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I'masa 1

IIpuBeTCcTBYIO!

[Tepen Bamyu — kHUra o Haskell, yauBuTeibHOM U IIPeKpPacHOM SI3bIKe
MpOrpaMMMPOBAHMS.

l'[oquV 3Ta KHUra I1oaIBnJ1acCb

[ToroMy 4TO MeHSI OTKPOBEHHO JocTano. [TouTu Bce M3BECTHbIE MHE
kHuru o Haskell HaumMHaroTcs ¢ npuMepa peanusanuyu ObICTPOI cop-
TUPOBKM U — KyHa X 6e3 Heé€! — mocimenoBaTeabHOCTM PUOOHAYYN.
OJTa KHUTA He TaKasi: MMHMMYM aKaJeMyu3Ma, MakKCMMyM MPaKTUUHO-
CTH.

Ienb

DYHKIMOHATBHOE MPOrpaMMMpPOBaHe — CBOeOOpa3HOe reTTo mocpe-
Iy Merarioauca Haieit MHpycTpun. [ons QyHKIMOHATbHBIX SI3bIKOB

11



InaBa 1. IIpuBetcrByIO! 12

MoKa elllé oyeHb Maja, ¥ MHOTMe pa3paboTuuMKy MobauBalOTCs 3Ha-
KOMCTBa ¢ 3TuMu ga3bikamu, u ¢ Haskell B ocobenHocT. Mos 1ie/ib —
paspyuInTh 3TOT CTpaxX. BeposTHO, BbI cibimany, uro Haskell — aro
YTO-TO apXMUCJIOKHOE, CyTy00 HAayYHOe M HeIPUTOLHOE IJIs1 peaabHOi
ku3HM? YnuraiiTe ganbliie, M BCKOpe Bbl yOenuTeCch B 0OPaTHOM.

O cebe

OOBIKHOBEHHBI MPOrpaMMMCT-caMoyuka. PaspabateiBaio ¢ 2006
roga. B 2012 ropy Bmepsbie yoibiman mpo Haskell, yxkacHyncs u
nocrnenia o HéM 3a6biTh. B 2013 BcrioMHMA onsaTh, B 2014 yBiEKcs
Bcepbes, a B 2015, mocste 8 et sku3Hu ¢ C++, OKOHUYATEIbHO ITepelen B
Haskell-mup. Takske s ITO0KWI HAYAIO PYCCKOSI3bIYHOMY COOOIIECTBY
Haskell-pa3pa6oTunkos. U na, s 1eiiCTBUTENbHO UCIIOIb3YIO 3TOT SI3bIK
B CBO€JI KaKIOSHEBHOI paboTe.

O Bac

3HaeTe, YTO TaKoe KoOMIUIITOp? He 6ouTech KoMaHIAHO cTpoku? Cibl-
manau coBo «byHKuMs»? Eiu 1a — cmesno MmpoonKaiTe YnTaTh, HU-
KaKMX JOTOJIHUTEIbHBIX HABBIKOB OT Bac He oxkuaaeTcs. 1 Kakoit-mm6o
MaTeMaTU4YeCKOV MOATOTOBKU — TOXKe.

Ob0emanue

Bo3moskHO, BbI 110 yiiu BirobuTech B Haskell. Bo3MoskHO, OH BbI3OBET Y
Bac orBpaieHue. Obeljaiw 0JHO — CKYYHO He OyzmeT. HauHém.


http://ruhaskell.org/
http://ruhaskell.org/

I''maBa 2

IlepBBIE€ BOIIPOCHI

MHe 3apaBai X MHOXXeCTBO pa3. OTBeuaro.

«4Uto Takoe 3ToT Baiua Haskell?»

Haskell — uncTo QyHKIIMOHATBHBIN SI3bIK IPOrPAaMMMUPOBAHMS 00IIETO
Ha3HAYeHMsI, MOXKET ObITh MCIT0/Ib30BaH JJIs1 pelIeHMsI CAMOT0O IIMPOKO-
ro Kpyra 3ajga4d. Komnunanpyembliit, HO MOKeT BeCTH cebsl M KaK CKPUIITO-
BbIit. KpoccrutaTdopmeHHbIii. JIeHUBBIN, CO CTPOTO¥ CTAaTUUYECKON TH-
nu3auuei. VI oH He TTIOXOX Ha Agpyrue sa3biku. CoBceMm.

«JTO UYTO, KaKOJ-TO HOBBIN SI3BIK?»

Bosce nHert. Uctopus Haskell Hauanace emé B 1987 romy. DTOT S3bIK
ObUT pOXKIEH B MaTeMaTUUYECKMX Kpyrax, KOraa rpyrina /el pemmia
CO3[1aTh Ui (PYHKIIMOHAIbHBIN SI3bIK TPpOrpaMMupoBaHusi. B 1990

13



I'naBa 2. IlepBbie BOMPOCHI 14

rOJly BBILIJIA TepBasi BepCcus s13bIKa, HA3BAHHOTO B YeCTb U3BECTHOr'O
aMepMKaHCKOro marematuka Xackemna Kappu. B 1998 romy s3bIK
ObUI CTaHOApPTU30BaH, a HauMHasg ¢ 2000-x HaYaJI0Ch €ro MeJIeHHOe
BXOXI€eHMe B MUP MPaKTUUECKOTO MPOrpaMMMUpPOBaHusi. 3a 3TU TOMAbI
SI3bIK COBepIleHCTBOBACS, ¥ BOT B 2010 Mup yBuaesn ero OOHOBJIEH-
HbIN cTaHgapT. Tak UTO Mbl MMeeM [esi0 C SI3bIKOM, KOTOPBII CTapiie
Java.

«HM KTO ero coenan?»

Haskell cospgaBancst mHOTMMM jonbMy. Hanbosee n3BecTHas peann-
3aluMs sI3blka Hanwia cBoé BoruiomieHue B kommmiasitope GHC (The
Glasgow Haskell Compiler), pogusiierocs B 1989 rogy B YHUBepcUTeTE
Imasro. ¥V KoMImiasiTopa ObLIO HECKOJIbKO IJIaBHBIX Pa3pabOTUMKOB,
13 KOTOPBIX HamboJiee M3BECTHBI IBOe, Simon Peyton Jones 1 Simon
Marlow. BriociegcTBum Becomblii BKiaf, B pazpabotky GHC BHec/u eré
HEeCKOJIbKO COTeH yesioBek. Micxomubiii kon kommuagTopa GHC oTKpbIT.
Kcratu, cam kommmisitop Ha 82% nHarnmcad Ha Haskell.

i MI000MBITHBIX: MCYEpPIIbIBAIOIee II0BECTBOBaHME 00 MCTOPUU
Haskell 1 GHC unTaiite 3mech.

«A ouonmnoreku ajasa Haskell mmerorca?»

@) ,ILa! VX ma>ke He COTHU — UX ThICSIUYM. B Imponecce YTeHus BbI IIO3HA-
KOMUTECb CO MHOI'MMMU 13 HUX.


https://en.wikipedia.org/wiki/Haskell_Curry
http://research.microsoft.com/en-us/people/simonpj/
http://community.haskell.org/~simonmar/
http://community.haskell.org/~simonmar/
https://ghc.haskell.org/trac/ghc
http://haskell.cs.yale.edu/wp-content/uploads/2011/02/history.pdf
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«/ uTto, ero y;ke MOKHO B production?»

OH yxe B production. C MOMeHTa BbIXOJA MEPBOr0 CTAHAAPTa SI3bIK
YJIYYILIAJICSI, Pa3BMBaJIach €ro 9KOCKUCTeMa, IOSIBJISIMCH HOBbIe OMO/1110-
TeKM, BbIXOOuUM B cBeT KHUTrU. Haskell MomHOCTBIO TOTOB K CepbE3HOMY
KOMMEPUYECKOMY MCITOIb30BaHMIO, O YEM CBUAETENbCTBYIOT MCTOPUM
ycnentHoro BHeapeHust Haskell B 613Hece, B TOM UMCIe KPYITHOM.

«A mopor BxoxaeHust B Haskell Bbicokmnii?»

W na u Het. OcBoenue Haskell cioxkHO B IMepByl0 ouepenb 13-3a €ro
HEIT0XO0KeCTU Ha OCTaJIbHbIE SI3bIKM, TIO9TOMY JIIOJSIM, MMEIOIIM OIThIT
paboThl C APYTMMM SI3bIKAMM, MO3TU IIOJIOMAaTh MPUIAETCS. VIMEeHHO
10JI0OMaTh, a He IPOCTO IouieBenuTh uMu: Haskell 3acTaBiseT nHaue
B3IVISHYTH Jaske Ha IpuBbiuHble Bemniu. C mpyroit cropoHsl, Haskell
TMpollle MHOTUX M3BECTHBIX SI3bIKOB. He BepbTe MHe Ha CJIOBO, BCKOpe
BBl ¥ CaMM B 3TOM ybemuTech. M 3HaiiTe: MHOTME JIIOIM, Y3HAB BKYC
Haskell, kaTeropuuecku He >kejlal0T BO3BPaNIaThCs K JPYTUM SI3bIKAM.
S Bac mpenyripenuii.

«A f CIpIIAN elé IMpo KakKue-TO MOHa-
IbI...»

Ia, ectb Takoe ngeno. HekoTopele Bemy 3 mupa Haskell He umeroT mps-
MbIX aHAJIOTOB B IPYTUX SI3bIKAX IMIPOrPaMMMPOBAHMSI, ¥ 3TO BBOAUT HO-
BUYKOB B cTymop. Ho He 6ecIioKoiTech: s caM MPOILIET yepe3 3TOT CTY-
IIOp ¥ XOPOIIO Bac MoHMuMal0. [IoMHNUTe: HOBOE JIUIIb KaXKeTCs CTpalll-
HbBIM.


https://dshevchenko.biz/hs-research/Haskell-in-the-Large.pdf

I'naBa 2. IlepBbie BOMPOCHI 16

«A ecsiu cpaBHuTS ero ¢ C++/Python/Scala...»

CpaBHenue Haskell ¢ mapyrumm si3bikamy BBIXOAMT 3a paMKU 3TOIA
KHUTU. HeckombKo pa3 Bbl BCTPETUTE 3[eCh KyCOUKM KOMa Ha JPYTUX
SI3bIKaX, HO S TMPUBOXY MX MCKIIOUUTENIbHO [JISI TOTO, YTOOBI IOA-
yepKHYTh pasnanune ¢ Haskell, a BoBce He [1Jis1 cpaBHEHMS B KOHTEKCTE
«ryurne/xysxke». Y Boob1ie, s1 6yay M30 BCEX CUJI CTapaThCs HE BOCXBa-
natb Haskell 6e3 mepbl, 1 xouy JuIlb paccka3aTh BaM IPaBAy O HEM.
Moii BbIBOZ 00 3TOM SI3bIKE ST yKe cesajl, a CBOV BBIBOL O HEM BbI
IIOJKHBI ClleJIaTh CaMM.



I''maBa 3

00 3TOI KHUTe

B mocnemHue rompl 3aMeTHO BO3POCJO YMCIO KHUTL, MOCBSIIIEHHBIX
Haskell, 1 aTo pagyet. Kaxkgas 3 Hux npeciieflyeT CBOIO 1ieJib, I03TOMY
TPYOHO CKa3aThb, KaKasi U3 HUX jiydilie. Llesib 3TOV KHUTY ABOSIKAS.

Bo-mepBbIx, s1 Hayuy Bac rmaBHomy B Haskell. OcHoBam, 6e3 ocBoeHMSI
KOTOPBIX ABUTATHCS Jajibliie HUKAK He IMOTyUMUTCS.

Bo-BTOpBIX, 1 pa3pyiry cTpax. Yske MHOTO JieT BOKpyr Haskell Butaer
IIyX CTpaxa, ¥ s CIIOJHA OIIYTWJI ero Ha cebe. B meiicTBUTENIBHOCTHU
Haskell coBcem He cTpalliHblii, B HEM HET UEPHOV Marum, M UTOOBI
IIporpaMMMpoOBaTh Ha HEM, BaM He HYy)XHa y4Y€Hasl CTerneHb. boiee
TOTO, BbI yAMBUTEChb, HACKOIbKO mpocto B Haskell memath MHOrMe
BelllM, HO 3Ta IPOCTOTa OTKPOETCSI BaM JIMIlb IOC/A€ TOro, KakK BbI
6/13Ko rmosHakomutech ¢ Tpemst Kuramu Haskell, a Tak:ke ¢ rocIioskoit
Yepernaxoii, nnoggepxkusaronieii oubix. imeHa atux Kutos un Yepemnaxu
BbI Y3HaeTe yke B cJeyiolleii riase.

OdTa KHUTa He BO3BeIET Bac Ha BepmuHbl Haskell, Ho oHa oTKpoeT Bam
ITyTh K 3TUM BepIIMHAM.

17
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Yero 3a7ech HET

Tpéx Belleli Bbl He HANIETe HA CTPAHUILIAX 3TOM KHUTU:

1. UcuepnbiBawiiero crpaBouHuka o Haskell. [Iy6nmmpoBaTs odu-
1nanbHoe onucanue crangapta Haskell 2010 st He cTaHy.

2. Habopa roToBbIX pelenToB. 3a pelentamMu noxanyiTe Ha Stack
Overflow.

3. BBemeHuss B MaTeMaTUUYeCKyl Teopuro. HecMoTps Ha TO, 4TO
Haskell kopHsimu cBOMMM yXOAUT B MaTeMaTMKy, B 3TOM KHU-
re HeT MOTPYKeHUSI B TEOPUIO KaTeropuii U B MHbIE TEOPUMN.
VI3BUMHUTE, eC/IM pa3odyapoBall.

O nmepBOM M BTOPOM U3JAaHUU

Ha o6noxkke Bbl Bumenu MeTKy «usmanme 2.0». Ilepem BamMu BTOpoe
M3IaHue, MOJTHOCTBIO IIepepaboTaHHOe U IIepeoCcMbIc/ieHHOe. BoT aBe
MIPUYMHBI, TTOOYAMBIIIIE MEHSI TTepeIncaTb KHUTY.

[TepBast — Moy ommMoOKM. I y6eXKIEH, UTO 00yUaTh SI3bIKY ITPOTrPaMMUPO-
BaHMS MOTYT JINIIIb T€, KTO UCIIOJIb3YeT 3TOT SI3bIK B CBOEI KaXkI0JHEB-
HOIl paboTe. Ha MOMeHT HamucaHus TIepBOii Bepcuu s elé He pabo-
tas ¢ Haskell, a moromy MHOTOrO He 3Haa U He TIOHUMaJI. B pesynbraTe
yacTh MHOpMaLMM U3 TIePBOro M3aaHMs Oblla OTKPOBEHHO OemHa, a
HECKOJIbKO IJIaB BOOOIIle BBOAM/IM UYMUTATENS B 3a0/TyKIeHME.

BTopasi mpuunHa — M3MeHMBIIASCS 1leJib KHUTU. Sl HaMepeHHO CYy3WUJ
KpYyT paccMaTpyuBaeMbIX 3/iech TeM. Teriepb KHUTa BCeliesio ITOCBsIeHa
OCHOBaM sI3bIKa, MO3TOMY He WUINUTE 30eChb PacCMOTPEHMUS CHeLu-
dbuuecknux tem. 5l He oueHb-TO Bepl B uaeio book-all-in-one, kHura
IIJIST HOBUYKOB JIO/DKHA ObITh KHUTOM 11 HOBUYKOB. BbI He BCcTpeTuTe
3/1eCh HM IIPMMEPOB peanu3auuyu 3D-IBIOKKA, HM pacckasza 0 pabore C


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

I'maBa 3. O6 3TOJ1 KHUTe 19

PostgreSQL, HM TOBeCTBOBaHMS O MMPOEKTUPOBaHMM UTPbI AJ1s1 Android.
Bcé sTto mokHO menath ¢ Haskell, Ho momo6HBIM TeMaM ITOCBSIIEHbI
IpyTrie IyoaMKalym, KOTOpble HECOMHEHHO OYIyT BaM I10 IjIevy rmocjie
MIPOYTEHMST MO€EJ KHUTH.

YuTalite nmocjienoBaTejlbHO

U sT0 BakHO. B mpoliecce uTeHusT Bbl 3aMeTUTE, UTO S ITePUOANIECKI
MO HMMAaIO0 BOIIPOCHI U KaK ObI OCTABJISIIO UX 6e3 oTBeTa. ITO JeIaeTcs
BIIOJTHE OCO3HAHHO: OTBETHI 00S13aTe/IbHO OYAYT AaHbl, HO B TOC/IEIY-
IONIMX TJIaBax, TaM, Ime 3To OyaeT Hambosee ymecTHO. [ToaTomy mepe-
MIPBITMBAHME C I7IaBbl HA [JIABY MOKET BacC 3aITyTaTh.

Brmipouem, B Be6-Bepcuy KHUTU eCcTh «[IpeiMeTHbIN yKa3aTe/lb», KOTO-
pbIit TOMOXET BaM ObICTPO HalTH HY;KHOE MeCTO, UTO 0COOeHHO 1oJie3-
HO ITIPY IOBTOPHOM MPOYTEHUN KHUTMU.

JIJ1s1 TI0OOIIBITHBIX

B KoHIIe OO/MBIIMHCTBA I71aB BbI HAMIETE HEOOBIIION pa3aesn, KOTOPbIi
TaK M Ha3bIBAeTCSI — «[IJIs IIOOOIBITHBIX». UMTATh €ro HeoOsI3aTeIbHO,
HO JII0003HaTeTbHBIM HeIlpeMeHHO ITOHPaBUTCS. B 3TOM pa3perie s nipu-
BOXXY HEKOTOpbIe TeXHUYeCKye OAPOOHOCTH, UCTOPUUECKIe CBeleHSI
" TIPOCTO MHTepecHbIe (haKThI.

W yutuTe, moxkasyicTa: copepkumoe pasnena «[Jis J0O0TMbITHBIX»
MHOIZA YYTOK JIOMaeT I10C/IeL0BaTeJIbHOCTh M3JIOKeHUs MaTepuaia,
3TO CHe/laHO OCO3HaHHO. [IOMHA O MHOIMX BOIpOCax 4yuTaTenein K
[JlaBaM U3 IpenbIayIero u3gaHys, 1 BbIHeC OTBEeThl Ha HEKOTOpbIe U3
3TUX BOIIPOCOB B IaHHBIN pa3fes, U II03TOMY OHbI, CKaXkeM, B 12 riiaBe
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MOXET CChIAThCS HA MaTepuasl, U3JI0KEeHHbIN Jullb B 16 rnase. Eciin
COMHeBaeTeCh — He UuTamre.

O nmosicHeHUSIX

Bo MHOI'MX IpMMepax MCXOTHOTO KOZa Bbl YBUAMTE MTOSICHEHMS BOT Ta-
KOT'O BMJIA:

type String = [Char]

T™Mn  3TOT paBeH ToMy

Takue nmosicHeHMe caefyeT YATATh CJieBa HAIIPaBO ¥ CBEPXY BHU3, U BbI
cpasy IoiiMETe 4YTO K ueMy. Kakmas 4acThb MOSICHEHMSI PacIioioXkeHa
CTPOrO IOJ, TeM KYCOUKOM KOZia, K KOTOPOMY OHa OTHOCUTCSI.

Bor emi€ oguH npumep:
let (host, alias) = (”173.194.71.106”, “www.google.com™)

AdHHOE 3Ha4yeHune
3TO
XOCT
da BOT 3TO
3Ha4eHune
3TO0
nmA

31ech s TOBOPIO BaM: «/laHHOe 3HaueHMe — 3TO XOCT, a BOT 3TO 3Haye-
HMe — 3TO UMsI». B psie cirydaeB s MCIIOIb3YI0 TaKXKe Pas3JIMYHOTO BUaA
MMOAYEPKMBAHME:
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(host, alias) = (7173.194.71.106”, “www.google.com™)

3mech s TPOBOXY Ilapa/Uiefib: «3HaueHMe host acCOLMMpPOBA-
HO CO CTPOKOM 173.194.71.106, a 3Ha4yeHMe alias — CO CTPOKOI
www.google.com».

biarogmapHoOCTh

OTa KHUTa — IJIOL He TOJIbKO MOUX yeuanii. MHOTHe ujieHbl Halllero co-
o01ecTBa MOMOIVIM MHE COBeTaMM, 3aMeUYaHMUSIMU M UCIIPaBIeHNUSIMMA.
Bonbioe crrac60o BaMm, Ipy3bs!

A emé g 6maromapio Bcex Tex, KTo co3man Haskell, u Bcex Tex, KTO
HEYCTAaHHO COBEPIIEHCTBYET ero. Bammmuy yeumamsaMu Haira npodeccust
CTAHOBUTCS eIé 6oj1ee mpeKpacHoii!

C/I0BO K UMTaBIIUM IepBoec nu3dgaHme

Eciu Bbl He uMTanu ero — MOXeTe rnepexognuTb K cnenylomeﬁ Iia-
Be.

Kak yke 6b1J10 CKa3aHO, 1ieJib KHUTY TOMeHs1ach. S yoeskaeH, uTo Ho-
BUYKY clefyeT naTh GyHIaMeHT, OCBOMB KOTOPbIN, OH CMOXKET yKe ca-
MOCTOSITEJIbHO M3y4aTh TO, YTO HY’)KHO MMEHHO eMmy. $ 6oJblie He XO-
4y [aBaTh YMTATESIM PbIOY, S XOUy AATh UM YAOUKy. [loaTomy 31€ech
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HEeT IT0OBECTBOBAHMI1 000 BCeX MMEIIIMXCSI MOHAAHBIX TpaHCchopMepax,
1A 000 Bcex KOHTeliHepax, Wi 0 KMeTTOBCKUX JIMH3aX, MM O Tpybax
T'oHcarneca.

Sl cmenato yrop Ha Teopuio, HO yke riy6ke. Tak, B MPOIIJIOM U3AaHUNU
1 4YaCTO UCII0JIb30BaJl HETOYHYIO TEPMUHOJIOTUI0, OTKPOBEHHO CTYIIUII C
orpeneneHyeM MOHAbl, IPOrHaJ Kakyw-To nypry ¢ ®BII, Hu c1oBom
He 00MOJIBMJICST O QYHKTOPHBIX M MHBIX 3aKOHAX, IOUTH He paccKkasaj o
raTTepH-MaTUYMHIE U UCII0/Ib30BaJjl MaJIo [IPMMEpPOB peaibHOTo Kozxa. B
5TOM U3IaHUMU S IOCTAPAIOCh UCIIPABUTD BCE ITU OIIMOKNA.

U s o-TipeskHeMYy OTKPBIT [IJisl Ballleil KpUTUKMA.
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IIpuroTroBMMCSI

MpbI He MO’KeM HauaThb M3ydeHMe sI3bIKa 6€3 MCIIbITaTeIbHOTO ITOJIUTOHA.
Ycranosum Haskell.

CrenaTh 3TO MOKHO HECKOJBKMMM CIIOCOGaMM, MbI BbIOepeM CaMblii
ynooubiii. HaspiBaeTcss on The Haskell Tool Stack. 3ta maneHbKas
YTWINTA — BCE, YTO BaM ITOHamoouTcs ajisg paborsl ¢ Haskell.

Haskell — kpoccmiardopMeHHbIi 3bIK, paboTaomuii 1 B Linux, u B
macOS OS X, u naxe B Windows. OnHako B 2008 romy s1 HaBcerga Iio-
KuHyn mup Windows, o3ToMy Bce MocIeaylolye IpyuMepbl B3aMO-
JleliCTBMSI C KOMaHIHOM CTpoKoii mogpasymeBatoT Unix-way. Bopouem,
eI Bbl BCE-TakM yucnonab3yete Windows, 6y/ibTe yBepeHbl — BCE OIU-
CaHHOe HIKe 3apaboTaeT 1 y Bac.

Bcst KoHGUrypauust u NpMMepbl Koia orpo6oBaHbl MHOIO Ha Ubuntu
16.04.1.

23


http://haskellstack.org/
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YcraHaB/JIMBaeM

Vpém cioga u 3abupaem HY:KHYI0 HaM Bepcuio. O6mmuit Unix-BapuaHT
YCTaHOBKM IPeIeIbHO MTPOCT:

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

T'oToBo. ITocie ycTaHOBKYM HaM Oy/IeT TOCTYITHA KOMaHa stack, ¥ OHA —
Hale BCe.

Ha moMeHT HanmcaHusi KHUTU S UCTIO/Ib30BaJI stack Bepcun 1.4.0. Ecin
y Bac 6osiee crapasi Bepcust — HelipeMeHHO 06HOBUTeCh. Eciin ske 6osee
HOBasi — Y Bac YTo-HUOYAb MOKET paboTaTh He COBCEM TakK, KaK OIuca-
HO HMKE, TOCKOJIbKY stack BCE elll€ aKTUMBHO pa3BMUBAETCS.

['maBHOe (HO He eIMHCTBEHHOE), UTO YMeeT [eJiaThb stack, 3TO:

1. Pa3BopauuBaTh MHOPACTPYKTYPY.
2. CobupaTb IMPOEKTHI.
3. YcraHaB/IMBaTh OMOIMOTEKM.

Haskell-mndpacTpykTypa — 3KOCMCTEMA, KpaeyroJlbHbIM KaMHEM
KOTOpOJt SIBJiIeTCs paHee ymoMsiHYyTbiii kKommuiasTop GHC. Haskell
SIBJIIETCS KOMIMIMPYEMBIM SI3BIKOM: TIPUJIOKEHME TIpenCTaBiIsieT
co60J1 0OBIKHOBEHHBIN MCITOMHSIEMBIV (aHIVI. executable) daii.

Haskell-mpoekT — cpema mjs co3gaHusl NPUIOXKEHUIE U OUOIMO-
TeK.

Haskell-6u6mmoTeku — KeM-TO HaIlMCaHHbIe PellieHusl, cliacalolye Hac
OT U300peTeHNsT BeJIOCUIIeNOB.


https://docs.haskellstack.org/en/stable/install_and_upgrade/
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PasBopaunBaeM MHPaACTPYKTYPYy

Hemnaem:

$ stack setup

B pesysnbTaTe Ha Balll KOMITbIOTep OyJeT ycTaHOBIeHa MHMpaCTpyKTypa
rocjienHel CcTabuabHOM Bepcum. JKUTb BCE 3TO XO3SCTBO OymeT B
TOJIbKO UTO CO3/JaHHOM KaTtajiore ~/.stack/. VIMEHHO TMO3TOMY yCTa-
HaB/IMBaTb MH@PaACTpyKTypy s nocienyioimux Haskell-ipoekToB
BaM yke He MPUOETCS: eqMHOXKIbl pa3sBepHY/IM, UCIIOIb3yeM BCeraa.
[Toka BaM He HYKHO 3HaTb 00 YCTPOMCTBe 3TOV MHQPACTPYKTYpPHI,
BOCIIpMHMMAlTe €€ KaK JaHHOCTb: Tellepb Ha BallleM KOMIIbIOTEpe
skuBeT Haskell.

