyHkumna” | nepBbiii | BTOPOI
L— apryment ——  aprymeHT

MbI Kak GbI IPUMEHSIEM KOHCTPYKTOP K KOHKPETHBIM 3HAUeHMSIM KaK K apryMeHTaM,
B pe3y/bTaTe 4Yero IIOJy4aeM 3HaueHMe Hallero Tuia. A pa3 TaK, Mbl MOXEM
KOMIIOHOBaTh KOHCTPYKTOPbI TaK >XKe, KaK ¥ O0ObIuHble GYHKUMM, JUIIb Obl MX
TUIBI OBUTM KOMOMHMpPYyeMbIMM. B maHHOM cjiydyae BCE B TOpPSIAKE: TUIT 3HAYEHMUSI,
BO3BpaIl[aeMOT0 KOHCTPYKTOPOM IPv4, COBMHafaeT C TUIIOM IIepPBOTO aprymMeHTa
KOHCTPYKTOpa EndPoint.

BOT MbI ¥ MO3HAKOMMIMCh C HACTOSILIMMM TUIamMu. [IpuUIiuio Bpemst y3HaTh O Goree
yI00HOI paboTe C MOISIMU TUIIOB.
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AT/l: rmoJyisst ¢ MeTKaMu

MHoOrue TUIIbI B peaqbHbIX ITPOEKTaX JOBOJIbHO BEJIMKN. BarnsHure:

data Arguments = Arguments Port
Endpoint
RedirectData
FilePath
FilePath
Bool
FilePath

3HavyeHMe THUIIA Arguments XPaHUT B CBOMX IOJISIX HEKOTOPbIE 3HAUYEHMS, M3BJI€UEHHBIE
13 TTapaMeTpPOB KOMaHIHOV CTPOKM, C KOTOPBIMM 3aITyIlleHa OHa U3 MOUX ImporpamMmm. 1
BCE ObI XOPOIIIO, HO paboTaTh C TAKMM TUIIOM aObCOMIOTHO Heyno6HO. OH COmepKUT CeMb
TI0JIeM, ¥ ITaTTePH MATUMHT ObLI ObI CJIMIIKOM I'POMO3AKUM, IIpeICTaBbTe cebe:

where
Arguments _ _ _ redirectLib _ _ xpl = arguments

Bonee Toro, Korma MBI CMOTPMM Ha oOIlpedejieHMe TuIla, Ha3HaueHMe ero Iiojeit
OCTA€Tcsl TaliHOM 3a ceMblO IevaTsaIMu. Buaurte mpenmnociegHee mone? OHO umeeT
TUII Bool M, IIOHSITHOE JI€JI0, OTpakaeT Kakoii-To ¢iar. Ho uTo 3To 3a ¢uiar, uuTaTenb
He TpencrasiseT. K cyacTblo, CyIIeCcTByeT CIOCO0, cracalolmuxX Hac OT 00eux 3TUX
MpooJIEM.

MeTku

MbI MOXKeM CHAGAUTD HAIIM oJist MeTKamu (aHII. label). BOT Kak 3TO BBITJISIAUT:
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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 MTOHsATHee. Cxema ompeie/ieHNsT TaKoBa:

data Arguments = Arguments { runWDServer :: Port }
TUN  TaKoOW-TO KOHCTPYKTOp  MeTKa noJiA ™n
nonn

Ter[epb I10J1e MMeeT He TOJIbKO TUIl, HO M Ha3BaHMe, UTO U Oe/IaeT Hallle oIlpeaejeHmne
3HAUMUTEIbHO Oojiee umTabenbHbIM. Ilojig B 3TOM C1ydyae pa3aeyIeHbl 3alldTbIMU U

3aK/IIOUE€HbI B QUTyYpHBIE CKOOKN.

Eciu moppsim uayT nBa miau Gosiee TOsT OGHOTO TUIIA, €r0 MOXKHO yKa3aTb JIMIIb JIJIST

noc/egHen U3 METOK. TaK, eC/In'y HaC eCTb BOT TaKOM TUII:

data Patient = Patient { firstName :: String

, LastName :: String
, email :: String
}

€ro orpenaejeHre MOXHO YyTOK YIIDOCTUTb M HAlIMCAThb TaK:

data Patient = Patient { firstName
, LlastName
, email :: String

}

Pas tum Bcex TpéX nosnen OOMHAKOB, MbI YKa3bIBa€M €ro0 JIMIIb OJId1 MOCIegHeNl U3 METOK.

Emié mpumep 1osHoi GopMbI:

data Patient = Patient { firstName :: String
, LastName :: String
, email :: String
, age i Int
, diseaseld :: Int
, i1sIndoor :: Bool
, hasInsurance :: Bool

U TYT K€ YIIpoIlaeM:



I'maBa 21. AT/: rmons ¢ MeTKaMu 130

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 ke MpeICTaBISTIOT C000i MeTKM ? daKTHMUeCKM, 3TO 0COObIe PYHKIIVIN, CTeHEPUPOBAHHbIE
aBTOMAaTUUeCKM. T (PYHKIMM MMEIOT TPU IpeaHa3HAUYeHMUs: CO3[4aBaTh, U3BJIEKATh

" U3MeHSThb. [la, 1 He OroBOpwics, u3MeHsATb. Ho 06 9TOM 4yThb I03Ke, IIyCTh GymeT
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
, isIndoor = True
, hasInsurance = True

}

MeTku nnosneit MCITOJIb3YIOTCS KaK CBOETO poaa setter (OT aHII. set, <<YCTaHaBJ'II/IBaTb>>)Z
patient = Patient { firstName = ”John”

B 3TOM WLE nosne c
3HayeHun Patient  >Tol MeTKoM PpaBHO 3ToW CTpoke

Kpome Toro, MeTKy MOXKHO MCITO/Ib30BaTh M KaK getter (OT aHII. get, «[10y4aTh»):

main = print $ diseaseld patient

MeTKa Kak aprymeHT
GYHKLMN
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Mpbl IpUMeHsieM MEeTKY K 3HaUeHUIO TUTIA Patient 1 O/TydaeM 3HaU€HME COOTBETCTBYIONIETO
IAHHOM MeTKe mons. [losToMy A/ MOMydYeHUs 3HAUEHMM MoJieli HaM y)Ke He HYKeH
MaTTepPH MaTUYMHT.