Hi World

Cospmanum Haii nepBbiii Haskell-mpoexkr:

$ stack new real

3mech real — Ha3BaHMe IIPOeKTa. B pesynbrare GymeT co3maH KaTaaor
real, BHyTpM KOTOPOTO MbI YBUIMM 3TO:
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— app

| “— Main.hs <- [naBHbIl MOAY/Ab MPOrpPaMMbl
F— LICENSE

— README.md

— real.cabal <- C60pOYHbIN KOHOUI MpoekTa
— Setup.hs

F— src

| L— Lib.hs <- Eué oauH MOAY/b

— stack.yaml <- Koud¢ur Stack

[

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

Terepb mepexoM B KaTaJjIor real ¥ cOGMpaeM ITPOEKT KOMaHI0¥i:

$ stack build

3amoMHMTE 3Ty KOMaH[y, MbI OyZIeM MCII0/Ib30BaTh €€ ITOCTOSTHHO. B pe-
3yJbTaTe COOPKM IOSIBUTCS (daiil real-exe. PacriosaraeTcst OH BHYTpU
CKPBITOTO KaTaJiora .stack-work B KOpHe MpoekTa. YToObI cpasy ero 3a-
ITyCTUTD, He KOMasiCh BO BHYTPEHHOCTSIX 3TOTO CKPBITOrO KaTasiora, uc-
MOJIb3yeM KOMaH/y:

$ stack exec real-exe
someFunc

KomaHpga stack exec 3amyckaet nporpaMmy (B JaHHOM CJIyyae real-exe)
BHYTPMU stack-OKpy>KeHMsI. B offHO# 13 mocaeqyoImuX I71aB s Moapoo-
Hee pacCKaxKy 06 3TOM OKpy>keHuU. BripoyeM, Mbl MOKeM 3amyCTUTb
Hallly ITpOrpaMMy M Harnpsmyto, 6e3 stack. McromHsemblit dhaitn real -
exe HAXOAUTCS BHYTPU CKPBITOr'O KaTajora .stack-work B KOpHe IIpOeK-
Ta. Hampumep, Ha MOEM KOMIIbIOTepe ITyThb K MCIOMHSIeMoMY daitny Ta-
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KOM:

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

Ho moxxHO 1 YIIPOCTUTDH cebe JXI3Hb, BBITIOJIHVMB KOMaHAY:

$ stack install

B pesynbraTe ucmnosHsieMbIii ¢aia OymeT CKONMPOBaH B KaTayoT
~/.local/bin (ImogpasyMeBaeTCs, YTO TAKOM KaTaJor y BaC yKe umeer-
cs1). Keratu, rmonesHo go6aBuTh ~/ . local/bin B PATH, UTO ITIO3BOJINT BaM
TYT Xe 3aIyCKaTh MpOrpaMmy:

$ real-exe
someFunc

Bot mbl 1 co3ganu Haskell-mpoeKkT 1 3amycTuiiu Hally IepBylO Mpo-
rpaMMmy, BbIBEIIIYIO CTPOKY someFunc. HO Kak ske 3TO pa60TaeT? [Tpumuia
1opa MO3HAKOMUTbHCS ¢ QYHIaMeHTaIbHOM eqMHUIIel TTPOeKTa — MO-
Iy/ieM.

Mopaynn: 3HaKOMCTBO

Haskell-mpoekT cocTtouTt 13 monyneii. MomysneM HasbiBaeTcs daiii, co-
mepskamuii ucxomublii Haskell-kom. Ogun daiin — oguH Momyiib. Pac-
mpeHue .hs — cTaHgapTHOe paciipeHus ojs moxnyeii. B Haskell Het
TIOHSITUS «3aroJIOBOUHBIN (aiti»: KakAblii U3 MOJyJeli paccMaTpyuBa-
eTcsl KaK CaMOCTOSITeTbHAsI eIVHNIIA ITPOEKTa, CoepKalas B cebe pas-
HbIe TT0JIe3HbIE Bellly. A UTOObI BOCITOJIb30BAThCS STMMU BelllaMu, He00-
XOAMMO OAVH MOJY/Ib MUMIIOPTUPOBATH B IPYTOJA.
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OTKpoemM MOayb src/Lib.hs:

module Lib
( someFunc
) where

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

B nepBoit CTpoKe OOBSIBIEHO, UTO MMSI 3TOTO MOAYJIsS — Lib. [lanee B
KPYTJIbIX CKOOKaX yKa3aH MHTepdeiic JaHHOTO MOIYJISI, TO €CTh Ta €ro
YyacTh, KOTOPast BUAHA BCEMY MMPY. B TaHHOM ciy4yae 3TO eMHCTBEH-
Hast QyHKIMS someFunc, OOBSIBIIEHNE U OIpeie/ieHie KOTOPOil UAET Ma-
nlee, BCJIE[ 3a KIOUEBBIM (JIOBOM where. [Ioka BamM He HYKHO 3HaThb O
CUHTaKCHUCe 0ObSIBIEHMS U onpeesiennit GyHKUIUY, B CJIeAYIONINX I1a-
Bax MbI pa306epéM ero TIaTeJbHeNIMM 00pa3oM.

Ternepb OTKpoOeM MOAY/Ib app/Main.hs:

module Main where
import Lib

main :: I0 ()
main = someFunc

ATO MOJIY/Ib Main, ITTaBHBI MOAY/b HAIIIETO IIPWIOKEHMS, BeJlb UMEHHO
37ech ornpeneneHa GyHKIMSI main. C MOMOIIbIO AVMPEKTUBbI import MbI
BKJTIOYAeM CIOfa MOMYJb Lib 1 MOXXeM paboTaTh C COIEePsKUMbIM 3TOTO
MOJTYJISL.

3aroMHNUTE MOAY/Ib Main, C HUM MbI OyzieM paboTaTh yaile Bcero. Bece
TIpUMepPbl MCXOTHOTO KOJa, KOTOpbIe Bbl YBUIAMUTE HA CTPAHMUIIAX ITO
KHUTH, JXUBYT MMEHHO B MOJTyJIe Main, €C/IM He OTOBOPEHO MHOE.
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Bce Moy B HAMIMX MPOEKTaX MOKHO pasfeNnTh HA JIBe YacCTu: Te,
KOTOpbIe MbI 6epEM 13 OMOIMOTEK U Te, KOTOPbIE MbI CO3a/JIM CaMMU.
BubMMoTeKM — 3TO YK€ KeM-TO HalyCaHHbIe pelieHus, B MOCIeayo-
IIMX [IaBaX MbI TO3HAKOMMMCS CO MHOTMMM U3 HUX. Cpeny 6ubamoTeKk
clenyeT BbIIEIUTDb OfHY, TaK Ha3bIBAeMYIO CTAaHAAPTHYIO OMOIMOTEKY.
Mogynu 13 cTaHAAPTHOV 6MOIMOTEKM Mbl HAUHEM MCIIOTb30BaTh yKe B
6myDKaiMX r1aBax. A ofHa 13 171aB GyIeT MOTHOCThIO TTOCBSIIeHa pac-
cKasy o 6ubnmMoTekax: U3 He€ Mbl MOAPOOHO y3HAeM, OTKyaa 6epyTcst
6MOMMOTEeKM U KaK MX MOXKHO MCIT0/Ib30BaTh.

JIJ1s1 TI0OOIIBITHBIX

Ilo mosiBieHus stack OCHOBHBIM criocobom ycraHoBku Haskell Obiia
Tak HasbpiBaemasi Haskell Platform. OmHako MMeHHO stack, HECMOTPSI
Ha CBOIO MOJIOIOCTh (Bbimesn B cBeT jietom 2015 roma), siBaseTcs
MIpenoUTUTebHBIM ITyTéM B Mup Haskell, ocobeHHO /i1 HOBMYKOB.
Ero Hacronbko momo6unu, uto nocienuue Bepcum Haskell Platform
BKJIIOYAIOT B Ce0S stack 110 YMOJTYAHMIO!

Kak BbI 3ameTuin, MMeHa (aitjioB ¢ MCXOAHBIM KOJJOM HAaUMHAIOTCS C
60/bI107 OYKBBI: app/Main.hs U src/Lib.hs. CTpOTo roBopsi, 3To HeoOsI-
3aTeJIbHO, MOKHO ¥ C MaJIeHbKO¥ OYKBbI, OHAKO [IJIsI FTapMOHMMA C Me-
HeM MOIYJ/IS JTyYIlle IPUAEPKUBATHCS OOIIEIIPUHSITONM IMTPaKTUKY U Ha-
3bIBATh (Hailyi MOZYIISI IO UMEHM CAMOTO MOMIYJISI:

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

U emgé. ITpu co3maHmy MpoeKTa Mbl MOIJIM Obl MCIIOIb30BATh CXEMY
simple BMECTO ITpeijiaraeMoii 110 YMOTYaHMIO. [IJIT TOTO IMTPOEKT HYKHO
OBLJIO CO31aTh KOMaHOOM:


https://www.haskell.org/platform/
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$ stack new real simple

rge simple — MM CXeMbl IIpoeKTa. [leo0 B TOM, UTO KOMaHa stack new
MOXKeT CO3[3aBaTh 3arOTOBKM IIPOEKTOB IS pa3HbIX HYXA. [IpocTerimias
13 3arOTOBOK Ha3bIBAeTCS simple. B 3TOM ciryyae B IpOEKTe OTCYTCTBYET
MOJIyIb src/Lib.hs, a €CTb IUIIb src/Main.hs:

LICENSE

Setup.hs

real.cabal

src

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

[ TTTT

Ila, MbI MOIIM ObI BOCITOJIb30BAaThCSI JAHHOM CXeMOJ, OJHAKO B 3TOM
cJTydae MbI He YBU e/ ObI MeXaHM3Ma MMIIOPTa OAHOTO MOMIYJIS B IPY-
rou. §I paz, 4TO Bbl IO3HAKOMWINCH C MMIIOPTOM YyKe ceiuac, Be[b B
MOC/IeAYIONIMX IJIaBax Mbl OyeM ITOCTOSTHHO MCITOb30BaTh Pa3/IMUHbIE
MOJIYJ/IY M3 MHOTMX OMOIMOTEK.
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Kutsl n Uepermnaxa

I/ITaK, IMPpOeKT COo34aJiiM, Tellepb Mbl I'OTOBbl HAYaTh HaIllle ITyTeIle-
CTBHUE.

Haskell crout Ha Tpéx Kurax, mmeHa koTopbiM: ®yHKRums, Tum u
Kimacc tumosB. OHM Xe, B CBOI Ouepedb, IMOKOSITCS HAa OTPOMHOM
Yepenaxe, ums KOTOpoit — BeipaskeHue.

Yepenaxa

Haskell-iporpamma mpencraBisieT co60ii COBOKYITHOCTb BbIpakeHMit
(aHr/1. expression). BarnsgHure:

910 — ocHoBHOM Kuprnuu Haskell-mporpammsi, 6yas To Hello World
MY YacTh MHOPACTPYKTYPbI MeKAYHAPOJHOTO 6aHKa. KoHeuHO, momu-
MO CJIOXKeHMST e MHULIBI C ABOVIKOM CYIeCTBYIOT U JpyTe BhIpaskeHMs,

31
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HO CYyTb Y HUX Y BCEX OJTHa:

BoipaxkeHne — 3TO TO, UTO MOXeT AAaTh HAM HEKUi I10Jie3-
HbI pe3y/bTar.

[Tone3Hblil pe3yabTaT MbI ITOJTy4yaeM B pe3y/ibTaTe BbIUMCAeHUS (AHII.
evaluation) BbipaxkeHMs. Bce BbIpaskeHMSI MOXKHO BBIUMCIUTD, OTHAKO
OIHM BBIPAXKEHMSI B pe3y/lbTaTe BBIUMCIEHUS] YMEHbBIIAIOTCS (QHIJI.
reduce), a gpyrue — HeT. [lepBble MHOTIA HA3bIBAIOT PeAyLIMPYyEeMbIMU
BbIpaXKeHUSIMH, @ BTOpPble — HepenyuyupyeMbie. Tak, BbIpaxkeHue:

1+ 2

OTHOCUTCSI K peyliipyeMbIM, ITIOTOMY YTO OHO B pe3y/ibTaTe BbIUMCIe-
HMSI YMEHBIIUTCS M AACT HAM JIPYyroe BbIpaskeHue:

9TO BbIpa’KE€HME YJK€ He/Ib34d YMEHbIINUTL, OHO HEPpEeaAYyLPpyeMO€E€ U MbI
Telnepb JIMIIb MOXEM MCITIOJIb30BATb €TI0 KaK eCTb.

Takum o06pa3oM, BbIpaKeHMs, COCTABJSIOIIME IMPOTpaMMy, BbI-
YNUCISIIOTCS/PeOyLUMPYIOTCS A0 TeX TMOop, MOoKa He OCTaHeTCsI HeKoe
OKOHYaTe/IbHOe, KOpHeBoe BbipaxkeHue. A 3aryck Haskell-riporpammbi
Ha BBIMOJIHEHME (aHIVI. execution) — 3TO 3amyCK BCei 3TOV LIeMOYKU
BBIUMCJIEHUI, TIPUYEM C KOPHEM 3TOM LIEMOYKM MBI YK€ IMO3HAKO-
MWINCh paHee. [ToMHUTe (QYHKINMIO main, ONpeAeNéHHYI0O B MOZYJe
app/Main.hs? BoT 3Ta yHKUMS U SBASETCS IVIAaBHOJM TOUYKOJ Halleii
nporpammbsl, eé Anbdoii u Omeroii.
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IlepBbiii Kut

Bepnémcs Kk BeIpaskeHMIO 1 + 2. Ilojie3HbIN pe3y/ibTaT Mbl IOTYYUM
JIUIIb TIOCTe TOTro, KaK BBIUMCAMM 3TO BbIpaskeHMEe, TO eCTh OCYIle-
CTBUM CJIOKeHMe. U KaK ske MOKHO «OCYIIIeCTBUTD CJIOKEeHME» B paMKax
Haskell-mporpammbi? C momoripio GyHKIMNU. IMeHHO QYyHKILIMS neaeT
BbIpaskeH}e BbIYMCIMMbBIM, MMEHHO OHA OXUBJISET Hallly IIporpaMmy,
nmoromy s u HaszBan ®yHkuuio IlepBsim Kutom Haskell. Ho ma6bi
n36exaTh Helopa3yMeHM, OIpeaeIMCS C IIOHSITUSIMMA.

Yro Takoe PyHKIMS B MaTeMaTuKe? BCIIOMHMM IIKOIbHbIN KypC:

@YHKIMS — 9TO 3aKOH, ONMChIBAIOIINIA 3aBUCHMMOCTDb OTHO-
ro 3HAUEHMS OT JIPyToro.

PaCCMOTpI/IM d)YHKI_U/IIO BO3BedeHN 1IeJIOr0 UMcjia B KBaaparT:

square v = v * v

DYHKIMS square OTpeIeNsieT MPOCTYI0 3aBUCUMOCTD: YMCTY 2 COOTBET-
CTBYeT UMCJIO 4, YNCTY 3 — 9, U TakK gaysiee. CXeMaTUUYHO 3TO MOKHO 3a-
MCaTh TaK:

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

BxomHoe 3HaueHMe QYHKIMY HA3bIBAIOT apTyMEeHTOM. A Tak Kak (yHK-
IIMSI OTIpeiesisieT OMHO3HAUHYIO 3aBMCYMMOCTDb BBIXOJHOTO 3HAUYEHUS OT
aprymeHTa, e€, (yHKIMIO, Ha3bIBAIOT €Il 0MmoOpaxeHuem: oHa 0TOO-
pakaeT/IpoenypyeT BXOJIHOe 3HaUeHMe Ha BbIXOmHoe. [ToyuaeTcs Kak
6bI TpyOa: KMHY/IM B HEE 2 — C IPYTOi CTOPOHBI BbUIETENIO 4, KUHYIIN 5
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— BbLIIETeJIO 25.

YT0o6bI 3acTaBUTH QYHKIMIO CLIeIaTh MTOIe3HYI0 paboTy, eé HeoO6X0AMMO
MIpUMEeHUTH (aHII. apply) K aprymenTy. [Ipumep:

square 2

MpbI ipuMeHMUAM PYHKIIMIO square K apTyMeHTy 2. CMHTaKCUC Mpeieib-
HO TIPOCT: UMsI QyHKIIMM U yepe3 Ipobes aprymeHT. Eciu aprymeHTOB
6071€€ OIHOTO — ITPOCTO JIOMMChIBAEM UX TaK ke, uepes mpobes. Hampu-
Mep, GYHKIMS sum, BBIYMCISIONIAS CYMMY ABYX CBOMX LI€JIOUMCIEHHBIX
apryMeHTOB, IPMMeHSIeTCS TakK:

sum 10 20

Taxk BOT BbIpaKeHNe 1 + 2 eCTb HM UTO MHOeE, KaK IIpMMeHeHue CIJYHK-
uun! YTOOBI SICHEE 3TO YBUOETD, ITI€PEITUIIEM BbIDA’)KEHNUE:

(+) 12

ITo npuMeHeHMe GYHKUMM (+) K ABYM aprymeHTam, 1 u 2. He ynusisiii-
TeCh, UTO MMSI QYHKI[MM 3aK/TI0OUE€HO B CKOOKM, BCKOpe s pacckaxy o6
9TOM MOJpoOHee. A 1OKa 3alIOMHUTE IJIaBHOe:

BeruncinTh BhIpakeHMe — 3TO 3HAUUT MPUMEHUTH KaKue-
TO QyHKIMM (OIHY MM 60Jiee) K KaKMM-TO apryMeHTaMm (OfI-
HOMY WiIn 6oJjiee).

U emé. Bo3MOKHO, BbI CJIBIIIATM O TaK HA3bIBAEMOM «BbI30Be» (DyHK-
unu. B Haskell @pyHkunm He BbI3bIiBaloT. [IOHSITHE «BBI3OB» (QYHKIUU
MIPUIIUIO K HAM M3 TTOUTeHHOTO si3bika C. TaM hyHKUMY TeICTBUTEbHO
BBI3BIBAIOT (aHIVI. call), moTomy uto B C, B oyinune ot Haskell, mousitue
«bYyHKUMSI» He MMeeT HMKAKOro OTHOIIeHMs K MaTeMmaTuke. Tam 3To
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MOATIpOrpaMMa, TO eCTb 060C00IeHHBIN KycOoueK IPorpaMMbl, JOCTYTI-
HbBIV 10 HEKOTOPOMY afpecy B namsaTu. Ecin y Bac ecTb OmbIT paspa-
60TkM Ha C-TTIOm0OHBIX SI3bIKaX — 3a0yabTe O roAnporpamme. B Haskell
dYyHKLIMS — 3TO QYHKIMSI B MAaTeMaTUUYECKOM CMbICJIE CJIOBA, [TO3TOMY
€€ He BbI3bIBAIOT, a IPUMEHSIIOT K YeMY-TO.

Bropoit Kur

HWTak, 11060e pefylyipyemMmoe BbIpakeHMe CyTb IIpMMeHeHre QyHKIUM K
HEKOTOPOMY apryMeHTY (TOe SIBJSIOIEeMYCS BEIpaKeHeM):

square 2
OYHKUMA  aprymeHT

ApryMeHT mpencTaB/seT cob0ii HeKOTOpoe 3HaYeHMe, ero ellé Ha3bl-
BaIOT «JaHHoe» (aHI/I. data). lanubie B Haskell — aTo cymiHocTu, obma-
Jarolye ABYMS INTaBHbIMM XapaKTepUCTUKAMM: TUIOM ¥ KOHKPETHBIM
3HAYeHMEeM/COAeP>KUMBIM.

Tum — sto Bropoit Kut B Haskell. Tum orpaxkaeT KOHKpeTHOE COIepsKu-
MoOe JJaHHbIX, a IOTOMY BCe JaHHbIe B ITporpamMme 00si3aTebHO MMEIOT
HeKuii Tun. Korga Mbl BUAMM AaHHOE TUIa Double, Mbl TOUHO 3Ha€M, YTO
repen HaMy YMCIIO C I1aBarolleil TOYKOi, a Koraa BUAMM JTaHHbIe TUIa
String — MOXeM pyuyaTbCsl, UTO Mepej HaMyu CTPOKU.

OtHomienue K Tunam B Haskell oueHb cepbé3Hoe, 1 paboTa ¢ TUIIAMU
XapaKTepu3yeTcst TPeMsI BaXKHbIMYU YePTaMMI:

1. craTmueckas ImpoBepKa,
2. cuna,
3. BbIBeJleHMeE.
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Tpu 3T cBoiictBa cucrembl TunoB Haskell — namm moGpeie napy-
3bsI, Belb OHM JeJal0T HAaIly MPOTPaMMMCTCKYIO JXM3Hb CUaCT/IMBee.
[TosHaKOMMMCS C HUMMA.

CraTuueckasi mpoBepka

CraTudyeckasi ImpoBepKa TUIIOB (aHI/. static type checking) — 31O
MpoBepKa TUIMOB BCeX OAHHBIX B MpOTrpaMMe, OCYIIeCTBjseMas Ha
atane komnuasiuu. Haskell-koMmuasiTop yripsiM: Korga eMy 4To-1160
He HPaBUTCS B TUIIAX, OH TPOMKO pyraetcs. [ToaTomy ecin QyHKIMS
paboTaeT C LeJBIMM YMCIAMM, MIPUMEHUTb €€ K CTPOKaM HMKaK He
MoMyunuTCcs. Tak 4TO ecayu KOMOWUJISILMS Hallleli IporpamMmbl 3aBepIiy-
JIaCch yCIEIIHO, Mbl TOUHO 3HaeM, YTO C TUIIAMM Y HAC BCE B MOPSAKe.
[Ipeumy1iecTBa CTaTUUYECKOV MPOBEPKM HEBO3MOXXHO MEpPeOleHUTD,
Be/lb OHA rapaHTUPYeT OTCYTCTBME B HAIIMX MIPOrpamMmax 11eJIoro psijia
o1160K. MbI y3ke He CMOXKeM CITyTaTh YMCIa CO CTPOKAMM UJTU BbIUECTD
MeTpbI U3 pyo6Iieii.

KoHeuHoO, y 3T0 Mefanu ecTb ¥ 06paTHAsi CTOPOHA — BpeMs, 3aTpaum-
BaeMoe Ha KOMIWISILINIO. BaM PpUIETCS CBBIKHYTHCSI C 9TOIM MBIC/IBIO:
BHEC/IM VM3MEHEHMSI B IIPOEKT — OyabTe Jo6pbl CKOMIMIMPOBATh. Of-
HAKO yTelleHVeM BaM ITYCTh MOCTAYKUT TOT (aKT, UTO IPeMMYyIlecTBa
CTaTMYEeCKOIi TPOBEPKU Ky/ia lleHHee BpeMeHM, ITIOTPaueHHOro Ha KOM-
TTAJISIIIVIO.

Cuna

CwibHas (aHII. strong) cuUcTeMa TUIIOB — 3TO 6eCKOMITPOMMCCHBINA
KOHTPOJIb COOTBETCTBUS OXXMAaeMOro aeiicTBuTenbHoMy. Cua fenaet
paboTy c TUIIaMM elllé O6ojee akKKypaTHON. BOoT BaM mpumep u3 Mupa
C:
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double coeff(double base) {
return base * 4.9856;

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

OTO KaHOHMYECKMII TIpuMep mpobieMbl, 00YC/IOB/IEHHOV c1aboit (aH-
1. weak) cucteMoii TUIIoB. PYHKIMS coeff BO3BpalllaeT 3HaUE€HMe TUIIa
double, OJTHAKO BBI3bIBAIOIIAS CTOPOHA OKUIAET ITOYEMY-TO I[€JI0€ UMC-
j0. Hy BOT ommb1mch Mbl, KpUBO CKOIMPOBaAIM. B aTOM ctydae 1mpo-
M30MIET KYJIbHMUYECTBO, Ha3bIBAEMOE CKPBITHIM IIPUBEIEHMEM TUIIOB
(anrr. implicit type casting): unciio ¢ riaBalolei TOUKOoi, BO3BpalllEH-
Hoe (QYHKIIMe coeff, GymeT rpybo CJIOMaHO IYTEM IPUBEIEHMUS €ro K
TUITY int, B pe3y/jbTaTe 4Yero ApoOHas 4acTh OyAeT OTOPOIIeHa M MbI
TIOTYyYMM He 608.4426, a 608. [TogobHast omnbKa, KCTaTu, IpUBOAMIA K
CepbE3HBIM IMOCEACTBUSIM, TAKMM KaK YHUUTOKEHME KOCMMUYECKUX all-
napaTtoB. Het, 3To BOBce He 03HAYaeT, UTO cjabast TUMM3alus yskacHa
cama 1o cebe, ITPOCTO €CTh UHOI Ty Th.

bnarogaps cunbHoi Tunmsanuyu B Haskell momo6HBIN Kom He MMeeT
HY MaIeMIINX IIaHCOB IPOMTM KOMIWISLMIO. Mbl Bcerma Ioaydyaem
TO, UTO OXKMIAEM, U €CJIM JOJDKHO ObITh UMCIO C IUIABAIOIIell TOUKOI
— pacmmbuch, HO MpPeAoCTaBb MMEHHO ero. KomMmmisiTop cKpymy-
JIE3HO OTCJIEXKMBAET COOTBETCTBME OXMIAeMOro Tuia (pakTuueckomy,
ITIO3TOMY KOT/Ia KOMITMJISILIVSI 3aBEPIIAeTCs YCIIeIIHO, Mbl aOCOIIOTHO
yBepeHbI B TapMOHUM MEXKIY TUIIaMM BCeX HAIIMX TaHHBIX.
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BoiBeneHue

BoiBenmeHme (aHri. inference) TMIIOB — 3TO CIIOCOOHOCTDb OIPENEIUTD
TUT JaHHBIX aBTOMATUUYECKY, [T0 KOHKPETHOMY BBIpaskeHMI0. B TOM ke
si3bike C TUIT JAHHBIX CJIEAYET YKa3bIBaTh SIBHO:

double value = 122.04;

onHako B Haskell MbI HamuiieM mpocTo:

value = 122.04

B stom cnyqae KOMIIMJIAITOP aBTOMATMYEeCKM BbIBEOET TUIIL value Kak
Double.

BoiBeseHMe TUIIOB JiejlaeT Halll KO, JJaKOHMYHee U ITPOIIle B COITPOBOK-
IeHun. Bripouem, Mbl MOKeM yKa3aTh TUI 3HAYEHMS U SIBHO, a MHOTIA
Iayke DOJKHBI 3TO CHENaTh. B moc/enyommx riaBax s 00bSICHIO, IToUe-

My.

I[a, KCTaTH, BOT HpOCTGfIIlIMG CTaHOapTHbIE TUIIbI, OHM HaM l'IOHa,ELO6HT-
Cs:

123 Int

23.5798 Double

’a’ Char
”Hello!” String

True Bool, ncTtuHa
False Bool, noxb

C tumamm Int ¥ Double BbI y3Ke 3HAKOMBI. Tum Char — 310 Unicode-
cuMBOJI. Tum String — cTpoka, cocrosimast u3 Unicode-cumBosioB. Tum
Bool — JIOTMYECKUIA TUII, COOTBETCTBYIOLIMIA UCTUHE WU JDKU. B mocie-
OYIOUIMX T71aBaX Mbl BCTPETUMCS elll€ C HECKOJbKMMU CTaHLAPTHBIMU
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TUIIAMM, HO TIOKa XBAaTUT M 3TuX. M 3amerbTe: Mg Tumna B Haskell
BCerJa HauMHAeTCs C 60BNV OYKBBI.

Tpetuin Kurt

A Bor 0 Tpetbem Kute, 0 Kinacce TuMIOB, g 11oka ymo/iIuy, IOTOMY UTO
3HAKOMUTbBCSI C HUM CJIeyeT JIUIIIb M0C/Ie TOTO, KaK Mbl TIOOGIVIKE T10-
IPYXXMUMCS C TIePBbIMU IBYMSI.

YBepeH, 1ocJie TPoUTeHMs 3TOM IVIaBbl Y BaC MOSIBUJIOCh MHOXEeCTBO BO-
npocoB. OTBeThI OyAyT, HO MO3Xe. Bosee Toro, cyienyoias rjaaBa HeCo-
MHEHHO YAVBUT Bac.

J1J1s1 TI0OOIIBITHBIX

Ecsii BbI paboTany ¢ 00beKTHO-OPMEHTUPOBAHHBIMM SI3bIKAMU, TAKVMU
Kak C++, Bac ynuBuT TOT (akT, uTo B Haskell Mexxmy MOHSITUSIMU «TUTT»
" «KJIaCC» TIPOBeIeHO YETKOoe pasinune. A TTOCKOIbKY TUIIAM 1 Kjlaccam
turoB B Haskell orBeieHa komoccasbHO BaskHasI POJib, JOOPBI BaM CO-
BeT: Korja B OyayIIyuX IJ1aBax Mbl TO3HAKOMMMCS C HUMU TTOG/IIIKe, HE
TIBITATeCh IIPOBOINUTD AaHAJIOTUM U3 IPYTUX I3bIKOB. Hammpumep, HeKo-
TOpbIe YCMATPUBAIOT POJACTBO MeXAy Kinaccamu TurnoB B Haskell 1 un-
tepdeiicamu B Java. He genaiite aTOro, Bo n36eskaHue MyTaHUIIbI.
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Hen3sMeHHOCTDb 1 UMCTOTA

B nipenpigyiiieit riiaBe Mbl ITO3HAKOMMIMCD C QYHKIIMSIMU U BbIpaskeHU-
SIMM, YBUJIEB OJM3KYIO CBSI3b 3TUX MOHSATHIA. B 3TOJ I1aBe MbI ITO3HA-
KOMMMCS ¢ QYHKIMSIMU TTOOJIMKE, a TaKKe Y3HAEeM, UTO TaKOe «UMCTO
(YHKLMOHAIbHBIN» SI3bIK U TTIOYEMY B HEM HET MecTa OrepaTopy Ipu-
CBaMBaHMSI.

OO0BsABIISIEM U OIIpeaeIsieM

[TpuMeHeHMe QYHKIIMM HAM ykKe 3HAKOMO, OCTaJ0Ch Y3HATh PO 00b-
sIBJIeHMEe U ompepneseHne, 6e3 HUX UCIOAb30BaTh (QYHKIMIO HE TOMy-
ynTcs. [loMHUTe QYHKIMIO square, BO3BOASIINYIO CBOJ €IMHCTBEHHbIN
aprymMeHT B KBaapaT? BoT Kak BHIIJISAUT €€ 0ObsIBJIEHME U OIperese-
HHe:

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

40
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[TepBasi cTpoKa COIEPKUT 00bsiB/IeHMe, BTOpasi — omnpenenenue. O6b-
siBjieHue (aHrI. declaration) — 3TO BeCTbh BCeMy MUPY O TOM, UTO TaKasi
(YHKLMS CYILIECTBYET, BOT €€ MMSI ¥ BOT TUIIbI, C KOTOPBIMM OHa paboTa-
eT. Onpenenenue (aHmI. definition) — 210 BecTh 0 TOM, UTO KOHKPETHO
nIenaeT qaHHas QYHKIMS.

PaccMoTpuM 0OBSIBIIEHME:

square :: Int -> Int

OHO pa3peiieHO IBOVHBIM JBOETOYMEM Ha JBe YacCTM: (JieBa YKa3aHO
uMs GYHKINMM, CIIpaBa — TUIIbI, C KOTOPbIMM 3Ta (YHKIINSI paboTaer,
a MMEeHHO TUIIbl apTYMEHTOB ¥ TUII BBIUMCIEHHOIO, UTOTOBOTO 3Haue-
Hus1. Kak BbI y3Ha/IM U3 Tpenblayineit raaBbl, Bce maHHble B Haskell-
IIporpaMmMe MMEeIOT KOHKPETHbIN THUII, a ITOCKOJIIbKY (QYHKIVS paboTaeT
C TaHHbIMMU, €€ OOBSIBJIEHNE COMEPSKUT TUITbI ITUX JaHHBIX. TUIIbI pa3-
neneHbl cTpenkamu. CXeMaTUYHO 3TO BBIIVISIIAT TaK:

square :: Int -> Int

nma ™n ™n
OYHKUMM  aprymMeHTa  BbIYMCJIEHHOTO
3HaYeHus

Takoe 00bsIB/IeHME COOOIIAET HAM O TOM, YTO QYHKIIMS square PUHMA-
MaeT eqMHCTBEHHbIV apryMeHT TUIIa Int M BO3BpaIlllaeT 3HaUeHNe TOTO
ke Tuma Int. Eciiv ske apryMeHTOB 6ojiee OIHOTO, 0OBbsIBIEHME TTPOCTO
BhITSTMBaeTcsa. Hampumep, o0bsiBieHue (QyHKLIMM prod, BO3Bpallia-
Ioleii TIpoM3BeieHNre JBYX IeJI0OUMCAeHHBbIX apTyMeHTOB, MOIJTIO Obl
BBIIVISIIETh TaK:
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prod Int -> Int ->

nma ™n ™n

dyHKUMK nepBoro BTOPOIro
aprymMeHTa  aprymeHTa

Int

T™n
BblYMCNEHHOIO
3Ha4yeHunAa

Vipeto BbI TOHSUIN : UIlleM KpaitHIOI0 ITPaByIo CTPEJIKY, U BCE UTO jieBee OT
He€ — TO TUIIbI apTYMEHTOB, a BCE UTO IIpaBee — TO TUII BbIUMCIIEHHOTO

3Ha4YeHusd.

MbI He MoOkeM paboTaTh ¢ QPyHKIMEN, KOTOpass HUUETro He BhIUMCIISIET.
To ectb anasora C-dyHKIMM void f(int 1) B Haskell 6p1Th He MoOXKeT,
TaK KakK 3TO IIPOTMBOPEUNUT MaTeMaTUueCcKoi1 mpupoae. OmHAKO MbI MO-
’KeM paboTaTh ¢ PyHKIIMEN, KOTOpasi HUUero He IPMHMMAeT, TO €CThb C
aHasioroM C-GyHKIMM int f(void). C Takumu QyHKIIMSIMM MbI TTO3HA-

KOMMMCH B CJIeAYIOIIMX IIaBaX.

Temepb paccMOTpUM orpeneneHne GyHKIUA square:

square v = v * v

Cxema omnpeneneHus: TaKOBa:
square v = vV ¥V

nms
GYHKLUMN

nmA
aprymeHTa

3TO BblpaxeHune

A QyHK1IUS prod ompeiesieHa Tak:
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prod X y = X *y
nma nma nma 3TO BblpaxeHue
dyHKUMM nepBOro BTOPOIro

aprymMeHTa aprymeHTa

OmnpepeneHue TOXe pa3ie/ieHO Ha JIBe YaCTH: CJieBa OT 3HaKa paBeHCTBa
— uMs GYHKIMU U MMeHa apTyMeHTOB (MMeHa, a He TUTIbI), pa3/ie/ieH-
Hble TIpobesiaMu, a cIipaBa — BbIpakeHMe, COCTaBJISIONIee CYyTh QyHK-
MM, €€ comepkumoe. MTHOra 3TM 4acTy Ha3bIBAIOT «TOJIOBOW» U «Te-
JIOM»:

square \% = v *vy
ronosa ¢yHkuUMn Teno GpyHKumm
(anrn. head) (aHrn. body)

O6paTuTe BHMMAaHMe, peub 3[eCh UIET UMEHHO O 3HaKe paBeHCTBA, a
HMKaK He 00 orepaTope INpucBauBaHus. Mbl HUUEro He MMPUCBaMBaeM,
MbI JIUIITb JeKIapupyeM paBeHCTBO JieBOJ 1 mmpaBoii yacteii. Korma mbl
TIAIIEeM:

prod Xy = x *y

MbI 06bsIB/IIEM ciienyiolnee: «OTHbIHE BbIpakeHMe prod x y paBHO BbI-
pakeHMIo x * y». MbI MOkeM 6e30MacHO 3aMEHUTH BbIpaskeHMe prod 2
5 BBIpa)KEHMEM 2 * 5, a BbIpakeHue prod 120 500 — BhIpaKEHMEM 120 *
500, ¥ ITPY 3TOM paboTa IIPOrpaMMbl rapaHTUPOBAHHO OCTAHETCSI HeM3-
MEHHOIA.

Ho oTkyna y MeHs Takasi yBepeHHOCTb? A BOT OTKyZa.
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YucTo QyHKIMOHATbHBIN

Haskell — uncTo dyHKuMoHanMbHbINM (aHI/. purely functional) si3bik. Un-
CTO (PYHKIIMOHAJIIbHBIM OH Ha3bIBAETCSI [IOTOMY, UTO IIEHTPAJIbHOE Me-
CTO B HEM yzeleHO YncToit ¢pyHKuuu (aHrI. pure function). A uncroit
Ha3bIBaeTCsl Takast (PyHKIMSI, KOTOpasl IpefeabHO YeCTHA C HAMU: eé
BBIXOTHOE 3HAUeHMe BCEeIesI0 OTIpe/ieisieTCsl e€ apryMmeHTaMu 1 6osee
HUYEeM. DTO U eCTb QYHKIMSI B MAaTeMaTUYECKOM CMbIcIe. BcmoMHUM
(GYHKLMIO prod: KOTJIa HA BXO/Ie UMCIa 10 M 20 — Ha BbIXOJie Bceraa 6ymeT
200, ¥ HUUTO He CIIOCOOHO ToMeliaTh 3ToMy. OYHKIINS prod SIBJISIETCS
YMCTOI, a TOTOMY XapaKTepu3yeTcsl OTCYTCTBMEM MOOOUYHBIX 3¢ PeKTOB
(anrn. side effects): oHa He crroco6Ha caenaTh HUUEro, Kpome Kak Bep-
HYTb ITPOU3BEJeHNE IBYX CBOMX apTyMEHTOB. IMEHHO MO3TOMY UMCTast
GbYHKUMS Ipeie/IbHO Ha/IEXKHA, BeIb OHA HE MOXKET IPEeIogHeCT HaM
HUKAKUX CIOPIIPU30B.

Ckaxky 6osibIiie: yucThie QYHKIMM He BUIST OKpY>Karoluii Mup. Booo-
me. OHM He MOTYT BbIBECTM TEKCT Ha KOHCOJIb, UX HeJIb3sl 3aCTaBUTh
obpaborars HTTP-3ampoc, OHM He YMEIOT APYKUTH ¢ 6a30i1 JaHHbBIX U
rpouecTb Gaita oHM TaKKe Hecrroco6Hbl. OHM CYThb Belllb B cebe.

A 4uTOOBI yOMBUTb Bac emié OoJbllle, OTKPOI eIé OOWH CeKpeT
Haskell.

«IIpucBauBanmne? He, He ciabIlIal...»

B mupe Haskell HeT MecTa onepatopy npucBaunBaHus. Bripouem, 3TOT
daxkT ynuBuUTeNeH JNIlb Ha MepBblit B3I, 3agymMaeMcs: eClau Kaxk-
oast GyHKIMSI B KOHEUHOM WUTOTe Tpe[CTaBjsieT co0010 BbipaskeHue,
BBIUMCIISIEMOE TTOCPEICTBOM IIpUMEHEHMS KaKMUX-TO APYruX QyHKI[M
K KaKMM-TO OPYIMM apryMeHTaM, TOTLa HaM IIPOCTO He HY>KHO HUYero
HUYeMy IPUCBaMBaTh.
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BcriomHuM, 4TO IpucBaMBaHMe (aHIVI. assignment) OpUIIUIO K Ham
U3 MMIIEPAaTUBHBIX SI3bIKOB. VMIlepaTMBHOe MpPOrpamMMuUpOBaHue
(a"II. imperative programming) — 3TO HallpaBjieHMe B pa3paboTKe,
00BbeAVHSIIONIee HECKOIbKO TTapaurM MporpaMMMUPOBAHMSI, OIHON 13
KOTOPBIX SIBJISIETCSI 3HAMEeHUTas 00beKTHO-OpMeHTUPOBaHHAs Tapa-
gurMa. B pamMkax 3TOro Harpab/ieHMsI IIporpamMmma BOCIPUHMMAETCS
KaK HabOop MHCTPYKILINI, BHITIOJTHEHE KOTOPBIX HEPA3pPbIBHO CBSI3aHO C
U3MEeHeHMeM COCTOSIHUS (aHIVI. state) 9Toi mporpaMMel. Bot mouemy B
MMIIepAaTUBHBIX SI3bIKaX 00SI3aTeTbHO MPUCYTCTBYET IMOHSTHUE «Iepe-
MeHHasl» (aHIJI. variable). A pa3 ecTb mepeMeHHble — IOJKEH ObITh U
oriepaTtop npucsaBaHusi. Korga Ml nuiiem:

coeff = 0.569;

MbI TEeM CaMbIM IpUKa3biBaeM: «Bo3bMM 3HaUEHMeE 0.569 U Tepe3arn-
IIY M TO 3HaYeHMe, KOTOPOe YKe COMlepsKasioch B TepeMEeHHOI coef f 10
9TOTO». U Iepe3anychIBaTh 3TO 3HAUEHME Mbl MOKEM MHOXKECTBO pa3s, a
C/1eIO0BaTeIbHO, Mbl BHIHY)KI€HbI BHMMATEIbHO OTCIEKMBATD TEKYIIEe
COCTOSIHME TTIepeMEeHHOI1 coeff, paBHO KaK M COCTOSIHMUS BCEX OCTaIbHbIX
IepeMeHHbIX B HallleM KoJe.

OpHako CyllecTByeT NPUHIMIIMAIBHO WMHOM TMOAX0H K pa3paborT-
Ke, a MMEeHHO JIeK/JapaTUBHOe mporpamMmMupoBaHue (aHr1. declarative
programming). [laHHOe HallpaB/ieHMe TaKkKe BK/II0UaeT B Ce6s1 HeCKOb-
KO Tapajurm, OJHOI U3 KOTOPbIX sIBjsieTcsl (yHKIMOHAIbHAs Tapa-
IurMma, Hailefuias cBoé BoruioineHue B Haskell. TIpu aTom moaxope
rporpaMma BOCIIpMHMMAETCSI yke He Kak Habop MHCTPYKILMIA, a Kak
Habop BbIpaXkeHMI. A TOCKOJbKY BbIpasK€HMS BBIUMCISIOTCS ITyTEM
npuMeHeHuss QYHKIMIA K apryMeHTaM (TO eCTb, MO CYTM, K IPYTUM
BBID&KEHMSIM), TaM HeT MeCTa HU IlepeMeHHbIM, Hi OlepaTopy IMpu-
cauBaHusi. Bce manubie B Haskell-mporpamme, 6ymyun co3gaHHBIMU
eqVMHOKIbI, y3Ke He MOTYT ObITh M3MeHeHbl. [[09TOMy HaM He Hy>KeH He
TOJBKO OMepaTop MpUCBaMBaHMs, HO U KJII0UeBOe CJIOBO const. I Korma
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B Haskell-kozme mbI umem:

coeff = 0.569

MBI TIPOCTO 0OBsiBIsIeM: «OTHbIHE 3HAUeHUe coeff PaBHO 0.569, U TaK
oHo 6yzeT Bcergar. Bor mouemy B Haskell-kone cMBOI = — 9TO 3HaK pa-
BEHCTBA B MaTeMaTMUueCKOM CMbICJIe, U C IPUCBaMBaHMEM OH He MeeT
HMYero ob1ero.

VBepeH, Bbl yIVBIeHbI. Kak 5ke MOXKHO HAIIMCaTh peajabHYI0 IIPOrpaMmmy
Ha sI3bIKe, B KOTOPOM HeJIb3sl U3MEHSTh JaHHble? Kakoii IIPOK OT 3TUX
YMCThIX (PYHKIINMIA, eC/iM OHM He CIIOCOOHBI HU (aiii mpoyecTb, HU 3a-
IIpoc 1o ceTu oTrpaBuTh? OKa3bIBaeTcs, IPOK ecTb, ¥ Ha Haskell moxk-
HO HaIlMCaTh OUEHb Jaske peasibHYIO IIporpamMmmy. 3a IIpMMepoM AaIeK0
XOIUTDb He Oymy: cama 3Ta KHUTA ITOCTPOEHa C IIOMOIIbIO IIPOTPaMMBbl,
HamnmcaHHoi Ha Haskell, o uém s mogpo6Hee paccKaxy B CAeOYIOIINX
r7aBax.

A Tenepb, 7abbl HE MYUYUTH Bac BOIIPOcaMy 6€3 OTBETOB, Mbl HAUHEM
omke 3HakoMuUTbest ¢ Kutamu Haskell, n metany 60/1b11107i TOJIOBOJIOM-
KM IIOCTEIIEHHO CJIOKATCSI B KPACUBYIO KapTUHY.

J1J1s1 TFI0OOIIBITHBIX

B mpoiiecce pabotsl Haskell-mporpamMmbl B maMsIT¥ CO3H4aETCSI BETMKOE
MHOXECTBO Pa3/IMUHBIX JAHHBIX, BeIb MbI ITOCTOSSHHO CTPOUM HOBBIE
IaHHbIE Ha OCHOBE yyKe MMEIOIIMXCs. 32 X CBOeBpeMeHHOe YHUUTOXe-
HMe oTBeuaeT cOopuuk Mycopa (aHmi. garbage collector, GC), BcTpau-
BaeMbli1 B mporpamMmmbl komnmiasstopoMm GHC.
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BpiOMpaeM 1 Bo3BpaniaeMcs

B 3T07% IM1aBe Mbl BCTPETUMCS C YCIOBHBIMU KOHCTPYKLMSIMU, BBITJISTHEM
B TepMMHAJ, a TaKKe y3HaeM, rmouemy u3 Haskell-dyHk1imit He Bo3Bpa-
IAI0TCS (BIIPOUYEM, IOC/IeIHEe — He Oojiee 4eM Urpa cJioB).

BoIryisHeM BO BHEUIHUII MUP

MpbI HaUMHaeM IMCcaTh HACTOSIIIMIT KOA. A JIJISI 95TOr0 HaM ITOHaZ00UTCS
OKHO BO BHemIHuit Mup. OTKpoeM MOAY/b app/Main.hs, HalgéM QyHK-
LU0 main M HAIIMIIIEM B Hel Clieyrolee:

main :: I0 ()
main = putStrLn “Hi, real world

12

CranmapTHas QYHKIMS putStrin BBIBOOUT CTPOKY Ha KOHCOJb. A eciu
TOBOPUTD CTPOsKe, MYHKIMS putStrin IIPMMEHSIETCSI K 3HAUeHUIO TUIa
String U AenaeT Tak, YTOObI Mbl YBUIEIM 3TO 3HAUEHMeE B HAIlleM Tep-
MMHAaJIE.

47
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IIa, s y>ke CJIBIITY BOITPOC BHMMATEIbHOTO unTaTess. Kak ke Tak, CIipo-
CUTe BbI, pa3Be Mbl He TOBOPWIN O UUCTBIX QYHKIMSIX B IIPOILION IJIa-
Be, HEeCIIOCOOHBIX B3aMIMO/IeiICTBOBATh C BHEITHUM Mupom? [Ipumércs
MIPU3HATHCS : QYHKIMS putStrln OTHOCUTCSI K 0COOBIM (PYHKIIMSIM, KOTO-
pble MOTYT-TaKy BbIJIE3TM BO BHEIIHMI Myp. Ho 06 9TOM B cieqyrommx
raBax. To MpeoOOoIbITHElIIAs TeMa, TOBepbTe MHe!

U emnié Ham cnemyeT mo3HakoMuThbesl ¢ Haskell-kommeHTapusimu, oHU
HaM ITOHaJ00SITCs:

main :: I0 ()
main =

putStrLn “Hi, real world!”

CUMBOJBI {- U -} CKPbIBAlOT MHOTOCTPOYHbII1 KOMMEHTapuii, a CUMBOJI
-- HaUMHaeT KOMMEeHTap1ii OMHOCTPOUHBIA.

Ha Bcsikmit cryuait HarroMmHa KoMaHIy cO0pKu, 3aITyCKaeMyIo 13 Kop-
HS [IPOEKTa:

$ stack build

[Tocne C60pKI/I 3allyCKaeM:

$ stack exec real-exe
Hi, real world!
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BbIOOp M BBIXO/,

Bei6MpaTh BHYTPU (DYHKINUM MPUXOAUTCS OueHb yacTo. CyIiecTByeT
HECKOJIbKO CITOCOOOB 3aJjaHMsl YCIOBHOM KOHCTPYKIMK. BOT 6a30BblIii
BapMaHT:

if CONDITION then EXPR1 else EXPR2

rie CONDITION — JIOTMUYECKOe BbIpaskeHMe, Halolllee JIOKb VI UCTUHY,
EXPR1 — BbIpaskeHMe, UCIIOJIb3yeMOe B CTy4ae True, EXPR2 — BbIPaKEHME,
MCITO/Ib3yeMoe B ciIyJae False. [Ipumep:

checkLocalhost :: String -> String
checkLocalhost ip =

if ip == ”127.0.0.1” || ip == ”0.0.0.0”
then ”It’s a localhost!”

else ”No, it’s not a localhost.”

DYHKIUS checklLocalhost MPUMEHSETCS K €IMHCTBEHHOMY apryMeHTY
TUIIA String ¥ BO3BpalllaeT ApPyroe 3HaueHMe TUIa String. B KauecTBe
aprymMeHTa BBICTYIIaeT CTpoOKa, cofepskamias IP-ampec, a dyHKIMS
MpoBepsieT, He JIesKUT Jin B Helt localhost. Omepatop || — cTaHOApThIN
ornepatop jsoruveckoro «MJIM», a orepatop == — CTaHIAPTHBIN Ollepa-
TOp MPOBEPKY Ha paBeHCTBO. MTak, ecyiv CTpOKa ip paBHA 127.0.0.1 WiIn
0.0.0.0, 3HauNT B Heii localhost, 1 MbI BO3BpalllaeM IiepBoe BhIpaskeHHeE,
TO eCTh CTPOKY It's a localhost!, B MIPOTMBHOM Cjyyae BO3Bpallaem
BTOpOE BbIpa’keHue, CTPOKY No, it's not a localhost..

A KcTaTH, 4TO 3HAUNUT «BO3BpalaeM»? Belib, Kak Mbl y3Ha/IN, GYHKIIUA
B Haskell He BbI3bIBatoT (aHI/I. call), a 3HaUMUT, M3 HUX M He BO3Bpallia-
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I0TCS (aHIVI. return). Y 3TO #eicTBUTENbHO TaK. ECiv HanmieMm:

main :: I0 ()
main = putStrLn (checkLocalhost ”127.0.0.17)

IIpyn 3aIllyCKe YBUINMM 3TO:

It’s a localhost!

a eCJiM Tak:

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

TOTOda YBUOAUM 3TO:

No, it’s not a localhost.

Kpyribie ckoOKM BKIIOYAIOT BbIpaskeHMe TUIIA String IO CXeMe:

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

L— Boipaxenne Tuna String —
To ecTb GYHKIMS putStrln BUOUT He TTpuMeHeHme QyHKIMM checkLocalhost

K CTpOKe, a MPOCTO BbIpaXeHue Tuia String. Ecau 6b1 Mbl OITYCTUJIN
CKOOKM U HAITMCaJIM TaK:

main :: I0 ()
main = putStrLn checkLocalhost 7173.194.22.100”
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Mpou3o1iia 65 ONIMOKA KOMITUIISILIVM, M 9TO BIIOJIHE OXX1aeMo: QyHK-
IIMST putStrin IPUMEHSIETCSI K OHOMY apTyMEeHTY, a TYT UX ITOTy4aeTcst
IiBa:

main = putStrLn checkLocalhost 173.194.22.100”

dyHKUMA K 3ToMmy
NpMMeHAeTCA aprymeHTy...
M K 3TOMy??

He 3Ha10 Kak Bbl, a 1 He OUeHb JII00JTI0 KPYTJIble CKOOKM, TP BCEM yBake-
HuM K Lisp-mporpammuctam. K cuacteio, B Haskell cymecTByeT crioco6
YMEHBIINUTD YMCI0 CKOOOK. O6 3TOM CI1ocobe — B OHOI U3 MOCIeYI0-
MIUX IJIaB.

Taxk uTo ke ¢ Bo3BpaineHueM 13 GyHKIMKU? BCMIOMHMM O paBeHCTBe B
oripeneeHUN:

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, 4TO Cc/ieBa OT 3HaKa pPaBE€HCTBa, paBHO TOMY, UTO CIIpaBad. A pa3 TakK,
9TU OBa KOOd SKBUBAJIE€HTHDI:

main :: I0 ()
main = putStrLn (checkLocalhost ”173.194.22.100")
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main :: I0 ()
main =
putStrin (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 IIPOCTO 3aMEHUIM IpUMeHeHre PYHKLUMU checkLocalhost €€ BHYT-
pPEeHHMM BbIpakeHMeM, MOACTaBMB BMECTO apryMeHTa ip KOHKPETHYIO
CTPOKY 173.194.22.100. B urtore, B 3aBMCUMOCTM OT UCTMHHOCTU WV
JIOKHOCTM ITPOBEPOK HA PaBEHCTBO, 9Ta YUIOBHASI KOHCTPYKIMS OymeT
TaKkKe 3aMeHeHa OJHMM M3 ABYX BbIpakeHMi. B 9TOM M 3aKjovyaeTcs
uaes: Bo3BpamaeMoe (YHKIME 3HaueHuMe — 3TO e€ MocjaemHee,
MUTOroBOe BbipaskeHue. To eCcTh eIy BhIpakeHue:

”173.194.22.100” == ”127.
”173.194.22.100” == ”70.0.

IAaCT HaM pe3y/bTaT True, TO MbI [IePEXOAVM K BbIPAa>KEHMIO U3 JIOTUYE-
CKOi1 BeTBM then. EC/iv ke OHO 1aCT HaM False — MBI IIePEXOAUM K BbI-
PaKEHUIO 3 JIOTUYECKON BETBU else. DTO AAET HAM ITPABO YTBEPXKAATD,
YTO YCJIOBHASI KOHCTPYKIMS BUAA:

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

MOKeT ObITh 3aMeHeHa Ha IIepBoe HepeAylpyeMoe BoIpaskeHue, CTPO-
Ky It's a localhost!, a YCJIOBHYIO KOHCTPYKIIMIO BU/IA:
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if False
then ”It’s a localhost!”
else ”"No, it’s not a localhost.”

MOXXHO CIIOKOHO 3aMEeHUTh BTOPBIM HepeayLMpyeMbIM BbIpaskeHUEM,
CTPOKOM No, it's not a localhost..IloaTomy Kop;:

main :: I0 ()
main = putStrLn (checkLocalhost *0.0.0.0™)

SKBMBAJIEHTEH KOOY:

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

AHaJ0TM4YHO, KO :

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

€CTb HM 4TO MHOeEe, KaK:

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

Kakum ObI CJIOKHBIM HM OBLJIO JIOTMUYECKOE BETBJIeHME BHYTPU (PYHK-
11U checkLocalhost, B KOHEUHOM MUTOT€ OHO BEPHET/BBIUUCIUT KaKoe-
TO OHO UTOTOBOE BhIpaskeHMe. imeHHO mosTomy n3 pyHkuyy B Haskell
HeJIb3S1 BBINTH B IPOU3BOJIbHOM MeCTe, KaK 3TO ITPUHSTO B MMIIepaTUB-
HBIX SI3bIKAaX, BeIb OHA He SBJISIeTCSI HAOOPOM MHCTPYKIMIA, OHA — BBI-
paskeHue, COCTOSIIee U3 NPYTUX BeIpakeHMi1. BoT mouemy QyHKIINM B
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Haskell Tak mpocT0 KOMIIOHOBATh APYT C IPYTOM, M IO33Ke MbI BCTpe-
TUM MHOXECTBO TaKUX IIPMMEPOB.

IT71s1 MTI0OOIBITHBIX

BHMMAaTeNbHBI YMTATETh HECOMHEHHO 3aMeTU/T HeOObIYHOE 0OBSIBIIE-
HMe IJIaBHOM (GYHKIIMYM HAIlero mpoekTa, PyHKIUMY main:

main :: I0 ()
main = putStrLn

Ecnut 10 — 910 THII, TO YTO Takoe ()? Y moyemy yKasaH JIMIIb OOUH TUI?
Yro Takoe I0 (): apryMeHT (PYHKLMM main, UJIM K€ TO, UTO OHA BBIYMC-
nset? Coskaliero, HO TTOKa 51 BBIHYXKJIEH COXPaHUTb 3TO B cekpeTe. Korna
MbI ITO6JTVKe TTo3HaKoMMMCcst co Bropsim Kiutom Haskell, s HeripemeHHO
PaCCKaKy PO 3TOT CTPAHHBIN I0 ().
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Bb160Op M 00pa3ubI

JTa r71aBa OTKPOET HaM JIpyTHe CII0CO0bI BbIOOPA, a TAKKe ITO3HAKOMMUT
Hac ¢ obpasiamMu. YBepsiio, Bbl BJIIOOMTECHh B HUX!