Ho uTo >Xe 32 MHTpPUTY SI TIPUTOTOBWI TOJ, KOHel? Bplle s ymOMSHY/I, YTO METKU
MCIIONb3YIOTCST He TOJMbKO JJ1s1 3aJjaHusI 3HAUeHMI TI0J1eit U JJ1s1 X U3BJIeueHusl, HO U JIJIst
M3MeHeHus1. 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
MMPUCBaMBAHMS, OMHAKO 3HAYeHMe IOJISI C MEeTKOM email mOMeHs0Ch. [IoMHIO, KOraa s
BIIEPBbIE YBUIEJ MTOAOOHBIN ITPUMED, TO OU€Hb YAVBWICS, MOJI, V3K He BBEJIM JI MEHSI B
3a0JTysKIeHMe T10 TTIOBOAY Heu3MeHHOCTH 3HaueHmii B Haskell?!

Her, "e BBenn. [Togo6Hast 3aM1Ch:

patientWithChangedEmail = patient {
email = ”j.d@gmail.com”

}

IeICTBUTENIbHO II0XOXKa Ha M3MeHeHMue IIo/s 4Yepe3 IIpUcCBauBaHMe €My HOBOTO
3HaYeHUs, HO B [AeNCTBUTEJbHOCTM HUKAKOTO M3MeHeHMs He mpousonuio. Korga s
Ha3BaJI MeTKy setter-om, s HEMHOTO CIYKaBUJI, Befb Kiaaccuueckuii setter n3 mupa OOII
6611 661 HeBO3MOXKeH B Haskell. [TocMoTpuM enié pa3 BHMMAaTeIbHEeE:
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where

patientWithChangedEmail = patient {
email = ”j.d@gmail.com” -- M3meHaem???
}
patient = Patient {
firstName = ”John”
, lastName = ”Doe”
, email = ”john.doe@gmail.com”
, age = 24
, diseaseld = 431
, lsIndoor = True
, hasInsurance = True

B3rnsHuTe, Belb y HaC TeIlepb ABa 3HAUEeHMs TUIIA Patient, patient M patientWithChangedEmail.
OTU 3HAUEHMSI He MMEIOT APYT KO APYry HM MaJjelilliero OTHOIeHMs. BCToMHNUTe, Kak s
rosopui, uto B Haskell He/tb351 M3MeHUTD MMeloLIeecs 3HaYeHye, a MOKHO JIUIITb CO34aTh
Ha OCHOBE MMEIOIIerocss HoBoe 3HaueHye. JTO MMEHHO TO, YTO 3[eCh MPOU3O0III0: MbI
B3S/IM MMeIollleecs 3HaueHue patient M Ha ero OCHOBe CO3LaIM YK€ HOBOE 3HaueHue
patientWithChangedEmail, 3HaUeHMe I10JIS email B KOTOPOM Tereps apyroe. [IOHSITHO, 4TO
rmosie email B 3HaUE€HMU patient OCTA/IOCh HEM3MEHHbBIM.

Byane BHMMATEJ/IbHbI IIpU WMHUIOWAIM3alMM 3HaudeHMsda C II0/JSIMU. BbI 00s13aHbI
IIpegoCTaBMUTh 3HAUYEHMS OJI51 BCEeX rosieit. EC/iM Bbl HanuieTe Tak:

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
, lsIndoor = True

-- [lone hasInsurance 3absiiu!

KO CKOMIITMJINPYETCS, HO BHMMaTeJbHbIN KOMITUJIATOD ITpeaynpeanT Bac O np06neMe:

Fields of ‘Patient’ not initialised: hasInsurance

[Tokanmyiicta, He IIpeHeOperajiTe MOMOOHBIM TMpPemyNpPEXIeHNEM, Bedb €CIM BbI
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IIPOUTHOPUDPYETE €ro M 3aTeM IIOIIbITa€TECh O6paTI/ITbC${ K HEMHUIINAJIN3NUPOBAHHOMY
IT10JII0:

main = print $ hasInsurance patient

Ballla IporpaMMa aBapMifHO 3aBEPIIMTCSI HA 3Tame BBIIIOJHEHMS C OXUAAEMOi
OLUMOKOIA:

Missing field in record construction hasInsurance

He 3a6bIBajiTe: KOMIWISITOP — Ball JOOPBIN APYT.

be3 meToOK

[ToMHUTE, YTO METKM MOJIe/i — 3TO CUMHTAKCHMUeCKuii caxap, 6€3 KOTOPOTO MbI BIIOJIHE
MO3KeM 000iiTuCh. Jlaxke ecau TUII ObLI OIpeaeNéH ¢ MeTKaMM, KaK Halll Patient, MbI
MOXXeM paboTaTh C HUM I10-CTapUHKe:

data Patient = Patient { firstName :: String
, LlastName 11 String
, email :: String
, age .o Int
, diseaseld :: Int
, i1sIndoor 11 Bool
, hasInsurance :: Bool

main :: I0 ()
main = print $ hasInsurance patient
where
-- Co30aém no-cmapuHke. . .
patient = Patient “John”
”Doe”
”john.doe@gmail.com”
24
431
True
True