He TOAIBKO U3 OABYX

YacTo MbI XOTMM BbIOMPATh HE TOJIBKO M3 IBYX BO3MOKHbBIX BAPMAHTOB.
BoT Kak 3To MOsKHO caejaTh:

55
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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, Bbl yKe CTMpaeTe IJIEBOK C 9KpaHa. BioskeHHas if-then-else
KOHCTPYKIIMSI He MOXET ITOHPaBUTbCSI HMKOMY, Bedb OHAa KpaiiHe
HeymoOHa B oOpaleHnn. A yX eciu Obl aHAAM3UPYEMbBIX ITPO6 30710Ta
OBLJIO IITYK IISITh UJIX CEMb, 9Ta JIECTHUIIA CTajIa Obl IIOMCTYHE Y3KaCHOJA.
K cuactpio, B Haskell MoskHO HammcaTh Mo-ApyromMy:

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 /in, Tak KpacuBee? DTO — MHOKeCTBeHHbIi1 if. PaboTaeT oH
II0 CXeme:
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if | COND1 -> EXPR1
| COND2 -> EXPR2

| ...
| CONDn -> EXPRnN
| otherwise -> COMMON_EXPR

e COND1..n — BbIpakKeHMsl, Aaloliiye JOKb UJIU UCTUHY, a EXPR1. .n — CO-
OTBETCTBYIOIIIME UM pe3yabTUpyloliue BbipaxkeHusi. Ocobast GyHKIMS
otherwise COOTBETCTBYeT 00IeMYy CIyuyar, KOTAA HY OOHO M3 JIoTHUYe-
CKUX BbIpa)keHMIi He a0 True, ¥ B 3TOI CUTyallU pe3yabTaTOM yCI0B-
HOJ KOHCTPYKIIMY TTIOCTYKUT BbIpaskeHue COMMON_EXPR.

He npeHe6peraiiTe otherwise! ECjiv BbI ero He yKaskeTe U [Py 3TOM Mpu-
MeHNUTe QYHKIMIO analyzeGold K 3HAUEHUIO, OTJIMYHOMY OT ITpOoBepsie-
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..

KOMITWJIALMA 3aBEPHINTCA YCIIEIIHO, OOJHAKO B MOMEHT 3aIlyCKa IIPO-
rpaMMbI BaC O>KMuagaeT HEHpMHTHbIﬁ CIOPIIpU3 B BM1e OIIMOKN:

Non-exhaustive guards in multi-way if

[TpoBepKa mosyuymiach HEMOMHOM, BOT U ITOTYUUTE OIIMOKY.

KcraTy, BUmuTe CJIOBO guards B COO0OIeHNM 00 o1moKe? BepTuKaabHbIe
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yepTsl Iepen JOTMYeCKMMU BbIPasKeHUSIMM — 3TO U €CTh OXPaHHUKU
(anr1. guard), HEYCHIITHO OXpaHSIoIINe HalM ycaoBus. [loTentHoe Ha-
3BaHMe BbIOpas. UTOOBI UMTATh MX ObUIO jierdye, BOCIIPUHMUMANTE UX
Kak aHasor ciosa «UJIN».

A cejfuac cromn. Bel Begb Iompo6oBaiy CKOMIMJIMPOBATh 3TOT KO, He
Tak Jn? A moyemy Bbl He pyraetech? Benp Takol KOJ He CKOMIIMINPY-
eTCsl, TaK KaK He XBaTaeT OAHOM Ma/IeHbKOJ, HO Ba>KHOM AeTaau. Bot
KakK JOJDKEH BBITJISIAETh MOAY/Ib Main:

{-# LANGUAGE MultiWayIf #-}
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 Temneps Bce€ B nopsiake. Ho UTO 3TO 3a CTpaHHBIMI KOMMEHTapuii B
1epBoit cTpoke monynsi? Bpome 6b1 oopmieH Kak MHOTOCTPOUHbIN
KOMMEHTapMii, HO BBIIJISAUT HeoObIYHO. Ilepem HaMu — yKa3zaHUe
pacimupenud si3bika Haskell.

Craupmapt Haskell 2010 — 3T0 oduiinanbHbIi cTepkeHb si3bika. OmHAKO
komrmmsiTop GHC, maBHO YK CTaBUIMIT KOMIIMJIITOPOM I10 YMOJIYaHUIO
npu paspaborke Ha Haskell, obimamaeT pssaoM 0COOBIX BO3MOXKHO-
creit. ITo yMoMTuaHMI0O MHOTHE U3 3TUX BO3MOXKHOCTEN BBIK/IIOUEHBI, a
rparma LANGUAGE KaK pa3 JIJIsl TOTO U IpeqHa3HaueHa, YTOObI X BKIIIO-
4yaTh/aKTUBU3MPOBATh. B JaHHOM c/Tyyae Mbl BKIIOUWINM paclipeHne


https://www.haskell.org/onlinereport/haskell2010/

I'maBa 8. BbIGOp M 06pasiibl 59

MultiWayIf. IMeHHO 3TO paclliMpeHue MO3BOJsIeT HaM MCIIOIb30BaTh
MHOXeCTBeHHbI1 if. Takoro poma paciiMpeHum CyuiecTByeT O4YeHb
MHOTO, ¥ MbI Oy/IeEM YaCTO UX MCIIOJIb30BaTh.

[TomHUTE: pacmiMpeHue, BKIOYEHHOE C MOMOIIbIO IMParmMbl LANGUAGE,
IeNCTByeT JIMIIb B paMKax TeKylero momyisi. U eciu s mpomnucant
€ro TOJIbKO B MoJyJie app/Main.hs, TO Ha MOZAYJIb src/Lib.hs MeXaHU3M
MultiWayIf He pacrpoCTpaHsIeTCs.

be3 Ecin

MHOKeCTBEeHHBIN if BecbMa ya00eH, HO eCTh CIIOCO6 60j1ee KpacUBBIit.
Bsrnguure:

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

”Wow! 999 standard!”

otherwise = ”I don’t know such a standard...”

KnroueBoe ¢10BO if ncuyesno. Cxema 31eCh TaKas:

function arg -- Hem 3Haka paserncmsa?
| COND1 = EXPR1
| COND2 = EXPR2
| ...

| CONDn = EXPRn

| otherwise = COMMON_EXPR

VCTpOVICTBO IIOYTHU TaKoe Xe, HO, IOMMMO MCUE€3HOBEHMS K/II0UYEeBOI'O
cjioBa if, MbI Tellepb MCIIOIb3yEM 3HAKM paBeHCTBAa BMECTO CTpPEJIOK.
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VIMeHHO IT03TOMY MCYe3 3HAaKOMBbII HaM 3HaK PaBEHCTBA I10C/Ie IMEHM
aprymeHTa arg. B JeiiCTBUTE/IbHOCTY OH, KOHEYHO, HUKY/Ia He MCue3, OH
JIAIIIb TIePeNIés B BhIpakeHMs. A UTOOBI 9TO Jierdye mpodyecTb, HauIlIeM
BbIpAXKEHUS B CTPOUKY:

function arg | COND1 = EXPR1
3Ta nm paBHa
dyHKUMA
3TOMyY
BbIpPaXeHMH
B C/yyae
NCTUHHOCTM
3T0rO0
BbipaxeHuns

wim wn T.A.

To ecTb Mepen HaMM yKe He OJHO ompefeneHne GyHKIMM, a Ileroyka
oripenesieHuii, IOTOMY HaM M He HY>KHO K/ItoueBoe coBo if. Ho u oty
LIeTI0YKY OTlpeieJieHUIi MOSKHO YIIPOCTUTb.

CpaBHeHMe ¢ 00pa3IomM

Y6paB ¢JIOBO if, MBI ¥ C HAIIMMM BUPTyaabHbIMU «UJIM» MoxkeM pac-
cTaTbCs. B aTOM (iyyae ocTaHeTCs IUIIb 3TO:



I'maBa 8. BbIGOp M 06pasiibl 61

analyzeGold :: Int -> String -- 0dHo o06bsBseHUE.
-- W MHoxecmso onpedeseHud. ..

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 MIPOCTO Tepeunciniu onpeaeneHus GyHKIMUMU analyzeGold OJHO 3a
IpyruM. Ha miepBblil B3IJISi[l, BO3MOXXHOCTb MHOXECTBA OIpeJie/ieHUl
OJIHOVi U TOVi ke QYHKIUM YAUBJISIET, HO €C/IU BCIIOMHUTD, UTO MpUMe-
HeHMe GYHKINUM CYTh BbIpaskeHye, TOr[la HUUero yauBUTeIbHOTO. BOT
KaK 9TO YUTAETCs:

analyzeGold 999 = “Wow! 999 standard!”

ecan 3Ta GyHKUMA MpUMEHAETCS TOraa >STOMY BblpaXeHuio

K 3TOMy oHa
apryMmeHTy paBHa
analyzeGold 750 = “Wow! 999 standard!”

ecan  3Ta PYHKUMA MpPUMEHAETCA TOrAaa [pPYroMmMy BblpaxXeHuio

K ApYyromy oHa
apryMmeHTy paBHa
analyzeGold _ = ”I don’t know such a standard...”

MHaye >Ta GyHKUMA  paBHa obuweMy BbipaxXeHuw

Korma ¢yHKIMS analyzeGold MMpUMEHSIETCS K KOHKPETHOMY apryMeHTY,
STOT apryMeHT I0C/IeJOBaTeIbHO CPaBHMBAETCS C 0Opa3IoM (aHII.
pattern matching). O6pasiia 3mech Tpu: 999, 750 1 585. 1 eyt paHbIle
Mbl CpaBHMUBAIM apTyMEHT C 3TMMM UMCIOBBIMM 3HAUEHUSIMU SIBHO,
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rnocpencTBoM GYHKIMUM ==, Telepb 3TO IPOUCXOOUT CKpbITO. Mmes
CpaBHeHMS C 00pas3lOM OYeHb IMPOCTA: UTO-TO (B JAHHOM CJTydyae
peasbHbI apryMeHT) COIOCTaBJsIeTCsT ¢ o6pasmom (M obpasamm)
Ha MpeaMeT <«IOAXOAUT/He IOOXOoAuT». ECiM momaxomut — TO ecTh
CpaBHeHMe C 00pa3lOM Ja€T pe3yabTaT True — TOTOBO, MCIIONb3yeM
COOTBETCTBYIOIIee BbIpaxkeHue. ECin ske He TTOAXOAUT — TepexoauM K

cylemyromeMy o6pasiy.

CpaBHeHMe ¢ 06pasoM, Ha3bIBaeEMOE €Il «COMOCTaBIeHeM ¢ 06pas-
110M» Mcronb3yeTcs: B Haskell upe3BbiuaitHo mmnpoKo. B pyccKosI3pIuyHOb
JUTepaType IepeBo/ CJIOBOCcoUeTaHMs «pattern matching» He 0co60 3a-
KPEeIuICs, BMECTO 3TOTO TaK ¥ TOBOPST «IIaTTePH MaTUMHI». S OCTyII-
JIIO TaK Ke.

Ho uTo 3TO 3a CMMBOI MOAUEPKMBAHMS TaKOM, B ITIOC/IeAHEM BapuaHTe
ornpenenenus? BoT aTOT:

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

C dopmanbHOIt TOUKM 3peHMsI, 9TO — YHUBEPCAIbHBIN 06pasell, cpaB-
HeHMe C KOTOPBbIM BCerga UCTUHHO (ell€ FOBOPST, YTO C HUM MaTUUTCS
(anrn. match) Bcé uto yromgHo). A ¢ HedhbopManabHOM — 3TO CMMBOJI, KO-
TOPBI MOXKHO ITPOYECThb KaK «MHe BCE paBHO». MbI KaK ObI TOBOpUM : «B
JAHHOM CjIy4yae HaC He MHTepecyeT KOHKPEeTHOe CONepPsKMMOe apryMeH-
Ta, HAM BCE paBHO, MbI IIPOCTO BO3BpalllaeM CTPOKY I don't know such a
standard...».

Ba’kHO OTMeTUTb, UTO CpaBHEHMe apryMeHTa ¢ 00pa3ijamMmi POUCXOIAUT
rocaenoBaTe/ibHO, CBepXy BHM3. [I03TOMY ec/iy Mbl HANMIlIEM 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.”

Haia QyHKLMS OymeT Bcerga BO3BpallaTh IEepPBOE BhIpaskeHME, CTPO-
Ky I don't know such a standard...,¥ 3TO BIIOJIHE OKMOaeMO: IIepBasi >ke
MIpOBepKa rapaHTMPOBAHHO JAaCT HaM True, BeJlb C 00pa3I[oM _ COBMaja-
eT BCé uTo yrogHo. Takum o6pasom, o6IImii 0bpaselr cyieyeT pacrosa-
raTb B CaMOM KOHIIe, YyTOOBI MbI ITONAJIM Ha HEro JINIIb ITOC/Ie TOro, Kak
He Cpa6OTaJII/I BCe OCTaJIbHbIE o6pa3ub1.

case

CyluecTByeT elle OAVH BUJ, ITaTTePH MAaTYMHIA, C TIOMOIIbI0 KOHCTPYK-
IIMU 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...”

3armoOMHUTE KOHCTPYKIINIO case-of, MbI BCTPETHMMCSI C HeI0 He pa3. Pabo-
TaeT OHa I10 MOJeNn:
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case EXPRESSION of
PATTERN1 -> EXPR1
PATTERN2 -> EXPR2

PATTERNn -> EXPRn
-> COMMON_EXPR

TIe EXPRESSION — aHaJIM3MpyeMoe BbIpaKeHMe, I0C/Ie0BaTeIbHO
cpaBHMBaemoe c obpasiamu PATTERNL..n. ECiv HM ogHO He cpaboTasio
— Kak 00bIYHO, yIMpaeMcsl B YHUBepCa/lbHBIN 00pasel] _ ¥ BbIIAEM
COMMON_EXPR.

B nowienyromniyx raaBax Mbl BCTPETUMCS U C APYTUMU BUIaMU MATTePH
MaT4MHTa, BeIb OH UCITI0/Ib3yeTCs He TOJbKO JJIs1 BhIOOpa.
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ITycTs Oymer Tam, I'me...

B aT0i1 r/1aBe Mbl y3HaeM, Kak caiesaTh Halllu QyHKIMM 6osiee yI0OHbIMMU
U UNTA6EIbHBIMMU.

IlycTh

B HIsKeC/Teqy0MMX MpyMepax Mbl BHOBb Oy[IeM MCIIOb30BaTh PaCIIy-
penre GHC MultiWayIf, He 3a6yIbTe BKIIOUUTH ero. PaccMoTpum ciemy-
I01TYI0 (QYHKIIMNIO:

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

Mbl cumMTaeM BpeMsl HEKOTOPOTO COOBITUSI, ¥ €CIM MCXOIHOEe BpeMs
MeHbIIIe 40 CeKyH[ — pe3yJbTUPYIoIllee BpeMs YBeJIMYeHO Ha 120 ce-
KYH[,, B IPOTUBHOM CJIy4yae — eIll€ Ha 8 CeKyH/, cBepXx Toro. [lepen Hamu

65
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KJIaCCUUECKUIt TIpUMep «MarMueckux uucesl» (aHII. magic numbers),
KOTZA CMBIC KOHKPETHBIX 3HAUEeHMI1 CKPBIT 33 CEeMbIO IeYaTsMU.
Yro 3a 40, 1 uTO 3a 87 Bo n3bexxaHMe 3TOI MpobIeMbl MOSKHO BBECTU
BpeMeHHbIe BbIpakeHMs, U TOTHA KOJl CTAaHET COBCEM JIPYTUM:

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

Bor, coBcem mpyroe neino! Mbl M36aBMINCH OT «MarmyecKux Umu-
cesl», BBeOs IMOSCHSWIINMe BbIpakeHUS threshold, correction U delta.
KoHcTpyK1iys let-in BBOAUT MOSICHSIIOIIME BbIpaskeHMS 110 CXeMe:

let DECLARATIONS in EXPRESSION

rae DECLARATIONS — BbIpakeHUsl, AeKIapupyemMbie HaMu, a EXPRESSION —
BbIpa)keHMe, B KOTOPOM MCIIOIb3yeTCsl BbIpaskeHMsT U3 DECLARATION. Ko-
r7a Mbl HaICaIn:

let threshold = 40

MbI 00bsIBIIN : «OTHBIHE BhIpaskeHMe threshold paBHO BBIPAsKEHMIO 40».
BeImisiauT Kak IpucBaMBaHMe, HO MbI-TO y3Ke 3HaeM, uTo B Haskell ero
HeT. Terepb BbIpaskeHME threshold MOKET 3aMEHUTH COOOIO UMCIIO 40
BHYTPU BbIpa>keHUsI, CJIeAYIOIIero 3a CJIOBOM in:
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let threshold = 40

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

oTa KOHCTPYKIMA JIETKO UNTAETCA:

let threshold = 40 ... in ...
nycTb 3TO byner >TomMy B TOM
BbIPAaXE€HME PaBHO BbLIPAXEHUI BblpaXeHunu

C moMOIIIbI0 KIIOYEBOTO CJIOBA let MOKHO BBECTU CKOJIbKO YTOAHO IO-
SICHUTEJIbHbIX/TIPOMEXYTOUHBIX BbIpaXkeHMIt, UTO JesaeT Halll KOJ, I0-
HSITHee, a BO MHOTMX CJIy4asix elllé ¥ Kopoue.

" KCTAaTU, MbI BeAb MOXEM YHpOCTI/ITb YCHOBHYIO KOHCTpYKI_U/IIO, BOC-
TOJIb30BABIINCH otherwise:

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

Ba>kHO MOMHUTB, YTO BBEIEHHOE KOHCTPYKIMEN let-1in BbIpaXKeHME Cy-
1IeCTBYeT JIMIIb B paMKax BbIpakeHMUs, CIeyIoILero 3a cI0BoM in. 13-
MeHUM (QYHKINIO:
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calculateTime :: Int -> Int
calculateTime timelnS =
let threshold 40
correction 120
in
if | timeInS < threshold -> timeInS + correction
| otherwise ->
let delta = 8 in timelnS
+ delta
+ correction

3TO cyuecTByeT b B
BblpaxeHune PaMKaxX 3TOro BbipaxeHUA

MbI cokpaTuaM 006acTb BUAMMOCTM IIPOMEXKYTOUHOTO BBIPAKEHMS
delta, coenaB ero BUOAMMBIM JIUIIb B BbIpaKeHUU timeInS + delta +
correction.

[Tpu skenmaHuM let-BbIpaXkeHMSI MOXKHO 3aITMChIBATh U B CTPOUKY:

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

B sToM cityyae Mbl epeunciasieM UX 4yepes TOUKY € 3ansaToN. JIMYHO MHe
TaKO¥ CTU/Ib He HPaBUTCSI, HO BbIOMPATh BaM.
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I'ne

CyIecTByeT MHOM CII0OCOO BBeIEHMSI MPOMEXKYTOUHBIX BBIPAKEHMIA,
B3IJISHUTE:

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

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

KitoueBoe C/10BO where JieflaeT MPUMEPHO TO 5Ke, UYTO U let, HO IPOMEKY-
TOYHBIE BBIPAsKEHMS 3a4aI0TCS B KOHIIe QyHKIMM. Takast KOHCTPYKIMS
YMUTAETCs MOJ0OHO HAayuHOM popMyiie:

S=V*t,
rae
S = paccTosHue,
\/ = CcKopoCTb,
t = Bpema.

B oTnmune oT let, KOTOPOE MOXKET OBITh MCIIOJb30BAHO [IJISI BBEIEHMS
CyTep-JI0KaJbHOIO BhIpaskeHMs (KakK B ITOC/IefHEM IIpuMepe C delta), Bce
where-BbIpaKeHMSI AOCTYITHBI B J1I000Jt UaCTy BbIpaskeHMs, TIpeiiecTBY-
IOIIEro KJIIUeBOMY CJIOBY where.
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BmecTe

MbI MOKeM MCIIO/Ib30BaTh let-in U where COBMECTHO, B paMKax OJHOM
byHKIMM:

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

where
correction = 120
delta =8

YacTh IPOMEXKYTOUHBIX 3HAUEHMIT 3a/TaHa BBEPXY, a YaCTh — BHU3Y. O6-
11asi peKOMeHJals : He CMeIlBaiiTe let-in U where 6€3 000071 Ham00-
HOCTM, TAKOJ KO, UNTAETCS TSIKEJIO, M3ObITOUHO.

OTMeuy, YTO B KaueCcTBe IMPOMEKYTOUHBIX MOTYT BBICTYIaTh U Oojiee
CJIOKHbIE BbIpaskeHMs. Hampumep:

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

correction = timelInS * 2

delta = correction - 4

BoipaskeHne correction paBHO timeInS * 2, TO €CTb TeIlepb OHO 3aBUCUT
OT 3HAYEHUA apTyYMEHTa (I)YHKLU/II/I. A BbIpaykeHue delta 3aBUCUT B CBOIO
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ouepenp OT correction. [IpyuémM MbI MOKeM MEHSITh MOPSIIOK 3aJaHUS
BBIpKEeHUN:

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

BeipakeHne delta Ternepb 3aJaHO MEPBBIM [0 CYETY, HO 3TO HE UMe-
eT HMKAKOro 3HaueHusl. Bemb Mbl Bcero Jiniiib OOBSIB/ISIEM PaBEHCTBA,
M Pe3yJIbTaT 3TUX OObSIBIEHUI He BINSIET Ha KOHEUHbIN pe3y/bTaT BbI-
yncieHnii. KoHeuHo, TOPSIIOK OObSIBJIEHNSI PABEHCTB He BasKeH U [IJIsT
let-BbIpa>KeHUI:

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

Maiio Toro, 4To MbI 3aa1U let-BbIpaXKeHUS B LPYTOM OPSIIKE, TaK Mbl
eIll€ U MCIOJIb30BAJIM B OTHOM M3 HUX BbIpakeHMe correction! TO eCTh B
let-BbIpa’keHUU UCIIONb30BAIOCh where-BbIpaXkeHne. A BOT MPOAeIaTh
obGpaTHoe, YBbI, HE TIOTYYUTCS:
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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

HpI/I IIOIIbITKE CKOMITUJIMPOBATDb TaKoM KO, Mbl ITOJIYUUM OI_LII/I6KYZ

Not in scope: ‘threshold’

TakoBO orpaHMuYeHMe: UCIOAb30BaTh let-BbIpaxkeHMsI BHYTPU where-
BbIpaykeHMIT HEBO3MOKHO, BeIlb MOC/IEeIHME YK€ He BXOOSIT B BhIpake-
HIe, CIeytoliee 3a CJIOBOM in.

Hy uTo X, mopa ABUraThCs Jajiblile, Beb BHyTPEHHOCTY HAIINX (PYHK-
1[i1 He OrpaHNYeHbl YCIOBHBIMY KOHCTPYKLIMSIMMU.
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Mup onepaTopos

Omnepartop (aHI/I. operator) — 4acTHBIN cay4ail GyHKIMM. B ripenbimy-
VX IJIaBaxX MbI y3Ke TTO3HAKOMMIMCh C HUMM, OCTAJIOCh OOBSICHUTH T10-
Ipob6Hee.

BcrmoMHMM Hallie camMmoe IepBoe BhIPasKeHME

@DyHKIMS + 3anMcaHa B MHQUKCHOI (aHI/I. infix) hopMe, TO eCTb MeXAy
CBOMMM apryMeHTamu. Takasi 3alych BBIIISIIUT eCTeCTBEeHHee, HeXXelun
OObIYHas:

(+) 12

Bupute Kpyribie cko6kmu? OHM TOBOPSIT O TOM, UTO JaHHAsI QYHKIMS
npeaHasHaveHa A1 MHOUKCHOM 3amucu. ABTOpP 3TOV QyHKIMM M3HA-
YyaJbHO PacCUMThIBAI HA MHOUKCHYIO GOPMY UCIIONb30BaHMUSI 1 + 2, He
Ha OOBIYHYIO (+) 1 2, UMEHHO MO3TOMY MMs QYHKIMU B ONpeaeeHnn
3aK/IFOUEHO B KPYTJIble CKOOKM:

73
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(+)

DyHKIMM, TIpeHa3HaUeHHbIe 111 MHQUKCHOM (GopMbl IIpUMeHeHMs,
Ha3bIBAIOT OIlepaTOPaMM.

Ecnu ske Mst GYHKIIMY He 3aK/II0YEHO B KPYTJIble CKOOKM, TToipa3yMeBa-
€TCSI, UYTO MbI PACCUMTHIBAEM Ha 0ObIYHYIO0 hopMy e€ mpumeHeHmst. Of-
HAaKO ¥ B 3TOM C/Ty4ae MOKHO ITPUMEHSITh €€ MH(PUKCHO, HO MMSI JOJDKHO
3aK/II0UAThCSI B 0OpaTHbIe OAMHAPHbIe KaBbIuKM (aHI/I. backtick).

Ol'Ipe,ELeJH/IM (bYHKLU/II'O isEqualTo, SIBJILIOIIYIOCSI aHAJIOTOM oOIlepaTopa
IMIPOBEPKM Ha PaBEHCTBO OJId ABYX IIEJTOUYMCIE€HHBIX 3HAYEeHMI:

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

[Tpu 0661YHOI hopMe e€ TIpMMeHeHMe BhITTISIEN0 Obl TaK:

if 1sEqualTo codel code2 then ... else ...

where codel = 123
code2 = 124

Ho paBaiite nepenuiiem B MHGUKCHO opMe:

if codel ‘isEqualTo‘ code2 then ... else ...
where codel = 123
code2 = 124
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Topasmo nyuiiie, BeIb Terepb KO YUMTAETCS KAaK OOBIYHBIN aHTIJIMIACKMI
TeKCT:

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

CTporo roBopsi, Ha3BaHMe «OIepaTop» BeCbMa YCUIOBHO, MbI MOKEM €I0
¥ He VICITI0JIb30BaTh. [OBOPUTH O QYHKIIUM CJIOKEHUS CTOJIb JKe KOPPEKT-
HO, KaK 1 06 orepaTope CIOKEeHMS.

3auem 3TO HYKHO?

[Toutu Bce ASCII-cMBOJIBI (a TaKKe MX BCEBO3MOKHbIE KOMOMHAIIVN)
MOKHO MCITIO/Ib30BaTh B KauecTBe orepaTopoB B Haskell. 9To maét
HaM IIMPOKME BO3MOXKXHOCTU JJIs peanusauyu pasinudbeix EDSL (aHr.
Embedded Domain Specific Language), cBoero poza «sI3bIKOB B SI3bIKE».
Bor nnpumep:

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

JI106071, KTO 3HAaKOM C BeO-pa3pabOTKOV, MTHOBEHHO Y3HAEeT B 3TOM
Koge HTML. Oto Kycouek Kopma, crposinero HTML-1ra610H 11 Be6-
BapMaHTa JaHHOVW KHUIM. TO YTO BbI BUAUTE — 3TO COBEPIIEHHO
neranbHblii Haskell-kom, B mpoiiecce paboTbl KOTOPOTO TeHepUpPYyeTCs
peanbHblii HTML: Ter <div> € KIacCcoOM nav-wrapper, BHYTPU KOTO-
pPOTO JIEKUT <a>-CChIJIKA C ABYMS KjaccaMy, KOPHEBBIM aJpecoM U
BHYTPEHHUM TEKCTOM #ohaskell.


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

I'naBa 10. Mup omepatoposB 76

VpeHTtuduKkaTopsl div, class_ 1 href — 3T0 MMeHa QyHKIIMIA, 8 CUMBOJIbI
! u'$ — 9TO OIlepaToPhl, 3amMcaHHble B MHGUKCHOI hopme. CaMoe r1aB-
HOe, YTO [J151 IOHMMaHMs 3TOTO KOa HaM abCoMI0THO HeoOs13aTesIbHO
3HATbh, I7e OIpe/iesieHbl BCe 3T (PyHKIMM/OTIepaTopbl 1 KaK OHU pabo-
TAIOT. DTO BasKHASI MbIC/Ib, KOTOPYIO ST HEOTHOKPATHO OYIy TIOBTOPSITH B
MOCJIeIYIONIMX T/IaBax:

YT0O6bI UCTIOB30BaTh GYHKIIMYM, HAM BOBCE HeObOs13aTeTbHO
3HaTbh UX BHYTPEHHOCTH.