COOTBQTCTB@HHO, M3BJIeKaTh 3HAUEHMS 110/1eii ToXXe MOKHO IMMOo-CTapMHKe, Yepe3 IIaTTepH
MATUYMHI:
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main :: I0 ()
main = print insurance
where
-- Xymko HeydobHO, HO ec/u xejaerme. . .
Patient _ _ _ _ _ _ insurance = patient
patient = Patient ”John”
”Doe”
”john.doe@gmail.com”
24
431
True
True

C OPYT'MMHU B AaMNU CMHTaKCMYE€CKOT'0O CaXapa Mbl BCTPETUMCA elle He pa3, Ha Kyaa 6omee

MPOABUHYTHIX IPUMeEpaXx.
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HoBbIil1 TUIl

[ToMrMO data CyIIeCcTByeT eIlé OFHO KIIOUeBOe CJI0BO, TMpeAHa3HAUeHHOe IS
ompeneneHuss HOBoro Tuma. OHO TaK ¥ HA3bIBAETCS — newtype. DTU CJIOBA IOXOXKMU
IPYT Ha OpyTra «B OOHY CTOPOHY»: BbI MOXKETE ITOCTAaBUTh data HA MECTO newtype, HO He
Ha000pOT.

Pasnnuusa

TI/IH, OHpe,ILEJIHeMbIﬁ C IIOMOIIIbIO CJIOBA newtype, 00513aH MMeThb OOVH M TOJIbKO OOVH
KOHCTPYKTOD 3HaUE€HMAI. MbI MOKeM HaIlMCaTh TaK:

newtype IPAddress = IP String

A BOT TaK He MOKeM:

newtype IPAddress = IP String | Localhost

KomnunsaTop saynpssMuTcs:

A newtype must have exactly one constructor,
but ‘IPAddress’ has two
In the newtype declaration for ‘IPAddress’

KpOMe TOrO0, B TaKOM THUIIE OOJIDKHO OBITh OJTHO ¥ JIMIIb OOHO moJjie. TO eCTh MOKHO
TaK:

newtype IPAddress = IP String

Wnu e Tak, C METKOIA:

newtype IPAddress = IP { value :: String }

A BOT gBa wim 6oJiee 1oJiei 3aNMXHYTh He YIacTCs:

135
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newtype EndPoint = EndPoint String Int

KOMHI/IIIHTO]:) BHOBb O6paTI/IT Hallle BHMMaHIe Ha HpO6JI€MY:

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’

Boistee TOro, Hy/libapHbIi KOHCTPYKTOP TOXE He MOA0MAET:

newtype HardDay = Monday

U BHOBB ommbKa:

The constructor of a newtype must have exactly one field
but ‘Monday’ has none

3ayeM OH HYJKeH?
B camom geje, 3adeM HaM HY>KHO TaKoe XO3SICTBO? ITO HeJIb34d, TO HeJIb3s. Kaxkoit

CMBIC/T?

Cmbica B onTuMu3anym. O6paTuTe BHMMaHMe Ha MOZEIb newtype:

newtype IPAddress = IP String
HOBbLIi  Ha3BaHuWe KOHCTpYKTOp lone
T™n 3HaYeHuns

dakTUIeCcKH, newtype 6€PET OAHO-EAMHCTBEHHOE 3HaUeH e HEKOTOPOTO CYIIEeCTBYIOIIETO
TUIA M BCEro JMUIIb 060payMBaeT €ro B CBOI KOHCTPYKTOP. VIMEHHO IMO3TOMY TWHII,
BBEIIEHHBIN C IOMOIIBIO newtype, He OTHOCUTCS K AT]I, 1 ¢ TOUKM 3peHMsT KOMITMJISITOpa
OH SIBJISIETCS JIMIIIb TIepeMMeHOBaHMeM THuMa (aHIVI. type renaming). OTO JenaeT TaKoi
TU Gosiee MPOCTBIM M 3(PEHEKTUBHBIM C TOUKM 3PEeHUST TpeNCTaBIeHUs B MaMSITH,
HEXeJIN TUTI, OpenesisieMblii C data.

Korga mbl uiieM Tak:

data IPAddress = IP String

MbI TOBOPMM KOMITUJISITOPY: «IPAddress — 3TO abCOIOTHO HOBBIM M CAMOOBITHBIN TUII,
KOTOPOTO HMKOTIA He ObIIO paHee». A KOTra MUIIeM TaK:

newtype IPAddress = IP String
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MbI TOBOPUM: «IPAddress — 3TO BCero JuIllb O6épTKa OJIs 3HAaUYeHMS yoKe CYIIEeCTBYIOIIETro
TUIIA String».

type vs newtype

BHMUMAaTeNbHBINE UMTATENb CIPOCUT, B YEM Xe (yHIamMeHTaJbHOEe OT/INYMe TUIIOB,
BBOJVIMBIX C ITIOMOILBIO newtype, OT TUIIOB, BBOOMMBIX C IOMOLIBIO type? TaM CMHOHUM,
TYT — 00€pTKa. OT/IYMe BOT B UYEM.

Korma mblI nmuinem Tak:

type String = [Char]

MbI 00BsIB/IsIEM: «TUIT String — 3TO SKBMBAJEHTHAsl 3aMeHa TUIY [Char]». U mosTomMy
Be3ne, roe B Kome CTOUT [Char], Mbl MOXXeM ITOCTaBUTD String, M Be3ae, rae CTOUT String,
MbI MOXXEM IOCTaBUThD [Char]. Hampumep, ecyin PyHKIMS 0OBbSIB/IEHA TaK:

replace :: String
-> String
-> String
-> String

MbI MOKEM CITOKOJHO rnepemnmncaTb 00BSIBJIEHME:

replace :: [Char]
-> [Char]
-> [Char]
-> [Char]

" HM4Yero He M3aMeHUTCA.

Korpa ke MbI uilieM Tak:

newtype MyInt = MyInt Int

MbI 00BSIB/ISIEM : «THII MyInt — 3TO HOBBI THUII, TIpeACTaBJIEHME KOTOPOI'O TAKOE Xe, KaK'y
TUna Int». Mbl He MOKeM ITPOCTO B34ATb U ITOCTABUTb MyInt Ha MeCTO Int, IOTOMY UTO 3TU
TUIIbI paBHBI JIMIIb C TOUKU 3peHUAI ITpeacTaB/JIeHM B IIaMATHU, C TOUYKM 3peHNI CUCTEMbI
TUIIOB OHU aOCOIIOTHO Pa3/JINYHBbI.

A 3ayeM ke HaM HY)XHO 3TO? JIJis1 IPOCTOTHI M HaJEXHOCTU Koza. [IOMyCcTUM, eCTb TaKkas
byHKUIMS:

getBuildsInfo :: String -> Int -> BuildsInfo
getBuildsInfo projectName limit = ...

Ora dyukius sanpammBaet y Cl-cepsuca (uepe3 REST API) undopmaimio o c6opkax
npoekTta. M3 ompeneneHuss Mbl BUAMM, UYTO I€pPBbIM apryMeHTOM BbICTYIIAaeT UMS
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IIPpOeKTad, a BTOPbIM — KOJIMYECTBO C60pOK. OpHako B MecTe IIpMMEeHeHMs Cl)YHKI_U/II/I 3TO
MOKeT ObITh He CTOJIb OUYeBMIOHBIM:

let info = getBuildsInfo “ohaskell.guide” 4

Yto Takoe 1epBas CTpoka? Uro Takoe BTOpoe 4ucio? HesCHO, HYXHO MSILETh B
orpeneyieHye, Belib Jake 00bsSIBIeHME He pacCKakeT HaM IIpaBy:

getBuildsInfo :: String -> Int -> BuildsInfo
4yTo 3a 4yTo 3a
CTpoka? yncno?

BOT TyT HaMm ¥ ITOMOTAalOT HAIllX TUIIbI, BEIb CTAaHJAPTHBIE String M Int caMu 1O cebe He
HEeCyT HMKAKO1 IMojie3HOo nHdopMaIum o CBOEM comepkuMoM. KoHeuHO, MbI MOT/IV GbI
000¥ITHCh 1 6€3 TUIIOB, ITPOCTO BBEIS IMPOMEKYTOUHbIE BHIPASKEHMSI :

let project = “ohaskell.guide”
limit 4
info getBuildsInfo project limit

OpHaKko IMPOTPaMMMCT MOKET 3TOTO M He CIeNIaTh, M TOT[a MbI MOTYIMM «Marmdeckue
3HaAYeHMsI», CMBIC KOTOpPbIX HaM HeusBecTeH. Kyma myuyiie BBeCTM COOCTBEHHbIE
TUITBI:

newtype Project = Project String
newtype Limit = Limit Int

getBuildsInfo :: Project -> Limit -> BuildsInfo

yXe He yXe He
npocTo npocTo
CTpOKa yncio

OTO 3aCTaBUT HAC MMUCATh SIBHO:

let info = getBuildsInfo (Project “ohaskell.guide”)
(Limit 4)

Teriepb, maxke 6e3 IPOMEXKYTOUHBIX BbIPAKEHMI4, CMBIC CTPOKM M UMC/IA BIIOJHE
oueBMIeH. DTO BaskHbIN MpuHIMIT B Haskell: 6e31mkme Turibl Hamomo6me String Wi Int
3aMEeHSTb Ha TUIIbI, MMEIOIie KOHKPETHbI CMBIC/I JIJIs1 Hac.

Kpome TOro, newtype-TUIIbI TOMOTAIOT HAM He OMyCKaTh IIYTMbIX OMKO0OK. Hampumep,
eCcTb Apyrast QyHKIMS:

getArtifacts :: String -> Int -> Int -> [Project]
getArtifacts projectName limit offset = ...
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MayJio TOro, UTOo Iepe; HaMyu BHOBb 0e3/IMKue Int, TaK UX elllé U ABa. 1 BOT KaKas Hejierast
OIINOKa MOXKET HaC MOMKUIATh:

let project = “ohaskell.guide”

limit =4
offset =1
info = getArtifacts project offset limit

3ameTunn? Mbl (JIydaiiHO MepeIyTaiy apryMeHThl MeCTaMu, ITOCTaBUB of fset HA MeCTO
limit. PaboTa GyHKUIMYM IIPY 3TOM HAPYIIUTCS, OOHAKO KOMITMJIITOP OCTAaHETCSI HEM KakK
pbIOa, BeZlb C TOUKY 3PEHMS CUCTEMbI TUITOB OIIMOKM He IPOU3O0IILIO0: X TaM Int, M TYT Int.
CUHOHMMBI 151 Int TAKKe He TTOMOT/IM 6b1. OTHAKO eC/T Y Hac 6YOYyT newtype-TUITHI:

newtype Limit = Limit Int
newtype Offset = Offset Int

TOraa IMogo0Hast OIIMOKa He TTPOMIET He3aMeUeHHO :

let project = “ohaskell.guide”

limit = Limit 4
offset = Offset 1
info = getArtifacts offset limit

Turmsl apryMeHTOB Telepb pa3Hble, a 3HAUNUT, ITyTAHUIIA MEXKIY HUMU TapaHTVMPOBAHHO
MPePBET KOMITUIISILINIO.