A nipo EDSL 3anioMHNUTE, MbI C HUMM €I1l€ BCTPETUMCSI.
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Cnoucok

[ToMHMTE, B OOHOV U3 MpeabIAyLIMX I7IaB S TOBOPUJ, YTO TTO3HAKOM-
JIIO BacC eIlé ¢ HeCKOJIbKMMM CTaHIapTHLIMM TUIlaMM JaHHbIX B Haskell?
[Tpuiio BpemMs y3HATh O CITMCKAX.

Crucok (aHri. list) — 9To cTaHmapTHBIN TUI, XapaKTepU3YIOIIMA yKe
He TIPOCTO JaHHbIe, HO CTPYKTYPY AaHHBIX (aHI/. data structure). Ota
CTPYKTypa MpeAcTaBiisieT Co007 HabOp TaHHBIX OAHOTO TUIIA, U e[Ba JIN
XOTh OfHa peanbHas Haskell-mporpamma mMoskeT 060iTHCh 6e3 crmc-
KOB.

CTpyKTYypbl, coflepsKalijiie JaHHbIe OJHOTO TUIIA, Ha3bIBAIOT eIll€ TOMO-
TeHHbIMU (B IIepeBOJIe C TPeUecKOoro: «0OLHOTO POJa»).

BOT CIiMcoK 13 TpEex 1ebIX UMCen:

(1, 2, 3]

KBampaTHbie CKOOKM M 3HAUeHMs, pasfenéHHble 3arsThiMU. BOT Tak
BBIIVISIIUT CITMCOK M3 ABYX 3HAUeHUI TuUIia Double:

77
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[1.3, 45.7899]

a BOT M CIIMCOK U3 OFHOTO-eAVHCTBEHHOT'O CMMBOJIA:
[H7]

WIM BOT U3 YETBIPEX CTPOK, OTPAKAKIIMUX MMEHA MMPOTOKOJIIOB TPAHC-
rnopTHoro ypoBHs OSI-mopenu:

[J)TCP)J’ J)UDPJJ’ »DCCPJ), »SCTP’J]

Ectn y Bac ecThb OMbIT pa3paboTky Ha s3bike C, BbI MOXKETe MOyMaTh,
YTO CITMCOK MOXO0X Ha MaccuB. OIMHAKO, XOTSI CXOACTBA UMEIOTCS, I Ha-
MepeHHO 136eraio cj10Ba «MaccuB», motromy uto B Haskell cymiectByioT
MacCHBBI (aHIJI. array), 3TO HECKOIbKO MHAasI CTPYKTYpa JaHHBIX.

COmMcoKk — 3TO TOXe BbIpakKeHNe, I0O3TOMY MOXKHO JIETKO CO3[aTh CII-
COK CIMCKOB ITPOM3BOJIbHOM BIOKEHHOCTU. BOT Tak Oy[eT BBIIISIAETh
CIIMCOK U3 psifia IPOTOKOJIOB TPEX ypoBHel OSI-mozmenn:

[ [”DHCP”, ”FTP”, ”HTTP”]
s [»TCP”’ ’JUDP”’ ”DCCP”, ’}SCTPJ:]
s [”ARP:J’ ”NDP”, ”OSPF”]

JTO CIMCOK CIMCKOB CTpoK. DopMaTupoBaHMe B OTHOIIEHMM KBaJl-
paTHBIX CKOOOK BechbMa BOJIbHOE, TIPU KeJTaHMM MOKHO M TaK Hallu-
CaTh:
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[[:JDHCP:J’ ”FTP”’ :;HTTP:; ]’
[”TCP”, ”UDP”, ”DCCP”, ”SCTP”] s
[”ARP”, ”NDP”’ ”OSPF” ]]

CIIMCOK MOSKeT OBITh U IIyCTbIM, TO €CTb HE COOAEPKAThb B cebe HMKAKUX
AJaHHDbIX:

[l

Tun coucka

Pa3 crmmcok mpencTaBisieT co00i CTPYKTYpPY, COMEPKAILYIO JaHHBIE
HEKOTOPOTro TUIla, KAKOB JKe TUII CaMOro criucka? BoT:

[Int] -- Cnucok yesbix yucesn
[Char] -- Cnucok cumBoJio8
[String] -- Chucok cmpok

To ecTb TUII CIIMCKA TaK M yKa3bIBaeTCs, B KBaJAPATHBIX CKOOKaX. YIO-
MSIHYTBIV paHee CIMCOK CIIMCKOB CTPOK MMeeT TaKOW TUIL:

[[String]] -- Cnucok cnuckos cmpok

Mopenb oueHb IIpocTa:
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[ [String] 1

| Tun |
L pgaHHbix -

Tvn |
cnncka |
3TUX AaHHbIX —

r——

XpaHUTb JaHHbIE Pa3HbIX TUIOB B CTAHAAPTHOM CITMCKe HEBO3MOYKHO.
OnHako BCKOpe MbI TO3HAKOMMMCS C IPYTrOii CTaHIAPTHO CTPYKTYpPOIi
IlaHHbIX, KOTOPasi TO3BOJISIET ITO.

HelicTBUS HAJ CIIMCKaAMMU

Ecmu cnmMcku co3maioTcsl — 3HAUMT 3TO KOMY-HMOyab HyskHO. Co
CIIMCKOM MOKHO JejIaTh OueHb MHOTO Bcero. B cranmaprtHoir Haskell-
O61OMMOTEeKe CYIIEeCTBYET OTHAE/NbHbI/ MOIY/b Data.List, BKIIOUAONMI1
MVPOKUit Habop QYHKUMIA, paboTalImuxX co cruckoM. OTKpoem
MOZY/Ib Main ¥ MMITOPTUPYEM B HETO MOJYJ/Ib Data.List:

module Main where

import Data.lList
main :: I0 ()

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

®DyHKIMS head BO3BpalllaeT rojioBY CIMCKa, TO €CTh €ro MepBblii dJe-
MeHT. [Ipu 3amycke 3TOV MPOTpaMMbl Ha BbIXOJe IMOTyUMM:
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Vim

Mopenp Takas:

[”vim” , “Emacs”, “Atom”]
ronoBa L— xBoct —
aﬂ,aKaH ryceHuuna II0/IydaeTCs: HepBbII‘/JI 9JIeMEeHT — TO0JIOBd, a4 BCE

OCTa/IbHO€ — XBOCT. CDYHKL[I/IH tail BO3BpaillaeT XBOCT:

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

Bor pesyibrar:

[”Emacs”, “Atom”]

@OyHKUIMSA tail dopMuUpyeT APyroii CIMCOK, MPeaCcTaBIsIONIMii C06010
BCE OT ITIePBOHAYA/IBHOTO CITMCKA, KpoMe royioBbl. O6paTuTe BHUMaHME
Ha HOBYIO (PYHKIIMIO print. B JaHHOM cTyyae Mbl HE MOTIJIM ObI MCIIOJb-
30BaTh Hally 3HAKOMYVIO putStrLn, BeJb OHa IIPUMEHSIEeTCSI K 3HaUeHUIO
TUIIA String, B TO BpeMs Kak (YHKIMSI tail BEpHET HaM 3HaueHUe
TUma [String]. Mbl Beb MOMHMM PO CTPOrOCTb KOMITWJISITOpPA: YTO
OXXMIaeM, TO U MOJYUUTDh JO/KHBI. OYHKIMS print IIpegHasHavyeHa ajs
«CTpUHIMPUKALMM» 3HAUEHMSI: OHA OepET 3HaYeHMe HeKOTOPOTo THUIIa
Y BBIBOOUT 3TO 3HAaUEHMEe Ha KOHCOJIb YK€ B BUE CTPOKMU.

BHMMAaTeNbHBIN YMTATETb CIIPOCUT, KAKMM K€ 00pa3oM GYHKIMS print
Y3HAET, KaK MMeHHO 0TOOpa3uTh KOHKpeTHOe 3HaueHlue B BUe CTPO-
ku? O, 3TO MHTepeCHeMIas TeMa, HO OHa OTHOCUTCS K Tpetbemy Kuty
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Haskell, ;o 3HaKOMCTBa € KOTOPBIM HaM €II€ IaaeKo.

MoskHO ITOJIYVIYUTD JJIMHY CITMCKaA:

handleTableRow :: String -> String
handleTableRow row
| length row == 2
| length row ==
| otherwise

composeTwoOptionsFrom row
composeThreeOptionsFrom row
invalidRow row

OTO UYTOK BUIAOU3MEHEHHBIN KyCOUeK OLHOM MOei IpOorpaMMbl,
(byHKUMS handleTableRow 06pabaTbiBaeT CTPOKY Tabauiibl. CTaHIapTHAST
GYHKLMS length Ja€T HaM JJIMHY COMCKA (UMCIO 3JIEMEHTOB B HEM). B
IIaHHOM CjTyyae Mbl y3HA€M UMCJIO 3JIEMEHTOB B CTPOKe TabUIIbI row, U
B 3aBMCUMOCTY OT 3TOW IJIMHBI IPUMEHSIEM K 3TOM CTpOKe (PYHKIINIO
composeTwoOptionsFrom UM composeThreeOptionsFrom.

Ho nocroiite, a rae ke TyT criucok? OyHKLMS handleTableRow IIPUMEHSI -
eTCsl K CTPOKE U BBIUMC/ISIET CTPOKY. A BCE [IeJI0 B TOM, UTO CTPOKA €CTh
HM UTO MHOeE, KaK CIMCOK CMMBOJIOB. TO €CTh TUII String SKBUBAJIEH-
TeH Tumy [Char]. CKaxy 6osee: String — 3TO JIaXke He CaMOCTOSITeNb-
HbBIJ TUII, 3TO BCETO JIUIIIb TICEBAOHUM [Jis TUIA [Char], ¥ BOT KaK OH
3aJlaH:

type String = [Char]

KitoueBoe €/10BO type BBOOAUT CMHOHUM [JIST YK€ CYLIEeCTBYIOILEro TU-
na (a”mi. type synonym). iHOrga ero Ha3bIBalOT «IICEBAOHNUMOM TUIIA».
UurtaeTcs 5TO Tak:

type String = [Char]

T™nN 3TOT paBeH ToOMy
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Takum o6pasom, 00bsiBiIeHNEe QYHKIIVM handleTableRow MOSKHO ObIIO ObI
repenucaThb Tak:

handleTableRow :: [Char] -> [Char]

[Ipu paboTe co CrMUCKaMMU Mbl MOXEM MCIIOb30BaTh Y)Ke 3HAKOMbIe
MPOMeKyTOUHbIe BbIpakeHUsI, Halipumep:

handleTableRow :: String -> String
handleTableRow row

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

where size = length row

A MOKHO U TaK:

handleTableRow :: String -> String
handleTableRow row

| twoOptions = composeTwoOptionsFrom row
| threeOptions = composeThreeOptionsFrom row
| otherwise = invalidRow row
where
size = length row
twoOptions = size ==
threeOptions = size == 3

31ech BeIpaxkeHMS twoOptions U threeOptions MMEIOT y>Ke 3HaKOMBbI HaM
CTaHﬂapTHbIﬁ TUII Bool, BeIb OHM PAaBHbI pE€3YyJ/IbTaTy CDABHEHMS 3HaAUE-
HUA size C UMCIIOM.
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HensMeHHOCTH CIIMCKa

Kaxk BbI y3ke 3HaeTe, Bce maHHbIe B Haskell He3meHnHbI, Kak Ermmnerckue
nupaMmuabl. CIIMCKYM — He UCK/II0UYeHNe: Mbl He MOKeM M3MEHUThH Cy-
IIECTBYIOIINIA CITMCOK, MbI MOYKEM JIMIITb CO31aTh HA €I0 OCHOBE HOBbI
crnucok. Hanpumep:

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”]

Pe3ynbTaT 9TOI MPOTPaMMBbl TAKOB:

[¥124.67.54.90”,”45.67.78.89”,7123.45.65.54”]

PaccmoTtpum onpenesneHue QyHKIMM addTo:

addTo newHost hosts = newHost : hosts

CraHIapTHbI orepaTop : J00aBJsieT 3HaUeHMe, SIBJISIOIIeecs JieBbIM
oIiepaH/ioM, B Ha4aJjI0 CIMCKa, SBJSIONEerocs MpaBbiM oriepanaom. Yu-
TaeTCs 9TO TaK:
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newHost : hosts
3T0T
onepaTop

6epéT

370

3HayeHune

n pobasndaeTr
ero B HayaJo
3TOro Cnucka

EcTtecTBeHHO, TUII 3HAUEeHMS CJieBa 00s13aH COBIIALATh C TUIIOM 3Haue-
HUI, copepsKallixcs B CIMCKe CIIpaBa.

C KOHIIeNTYya/IbHOM TOUKM 3peHust QyHKIINS addTo JoOaBMIa HOBBI IP-
aJZpec B Ha4ajo CIMCKa hosts. B neiICTBUTEILHOCTU K€ HUKAKOIO [0-
6aBeHMs] He MPOU30IIIO, MO0 CIIMCKM HeM3MeHHbI. OrnepaTop : B3sUI
3HaueHMe newHost M CIIMCOK hosts M CO3[al HA UX OCHOBE HOBBIN CIIU-
COK, comepsKaIuii B cebe yxxe Tpu IP-agpeca BMeCTO IBYX.

Ilepeuncienue
,Z[OHYCTI/IM, HOHa,H,Oﬁl/IJICH HaM CIIMCOK L eJIbIX UMceyI OT OJHOI'O 4O OecCs-
™. [Tnmem:

main :: I0 ()

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

Herm1oxo, HO M306BITOYHO, BeIb YMCeJI MOIJIO OBITh U CTO, U Thicsiya. EcTh
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JIYYILIWIA TTYTh:

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

KpacuBo, He ripaBaa nu? BeipaskeH1e B KBaJpaTHbIX CKOOKaxX Ha3bIBaeT-
Cs1 mepeunciieHyeM (aHII. enumeration mjin cokpaieéHHo enum). iHO-
rIa e€ MMEHYIOT TaKKe apu@MeTnuecKkoit mocaeqoBaTeIbHOCTbIO. Vmest
IpefesibHO MPOCTa: 3aUueM YKa3bIBaTh COLEPKMMOe CIIMUCKA LIeIMKOM B
TOI CUTyalu¥, KOra MOKHO yYKa3aTh JIMIIb AMAlla30H 3HaueHuit? JTO
MBI U CHeain:

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

3HaveHMe (JieBa OT .. — 3TO HavaJIo Auaria3oHa, a 3HaueHue crpaBa —
ero KoHel. KommmasiTop cam goragaeTcsi, 4YTO IIar MeXay 4YncjiaMu B
JIIAHHOJ1 TTOCIeloBaTe/IbHOCTY paBeH 1. Bor emié npumep:

[3..17] = [3,4,5,6,7,8,9,10,11,12,13,14,15,16,17]

MpbI MOKeM 3a4aTh LIar U SIBHO:

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

[Tonmyumiint TOJBKO YETHBIE 3HaYeHMsI. CxeMa MMpocTa:
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[2, 4 .. 10]
nepBbin KOHel
BTOpPOWN

| pashmua |

L paért war -

Bor emé npumep:

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

MOJKHO 3a7aTh M HUCXOIOSIIMI IMaIla30H:

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

Wnu taxk:

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

Ia, oTpuiiaTe/nbHbIE YMCIa TOXKE paboTaroT. MOXKHO B3STh TaKKe U UMC-
JIa C IJIaBalollei TOYKO:

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

B o6miem, nges sicia. Ho uTo 5T0 MBI BCE ¢ yMcyiamu ga ¢ unciaamy! Bosb-
MEM CUMBOJIBI:

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

[IviamasoH OT 'a' 10 'z' — MOJYYMIM QaHIVIMIACKIT ajipaBUT B BUIE [Char]
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MU, KaK MbI YoKe 3HaeM, MPOoCTO String. [Ipy GObIIOM JKeJlaHUM SIBHO
3aJlaTh 1Iar MOKHO U 37€Ch:

[’a’,’c’..’z’] = ”acegikmogsuwy”

Bort Takas kpacora.

Ter[epb, mocjie 3HakKOMCTBa CO CIIMCKOM, MbI 6Y,Z[eM MCIIO/Ib30BaTh UX
ITIOCTOAHHO.

JI1s1 TI0OOIIBITHBIX

B pasnene nmpo amarnasoHbl OIS CIIMCKA Mbl OIIepUPOBAIM 3HAUEHUSIMU
THMa Int, Double U Char. BO3HMKaeT BOIIPOC: @ MOKHO JI MCIIOJIb30BaTh
3HAUeHUS] KaKUX-HUOYAb Opyrux TUoB? OTBeUa: MOXHO, HO C Oro-
BOpKoi1. [TorrpobyeM IpogenaTh 3TO CO CTPOKOI:

main :: I0 ()
main = print [”a”,”aa”..”aaaaaa”

[Tpy OTIBITKE CKOMIMIMPOBATDh TaKOM KO, YBUAMM OILIMUOKY:

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

W youBASTHCS TYT HeUueMy: IIar MeXAy CTpoKamMy abcypaeH, M KOMITU-
JISTOP B 3aMellaTebCcTBe. He Bce TUIIBI MOAXOOSIT IJIsSI MepeuncIeHnii
B CUJTy CBO€I MPUPOIbl, OMHAKO B OYAyIIeM, KOTIa Mbl HAYUMMCS CO-
3[aBaTh HAIIV COOCTBEHHbIE TUITbI, MbI Y3HA€M, UTO MX BITOJIHE MOKHO
JICII0JIb30BaTh B Ayana3oHax. Habepurech TepneHus.
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[IpMOTKPOIO CEKpeT: STOT CTPAHHbBIN MpUMep C LIarOM MEXIY CTpPO-
KaMJ TeOPeTUUYeCKY MOKHO-TaK/ 3aCTaBUTh paboTaTh, HO O TOM, KaK

9TO CHelaTh, Mbl y3HaeM BO BpeMs 3HaKOMcTBa ¢ TpeTbum Kutom
Haskell.
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KopTex

B 2T0Ji r/1aBe Mbl TO3HAKOMMMCSI C KOPTEsKEM U eIé O/1sKe TTOAPYKUMCS
C maTTepH MaTYMHTOM.

Koprex (aHr1. tuple) — erié omHa ctaHgapTHast CTPYKTYpa JaHHbBIX, HO,
B OT/INYME OT CIIMCKa, OHA MOXKET COZlepsKaTh JaHHbIE KaK OOHOrO TUIIA,
TakK U pa3HbIX.

CTPYKTypr, CIIOCOOHbBIE cogepyXaTb naHHbIe pa3HbIX TUIIOB, HA3bIBAIOT
reTeporeHHbIMU (B rnepeBoae C rpeuyeCkoro: «pa3Horo po,ua»).

BOT Kak BBITISIAUT KOpTexX:

(”Haskell”, 2010)

Kpyribie ckoOKM 1 3HaAUEHMSI, pasie/IéHHbIe 3aMSIThIMU. DTOT KOPTEX
COOEpP>XKUT 3HaUeHMe TUIa String U elé ofHo, Tuma Int. BOT eué npm-
Mep:

(”Haskell”, ”2010”, ”Standard™)

90
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To eCcTh HUUTO He MelllaeT HaM XPaHUTDb B KOPTeXKe JaHHbIe OOJHOI'O TU-
I1a.

Tun Koprexxa

Tur crnmcka CTpOK, Kak Bbl TIOMHUTE, [String]. I He BayKHO, CKOJBKO
CTPOK MBI 3alIMXHY/IU B CIIMCOK, OOHY UM MUJUIMOH — €ro TUII OCTa-
HeTcs Heu3MeHHbIM. C KOpTeXkeM Ke Oe0 00CTOUT abCOIIOTHO MHa-
ye.

Tum KopTeska 3aBUCUT OT KOJIMYECTBA €r0 3JIEMEHTOB. BOT TUIT KOpTeska,
comepsKaliero ABe CTPOKN:

(String, String)

Bor emé npumep:

(Double, Double, Int)

U eme:

(Bool, Double, Int, String)

Tumn Kopreka SIBHO OoTpakaeT ero copepykumoe. I[TosTomy ecin QpyHK-
1[MSI TIPUMEHSIETCST K KOPTEXY U3 JBYX CTPOK, IPUMEHUTD €€ K KOPTeXY
13 TPEX HMKAK He TOJYYUTCS, Belb TUITbI 3TUX KOPTEXei pasanyaroT-
csi:

(String, String)
(String, String, String)
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HeVicTBUS HaZ KOpTEXXaMu

Co cnuckamMy MOXXHO JieJlaTb MHOIO BCEro, a BOT C KOpTeXaMyu — He
oueHb. CaMble YacCThle IEeCTBUSI — COOCTBEHHO (hOpMUPOBAHME KOP-
TeXKa M U3BJIeYeHMe XpaHIIIMXCsl B HEM JaHHbIX. Hammpumep:

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

[Toxkamyit, HMYero mpoie MpUAyMaThb HeJlb3s: Ha BXOZe ABa apryMeHTa,
Ha BbIXOe — IBYX3JIEMEHTHBIN KOPTEXK C ITUMU aprymeHTaMu. [IByx-
3JIeMEeHTHbIN KOPTeX Ha3bIBAIOT elllé Mapoii (aHIJI. pair). Y XoTs KopTex
MOXEeT COAepKaTh CKOJIbKO YTOLHO 3JIeMEHTOB, Ha MPAKTUKe MMEHHO
rapbl BCTPEYaroTCs yallie BCero.

O6paTtuTe BHMMAaHMe, HACKOJIBKO JIETKO CO3MAETCS KopTexk. IIpuumHa
TOMY — y’Ke 3HaKOMbIi1 HaM IMaTTepH MaTUYMHT:

makeAlias host alias = (host, alias)

MbI MPOCTO yKa3bIBa€M COOTBETCTBME MEXKIY JIEBO U MPaBoil CTOPO-
Hamu onpeeneHusi: «ITyCcTb MepBbIii 27IeMEHT Mmapsl 6yeT paBeH apry-
MEHTY host, & BTOPOil — apryMmeHTy alias». Huuero ymo6Hee u mpoiie
U IPUAYyMaTh Hesb3s1. Y ecyiu 6b1 MbI XOTEJU TTOYUUTh KOPTEXK U3 TPEX
9JIEMEHTOB, 3TO BBIIVISIENO ObI TAK:
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makeAlias :: String -> String -> (String, String, String)
makeAlias host alias = (host, “https://” ++ host, alias)

OrnepaTop ++ — 3TO OINepaTop KOHKaTeHalu, CKJIeUBAIOIII Be CTPO-
K1 B ogHy. CTpOro roBopsi, OH CKJIeMBaeT ABa CIIMCKA, HO MbI-TO C BaMM
y>Ke 3HaeM, UTO String eCTb HM UTO MHOE, Kak [Char]. Takum obpaszom,
“https://” ++ “www.google.com” TA€T HAM “https://www.google.com”.

W3BjieueHne 371eMEHTOB U3 KOpTeXKa TakKXke IMMPOM3BOAUTCA yepe3 I1aT-
TE€PH MaTUMHI':

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

in print (host ++ 7, ” ++ alias)

@OyHKUMSA makeAlias 1aéT HaM Iapy U3 xocra U umMmenu. Ho uto sto 3a
CTpaHHas 3aMuCh BO3JIe y3ke 3HAKOMOT0 HaM CJIoBa let? DTO MPOMEKY-
TOYHOE BbIpakeHMe, HO BbIpakeHMe XUTPOe, 00pa30oBaHHOE Uyepes IarT-
TepH MaTYMHT. UTOOBI ObLJIO MOHSITHEE, CHaYasIa rmepenuiieM QyHKIIUIO
6e3 Hero:
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main :: I0 ()
main =
let pair = makeAlias 7173.194.71.106”
“www.google.com”

host = fst pailr -- bepém nepsoe...
alias = snd pair -- bepém smopoe. ..
in print (host ++ 7, ” ++ alias)

[Tpu 3amycke 3TO¥ MPOTPaMMbI TOTYUUM

”173.194.71.106, www.google.com”

CrangapTHbie GYHKIMM fst U snd BO3BpAIIIAIOT ITIEPBbI ¥ BTOPOI 3J1e-
MEHT KOpTesKa COOTBETCTBEHHO. BhIpakeH1e pair COOTBETCTBYET Mape,
BbIpaykeHMe host — 3HAUEHMIO XOCTa, a alias — 3HaUeHMIO uMeHu. Ho
He KayKeTcs JIM BaM TaKoi cr1ioco6 136siTouHbIM? Mbl B Haskell mro6um
U3SIIHbIE pellleHNs], TI03TOMY MpeAIIouMTaeM IMaTTePH MaT4YMHT. BOT
KaK ITOTy4aeTcsl BhIIIEITPUBEIEHHBIN CITOCO0:

let (host, alias) = makeAlias 7173.194.71.106” “www.google.com”

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

AadHHOEe 3Ha4YeHue
3TO
XOCT
d BOT 3TO 3HA4eHue
3TO0
nMAa

Bor Takast mpocTast marusi. DyHKIMS makeAlias JAET HAM I1apy, ¥ Mbl J10-
CTOBEPHO 3HaeM 3To! A ey 3HaeM, HaM He HY>KHO BBOJIUTb ITPOMEKY-
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TOYHbIe BbIpaskeHUsI Bpojie pair. Mbl cpa3y TOBOpUM:

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

Mbl TOYHO 3H3EeM, 4YTO BblpaxeHue,
BbIYMC/IEHHOE 3TON dyHKUMEN

3TO BOT
Takasa napa

JTO «3epKajibHasI» MOZEe/b: uepe3 MaTTepH MaTUMHT (popMuUpyeM:

-- (Gopmupyem npasyw CrnopoHy
-- Ha ocHose snesod. ..
host alias = (host, alias)

>>>> >>>>

>>>5>> >>>5>>

M yepes HETo JKe M3BJIEKaeM:

-- Qopmupyem Js1eBYyH CMOPOHY

-- Ha ocHose npasod. . .
(host, alias) = (7173.194.71.106”, “www.google.com™)

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

<< <LLLLLL L L L L1

Bor emé omuH mpuMep paboThl C KOPTEKEM dYepe3 IMaTTepH Mar-

YUMHTI:
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chessMove :: String

-> (String, String)

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

main :: I0 ()
main = print (color ++ ”: ” ++ from ++ ”-” ++ to)
where

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

W Ha BbIXOAE IONMyUyaeM:

“white: e2-e4”

ObpaTtuTte BHMMAaHMe, O0ObBSIBIeHMe GYHKINM OTGHOPMATUPOBAHO
YYTOK MHaue: TUIIbI BBICTPOEHBI PYT IO, IPYyroM depe3 BbIpaBHMBA-
HMe CTPEJIOK IO, IBOeTOYMeM. Bbl 4acTO BCTpeTuTe TaKoi CTWIb B
Haskell-nmpoexTax.

DyHKIMS chessMove JAET HAM KOPTeX C KOpTeskeM, a pa3 Mbl TOUHO 3Ha-
eM BUJ 9TOTO KOpTeXXa, Cpa3y ykasbiBaeM where-BbIpaxkeHle B BH]le 00-

pasia:

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

MbI MOKeM BBITaCKMBATh 0 00pasIy JUIIb YaCTh HY>KHOY HaM MHGOP-
Mauum. [ToMHUTe YHUBepCca/IbHbI 00pasell _? BarisHuTe:

- - [losAcHAwWWUe NncesOOHUMbI

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

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

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

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

OYHKUMS patientEmail JAET HAM IOYTY IalMeHTa. TUII Patient — 3TO
TICEBIOHUM [IJIs1 KOPTEXKa U3 YEThIPEX 3JIEMEHTOB: YHUKAJIbHbBIN U EH-
TUdUKATOP, TIOJIHOE MMSI, aJpec MOUYThI ¥ BO3pacT. [IOTOIHUTETbHbIE
TICEeBIOHMMBI Aeal0T Halll KO sSCHee: OOHO IeJI0 BUIETh 0e3JIUKYI0
String 1 COBCeM Jpyroe — Email.