BOT Takue OHU, newtype-TUIIBL. B MOC/IeyIONMX I7TaBaX Mbl YBUIVM €IIE OOIbIIYI0 MOIIIb
cucreMmbl o Haskell.
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KoHCTpyKTOp THUIIa

B mpempigymmx rmaBax Mbl ITO3HAKOMMIMch ¢ AT, KoTopble camu IO cebe yske
BecbMa I0OJie3Hbl. VI BCE ke eCThb B HMX OJHO OTpaHMYEeHMEe: OHM HAIpOUYb JIUIIEHbI
rMOKOCTU. BOT Tebe KOHKpETHbIE IOJIsI, a BOT Tebe KOHKPETHbIE TUIIbI, OYyIb CUACT/IUB.
Ho cymiecTByeT crioco6 HameauUTh HAIIM TUIT KyHa OOJbINei cuioii. JTa IjaBa CTaHeT
IIJIST HAC MIepeJIOMHOM, Beflb C He€ HAYHETCS HAlll MyTh B MUP JEVCTBUTEIbHO MOIIHBIX
TUIIOB.

OnuuoHaJAbHBIN TUIL

JonycTuMm, y HacC ecThb CIIMCOK Iap CJIeAYIOIIero BMa:

type Chapters = [(FilePath, String)]

chapters :: Chapters

chapters = [ (”/list.html”, “Cnucok™)
, (”/tuple.html”, “KopTex”)
, (”/hof.html”,  0BN”)

]

Tum FilePath ecTb He 60/iee YeM CTaHAAPTHBIN CMHOHMM JIJIST TUIIA String, HO OH 6Gosee
nHbopmaTuBeH. MTak, STOT CITMCOK COAEPKUT Ha3BaHMSI TPEX IVIaB JaHHOM KHUTY U ITYTU
K HMM. VI BOT moHamo6wmwiach HaM QyHKIMS, KOTOpast M3BJeKaeT Ha3BaHMe IJIaBbl 0 eé
MyTu:

lookupChapterNameBy :: FilePath -> Chapters -> String
lookupChapterNameBy _ [] = ”” -- Tak Huye2o u He Haw/l...
lookupChapterNameBy path ((realPath, name) : others)
| path == realPath = name -- 7lymu cosnadawm, som sBam ums.
| otherwise = lookupChapterNameBy path others

Bcé mpenenbHO MPOCTO: PEKYPCUBHO OEKMM TI0 CITUCKY Tap chapters, Ha KaskJOM Ilare
M3BJIeKasl yepes MaTTepH MaTUMHT ITyTh KO IVIaBe 1 eé uMs. CpaBHMBAEM IyTU U, €XKEJIN
COBIIAJAIOT — Ha BBIXOJIE ITOTyYaeTCs MMsI, COOTBETCTBYIOIIEe 3aaHHOMY ITyTH. Eciu ke,
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POt BeCh CIMCOK, MbI TaK ¥ He HAIIJIM COOTBETCTBYIOIIETO IyTH, Ha BbIXOme GymeT
ITyCTast CTPOKa.

HCHOHbSyeM TaK:

main :: I0 ()
main = putStrLn $
if | null name -> ”No such chapter, sorry...”

| otherwise -> ”This is chapter name: ” ++ name
where

name = lookupChapterNameBy ”/tuple.html” chapters

Ecnm Ha BbIxome beHKLU/II/I lookupChapterNameBy ITyCcTasli CTpOKa, 3HAUMUT MBI HUUYErO He
Hall/in, B IPOTUMBHOM JKe C/Iydae ITOKa3bIBA€M HaliieHHoe UMS.

Hy u xak BaMm Takoe penieHue? Bpope 6b1 KpacuBoe, HO IMoYeMy, COGCTBEHHO, ITyCTast
cTpoka? 4 BIIOJIHe MOT HamMcaTh 3arOTOBKY [JIS OU€pemHOM IJIaBbl M eIllé 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 CTpoOKa Ha BbIxofe GYHKIIUU
lookupChapterNameBy MOKeT O3HayaThb TeIllepb KaK TO, UTO MBI He HANJIM IJIaBbl C
TaKUM IMYTEM, TaK U TO, YTO IJIaBA-TO CYILIECTBYET, IPOCTO €€ UM ITOKa He 3aJaHo.
CnemoBaTebHO, HAM HY)KEH JIPYroii MexaHu3M IIpOBEPKM pes3yjabTaTa IoucKa, Oojee
OJIHO3HAYHbII.

Omnpenenum OMIIMOHAAbHBIA TUI. ONMUIMOHAJbHBIM (aHIVI. optional) Ha3bIBAIOT TaKOIA
TUI, BHYTPU KOTOPOTO NGO €CTh HEYTO Iojie3Hoe, 6o HeT. Buirismers oH Gymer
TaK:

data Optional = NoSuchChapter

| Chapter String

Ecin 3HaueHMe Tuma Optional CO3LAHO C IIOMOINBI0 HYJIbAPHOTO KOHCTPYKTOpaA
NoSuchChapter, 3TO O3HaUaeT, YTO BHYTPYU HMYEIr'O HeT, Iepe], HaMy 3HaueHMe-ITyCThIIIKA.
OT0 U OyZeT COOTBETCTBOBATb TOMY C/Iy4al0, KOIZa HYKHYIO IJIaBy Mbl He HalUIM. A
BOT eCIM 3HaUeHMe ObUIO CO3[aHO C MOMOIIbI0 YHAPHOTO KOHCTPYKTOpa Chapter, 3TO
HECOMHEHHO OyIeT 03HavaTh TO, UTO MbI HAILIIM MHTEPECYIONIYI0 Hac I7aBy. [lepenmiem
(dyHKI1MI0 lookupChapterNameBy:

lookupChapterNameBy :: FilePath -> Chapters -> Optional
lookupChapterNameBy _ [] = NoSuchChapter -- fycmbuka
lookupChapterNameBy path ((realPath, name) : others)
| path == realPath = Chapter name -- PeasnbHoe ums
| otherwise = lookupChapterNameBy path others
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Kop ctan 6omee moHATHBIM. 1 BOT Kak MbI 6yZieM paboTaTh ¢ 3TOM QyHKIMel:

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

OTHbBIHE d)yHKLU/m lookupChapterNameBy CHUTHa/IM3UpPyeT O HEYOAYHOM IIOMCKe He
[OCPELICTBOM ITYyCTOM CTPOKM, a TOCPENCTBOM HYJAbapHOIO KOHCTPYKTOpa. JTO U
HageKkHee, U uuTabeabHee.

KpacrBo, HO B 3TOM 3/IeTAaHTHOM peIIeHUM BCE-TaKU OCTAETCS OAMH M3bSH: OHO
HaMepTBO MPUBSI3aHO K TUITY String:

NoSuchChapter

data Optional =
| Chapter String

Mouemy
UMEHHO
String?

B camom pmene, mouemy? Hammpumep, B Haskell mmpokoe rpumeHeHe TTOTYIN TUTT Text
"3 OMHOMMEHHOTO TMakeTa. DTOT TUII, KCTaTy, 3HAUMUTEIbHO MoIlHee U 3ddeKTuBHee
CTaHIAPTHOV String. 3HAUUT, €CIM Mbl 3aXOTUM OIPEIEeIUTDb OMLVOHATbHBIN TUIT U JIJIST
Text, IPUIETCS TyOIMPOBATH:

data Optional = NoSuchChapter | Chapter String

data Optional = NoSuchChapter | Chapter Text

OpHako KOMIIMJIATOP HAOTPE3 OTKAXKETCA IIPUHMMATD TaKoi Kop,:

Multiple declarations of ‘Optional’

VimeHa-To TUITOB OMHAKOBLIe! XOPOIIO, YTOYHUM:

data OptionalString = NoSuchChapter | Chapter String

data OptionalText

NoSuchChapter | Chapter Text

Ho 1 B 3TOM C/Tyyae KOMOIWISLUS HE IPOMAAET:
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Multiple declarations of ‘NoSuchChapter’

Multiple declarations of ‘Chapter’

KOHCTI)YKTOpr 3HAYEHUI1 TOKe O,E[HOI/IMéHHbIG, OIIATDb YTOUHSIEM

data OptionalString = NoSuchChapterString
| ChapterString String

data OptionalText

NoSuchChapterText
ChapterText Text

BoT Temeps 3T0 paboTaeT, HO KOA, CTaJl U3OBITOUHBIM. A BAPYT MbI ITOXKeIaeM JOOAaBUTh K
IBYM CTPOKOBBIM TUITIaM eIll€ U TpeTuii? Miu yeTBEpThIii? UTO XX HaM, /151 KaXKOOro TUMa
BOT TaK BOT YTOUHATL? HeT, yMHBIN B ropy He MONIET — eCThb JYUIlINi MyTh.

MosKkeT ObITh

B cTaHmapTHOI 6MO/IMOTEKe KUBET TUII IO UMEHM Maybe:

data Maybe a = Nothing | Just a

Tum Maybe (OT aHII. maybe, «MOXeT ObITb») HYKEH [JISI CO3TAaHMS TeX CaMbIX
OMIMOHAJIbHBIX 3HauYeHui. Bropouem, $ BbIpasujcsd HETOYHO, BeOb, HECMOTpPS Ha
KJII0YeBOe CJI0BO data, Maybe — 3TO He COBCEM TMII, 5TO KOHCTPYKTOP TUMA (aHIJ. type
constructor). JlaHHas KOHIeMnIus ucnonb3yeTcs B Haskell upesBpiuaiiHo yacto, 1, Kak
M OGONBIIMHCTBO KOHULEMIMII B 3TOM $I3bIKe, OHA CTOJIb T0Je3Ha MOTOMY, YTO OUeHb
IIpocCTa.

KOHCTpyKTOp THIIa — 3TO TO, UTO CO3JAET HOBBIN TUI (MTOTEHIMAIbHO, 6€CKOHEUHOE
MHOXeCTBO TUTIOB). Koryia Mbl SIBHO OTIpe/iesisieM TUII, OH ITPSIMOJIMHEEH M OTHO3HAUEeH:

data Optional = NoSuchChapter | Chapter String
MMA TUMA  HYJiIbapHbIN YHapHbIA none
KOHCTPYKTOp KOHCTPYKTOp Tuna

3HayeHun 3HayeHus String

Korpa ske MbI oTipefiesisieM KOHCTPYKTOP THUIIA, MbI CO3/1a€M KOHIETITYaIbHbI CKeJeT OJ1s1
OyIylIMX TUIIOB. B3mIssHEM elé pa3 (K-TOp — 3TO KOHCTPYKTOP, JJIsI KPATKOCTH):



I'naBa 23. KOHCTpyKTOp THUIIa 144

/ ‘v
data Maybe a = Nothing | Just a
K-TOp TuMnoBas HY/IbapHbIi  YHApHbLIK  nosie
TMNa  3araywka  K-Top K-TOp Tvna
3HayeHuA 3HayeHna a