PaccMoTpuM BHYTPEHHOCTb (PYHKLIMM patientEmail:

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

OYHKLUMS TOBOPUT HaM: «/la, s 3HAK0, UTO MOW apryMeHT — 3TO YeTbI-
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pPEXBIIeMEeHTHbIN KOPTEX, HO MEHSI B HEM MHTepecyeT UCKIIUUTETbHO
TPETUIA TI0 CYETY 3JIEMEHT, COOTBETCTBYIOIIMI apecy MOYTbI, €ro S U
BepHYy». YHUBepCaIbHbI 00pasel] _ JeaeT Halll KO, JIJaKOHUUHee U TT0-
HSITHee, Be[lb OH IOMOraeT HaM UTHOPUPOBATh TO, YTO HAM HEMHTepec-
HO. CTporo roBopsi, Mbl He 00sI3aHbI UCITOJIb30BAaTh _, HO C HUM OymeT
aydiie.

A eciy omInMoauCh?

[Ipu UCTONMb30BaHMY MATTEPH MATUYMHTA B OTHOIIEHUM Tapbl CJIeAyeT
ObITb BHMMATEIbHBIM. IIpeacTaBum cebe, UTO BBIIIEYTIOMSIHYTBIN TUIT
Patient GBI pacHIMpeH:

type UUID = String
type FullName = String
type Email = String
type Age = Int
type Diseaseld = Int
type Patient = ( UUID
, FullName
, Email
, Age

, Diseaseld

bein mobasieH uaeHTUGUKATOp 3ab6omeBaHuss. M Bcé GbI XOPOILIO, HO
BHECTU M3MeHeHUs B QYHKIMIO patientEmail MbI 3a0bLIN:

patientEmail :: Patient -> Email
patientEmail (_, _, email, _) = email
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K cuacTbio, B 3TOM ciTyyae KOMITMISITOP CTPOTO OOpAaTUT Hallle BHMUMa-
HIMe Ha OIINOKY:

Couldn’t match type “(t0O, t1, String, t2)’
with “(UUID, FullName, Email, Age, Diseaseld)’
Expected type: Patient
Actual type: (tO, ti1, String, t2)
In the pattern: (_, _, email, _)

OHO ¥ MOHSTHO: QYHKIINS patientEmail MCIIONB3yeT 06pasell, KOTOPBIi
YK€ HeKOppeKTeH. BoT mouemy rmpu 1CIoab30BaHUM TaTTEPH MaTUYMHIa
cienyeT O6bITb BHUMATETbHBIM.

Ha sTom Hallle 3HaKOMCTBO C KOpTeXeM CUMTal0 3aBepIIEHHbIM, B I10-
CJIeIYIONMIMX T7IaBaxX MbI OYIeM MCIIO/Ib30BaTh UX MEePUOIUUECKA.

IT71s1 MTI0O0OIIBITHBIX

JIyist pabGoTHI C 3/IeMEHTaMM MHOTO3JIEMEeHTHBIX KOPTeXKeil MOKHO MC-
II0JIb30BATh I'OTOBbIE OMOJIMOTEKM, BO M30€KaHMUM IJMHHBIX IaTTepH
MAaTUYMHIOBBIX Ilerouek. Hampumep, maker tuple:

Data.Tuple.Select

main :: I0 ()
main = print (seld4 (123, 7, “hydra”, ”DC:4”, 44, 712.04”))

OyHKIMSA seld U3 MOIYJIS Data.Tuple.Select M3BJI€KAET YETBEPTHIN 110
CYETY 3JIeMeHT KOpTeXa, B JaHHOM C/lyyae CTPOKy “DC:4”. Tam ecTb
(YHKLIVMM BIIOTDb 0 sel32, aBTOPHI BIIOJIHE Pa3yMHO COWIM, UTO HUKTO,
HaxXOAsCh B 34 paBOM yMe U TBEPAON MaMsITH, HE CTAHET OIepPUPOBATh
KOpTeskaMU, COCTOSIIIMMMU U3 6osiee uem 32 371eMeHTOB.


http://hackage.haskell.org/package/tuple
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Kpome Toro, Mbl 1 OOHOBJISITh 37IEMEHTBI KOPTEXKa MOKEM:

import Data.Tuple.Update

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

ECTECTBeHHO, I10 MpUYrHe HEM3MEHHOCTU KOpTeXKa, HUKaKOTro 00HOB-
JIEHUS TYT HE ITPOUCXOAUT, HO BBITJIAAUT CMMIIATMYHO. HpI/I 3aIlyCKe I10-
JlydyaeM pe3yJbTaT:

(”S_-L”’Z)

BTopoit asieMeHT KOpTeXka USMEeHWJICS C 45 Ha 2.
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JIamoOma-PyHKIIUA

[Tpumio BpeMsl TTO3HAKOMUTBCSI C BaKHOM KOHIeMIMei — JasimMoma-
dyHKuMel. IMeHHO ¢ Heé BCE M HauvyaloCh. IIpUrOTOBbTECH: B 3TOM
I71aBe HaC XIYT HOBbIE OTKPBLITHSA.

UcTOoKu

B panéxknx 1930-x Mmonon0il amepuKaHCKUiI MaTeMaTuK AJoH30 Yepu
3a[aJICSI BOIPOCOM O TOM, YTO 3HAUUT «BBIUMCIUTB» UTO-1100. Il10-
IIOM ero pa3MbIIIJIeHU SIBUIACh CUCTeMa 171t popMaau3alyy MOHSITUS
«BBIYVMC/IEHNE», I Ha3BaJl OH 3Ty CUCTEMY «ISIMOIa-MCUMCIeHeM» (aH-
1. lambda calculus, 1o uMeHu rpeyeckoit 6yKBbI A). B ocHOBe 3TO¥ cu-
CTeMbI JIEXXUT JSIMO1a - QYHKIMSI, KOTOPYIO B HEKOTOPOM CMBIC/IE MOKHO
CUMTATh «MaTepbi0 GYHKIMOHAIBHOTO MPOrPpaMMUPOBaHMSI» B LI€JIOM U
Haskell B vactHocTH. Jasiee 6yny Ha3biBaTh e€ JID.

B orHomeHun JI® MOKHO cMeno cKa3aTbh: «BCE reHMasbHOE MPOCTO».
Npes JI® cTomnb 110/ie3Ha MMEHHO IIOTOMY, UTO OHA IpeaebHO MPOCTa.
JI® — 910 aHOHMMHAas GyHKIMS. BOT Kak oHa BeImsiauT B Haskell:

101


https://en.wikipedia.org/wiki/Alonzo_Church
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\X -> X * X

O6patHbIit cia1 B Havasie — npusHak JI®. CpaBHUTe ¢ MaTeMaTuye-
CKo¥t (popMoOJi 3amCu:

AX . X * X

[Toxoske, He TIpaBa n? BocrpuHuMaiiTe 06paTHBIN CJISII B OIIpeesie-
HuM JI® Kak CIUMHKY GYKBBI A.

JI® pencraBisieT co060¥ mpocTeiimii Bua GyHKIMY, 37aKast QyHKIINS,
pasgerast moroja. Y Heé 3abpasim He TOJIbKO OOBbSIBIE€HME, HO U UM,
OCTaBUB JMIlIb HEOOXOAMMbII MUHUMYM B BUJie MMEH apryMeHTOB U
BHYTpEeHHEro BbIpakeHMs. A0H30 YEpU TOHSII: UTOOBI MPUMEHUTH
dbyHKIMIO, BOBCe HeOoOsI3aTeTbHO €€ MMeHOBaTh. M e y OOBIUHO
byHKIIMM CHavasa UIET OObSIBIIeHME/OIpee/ieHe, a 3aTeM (Te-TO)
IIpMMeEHEeHMe C UCIIOb30BaHueM MMeHu, TO y JI® BCeé Kyaa mpoiie: Mbl
€€ orpeesnseM U TYT e MpuMeHseM, Ha MecTe. BoT Tak:

(\x -> x * x) 5

[TomHMUTe QYHKINIO square? BOT 3TO €€ isiMOa-aHaIor:
(\x -> x * x) 5

nambaa-abcTpakumMa  aprymeHT

JIambpa-abcrpakiys (aHri. lambda abstraction) — 3To ocoboe BbIpa-
sKeHMe, moposkaatoniee QyHKINIO, KOTOPYIO MbI Cpa3y ske IIpMMeHsIeM K
aprymeHry 5. JI® ¢ ogHMM apryMeHTOM, KaK U MPOCTyio QyHKIIMI0, Ha-
3bIBAIOT ellé «JID oT ogHOro apryMmeHTa» miu «JI® ogHOro aprymeHTa».
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Taxske MOKHO CKa3aTh M O «JISIMOmAa-a0CTpaKLMM OT OOHOTO apryMeH-
Ta».

CrpoeHue

CTpoeHI/Ie HHM6,I[a-a6CTpaKU,I/II/I ImpeaeJIbHO IIPpOCTOoe:

\ X -> X * X
MPU3HaK unMsA BbIpaXeHune
no aprymeHTa

COOTBeTCTBeHHO, ecn JIO NMpUMEHAETCA K ABYM apryMeHTaM — IINIIEM
TaK:

\ X y > Xty
npu3Hak uma 1 uma 2 BblpaxeHune
no aprymMeHTa apryMmeHTa

" KOraga MbI ITpMMEHA€M TaKYIO d)YHKLU/II'OI

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

TO MPOCTO MOACTaBJIsIEM 10 HA MeCTO x, a 4 — Ha MeCTO y, U Tolydaem
BbIpaskeHMe 10 * 4:

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

B 06111eM, BCE Kak ¢ 0ObIYHOI QYHKIIMEN, Taske ITPOIIE.
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MpbI MOkeM BBECTU ITPOMEKYTOUHOe 3HaUeHue IJ1s1 JIsiM6/1a-a6CcTpaKkIIum:

main :: I0 ()
main = print (mul 10 4)
where mul = \x y -> x *y

Terepb MbI MOKEM ITPUMEHSTb mul TaK ke, KaK ecyiv ObI 3TO ObLJIa caMa
JSIMOIa-abCTpaKIus:

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

U 31ech Mbl IPUOIU3UINCH K OTHOMY BaskHOMY OTKPBITHIO.

Tun byHruUM

MpbI 3HaeM, UTO y Bcex maHHbIX B Haskell-miporpamme o6s13aTebHO €CTh
KaKoJi-TO TUII, BHMMAaTEJbHO IPOBEpSeMbIli Ha dTamne KOMITMJISLIVN.
Bormpoc: Kakoit TUIT Y BbIpaskeHusI mul M3 IIpeabIayIiero npumMepa?

where mul = \x y -> x *y

OTBeT MpoCT: TUIT mul TaKOJ ke, KaK M y 3TOi aAambaa-abcrpakuyn. U3
9TOTO MBI [ieJlaeM BaskHbIi BbIBO : JID 1MeeT TUII, KaK ¥ OObIUHbIE JaH-
Hble. Ho rtockosnbKy JID siB/sieTCS YaCTHBIM CyIydyaeM QYHKIIUY — 3HAUUT
" Y OOBIKHOBEHHO (PYHKILIVIM TOXE €CTh TUIT!

B HeDyHKIIMOHATBHBIX SI3bIKAX MEXKIY (QYHKIMSIMU U JAHHBIMMU ITPOBE-
IeHa Y€TKas rpaHuIa: BOT 3TO (PYHKIMM, a BOH TO — AaHHble. OmHa-
Ko B Haskell mexxny maHHbIMM ¥ QYHKIMSIMMU Pa3HUIIBI HET, Bellb U TO
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M Opyroe IOKOUTCSI Ha OOHOM U Toii ke Yepemnaxe. Bor tum GyHKIum
mul:

mul :: a -> a -> a

[Toromure, ckaskeTe BbI, HO Bellb 9TO ke 00bsiBieHMe GyHKIMM! CoBep-
IIIEHHO BepPHO: 00bsiBieHMe QYHKIUM — 3TO U eCTh YKasaHue eé TUIIa.
[ToMHUTE, KOTa Mbl BIIepBbie TTO3HAKOMMINCH C (PYHKIMEN, I yTOd-
HWJI, 4YTO €€ OOBsIBJIeHMEe pa3aeieHO ABOHBIM aBoeTouneM? Tak BOT
9TO JIBOJTHOE JBOETOUME U IIpeACcTaBisieT co00i ykazaHue TUIIA:

mul :: a->a->a
BOT uWMeeT BOT
3To  Tvn L takon -

To4yHO TaK ke Mbl MOKEM YKa3aTb TUII JII0OBIX OPYIUX 0aHHBIX:

let coeff = 12 :: Double

XoTts MblI 3HaeM, uTo B Haskell TuIibl BBIBOISITCSI aBTOMATUYECKM, MHO-
rIa Mbl XOTUM B3SITb 3Ty 3a00Ty Ha ce6si. B maHHOM ciyyae Mbl SIBHO
ropopuM: «IIycTb BeIpaskeHMe coeff OyIeT paBHO 12, HO TUII €I0 IIYCTh
OymeT Double, a He Int». Tak ke 1 ¢ GYHKIMEN: KOria Mbl OOBSIB/ISIEM €€
— MbI TEM CaMbIM YKa3bIBaeM €€ TUII.

Ho BbI cripocuTe, MOXKeM Ji Mbl He YKa3bIBaTh TUIT PYHKLIVM IBHO? Mo-
SKeM:

square x = X * x

JTo Hallla crapas 3Hakomasl, PyHKIus square. Korga oHa 6ymeT nmpume-
HeHa K 3HaYeHMIO TUIIA Int, TUII apryMeHTa 6yIeT BbIBeJIeH aBTOMAaTH-
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YeCKM Kak Int.

1 pa3 pyHKIMS XapakTepusyeTcs TUIIOM Tak Ke, KaK U Mpodye IaH-
Hble, Mbl JleJlaeM eIllé OJHO BakKHOEe OTKPbITHE: (PYHKIUSIMU MOXKHO
oIepMpoBaTh KakK OaHHbIMU. Harmpumep, MOXKHO CO34AThb CIMCOK

DYyHKLMI:

main :: I0 ()
main = putStrLn ((head functions) “Hi”)
where
functions = [ \x -> x ++ ” val1”
, \X -> x ++ 7 val2”

]

BoipaskeH1e functions — 3TO CIMCOK U3 ABYX GYHKIMIA. [IBa 1s1MbOma-
BBIpasKeHMS MIOPOKAAIOT 3TU IBe QYHKIVM, HO 0O MOMEHTA ITpUMeHe-
HUSI OHM HUYETO He Je/aloT, OHYM 6e35kM3HeHHbI 1 6ecrione3Hbl. Ho Ko-
1A MbI IpUMeHsieM QYHKIIMIO head K 3TOMY CITMCKY, MbI ITOJTydaeM rep-
BbIii 3JIeMeHT CITMCKa, TO eCTh MepByio GYHKIMIO0. I momyuns, TYT ke
MIpUMeHsIeM 3Ty (PYHKIINIO K CTPOKe “Hi”:

putStrLn ((head functions) “Hi”)

eé
aprymeHT

nepsas

| |
| oyhkuma |
- u3 cnmucka —!

9TO PaBHOCWJIBHO KOOY:

putStrLn ((\x -> x ++ 7 val1”) "Hi”)

[Tpu 3amycke MpOTpaMMbl MbI IIOTYUMM
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Hi vali

Kcratn, a KakoB Tum crnmcka functions? Ero Tum TakoB: [String ->
String]. To ecTh cMCcOK (PYHKIMIT C OMHUM apryMeHTOM TUIIa String,
BO3BpallaIOIIVX 3HaYeHMe TUIIA String.

JIokasnbHbIe QYHKIIUU

Pa3 yxx mexny JI® u mpoctbiMu QyHKIMSIMMU (PaKTUUECKM HET pasiin-
unit, a QyHKIMM €CTh YACTHBIN CIydyait JaHHBIX, Mbl MOKEM CO31aBaTh
byHKIMM JIOKATBHO AJ1S1 APYTUX QYHKININ:

-- 30ecb onpedesieHbl PyHKUUU
-- 1sInfix0f u isSuffixOf.
import Data.lList

validComEmail :: String -> Bool
validComEmail email =
containsAtSign email && endsWithCom email
where
containsAtSign e = @’ ‘isInfix0f‘ 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”

Heckonbko HamBHast QyHKIIMS validComEmail IIpoBepsieT .com-aapec. Eé
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BbIpaskeH1e 06pa30BaHO OMepaToOpoM && M ABYMSI BbIpasKeHUSIMM THUTIA
Bool. BoT Kak 06pa30BaHbI 3TU BbIpakKeHMSI:

containsAtSign e = ”@” ‘isInfix0f‘ e

» 3.

endsWithCom e = ”.com” ‘isSuffixOf‘ e

9T0 — nBe QYHKIMM, KOTOpPbIe MbI OIPeae/IVIN MPSIMO B where-CeKITUMA,
I03TOMY OHM CYIIECTBYIOT TOJIBKO JJISI OCHOBHOTO BbIpakeHUsI (PyHK-
1M validComEmail. C MpOCTbIMM QYHKIMSIMM TaK MOCTYTIAIOT OUeHb Ya-
CTO: Tle OHA HY)KHA, TaM e€ U oIpeaestoT. Mbl MOI/IM Obl HANIMCATh U
6osee IBHO:

validComEmail :: String -> Bool
validComEmail email =
containsAtSign email && endsWithCom email
where
-- 06bsAB/IAeM JIOKAJIbHYH QYHKUUK ABHO.
containsAtSign :: String -> Bool
containsAtSign e = ”@” ‘isInfixOf‘ e

-- W 3my moxe.
endsWithCom :: String -> Bool

2

endsWithCom e = ”.com” ‘isSuffix0f‘ e

BripoueM, yKa3bIBaTh TUII CTOJIb IPOCTHIX (PYHKIMiI, KaK IMPaBUIIO,
Heo0s13aTebHO.

BoT Kak 3TOT KOJ, BBIVISIAUT C JITMOIa-a0CTpaKIMSIMM :



I'maBa 13. JIssm6ma-GQyHKIMS 109

validComEmail :: String -> Bool
validComEmail email =
containsAtSign email && endsWithCom email
where
containsAtSign = \e -> 7@ ‘isInfix0f‘ e
endsWithCom = \e -> ”.com” ‘isSuffix0f‘ e

Tenepb BbIpaskeHUs containsAtSign U endsWithCom IpypaBHeHbI K JIO oT
OLHOIO0 aprymeHTa. B sTom ciiyyae Mbl He yKa3biBaeM TUII 3TUX BbIpa-
>KeHUi1. BripoueMm, ec/iv OUeHb X04eTCs, MOXKHO U YKa3aTh:

containsAtSign =
(\e -> 7”@” ‘isInfix0f‘ e) :: String -> Bool

nambaa-abcTpakuma TMN 3Ton abcTpakumu

JIam6ma-abcTpakiys B3sSTa B CKOOKM, YTOOBI yKa3aHMe TUIIA OTHOCU-
JIOCh K (PYHKIIMM B 1I€JIOM, @ HE TOJIbKO K apTYMEHTY e:

containsAtSign =
\e -> 7”@ ‘isInfixOf‘ e :: String -> Bool

B 3TOM CJ/y4yae 3TO
TUN aprymeHTa e,
a BOBCe He BcCem

dyHKUMN!

Jyist TMna GyHKLIMM TOKe MOXKHO BBECTM IICEBIOHMM:
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type Func = String -> Bool

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

where
containsAtSign = (\e -> ”@” ‘isInfix0f‘ e) :: Func
endsWithCom = (\e -> ”.com” ‘isSuffix0f‘ e) :: Func

Bnpoqu, Ha ITPAaKTUKE YKa3aHMe TUIla OJId ]'IHM6ILa-a6CTpaKLU/II‘/JI BCTpe-
YaeTCsqa MCKITIOUYUTEJIbHO peako, 160 He3aueM.

OTHbIHEe, TO3HAKOMMBIINCH € JID, Mbl OyeM UCII0/Ib30BaTh UX MI€PUO-
IUYEeCKN.

W Hanocienok, Bonpoc. [ToMHuTe TUIT QYHKIMUY mul?

mul :: a ->a -> a

Yro 370 3a OyKBa a? Bo-1epBbhIX, Mbl HE BCTpeUaiM TaKoi TUIT paHee, a
BO-BTOpbIX, pa3se uMs Tuna B Haskell He 06s13aHO HauMHATHCS C 6OJTb-
1moit 6ykBbI? O6sI13aHO. A BCE [ieJIo B TOM, UYTO OyKBa a B JAHHOM CJTydae
— 3TO He COBCEM MMSI TUIIA. A BOT UTO 3TO TaKoe, Mbl Y3HAeM B OIHOIA
"3 OVKaAMIINX T/1aB.

JIJ1s1 TI0OOIIBITHBIX

A mouemy, cobcTBeHHO, jsimMOma? Ilouemy Yépu BbIOpas MMEHHO
9Ty rpedeckyio OykBy? Ilo omHOI M3 Bepcuit, IMPOU3OILIO 3TO YMCTO
CJTy4aiHo.
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[1I11 30-e ToabI MPOIIJIOTO BeKa, KOMITbIOTEPOB He ObLI0, M BCe HayuHbIe
paboThl HAOMpaAIMCh Ha MeUYaTHbIX MalllMHKaX. B mepBoHavyaabHOM Ba-
puaHTe, 1abbl BbIAEISTh UM aprymeHTa JIO, Ueépu cTaBuiI HaL UMEeHEM
aprymMeHTa CMMBOJI, TIOXOXMi1 Ha ~. Ho Korpa oH caaBai paboTy Habop-
LIMKY, TO BCIIOMHWJI, UTO ITle4aTHasl MallMHKa He CMOKeT BOCIIPOM3Be-
CTU TaKO} CMMBOJ HaJ OyKBOi. Torma OoH BbIHEC 3Ty «KPbILITY» Iepes,
MMeHeM apryMeHTa, ¥ MOJIyYMIOCh UTO-TO HaImomooue:

AX .o X %10

A HabopIMK, YBUIEB TaKO CMMBOJI, MCIIOAb30BaJ 3aI/IaBHYIO Ipeue-
CKYIO OYKBY A:

AX . x * 10

Bot Tak u IMOJIYy4YnJioChb, HHM6,Z[8.-I/ICLII/ICHGHI/IG.
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KomMmnosunysa GyHKumin

JTa I1aBa pacckasbiBaeT O TOM, Kak 00beqUHATh QYHKIMY B LIETIOUKH,
a Takke 0 TOM, KaK M30aBUThCS OT KPYIJIbIX CKOOOK.

CkobkaMm — 0oii1!

Ha, s1 He OO0 KPyTyible CKOOKM. OHM [IeNaloT KOJ BU3YaIbHO M30bI-
TOYHBIM, K TOMY K€ HY)XHO CJIeIUTb 32 CMMMeTpHueit CKOOOK OTKpPbI-
BaIOMIMX M 3aKpbIBaIOIIMX. BCIIOMHMM MpuMep U3 IJIaBbl IIPO KOpTe-
KU

112
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main :: I0 ()

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

))

A

Co cKOOKaMM KOpTeska Mbl HUUETrO CIe/IaTh He MOXKeM, Be[lb OHU SIBJISI-
IOTCSI CMHTaKCMYECKOJ YacThI0 KOpTeka. A BOT CKOOKM BOKPYT IIpuMe-
HeHMS QYHKLMMU patientEmail MHe aOCOMIOTHO He HpaBsiTcs. K cuacToio,
MbI MOXXeM M30aBUThCSI OT HMUX. HO Mpexkme ueM MCKOPEHSITh CKOOKH,
3aayMaemMcs BOT O YEM.

Eciu mpumeHeHne QyHKIIMY TIPeCTaBIsIET CO00i BbIpaskeHNe, He MO-
SKEM JIM MbI KaK- HMOYIb KOMIIOHOBATh UX APYT C Apyrom? KoHeuHO MO-
’KeM, MbI y3Ke Aelay 3TO MHOTO pa3, BCIIOMHUTE:

main :: I0 ()
main = putStrLn (checkLocalhost *173.194.22.100")

3necb KOMIOHYIOTCS IBe DYHKIIMM, putStrin U checkLocalhost, MOTOMY
YTO TUIT BbIpaskeHMsI Ha BbIXode QYHKIMM checkLocalhost COBMIAfaeT C
TUIIOM BbIpaskeHUs1 Ha Bxoge QyHKIMM putStrin. CXeMaTUUYHO 3TO MOK-
HO 1300pa3suTh Tak:
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I 1 1
String ->|checkLocalhost|-> String ->|putStrLn|-> ...
1 ] L
IP-agpec coobueHune TeKCT
06 >ToM B HauweM
IP-agpece TepMuHane

[TonyuyaeTcs smakuii KOHBelep: Ha BxoJe cTpoka ¢ IP-agpecom, Ha BbI-
Xofle — coobIeHne B HalieM TepMuHasie. CylecTByeT MHOM CItocob co-
enuHeHUs ABYX (PYHKIMIT BO€IVHO.

KomMmmosunus u npMumMmeHeHue

Barnguure:

main :: I0 ()
main = putStrLn . checkLocalhost $ 7173.194.22.100”

Heobbruno? Ilepenm HaMy 1Ba HOBBIX CTAaHAAPTHBIX OIlepaTopa, W3-
OaBJIAIONIME HAC OT JIMIIHMX CKOOOK M [elaloliye Hall Kof ITpOIIe.
OmnepaTop . — 3TO omnepaTop KoMmo3uiuu GyHKINi (aHrI. function
composition), a omepaTtop $ — 3TO oIlepaTop HpuUMeHeHUs (aHIJ.
application operator). 9Ty omepaTopbl YaCTO MUCIIOIb3YIOT COBMECTHO
IpYyT C OpyroM. M oTHBIHE MbI OyIeM MCII0Ib30BaTh MX YyTh JI HE B
Ka)K[0i1 I71aBe.

Omnepatop KOMIO3ULIMM 00beaMHSIeT ABe PYHKIMM BOeOUHO (MJIU KOM-
IIOHYeT UX, aHIVI. compose). Korga Mbl nuiiem:
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putStrLn . checkLocalhost

MIPOVCXOAUT MajIeHbKasl «Marus»: ABe QYHKIMUM 00beIVHSIIOTCSI B HO-
BYI0 QYHKIIMIO. BCTIOMHMM Halll KOHBeliep:

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

Pa3 HaM HYKHO TOIIACTh M3 TOYKM A B TOUKY C, HEJIb3s JIX ClIeJIaTh 3TO
cpa3y? MOXHO, 1 B 3TOM 3aK/II0YaeTCsI CyTh KOMITO3UIIMM: Mbl O€pEM
IBe QYHKUIMM ¥ 00beIMHSIEM UX B TPEThIO QYHKIMIO. Pa3 checkLocalhost
MIPUBOJUT HAC M3 TOUKM A B TOUKY B, @ QYHKIIMS putStrLn — M3 TOUKM B
B C, TOTIa KOMIIO3UIMS 9TUX ABYX QYHKIIMIA OyIeT IpeICcTaB/IsITh COO0i
(byHKIMIO, TPUBOSIIYIO HAC Cpa3y M3 TOUKM A B TOUKY C:

| |
String ->|checkLocalhost + putStrLn|-> ...
| |

A C

B maHHOM c/y4yae 3HaK + He OTHOCUTCSI K KOHKPETHOMY OIlepaTopy,
sl JMUIIb TI0Ka3biBalo (akT «00bemMHeHMs» OBYX (GYHKIMIA B Tpe-
Thi0. Terepb-TO HaM IOHSITHO, TIOUeMY B Ture QYHKIMM, B KaUueCTBe
paszenuTessi, UCTIONb3YyeTCs CTpeJiKa:

checkLocalhost :: String -> String

B HallleM IIpumepe 3TO:
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checkLocalhost :: A -> B

OHa nmokasbIBaeT Hallle ABUKeHMe U3 TOUKU A B TOUKY B. [Io3TOMY 4acTo
TOBOPSIT O «DYHKIIMM U3 A B B». Tak, 0 GYHKIMM checkLocalhost MOSKHO
CKa3aThb Kak 0 «DyHKIUM U3 String B String».