3mech MPUCYTCTBYET YK€ 3HaKOMasi HaM TUITOBas 3aIjyIliKa a, OHA-TO M [ejaeT Maybe
KOHCTPYKTOpOM Tuia. Kak Mbl TOMHMM, Ha MECTO TUITIOBOi 3aIJIyIIKM BCErga BCTAET
Kakoii-To Turl. [Tepenuinem GyHKLMIO lookupChapterNameBy IJIs1 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

PaccMoTpuM OOHOBIEHHOE OOBSIBIIEHME:

lookupChapterNameBy :: FilePath
-> Chapters -> Maybe String

3TO TUN Takowm,
Ha3biBaeTCA
Maybe String

Ha BbIxXOzie BUIMM 3HAU€HMe TUIIa Maybe String. DTOT TUII ObLI TOPOKAEH KOHCTPYKTOPOM
Maybe, IPMMEHEHHBIM K TUITYy String. CTOI, 51 cKa3aa «IPUMeHEHHBIM»? [la, MMEHHO
TakK: Bbl MOKeTe BOCIIPUMHMMATb KOHCTPYKTOP TUIIA KaK 0CO0YI0 «(PYHKI[MI0», HA30BEM
eé «tunoBasi GyHKius». HeT, aTo He oduimanbHbiii TepMuH u3 Haskell, sTo mpocro
aHayorusi: 0o6biuyHast GyHKLUMST paboTaeT ¢ JaHHBIMM, a TUIOBasi PyHKIMS paboTaeT ¢
tunaMmu. CpaBHUTE 3TO:

1
w

length [1, 2, 3]

GYHKLUMA AaHHOe ApYyroe JAaHHoe

" 3TO:

Maybe String Maybe String

TMNOBas  Tun
byHKUMA

ApPYyrov Tun

[IpymMmeHeHMe KOHCTPYKTOpPA TUIIA K CYLIECTBYIOIIEMY TUILY [OPOXIAeT HeKNUl HOBbIN
TUII, ¥ 3TO OUeHb MOIIHAs TEXHMKa, ucronb3dyemMas B Haskell moutyu Ha Kaxkmom Iiary.



I'maBa 23. KoHCTpyKTOp THIIa 145

Hamnpumep, eciy HaM HY>KHO 3aBepHYTh B OIIMOHAJIbHOE 3HAauUeHMe yKe He String, a
paHee YIIOMSIHYTbIN Text, Mbl HUUETO He JOIKHbI MEHSATh B KOHCTPYKTOPE Maybe:

Maybe Text = Maybe Text

TMNoBaa Tun
byHKUMA

Apyrov Tun

Kakoii Tun mopacraBiaseM Ha MeCTO a, TaKOW TUII UM CTaHeT OILMOHaIbHBIM. B 3TOM
M 3aKJII0YaeTCsl KpacoTa KOHCTPYKTOPOB TUIIOB, Belb OHM OAIOT HAM KOJIOCCAIbHbIN
MIPOCTOP JIJIsI TBOpYECTBa.

A Ternepb MbI ITOAOIIJIN K OYE€HDb Ba)KHOI TeMme.

ITaKu

Yrto Takoe TUI Maybe String? /la, MbI y>ke 3HaeM, 3T0o AT]I. Ho uTO 3TO Takoe mo cyTtu?
3aueM MbI KOHCTPYMpPYEM CJIOXXHbIE TUIIbI U3 MPOCThIX? § mpearat0 BaMm aHaJOTuIo,
KOTOpas MOMOXeT HaM B3IVISHYTb Ha 3TOT BOIIPOC HECKOJIbKO MHaue. OTa aHAJIOTUS
OTHIOb HE aKCMOMa, ITPOCTO ST HAIIEN e€ ToJIe3HOI i cebst camoro. Jlymaro, BaM OHa
TOXe OymeT mosie3Ha. KoHeuHo, TpeajaraTh aHAJOTUM — JeJI0 HebiaromapHoe, Belb
M100as U3 HUX HeCOBepIIeHHA M MOXEeT ObITh TaK MM MHaue IMOABEPrHyTa KPUTUKE.
[TosTOMY He BOCIIpMHMMAiTe MOIO aHAJIOTMI0 KaK eMHCTBEHHO BEPHYIO.

C Touku 3peHus TUIOB 106y Haskell-mmporpaMmMy MOSKHO CpaBHUTH C MHOTO3TaKHBIM
noMoM. U BOT mpefcTaBbTe, Mbl CMOTPUM Ha 3TOT IOM CO CTOPOHBI.

Ha camoM HIUKHEM 3Taske pacIosiokeHbl TPOCTeiine CTaHAAPTHBIE TUTIbI, TaKMe KaK
Int, Double, Char uaM criMcoK. Bo3pméM, Hampumep, ™Mo Int. UTo 31O Takoe? llemoe
yncao. OHO He HeCeéT B cebe HMKAKOTO CMbBICJIA, 3TO BCETO JUIIb YUCJIO B BaKyyMme.
Wy BOT cTpoka — UTO OHAa Takoe? DTO MPOCTO HAOOpP KaKMUX-TO CMMBOJIOB B TOM JKe
BakyymMme, U Huuero 6osee. M ecau 61 Mbl ObUIM OTpaHUYEHbI JUIIb ITUMU TUIIAMM,
Hallla TPOTrpaMMMCTCKAsI SKM3Hb ObliIa ObI BeCbMa rPyCTHOIA.