A omepaTtop npuMeHeHMs paboTaerT ellé mnpoiie. bes Hero Kop 6611 Obl
TaKUM:

main :: I0 ()
main =
(putStrLn . checkLocalhost) 7173.194.22.100”

obbeanMHEHHAnA dyHKLUMS aprymeHT

Ho ™Mbl Belb XOTenu M30aBUTHCS OT KPYIJIBIX CKOOOK, a TYT OHU
ONSITh. BOT mJis1 9TOTO M Hy)XeH omepaTop npumeHeHus. Ero cxema
MpocTa:

FUNCTION $ ARGUMENT
BOT 3Ta  NpUMEHAETCA BOT 3TOMY
dyHKUMA K aprymMeHTy

it Hateit 06beIMHEHHOM QYHKIIMY 3TO BBIIJISIAUT TaK:

main :: I0 ()

main =
putStrLn . checkLocalhost $ ”173.194.22.100”
obbeMHEHHAn QyHKUMA npuMeHaeTCs

K 3TOMY aprymeHTy
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Terepb Mmoyunsicsl HaCTOSIINUI A KOHBeliep: clipaBa B HEro «3ae3kaeT»
CTPOKAa U IBUKETCS «CKBO3b» (YHKIIMM, & CI€BA «Bble3kaeT» pes3y/ib-
TaT:

main = putStrLn . checkLocalhost $ *173.194.22.100”

<- <- <- aprymeHT

YT06bI ObLIO JIerYe YMTATh KOMITO3UI[MIO, BMECTO OTlepaTopa . MbICJIEH-
HO MofcTaBsieM dbpasy «IIpUMeHSIeTCs TTOCex:

putStrLn . checkLocalhost
3Ta NpUMeHsieTCA  3ToW
dyHKUMA  nocne dyHKUMK

To ecTb KOMMO3uUIMS TIpaBoaccolMaTMBHA (aHMI. right-associative):
CHavaJia mpuMeHseTcs QyHKUMS CIIpaBa, a 3aTeM — CJIeBa.

Emé ogHo 3aMevaHue mpo ornepaTtop npuMeHeHust GpyHKiuu. OH BeCh-
Ma rM60K, ¥ Mbl MOKeM HaIucaTh TaK:

main = putStrLn . checkLocalhost $ 7173.194.22.100”

obbeanHEHHan GyHKUMA L e& apryment —!

d MOXXeM I TakK:

main = putStrLn $ checkLocalhost ”173.194.22.100”

obblyHan L—— eé apryment — !
dyHKUMNA

9Ty ABe GOPMbI, KaK BbI yyKe ITOHSIJIN, SKBUBa/IEHTHBI. 5] TOKa3bIBalo 3TO
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I7IS1 TOTO, UYTOOBI BHOBB 1 BHOBb ITPOJIEMOHCTPUPOBATh BaM, CKOJIb I'MO-
KO MOKHO paboTaTh ¢ JaHHbIMU U hyHKUMsIMYU B Haskell.

JIINIVHHBIE IIeIIOYKU

Kpacora komMnosuiiuu B TOM, UTO KOMIIOHOBAaTb Mbl MOXE€M CKOJIbKO
yrogHo GyHKIMIA:

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

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

OyHKUUSA logWarn TOTOBUT IepelaHHYI0 el CTPOKy IJisl 3allucu B
KypHasl. OYHKIUSA asciiOnly TOTOBUT CTPOKY K BBIBOAY B HeJIOKaJM-
30BaHHOM TepMuHase (ma, B 2016 romy Takme BCE ellE€ MMEKTCH),
(YHKIIMS correctSpaces yoMpaeT Iyonmpylomuecs mpobesibl, a QyHKIMS
warning JejaeT CTPOKY MpeayrpexieHuem (Hampumep, NobOaBiseT
CTPOKY “WARNING: ” B Havasio coobieHust). [Ipu 3ammycke aToii mporpam-
MBI Mbl YBUVIM:

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

31ech Mbl 00beIVIHWIIN B «(PYHKIIMOHAIbHBI KOHBEEP» YiKe TPU QPyHK-
11, 6€30 BCSIKMX CKOOOK. BOT Kak 3TO MOTYYMIIOCh:
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warning . correctSpaces . asciiOnly $ rawMessage

A

L— nepsas komnosuums —!

N

-
L— BTopas komnosuuus

aprymeHT

[TepBast KOMITO3UIMSI OOBEOMHSIET IBE MPOCThIe PYHKIINM, correctSpaces
" asciiOnly. Bropas oobenuHsieT Toke n1Be QyHKIINM, POCTYIO warning
M OO0BbeAVMHEHHYIO, SBJSIONIYIOCS pPe3yJabTaTOM II€PBOM KOMIIO3M-
L.

Bornee Toro, onpenenenne GyHKIMM logWarn MOSKHO CIe/IaTh elé 6osee
MIPOCTHIM:

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

[Toromute, HO THE ke UMS aprymeHTa? A ero 6oJblile HET, OHO HaM He
HY>KHO. Beib MbI 3HaeM, 4TO IipuMeHeHMe GYHKIIMM MOKHO JIeTKO 3a-
MEHUTh BHYTPEHHUM BbIpakeHreM (YHKLMKU. A pa3 Tak, BbIpaskeHMe
logWarn MOKeT ObITh 3aMEHEeHO Ha BBIpaXeHMeEe warning . correctSpaces
. asciionly. CoenaeM >Ke 9TO:
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2

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

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

= warning
. correctSpaces
. asciionly $ “Province  ’Gia Villn’ isn’t on the map! ”

U Bcé paboraet! B mupe Haskell mpuHSITO MMEHHO TaK: eCJIv YTO-TO MO-
SKET OBITh YIIPOIIEHO — MBI 3TO YIIPOIIAEM.

CropaBemiMBOCTM paayu clemyeT 3aMeTUTh, uTo He Bce Haskell-
pa3paboTuMKy JIOOAT M36aBISITBCS OT KPYIIBIX CKOOOK, HEKOTOpbIe
MIPeMOYNTAIOT MCIIOMb30BaTh MMEHHO UX. UTO K, 3TO JIUIIb BOIPOC
CTWUJISI i TIPUBBIYEK.

Kak paboTaeT KOMIO3UIIVS

Ecm Bapyr BbI IOAyMasiv, 4TO OIEPATOpP KOMITO3UIIMM YHUKAJIEH U
BcTpoeH B Haskell — cmemry Bac pa3zoyapoBaTh. Hukakoit maruu, Bcé
rpenesibHO MPOCTO. DTOT CTAHAAPTHBIN OIEepaTop OIpenesieH TaK Ke,
Kak 1 j06as gpyras @yHkius. BoT ero onpenenexnue:

(.) fg=7\x->f (gx)

Oma! /la TyT u BIpaBay HET HMYEro ocobeHHoro. OrepaTop KOMIIO-
3ULIMK TIpUMeHseTcs K AByM QyHKuusiM. CTOII, CKaskeTe Bbl, KaK 3TO?
[Tpumensercs K pyHkusam? Jla, MMeHHO Tak. Bemb MbI y:ke BBISICHU-
M, 4TO QYHKUMSIMM MOXKHO OIIepMpPOBATh KaK JHAaHHBIMU. A pa3 Tak,
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YTO HaM MellaeT mepefaTh (PyHKIMIO B KauecTBe apryMeHTa Ipyroi
dbyHkuum? Yro Ham meliaeT BepHYTh QYHKIIUIO U3 Ipyroit QyHKImMnu?
Hunuero.

OmnepaTop KOMITO3UIIMM TTOy4YaeT Ha BXOZA, ABe QYHKIIMM, a TOTOM BCe-
ro Juiib AaéT Ham JID, BHyTpM KOTOPOI MPOMUCXOAUT OObIKHOBEHHbINM
10C/IeIOBaTeNbHBIN BbI30B 3TUX OBYX QYHKIMI uepe3 ckoOku. 1 HuKa-
KOV Marum:

) f g = \x -> f (g x)
b6epém 3Ty n 3Ty 1 BO3Bpawaem
OYHKUMI  dYHKLUMIO NO, BHYTpHU
KoTopow

Bbl3biBAeEM UX

[MoxcraBum HalM QyHKIUM:

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

BoT Tak u mpoucxoauT «o0beayiHeHre» IBYX (PYHKIIMI: MbI ITPOCTO BO3-
Bpamaem JI® oT OgHOro aprymMeHTa, BHyTpU KOTOPOM IpaBoaccorma-
TUBHO BbI3bIBaeM 00e (PyHKIIMM. A apryMeHTOM B JaHHOM CJIyJae SiB-
JiseTcd Ta camas cTpoka ¢ IP-agpecom:

(\x -> putStrLn (checkLocalhost x)) 7173.194.22.100” =

putStrLn (checkLocalhost 7173.194.22.1007))

Ho ecnu 51 Bac emé He yoenu, JaBaiiTe onpeneanm cCOOCTBEHHBIN OITe-
patop kommo3uiiuu GyHkiuit! [TomHuTe, s1 roopui Bam, uyto ASCII-
CMMBOJIBI MOXXHO I'MOKO 00beIVHSITh B OIepaTopsi? JIaBaiiTe BO3bMEM
ILTIOC CO CTPEeIKaMM, OH YeM-TO ITIOXO0K Ha oObeayHeHne. [Tnmem:
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(<+>) f g =\x ->f (g x)

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

BoImisiauT HEOOBIYHO, HO paboTaTh OyIeT TaK, KaK M OXUIAETCS: MbI
oTpenennau COOCTBEHHBIV OTIepaTop <+> C TeM ke GYHKIMOHAIOM, UTO
M CTAHIAPTHBIN OIepaTop KOMMO3ULMK. [109TOMY MOKHO HamucaTh
elié mpoiue:

(<+>) fg=Ff.g

MpbI roBopuM: «ITyCcTh omepaTop <+> OyIeT SKBUBaJIEHTEH CTaHIapPTHO-
MY OIlepaTopy KOMITO3UIIMY (PYHKIIMIL.». Y Tak OHO U OymeT. A MOKHO
— He MOBepuUTe — ellE Ipouie:

f<t>g=Ff . g

U sTo 6ymeT paboraTh! Pa3s onepaTop nmpegHasHaueH Ij1s1 MHPUKCHOTO
MIPMMEHeHMs], TO Mbl, OIIpeiesisi ero, MOXXKHO Cpa3y yKa3aTbh ero B UH-
dbukcHoI popme:
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f <+>g¢ = f.g
nycTb
Takoe
BbipaxeHue
byner
paBHO
TakoMmy
BbipaXeHui

Tenepb Mbl BUAMM, UYTO B KOMITO3UIIMM (HYHKIIUIA HET HUUETO CBEPXb-
€CTEeCTBEHHOI'0. DTy MbICIb S TOAUEPKUBAIO HA ITPOTSIKEHUM BCE KHU-
ru: B Haskell HeT HMKaKoJi Maruu, OH JIOrMYeH ¥ [IOCIeI0BaTe e .
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OBII

®BII, nnu ®yakuumu Beicmiero ITopsinka (anri. HOF, Higher Order
Functions) — BaskHas koHueniust B Haskell, ¢ koTopoii, ogHako, Mbl
y>ke 3HaKOMbI. Kak Mbl y3Ha/IM U3 MPebIAyIINX I1aB, QYHKIMSIMU MOX-
HO OIlIepMpPOBaTh KakK 3HaueHMsIMU. Tak BOT GYHKIIUMU, OIIEPUPYIOIINE
IpyruMy QYHKIMSIMM KaK apryMeHTaMM M/WIM KaK pe3ylIbTUPYIONUM
BbIpaskeHMeM, HOCSIT Ha3BaHMe (PYHKIINIT BBICIIETo MopsIaKa.

Tak, ormepatop Kommosuuuu (pyHkiuit sgpiasiercss ®BII, moromy 4To
OH, BO-TIEPBBIX, MPUHMMAET (QYHKIMM B KauecTBe aprymMeHTOB, a
BO-BTOPBIX, BO3BpalaeT Apyryio GyHkuuio (B Buae JI®) Kak pe3ynbTaT
cBoero npuMeHeHus. Vicronb3oBaHue (PyHKIUI B KaueCcTBe apryMeH-
TOB — Upe3BbIUaitHO pacrpocTpaHEHHas MpakTuka B Haskell.

OToOpakeHMe

PaccmoTpuM QyHKUMIO map. DTa cTaHAApTHas (PYHKIUMS UCIIONb3YyeTCs
o711 oToOpakeHMs (aHII. mapping) GYHKUMM Ha 37€MEHTbI CIIMCKA.

124
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[TycTb Bac He CMyIIIAaeT TaKO¥ TepMUH: OTOOpaskeHMe QYHKIMY Ha 3J1e-
MeHT (PaKTMUeCcKy 03HauaeT eé mpMMeHeHNe K 3TOMY 3JIeMeHTY.

Bor o6bsBieHMe QYHKIIUM map:

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

Bor onsTh 3TM ManeHbkue OykBbl! [ToMHUTE, 1 obelan pacckas3aTb O
Hux? Paccka3sbiBaio: Majioii OyKBOV MPUHSITO MMEHOBATh MOAUMOpPQ-
HbIIi (@HIJI. polymorphic) Tum. [TonuMopdn3m — 3TO MHOTOOOPa3HOCTb,
MHOTo(OpMeHHOCTh. B maHHOM ciTydyae peub MAET He 00 YKa3aHMM KOH-
KPeTHOI'O TUIIA, & O «TUIIOBOI 3amiylike». Mbl roBopuM: «OyHKIMS map
NpuMeHsIeTcs: K QYHKLIMM U3 KaKOTO-TO TUIIA a B KAKOM-TO TUII b 1 K
CITMCKY TUIIA [a], @ pe3yabTaT €€ paboTbl — 3TO APYTOi CIMCOK THUIIA
[b]». TUIIOBOI 3arTyIIKON 1 Ha3BaJI UX IIOTOMY, UTO Ha UX MeCTO BCTa-
10T KOHKPETHBbIE TUIIbI, UTO AeTaeT QYHKIMIO map OUeHb I'MOKo¥. Harpnu-
Mep:

import Data.Char

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

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

Pe3synbTaTOM PaboThI 3TON IIPOrpaMMbl OyIEeT CTPOKA:

HASKELL .ORG

@OyYHKUMS map IPUMEHSIETCS K IBYM apTyMeHTaM: K QYHKIUM toUpper U
K CTpOKe str. CDYHKI_U/IH toUpper 13 CTaHOAPTHOI'O MOV Data.Char I1e-
PeBOOUT CUMBOJI TUIIA Char B BEPXHUIT PETUCTP:
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toUpper ’a’ = A’

BorT eé o6baBiieHMe:

toUpper :: Char -> Char

@DyHKIMS U3 Char B Char BBICTYIIaeT ITepPBbIM apryMeHTOM (PYHKLIUM map,
MOACTaBUM CUTHATYPY:

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

Ara, yxe Teruiee! Mbl cenasiv IBa HOBbIX OTKPBITUS: BO-TI€PBbIX, 3a-
IJTYIIIKY a ¥ b MOTYT OBbITh 3aHSIThI OHMM U TE€M K€ KOHKPETHBIM TUIIOM,
a BO-BTOPBIX, CUTHATYpa MO3BOJISIET HAM TYT K€ MTOHSTh OCTA/IbHbIE TU-
nbl. [TogcTtaBuUM UX:

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

A Temepb BCIIOMHMM O TIpMUPOAE TUTIA String:

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

Bcé Bcraso Ha cBou MecTta. OYHKIMS map B JaHHOM Cjiyyae OepéT
(QYHKLIMIO toUpper M OEKUT IIO CIIMCKY, ITOCJIEAOBATEIbHO ITPUMEHSIS
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9Ty QYHKIMIO K €0 3JieMeHTaM:

map toUpper [’h’,’a’,’s’,’k’,’e’,’l’,’l’,’.’,’o’,’r’,’g’]

Tak, Ha repBoM I1are GYHKIUS toUpper OYHAET MPMMEHEHA K 3JIEMEHTY
'h', Ha BTOPOM — K 3JIEMEHTY 'a', M TaK Jajiee 0 Moc/aelHero sjeMeHTa
'g'. Korma GyHKIIMS map OEXXUT 10 9TOMY CITUCKY, pe3y/IbTaT IIpUMeHe-
HMST QYHKUIMU toUpper K €0 3JIeMeHTaM CIYKUT 3JIeMeHTaMM IJIsI BTO-
pOTO CITMCKa, KOTOPBIi ¥ OyAeT B KOHEYHOM MUTOTe BO3BpallléH. Tak, pe-
3y/IbTATOM II€PBOTO II1ara OyaeT 3JIeMeHT 'H', pe3yJbTaTOM BTOPOTO —
3JIEMEHT 'A', a pe3y/lbTaToOM MOoc/iefHero — sjeMeHT 'G'. CxeMa Tako-
Ba:

map toUpper [ "h’ >> [ ’H’
, Ja’ o>> , A’
, s’ >, S’
, kP o>, K’
, ‘e’ > , ’FE’
R R e e
R R e e
, T s>, 0
, 'o’ >, 0’
, 'r’ > , °R’
E ’g, >> B ’G’

Bor 1 monyuaercs:

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

Pabora GpyHKIMM map BRIIJISAUT Kak M3MEHEHMe CIMCKa, OHAKO, B BU-
Iy HEM3MEHHOCTY IMOCJIeTHETO, B IeICTBUTEIbHOCTY (POpMUPYETCS HO-
BbIi1 crmcoKk. UTo camoe mMHTepecHOe, (YHKIMS toUpper IpeOBIBAET B
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MOJIHOM HeBeJleHMM O TOM, YTO €0 B KOHEUHOM UTOre M3MEHSIOT pe-
TUCTP LeJI0M CTPOKM, OHA 3HAET JIUIIb 00 OTAENIbHBIX CMMBOJIAX 3TOM
cTpoku. To eCcTb QyHKITMS, IBJISIONIASICS apTyMeHTOM QYHKIMM map, HU-
yero He 3HaeT 0 GYHKIIUY map, I 9TO OUeHb XopoI1iio! Yem MeHblie QyHK-
L[MY 3HAIOT APYT O ApyTe, TeM Ipolile 1 HaZExXHee UCIT0/Ib30BaTh UX JPYT
C IPYyTOM.

PaccMoTpuM apyroit mpuMep, KOraa TUTIOBbIe 3aIIyIIKY a U b 3aMela-
I0TCSI pa3HBIMM TUTIAMMU:

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

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

@OyHKLIMS toStr paboTaeT yke CO CIIMCKaMM pa3HbIX TUIIOB: HA BXOJe
CITMCOK YMCeJl C TJIaBarIeli TOYKOM, Ha BbIXOe CITMCOK CTPOK. I1Ipu 3a-
ITyCKe 3TOI MpOrpaMMbl Mbl YBUAUM CJIeayIOIIee:

[”1.2”,”1.0”,”4.0”,”1.6”]

Vske 3HaKOMasi HaM cTaHZapTHast QyHKIMS show IePeBOAUT CBOV eqVH-
CTBEHHbII apTyMEHT B CTPOKOBBIN BU,:

show 1.2 = ”1.2”

B manHOM ciyvae, pa3 yK Mbl paboTaeM € YMCIaMy TUIa Double, TUII
(byHKIMM show TaKkoi:

show :: Double -> String

[TogcTaBMM B CUTHATYPY QYHKLIMM map:
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map :: (a -> b) -> [a] -> [b]
(Double -> String) [Double] [String]

NMmeHHO Tak, Kak y HaC U eCTh:

map show [1.2, 1,4, 1.6] = [”1.2”,71.0”,74.0”,”1.6"]

DYHKUMS map TPUMEHsIET QYHKIIUIO show K UMCJIAaM U3 MI€PBOTO CIUC-
Ka, Ha BbIXOJe TMoyyaeM BTOPOIi CIIMCOK, YoKe CO CTpoKaMu. M Kak u B
ciryyae C toUpper, QYHKIMS show HMUETO He MOA03PeBaeT O TOM, UTO el0
oTepupoBajy B KauecTBe aprymeHTa QyHKIUY map.

PaBYMEETCH, B KaueCTBe aprymeHTa d)YHKI_[I/II/I map Mbl MO>XeM UCIIOJ/Ib-
30BaTh M Halll¥ COOCTBEHHBIE d)YHKLLI/II/IZ

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

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

Pesynbrat paboThI:

[12.0,10.0,40.0,16.0]

Mb1 niepenany GYHKIMM map HAIly cOOCTBeHHYIO JID, YMHOKAMOIILYIO
CBOJi eIMHCTBEHHBIN apryMmeHT Ha 10. O6paTuTe BHMMaHMe, Mbl BHOBb
MCMOJIb30BA/IM KpaTKylo ¢opmy omnpeneneHus GyHKINUU ten, OITYCTUB
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MMsI e€ apryMeHTa. Packpoem nogpobHee:

print . ten $ [1.2, 1,4, 1.6] =
[\
/ \

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

main

main

BbI cripocuTe, Kak ke BBIIIIO0, YTO OIlepaTop MpUMeHeHMs pacIioiokeH
MEXIY ABYMS apryMeHTamMmy QyHKIIMM map? Pa3Be OH He ITpeqHa3HaueH
ILJIST TIpUMeHeHMs] QYHKLIMU K eIMHCTBEHHOMY apryMmeHTy? CoBeplleH-
HO BepHO. [IpuiIIo BpeMs OTKPbITH elié onvH cekpeT Haskell.

YacTuyHOe IpuMMeHeHue

OYHKUMS map OXXMOAET OBAa apryMeHTa, 3TO OTpakeHO B e€ tume. Ho
yTO OymeT, eciM MPUMEHUTh €€ He K JABYM aprymMeHTaMm, a JUIlb K
ogHOMYy? B 3TOM Ciyyae mpOM3O0MAET eljé OOHO «Marmueckoe» Impe-
BpallleHle, Ha3biBalollleecsl YaCTMUHBIM IpUMeHeHMeM (aHII. partial
application) @yHkuuu. YacTMUHBIM HaA3bIBAIOT TaKoe MpPUMeHeHMe,
KOT[a apIYMEHTOB MeHbIIIe YeM OXXUIaeTCsl.

BcmoMHMM cOoKpalliéHHOe orpeeneHne QyHKINA ten:
ten = map (\n -> n * 10)
nepBbiv a rpe xe

aprymeHT BTOpON??
ecTb

@yHKUMSA map [10JIy4YMJIa IUILIL [IePBbIV apTyYMEHT, a Iie e BTopoit? Bro-
pOJi, Kak MbI yke 3HaeM, OyzeT MOJyyeH elo yKke TIOTOM, IOCje TOro,
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KaK MbI ITOJICTaBMM 3TO BbIpakeHMe Ha MecTo (pyHKLMM ten. Ho UTO ke
MIPOUCXOAUT C PYHKIMEN map 0 9TOTO? A [0 3TOTO C Hel MPOUCXOANUT
yacTUYHOe npumMeHeHye. [IoHITHO, 4YTO OHa elll€ He MOXKeT BBIIIOJIHUTD
CBOIO paboTYy, MO3TOMY, OyayuM IPUMEHEHHO JIUIIb K OJHOMY apry-
MeHTY, oHa Bo3Bpainaet JI®! CormocraBum ¢ TUIIOM QYHKILIVU map, U BCE
BCTaHeT Ha CBOU MeCTa:

map :: (a -> b) -> [a] -> [b]
map (\n ->n * 10)

TOJIbKO MepBbin

aprymeHT

| 4aCTUYHO |

| npUMeHEHHanA |

L map —
aprymeHT oTseT
ANA Y4aCTUYHO
NPUMEHEHHOMN

dyHKUMM map

[1.2, 1,4, 1.6]

Tumn JI®, BO3BpallléHHO MMoC/Ie TIPMMEHEHNS map K IIEPBOMY apryMeH-
Ty — [a] -> [b]. OTO «TUIIOBO XBOCT», OCTABIIMIICS OT MMOJHOTO TUIIA
byHKUMY map:

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

ronoBa L— xBocT —

[TockonbKy rojioBa B BUIE [epBOr0 aprymeHra Tuia (a -> b) yxke
JlaHa, OCTaJI0Ch MOJIYYUTb BTOPON aprymeHT. [loaTtomy JID, mopokaeH-



I'masa 15. ®BII 132

Hasg YaCTUUYHBIM IPUMEHEHMEM, OXUIAeT eIVHCTBEHHbIN apryMeHT,
KOTOpPBIM M OyHeT TOT caMblif BTOpPOJ, a MMEHHO CIIMCOK [1.2, 1,4,
1.6].

CoroctaBMM TUI QYHKLIMU ten C TUIIOM map, YTOOBI ITOHSTD, IJIe HAII
XBOCT:

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

BoT mmoueMy MbI MOKe€M MCIIOJIb30BaTh KPaTKyio GOpMy oIpeneieHnst
IJ1s1 QYHKIIMY ten: OHA y3Ke SIBJISIETCS] HAIIIMM XBOCTOM !

PaCCMOTpI/IM EH_[é OOVH IIpMep YaCTUYHOI'O ITPMMEHEH NS, ,I[a6bI 3aKpe-
IINTDb Hallle IIOHMaHNue:

replace :: String -> String -> String -> String

910 00bsIBIEHME QYHKLNHA replace, IPMHMMAIOIIEN TPU CTPOKI: IIEpBast
COIEPKUT TO, YTO UILEM, BTOpasi COOEP>XKUT TO, HA YTO 3aMeHsieM, a B
TpeTbel JIEXKUT TO, rae uinem. Harpumep:

replace “http”
“https”
”http://google.com” = “https://google.com”

OnpeaeneHme (bYHKI_U/II/I replace HacC ceityac He mHTepecyeT, paCcCMOT-
PUM ITOIIaroBoe rnprMMeHeH!e:



I'masa 15. ®BII 133

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

Tun BbIipakeHusi first — String -> String -> String, OHO SBWJIOCh
pe3yJbTaTOM YaCTUYHOIO MpUMeHeHMUs] (QYHKUNUM replace K IIEPBOMY
apryMeHTy, CTpoke “http”. Tur BeipakeHUs second — String -> String,
OHO SBWJIOCH PE3yJbTaTOM BTOPMYHOIO YaCTUUYHOIO IIPUMEHeHUS
dyHKIMM first K y)Ke BTOPOMY apryMeHTy, CTpoke “https”. U Ha-
KOHell, MpMMeHUB (GYHKINIO second K TPETbeMY apTyMEHTY, CTPOKe
“http://google.com”, Mbl HAKOHEII-TO IIOJlyyaeM KOHEUHbI/ pe3y/bTar,
aCCOLIMMPOBAHHLIN C BbIpaskeHMeEM result.

W3 3TOrO MBI IenaemM MHTepeCHOoe OTKPbITHUE:

@YHKIMS OT HECKOIbKUX apTyMeHTOB MOXeT ObITh pa3Jio-
KeHa Ha I0CIef0BaTeIbHOCTh MPUMeHEeHUIT BpeMeHHbIX
GbyHKUMIT OT OHOTO apryMeHTa Kaxaasl.

HOSTOMY MBI 1 CMOIJIN ITOACTABUTDb YaCTUYHO HpI/IMeHéHHYIO map Ha Me-
CTO BBIpa>XeHUs ten. HCHOHB3Y€M KpYyTJIbI€ CKO6KI/I, ,H,a6bl siCHee IIOKa-
3dTb, UTO €CTb UTO:
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main = print . (map (\n ->n * 10)) $ [1.2, 1,4, 1.6]

| 4aCTUYHO |
L~ npumenéHHaa map -

| KOMMO3MUMA QYHKLMM |

| print n yacTuuHo |
L—— npumeHéHHoIt map ——

aprymeHT ans
KOMMOo31Lnm

I'mbxo, He nipaBaa in? Tenepb Mbl 3HAKOMBI C YaCTUUYHBIM IIPMMEHEeHH!-
eM QYHKIVNA.