A BOT Ha BTOPOM M MOCIEOYIOIIMX 3TaKax >XKMBYT TUIIbI Kyaa 6ojiee MHTEpecHbIE.
Hampumep, Ha OMHOM M3 3TaXel XKMUBET TUIT Maybe String. [Ipm co3maHum Tuna Maybe
String IPOMCXOOUT BasKHOE COOBITME: MbI ITOJHMMAEMCS C IIepBOro Ha 6oJiee BBICOKMIA
sTaxk. CuMTaiTe 3TU STAXKU YPOBHSIMMU abcTpakuyu. Ecam TUIl String — 3TO BCETo JIUIIb
6e3yMKast CTPOKa, TO TUII Maybe String — 3TO yKe He MTPOCTO CTPOKA, 3TO OIMIIMOHATbHAS
CTpOKa, U, e XOTUTe, CTPOKa, HaZleJIEHHAs OIMOHaIbHOCTbIO. [IOMHATbCS HA TOT
WM MHO¥ 3TaX B HAIlIEM TUIIOBOM HEG0CKpEDHe — 3TO 3HAUMT B3SITh O0J1ee IMPOCTON TUIT
U HaJIeJIUTh €r0 HOBbIM CMbIC/IOM, HOBBIMM BO3MOXKHOCTSIMM.

Wnu BOT BCIIOMHMM THUII IPAddress:
data IPAddress = IPAddress String
Mbl ONSTh-TakKyM B3SI/IM HUUYEro He 3Ha4vallylo CTPOKY U IIOOHSIN e€é Ha ITakK 10

Ha3BaHMEM IPAddress, U TeIlepb 3TO Y)Ke€ He IMPOCTO Kakas-TO CTpoKa, 3To IP-ampec.
HoBblii TH Hagenmmwn 6eCcCMBICIEHHYI0 CTPOKY BIIOJHE OIpeNel€éHHBIM CMbICTIOM.
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A KXorma Mbl BbITaCKMBaem BHYTPEHHIOIO CTPOKY M3 IPAddress C IIOMOIIbIO MaTTepH
MaT4lMHI'a, Mbl BHOBb OKa3bIBa€MCs Ha ITIEPBOM 3TaXKe.

A BOT elll€ Halll TUII, EndPoint:

data EndPoint = EndPoint IPAddress Int

TyT MbI IOAHSUIUCH €Ill€ YYTOK: CHayasia MOJHSIIM CTPOKY Ha 3Tax IP-ampeca, a 3aTem
B3SUIM €r0 M TUII Int ¥ TIOMHSUIM UX Ha CJIEOYIONIMIA 3TaXK IO, Ha3BaHMeM EndPoint, ¥ Ha
3TOM 3Taxke Iepes HaMU ke He ITPOCTO Kakoii-To IP-aapec u Kakoe-TO 4MCIO, Tepen,
HaMM y3Ke CBSI3aHHBIE IPYT C IPYTrOM azpec U MOPT.

A BOT eI1lé oH MpuMep, 3HAKOMCTBO C KOTOPBIM 1 OTKJIaJIbIBaJI O CUX IOpP. BcrioMHUM
ompesiesieHNe TVIaBHOM MYHKINY main:

main :: I0 ()

1 obemran paccka3aThb O TOM, UTO Takoe I0, M BOT Telepb paccka3biBalo: I0 — 3TO TOXe
KOHCTPYKTOp Tuma. IIpaBaa, KOHCTPYKTOP OCOOEHHBIN, HEITOXOXKIIA Ha HalllyM IPAddress
UM EndPoint, HO 06 3TOM MoApo6GHee B CJIeAYIOUIMX IVIaBaX. Tak BOT IOMHSIBIINCH Ha
9TaX MOJ, Ha3BaHMeM 10, Mbl [TOJy4aeM O4YeHb BasKHYIO CIIOCOOHOCTb — CITOCOGHOCTH
B3aMMOJIEJCTBOBATh C BHEIIHMM MMUPOM: (aiiyl TpoYecTb, Ha KOHCOJb TEKCT BbIBECTH,
“ B TOM ke nmyxe. I moTomy Tum I0 String — 3TO yKe He IPOCTO HEBECTh OTKyZa
B3SIBIIAsICI CTPOKA, HO CTPOKA, IOJTy4YeHHas M3 BHEIIHero Mupa (Harpumep, u3
daiina). M enuMHCTBeHHAs] BO3MOKHOCTb HAJeJUThb HamM (QYHKUUM CIIOCOOHOCTHIO
B3aMMO/IEJICTBOBATh C BHEIIHUM MUPOM — IMOOHSTH (HY MM OIYCTUTD) UX Ha I10-3TaxX.
BOT Tak 1 mosyyaeTcs: B Ipolecce paboThl TPOTpaMMbl Mbl TIOCTOSIHHO ITpbITaeM B JINGT
" TIlepeesskaeM C OAHOTO TUITOBOTO 3TasKa Ha APYTOA.

Ho 3anomHuTe: He BCe 3TaXM OOMHAKOBBI! He CO BCSIKOro 3Ta’ka MOKHO HAIPSIMYIO
TIOIACThb Ha JII000¥i Ipyroii. Bosee Toro, ectb Takue 3Tasky, OKA3aBIIMCh HA KOTOPOM, MbI
B KOHEUYHOM MTOre 00sI3aHbl Ha HEro U BepHyTbcs. [IoHMMaro, ceifyac 3TO MOPOKIAET
OosbIlle BOIIPOCOB, HEXEIM OTBETOB, HO He OeCIOKOTech: OTBEThI XKAYT HAC B
MOC/IeAyIOIINX I/IaBax.
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IIpomgo/keHue cienyer...

Pa6oTa Hag, KHUTOM UIOET ITOJHBIM XOI0M, BacC JKAET emé MHOro uHrepecHoro! Cienure
3a HOBOCTSIMM 00 OOHOBJIEHMSIX B HalleM yaTe! u B Moém TBuTTepe?.

https://gitter.im/denisshevchenko/ohaskell-book
2https://twitter.com/dshevchenko biz
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