KoMmo3uuus st oTooOpakeHust

BepHémcst K GyHKLMM map. EC/I MbI MOXKeM IepeaTh eii HeKyi0 (QyHK-
IIMIO0 AJ1s1 pabOoThI C /IeMeHTaMM CIMCKa, 3HAYUT Mbl MOXXeM TepesaTh
el ¥ KOMITO3UITIUIO IBYX Mu Oosee pyHkumit. Hampumep:

import Data.Char

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

LEROR H

++ S ++

main :: I0 ()
main = print . pretty $ [“haskell”, “lisp”, “coq”]
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MbI XOTMM YKpacUTb MMeHa TPEX SI3bIKOB IporpamMMupoBaHus. st
3TOTO MbI ITpoberaemcsi IO CIUCKY KOMIIO3UIMet NByX QyHKLINI, big U
stars. DyHKIIMS big M€PeBOAUT CTPOKYU B BEPXHUIL PETUCTP, a QYHKLUS
stars ykpallaeT MMS [OBYMs 3BE3J0YKaMM B Hauaje M B KOHIe. B
pe3y/bTaTe MMeeM:

[”* HASKELL *”,”* LISP *”,”* C0Q *”]

[TpoiiTHCh MO CMUCKY KOMMO3ULMEN stars . big paBHOCUJIBHO TOMY,
KaK ecyiv ObI MbI IIPOIILIMCh CHavasia QyHKIMeE big, a 3aTeM GyHKIMEn
stars. [Ipy 3TOM, Kak MbI y>Ke 3HaeM, 00e 3Tu QyHKIMY HUUEro He 3Ha-
0T HY O TOM, UTO UX CKOMIIOHOBJIN, HU O TOM, YTO 3Ty KOMITO3ULIUIO
repenany GyHKINA map.

Hy uto X, Tennepb Mbl 3HaeM O (PYHKLIUM map, ¥ MOCAENYIOIINX IIaBax
MbI YBUIUM MHOXecTBO Apyrux ®BII. OTHbIHE OHM OYIYT HAIIMMU TTO-
CTOSTHHBIMM CITyTHYKAMMU.



I''maBa 16

Hackage u 6MO611MOTERKMU

Panee 51 yske yrioMuHa o 6161moTeKax, IPUIILIO BpeMs IT03HAKOMUTh-
CSI C HUMM TTOO/M3Ke, BeAb B MOCIEAYIONIMX IJIaBaX Mbl OyIeM MCIOJIb-
30BaTh UX MTOCTOSIHHO.

Buoamorexu 600abiIMe M MaJIeHbKUe

3a roanl cynectBoBaHus Haskell pazpaboTumky co Bcero mupa co3manm
MHOKeCTBO 61bnmoTek. bubnmoreky 136aBIsgI0T HaC OT HEOOXOAMMO-
CTU BHOBb ¥ BHOBB IMCATh TO, YTO YK€ HAIIMCAHO A0 Hac. [Ijs 11060ro
SKMBOT'O SI3bIKa IPOrpaMMMUPOBAHMS HAIIVICAHO MHOXECTBO OMO/IMOTEK.
B mupe Haskell nx, KoHeuHO, He Takas Tyd4a, Kak JJs1 TOV Xe Java, HO
MIOPSITIOYHO: CTAaOMJIBHBIX €CTh HE MeHee JIBYX ThICSI4, MHOTME U3 KOTO-
PbIX OUeHb KaueCTBEHHbIE U YK€ MHOTOKPATHO MCITBITAHbI B CEPbE3HBIX
IIPOEKTax.

C mopynsamu — daitiamu, conepxkaniumu Haskell-kom, — mbl yke 3Ha-
KOMBI, OHJ SIBJISIIOTCSI OCHOBHBIM KMpIMuoM Jyiro6oro Haskell-nipoexra.

136
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bubnmnoreka, Takxke siBjisisicb Haskell-ripoekToM, Toske COCTOUT U3 MO-
Oynei (He BaKHO, U3 OOHOIO Wiy U3 COTeH). [loaToMy ucCIonb30oBaHmue
OMOMMOTEKM CBOIUTCS K MCIIOIb30BAHMIO BXOASIIIIMX B He€ Momyieit. U
MbI Y>Ke HEOAHOKPATHO Ae/aly 3TO B IPeIbIAYIIX IJIaBaX.

BcmomHMM nipumep m3 rnassl ipo OBIT:

import Data.Char

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

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

DYHKIMS toUpper OmpejeneHa B MOAYJe Data.Char, KOTOPBIi, B CBOIO
ouepenb, KMBET B CTAaHOAPTHON OMOMMOTEeKe. BMOIMOTEK €CTh MHO-
’KeCTBO, HO CTaHAApTHAs Juilb ogHa. OHa COmep>KUT caMble Oa30BbIe,
Haubojiee IIMPOKO MCIIO/Nb3yeMble MHCTPYMEHTBI. A TMpeXae dem
MIPOIOJKUTD, 3aJaAMMCSI BaKHBIM BOIIpPOcOM: «[He >KMBYT BCe 3THU
oubmmorexkn?» OHM KMBYT B pa3HbIX MECTaxX, HO IVIABHOE U3 HUX —
Hackage.

Hackage

Hackage — aT0 1ieHTpanbHblii perno3utopuii Haskell-6nbnnotek, mim,
KaK MPMHSITO Y HAaC Ha3bIBaTh, MakeTOB (aHII. package). HasBaHue pe-
MO3UTOPUSI MPOUCXOINUT OT CIMSTHUSI CJIOB Haskell 1 package. Hackage cy-
mectyet ¢ 2008 roga v XKMUBET 371eCh. PaHee yrioMsaHyTas CTaHAAPTHAs
o6ubmmoreka Toxke XUBET B Hackage u HaspiBaeTcsl oHa base. Kaxkmoit
616/IM0TEKe BbIIeIeHa CBOSI CTPaHMIIA.

Kaxkmsiit 13 Hackage-1akeToB JXMBET 110 aapecy, chopMupoBaHHOMY I10


http://hackage.haskell.org/
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HeM3MeHHOI cxeMe: http://hackage.haskell.org/package/VMANAKETA. Tax,
IIOM CTaHIAPTHOI OMOIMOTEeK — http://hackage.haskell.org/package/base.
Hackage — OTKpBITBIN PEIO3UTOPHIi: 10007 pa3spaboTUMK MOXKET O0-
6aBUTH Tyda CBOU ITaKEThI.

CraHpmapTHas 616IMoTeKa BKIOUAET B ceOst 6oee COTHM MOIYJ/IeN, HO
€CTb Cpeiyi HUX CAMblIli MU3BECTHBINM, HOCSIII UMS Prelude. D TOT MOZIYJIb
[0 YMOJIYaHUIO BCeraa ¢ HaMM: BCE ero COAepXKMMOe aBTOMaTU4YeCKU
UMIIOPTUPYETCS BO BCe MOy Halllero npoekra. Hanmpumep, yxe m3-
BeCTHbIE HAM map MJIM OTlePaTOPbl KOHKATEHALMU CITMCKOB XUBYT B MO-
nyne Prelude, MO3TOMY JOCTYITHbI Ham Bceraa. [Iomnmo HuxX (M MHOTMX-
MHOTI'MX JeCSITKOB IPyTruX GYHKIINIT) B Prelude pacionaraioTcs QyHKIUM
IIJIsI pabOThI C BBOOOM-BBIBOJIOM, TaKyMe KaK HalllM 3HAKOMBIE putStrin 1
print.

Hackage Becbma 60JIBIIIOI, TTO3TOMY MCKATh ITAKEThI MOKHO JIBYMSI CIIO-
cobammu. IlepBblit — Ha eIMHON CTpaHMIE BCeX MMAKETOB. 3Mech Iepe-
YC/IeHbI BCE TAaKeThl, a IJIS HaIllero yaoO0CTBa OHM PACIIOIOKEHbBI I10
TeMaTUUYEeCKM KaTerOpUsIM.

BTopoii crioco6 — uyepes crenyaabHblii TOVMCKOBUK, KOUX CYIIECTBYET
IBa:

1. Hoogle
2. Hayoo!

OTU TIOMCKOBUKM CKPYIIYJIE3HO IIPOCMATPUBAIOT BHYTPEHHOCTU
Hackage, u BbI OymeTe 4yacTO MMM II0Jb30BaThCsl. JIMUHO s TIpen-
nountao Hayoo!. ITonmb3yeMcs OHbBIM KaK OOBIYHBIM ITOMCKOBVMKOM:
Hampumep, 3HaeM Mbl UMs QYHKIMM, @ B KAKOM TaKkeTe/MOy/e OHa
SKUBET — 3a0bLTM. BOMBaeM B ITOMCK — MOyYaeM pe3y/IbTaThl.

YT06bI BOCIIOIB30BATHCS TTAKETOM B HAllleM IPOeKTe, HYKHO JJIsl Ha-
yajia BKJIOYUTh €r0 B Halll MPOeKT. [IJis mpuMepa pacCMOTPUM TMaKeT
text, MpegHa3HaueHHbIN AJ1s1 paboThl ¢ TeKcToM. OH HaM B JII060M CITy-
yae MOHAA00UTCSI, TIO3TOMY BKJIIOUMM €ro B HAlll IPOEKT He3aMe -


http://hackage.haskell.org/packages/
http://www.haskell.org/hoogle/
http://holumbus.fh-wedel.de/hayoo/hayoo.html
http://holumbus.fh-wedel.de/hayoo/hayoo.html
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TEeJIbHO.

OTKpbIiBaeM COOpPOUHBIN (aiia MpoeKTa real.cabal, HAXOAVM CEKIMIO
executable real-exe U B IT0JI€ build-depends Uyepe3 3aMaTyIO JONNMChIBA€M
MM TTaKeTa:

build-depends: base
, real
, text

daiin ¢ pacmypeHneM .cabal — 3TO 00s13aTeNbHBIN COOPOUHBIN (aiin
Haskell-mpoekta. OH comepXUT TIJlaBHble MHCTPYKIIMM, Kacaroliye-
cst coopkm mpoekta. C cMHTaKCcMCOM cO6opouHoro daiiia Mbl O6ymem
MOCTEeNIeHHO 3HAKOMUTbBCS B CJIEAYIOIIMX I/IaBaX.

Kaxk BuauTe, maker base yke TyT. BK/IIOUMB I1aKeT text B CEKLVIO build-
depends, MbI OOBSIBUIM TE€M CaMbIM, UTO HaIll ITPOEKT OTHbIHE 3aBUCUT
OT 3TOro nakera. Tereps, HAXOASCh B KOPHE IIPOEKTa, BBINOIHSAEM yXKe
3HAKOMYIO HaM KOMaH[y:

$ stack build

[ToMmHMUTE, KOTAa MbI BIIEPBbIe HACTPAMBAIN ITPOEKT, I YIIOMSHYJ/I, UTO
yTUINTA stack yMeeT ellé 1 6ubamoTeKku ycraHaBauBaTb? OHa YBUIUT
HOBYIO 3aBYCUMMOCTb HallleTO MTPOeKTa 1 YCTAHOBUT KaK caM IaKeT text,
TaK ¥ BCe Te MaKeThl, OT KOTOPBIX, B CBOIO OUepe/ib, 3aBUCUT MaKeT text.
[Tocne c60pkM MbI MOXKEM MMIIOPTMPOBATb MOAYIM M3 3TOTO IMaKeTa
B HaIlly Momy/in. Y Terepsb Mpuiivia mopa y3HaTh, Kak 3TO MOXKHO Jie-
JaTh.
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Hepapxusi B UMeHU

Korma Mbl nuiiem:

import Data.Char

B UMEeHU MOLYJ/I OTpa’keHa vepapxus rmakera. Data.Char 03Ha4YaeT, 4TO
BHYTPM I1aKeTa base €CTb KaTaJOr Data, BHYTPU KOTOPOTO KUBET (aiia
Char.hs, OTKPbIB KOTOPbI, Mbl YBUIVM:

module Data.Char

Takum o6pa3oM, TOUKa B MMeHM MOAYJSI OTpaskaeT dhaitaoBy0 mepap-
XMIO BHYTPU JTaHHOTO IakeTa. MoskeTe BOCIPMHMMATH 3Ty TOUKY KaK
o B Unix-mmytu. EcTh MmakeThl O 3HAUUTENBHO O0jiee IIMHHBIMU
MMeHaMM, HallpuMep:

module GHC.IO.Encoding.UTF8

COOTBETCTBEHHO, MM€EHa HAIlIMX COOCTBEHHBIX MOJIYJIel TOXKe OTpaska-
IOT MECTO, B KOTOPOM OHM XKMBYT. Tak, OmIMH 13 MOAY/Iel B MOEM pado-
yeM IIPOEKTe HOCUT Ha3BaHue Common.Performers.Click. DTO O3HAYaer,
YTO XMBET 3TOT MOAYJIb 310€Ch: src/Common/Performers/Click.hs.

JInno

BepHéMcs K HallleMy IpUMepy:
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import Data.Char

Nmnopt mozmysist Data.Char AenaeT AOCTYIIHBIM [JIsI HAC BCE TO, YTO
BKJIIOUEHO B MHTepdeiic aToro momymisi. OTKpoeM Halll COOCTBEHHbIN
MOJYJ/b Lib:

module Lib
( someFunc
) where

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

ViMst QyHKLIMM someFunc YIIOMSIHYTO B MHTepdeiice MOIy/sI, a UMEHHO
MeKAY KPYIJIBIMU CKOOKaMM, CJIEAYIONMMY 3a MMeHeM MoyJ/is. YyTok
nepedopmaTupyeM CKOOKM:

module Lib (
someFunc
) where

B HacTOSIIMIT MOMEHT TOJbKO (DYHKIMS someFunc JOCTYITHA BCEM UM-
MopTépam JaHHOTO Momy/s. Eciu ke Mbl OIlpefeiMM B 3TOM MOZYJIe
IpyTyto GYHKIIMIO anotherFunc:
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module Lib (
someFunc
) where

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

anotherFunc :: String -> String
anotherFunc s = s ++ 7!”

OHa OCTaHeTCs HeBUIMMOIA 1151 BHELITHETO MMpPa, [IOTOMY UTO €€ MMSI He
YIIOMSIHYTO B MHTepdeiice Monyisi. M eciiu B MOZy/ie Main Mbl HalIMIlIeM
TaK:

module Main
import Lib

main :: I0 ()
main = putStrLn . anotherFunc $ “Hi1”

KOMIIMJISITOP CIIpaBeIJIMBO PYTHETCSI, MOJ, He 3Hal QYHKINUIO
anotherFunc. Ecjin ske MblI 1o6aBMM e€ B MHTepdeiic MOIyJs Lib:

module Lib (
someFunc,
anotherFunc
) where

torma QYHKIMS another Func TOXKe CTAHET BUAMMOI BceMy Mupy. IHTep-
de’jic mMo3BoIsIET HAM MOKAa3bIBaTh OKPYKAIOIIMM JIUILb TO, YTO MbI XO-
TUM MM ITI0Ka3aTh, OCTABJISIS CJTy>KeOHbIe BHYTPEHHOCTY HAIlIETr0 MOIYIISI
TalfHO 32 CEMbIO eYaTSIMU.
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NMmnopTupyeM mmo-pasHoMy

B peasibHBIX ITPOEKTaX Mbl UMIIOPTMPYEM MHOKECTBO MOJIyJIei 13 pa3-
JIMYHBIX TTaKeTOB. MIHOTAA 3TO SIB/ISIETCS] IPUYMHOV KOH(INKTOB, C KO-
TOPBIMU MTPUXOIUTCS UMETD JIe10.

BcnomHuM Cl)YHKL[I/IIO putStrLn: OHa CYyILIeCTBYeT He TOJIbKO B HE3PMMOM
MopnyJie Prelude, HO ¥ B MO yJie Data.Text.IO0 3 ITaKeTa text:

import Data.Text.IO

main :: I0 ()
main = putStrlLn ...

[Ipu TIOTBITKE CKOMIIMJIMPOBATH TaKOM KOM MbI YIIPEMCS B OIINO-
KY:

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

HaMm Heo6XomMMO Kak-TO yKa3aTh, Kakylo M3 (QyHKIMIT putStrLn MbI
MMeeM B BUAY. ITO MOXKHO CIe/aTh HECKOIbKMMMU CIIOCOO6aMMU.

MO>KHO yKa3aTh IMPYHA/IJIESKHOCTb GYHKIVY KOHKPETHOMY MOy, V13
coobureHust 06 omMbKe yske BUAHO, KAK 3TO MOKHO CIe/IaTh:
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import Data.Text.IO

main :: I0 ()
main = Data.Text.IO.putStrLn ...

Ternepsb yske COMHeHMIT He OCTaI0Ch: UCTIOb3yeMasi HAMU putStrLn IIpK-
HaJIJIEKUT MOJY/TIO Data.Text.I0, [TO3TOMY KOJ/UIM3MIi HET.

Bripouem, He KaskeTcsl i BaM Iofo6Has ¢opMa CAMUIIKOM AJIMHHOM?
B yrmomMsHyTOM paHee CTaHZAPTHOM MOIYJIe GHC.I0.Encoding.UTF8 eCTh
dbyHKIMS mkUTF8, U IIpeACTaBbTe cebe:

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

main =
let enc = GHC.IO.Encoding.UTF8.mkUTFS8 ...

CAUIIKOM IJIMHHO, HY’KHO YKOPOTUTb. MIMIIOpTUpPYeM MOAYJIS MOJ, KO-
POTKUM MMeHeM:

import Data.Text.I0 as TIO
BKJIOYNTb 3TOT MOAY/Jb  KAK 3TO
main :: I0 ()

main = TIO.putStrLn ...

Bor, Tak 3HaUMTENbHO Jyuliie. KOpOTKOe MMS MOXKET COCTOSITh Jaske U3
OJTHOVi 6YKBbI, HO KaK M TIOJTHOE MMSI MOZYJIsI, OHO 00SI3aTeIbHO AOIKHO
HAYMHATHCSI C OOBIION OYKBBI, [TIO3TOMY:
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import Data.Text.IO as tIO
import Data.Text.IO as 1
import Data.Text.IO as I

WHorma, nj1st 60/bIero rmopsaka, Mcnoab3yioT qualified-mmmopr:

import qualified Data.Text.IO as TIO

KntoueBoe C/10BO qualified MCIIOIb3YeTCS OJISI «CTPOTOro» BKIIOYEHMUS
MOZY/ISI: B 3TOM CJTydae Mbl 00s13aHbl YKa3bIiBaThb MPUHAIJIEKHOCTh K
Hemy. Haripumep:

import qualified Data.Text as T

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

Iake HeCMOTPS Ha TO, UTO QYHKIMS justifylLeft eCThb TOTbKO B MOMY-
Jie Data.Text ¥ HMKAKUX KOJJIU3UI C Prelude HET, Mbl 0OSI3aHbI YKa3aTh,
yTO 3Ta QYHKIMSI MMEHHO U3 Data.Text. B 6ombimx momyinsx qualified-
MMITOPT ObIBAET TOJIe3€H: C OJHOI CTOPOHBI, TApaHTUPOBAHHO He Oy-
IeT HUKaKUX KOHQIMKTOB, C IPYTOii, Mbl Cpa3y BUIMUM, OTKYIA POIOM
Ta WiIu uHask QyHKIMS.

Brpouem, HekoropbiM Haskell-mporpammucram 060e yKaszaHue
MIPUHAIJIESKHOCTM K MOJIY/IIO0 KaskeTcs M30BITOUHBIM. [109TOMY OHM
UOYT 1O JPYroMy IIyTU: BbIOOPOYHOE BKJIIOUYEHME/BBIKIIOUEHNE.
Hanpumep:
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import Data.Char
import Data.Text (pack)

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

Mbl mompasymMeBaeM CTaHAAPTHYIO (QYHKIMIO map, OOHAKO B MOMYyJ/Ie
Data.Text TOXe cOmepPsKUTCS GYHKIINS 10 MMeHM map. K cyacThio, HMKa-
KOV KOJUIM3MU He OYZeT, Belb Mbl MMIIOPTUPOBAJIM He BCE COIEPKMMOe
MOyJsi Data. Text, a JIMIIb OAHY ero QyHKIMIO pack:

import Data.Text (pack)
UMNoOpTMPYeM OTCKAA TOJIbKO
370

Ecsiv ke MbI XOTUM MMIIOPTMPOBATh JIBe Uin OGosiee PyHKIIUM, Tepedmnc-
JisieM UX yepe3 3arsITylo:

import Data.Text (pack, unpack)

CyIiecTByeT U IIPSIMO TTPOTUBOTIONOXKHBIN ITyTh: BMECTO BHIOOPOUYHOTO
BKJIIOUEHMSI — BBIOOPOUHOE BBIK/TIOUeHMe. M136eXaTh KOIU3UNU MEXTY
GYHKUMSIMU putStrin MOKHO GbIJIO ObI 1 TaK:

import Data.Text.IO hiding (putStrLn)

main :: I0 ()
main = putStrlLn ...

Ci10BO hiding II03BOJISIET CKPHIBATH KOE-UTO M3 MMIIOPTUPYEMOI'O MOAY-
s
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import Data.Text.IO hiding (putStrLn)

uMnopTupyem BCE oTcwaa KpoMe  3TOro

MOYXHO ¥ HECKOJIbKO (DYHKIINI CKPBITh:

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

[Tpu kenaHuM MOXKHO CKPBITb U U3 Prelude:

import Prelude hiding (putStrLn)
import Data.Text.IO

main :: I0 ()
main = putStrLn ...

Odopmienue

O61ast pekoMeHJaLusl TakoBa — 0OpMIISIIiTe TaK, YTOObI ObLIO JieTye
YUTATh. B peaibHOM IIpOEKTe B KaXKAbIi 13 BalllMX MOyJIel 6yneT um-
MOPTUPOBATHCS JOBOJbHO MHOT'O BCEro. BOT Kycouek 13 OIHOTO MOEro
pabouero MOmys:
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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 mosHble, Tak U KpaTKue MMeHa MOAy/eli BbIpOBHEHbBI, TaKOM KOJ,
TMpOIlle YUTATh U U3MEeHSTh. He Bce MpOrpaMMIMCThI COT/IACSATCS C TAKUM
CTUJIEM, HO ITOIpoOyeM yopaTh BbIpaBHUBAHME:

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)

Teriepb KOH BBINISAUT CKOMKAHHBIM, €r0 TPyAHEee BOCIHPUHMMATD.
Bripouem, BbIOOD 32 BaMM.
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Pekypcus

YT0OBI MOHSTh PEKYPCUIO, HY’KHO CHaydasia TOHSITbh PeKyp-
CHIO.

JTa cTapasi IIyTKa PO peKypCUIo MHOT/A IyraeT HOBUYKOB, KaK B CBOE
BpeMs Hallyrajia ¥ MeHsl. B 1eiicTBUTe/IbHOCTY B PeKYPCUM HET HUUETO
CTPAIIHOIO, X B 3TOJ I7IaBe Mbl IO3HAKOMMMCSI C 9TMM BasKHbBIM MeXa-
HM3MOM.

Hukn

VnuBuTenbHO, HO B Haskell HeT BCTpOeHHBIX HMKINUECKUX KOHCTPYK-
IV, CTOJIb IPUBBIYHBIX JJISI IPYTUX SI3bIKOB. Hu Te6e for, HU Tebe while.
OpHako o60¥THCh 6€e3 LIMKJIOB B HallleM Koze Mbl He cMoxkeM. Kak ke
HaM X OPTaHM30BbIBATh?

K cuacTslo, yanie Bcero HaM 3TO U He HY>KHO. BCITOMHMM Hally 3HaKoO-
My10, QYHKIIMIO map:

149
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map toUpper somelist

Hy n uem ske He muka? Ha Tom ke C 9TO BBIIVISIAEO ObI KAK-TO TaK:

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

DyHKIMM HATIOgo0Me map B MOIABISIONIEM OOJMBIIMHCTBE CIy4aeB MU3-
0aBJISIOT HAC OT HAMMCAHMS SIBHBIX IIUKINYECKUX KOHCTPYKIIMIA, ¥ 3TO
He MOXeT He pajoBaTh. OIHAKO M3peaKa HaM BCE-TaK MPUAETCS M-
caTh 1IMKIIbI SBHO. B Haskell, 13-3a oTCyTCTBUS for-KOHCTPYKIINM, Ce-
JIaTh 3TO MOXXHO TOJIbKO OJHMM CIIOCOO0M — uepe3 PeKypcuio (aHII.
recursion).

Vnmest peKypcum MpeaeabHO IPOCTa:

Ecnyu HaM HY>KHO IOBTOPUTH BbIUMC/IEHME, [IPOU3BOAVMOE
HeKoV (GyHKIIMei, Mbl JO/DKHBI IPUMEHUTD 3Ty GQYHKIINIO
BHYTpMU cebst camoit. U monyunTcs 3aiMKIMBaHue.

B3rnsiHem Ha ornpenejieHne d)YHKLLI/II/I map.

map _ [] =[]

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

A Temepb pa3bepéM 3TO MHTepecHejillee ompeneleHle MO KOCTOY-
KaM.
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IIpaBga o ciucke

[TepBbIM apryMeHTOM, KaK Mbl [IOMHMM, BBICTYIIaeT HeKast QyHKIMS, a
BTOPBIM — CITMCOK, K 3/IeMeHTaM KOTOPOTO ITPUMeHsIeTCs 3Ta QyHKIIMS.
Ho uTo 9TO 3a CTpaHHOTO BUIA KOHCTPYKIIMS B KPYIJIBIX CKOOKax?

(x:xs)

OTo — 0C0o0bIN 0Opasell, UCIIOIb3yeMbIN 1151 paboThI CO criMckamu. Y
YTOOBI OH CTaJj MOHSTEH, S AO/DKEH pacckasaTh BaM IpaBay o opmu-
pPOBaHMM CITHCKA.

Kak MbI moMHUM, GOpMUPYETCS CITUCOK MpeAeabHO MPOCTO:

[1, 2, 3]

OpHako B AefiCTBUTENbHOCTY OH GOpMUPYeTCsl HECKOIbKO MHayve. [Tpu-
BbIYHAsI HAM KOHCTPYKIIMSI B KBaJpaTHBIX CKOOKAx eCTh HU UTO MHOE,
KaK CMHTaKCM4YecKuii caxap (aHri. syntactic sugar). CMHTaKCMYeCKUM
caxapoM Ha3bIBAlOT HEKOe YIpOolleHMe KOAa, Jejalllee ero cialle,
npusiTHee 11 Hac. Eciin ske Mbl yoepém caxap (Ui, Kak elé rOBOPSIT,
paccaxapuM Ko[i), TO YBUIUM BOT UYTO:

1:2:3:1]

VIMEeHHO TaK CIMCOK M3 TPEX LIeJIbIX umces GopMUPYETCS Ha CAaMOM Jie-
ne. CTaHIAPTHBIV OTIepaTop : HaM yKe 3HAKOM, Mbl BCTPETUJIMCh C HUM
B IIaBe O CIMCKaxX:
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newHost : hosts
3T0T
onepaTop

6epéT

370

3HayeHune

n pobasndaeTr
ero B HayaJo
3TOro Cnucka

To ecTb CIIMCOK CTPOUTCS ITyTEM J0OaB/IeHNS 37IeMEeHTa B €T0 «T'OJI0BY»,
HauMHas C MMyCTOTO CITMCKA:

1:2:3 1]

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

HaumHas ¢ mpaBoro Kkpasi, Mbl CHauaJia IpUMeHsieM OIepaTop : K 3 U ITy-
CTOMY CIIVICKY, B pe3y/jbTaTe yero IojiyyaeM CIMUCOK C eAUHCTBEHHbIM
3JIeMeHTOM [3]. 3aTeM, IIPUMEHSISI BTOPOM OmepaTop : K 2 U K TOJIbKO
YTO MOJIy4€eHHOMY CITMCKY [3], MBI II0JTy4aeM HOBBIN CIIMCOK [2, 3]. U B
KOHIIe, BHOBb IIPMMEHUB OIepaTop : K 1 U K CIIUCKY [2, 3], MBI IOy~
yaeM UTOTOBBIN CITMCOK [1, 2, 3]. BoT mouemy cTosb yIo0O6HO Orepupo-
BaTh «TOJIOBOI» U «XBOCTOM» CITMCKA. VI MME@HHO MO3TOMY ObLIT CO3[aH
0co0blIii 0Opaselr 1J1s TaTTePH-MaTUMHIOBO pabOThI CO CIIMCKOM:
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(head : tail)

B maHHOM cyTydae ¢JIoBa head U tail He OTHOCSITCS K CTaHIAPTHBIM (PYHK-
LIMSIM, s JIMIIb [TOKA3bIBal0 Ha3HAUYeHMe 3JIeMeHTOB JaHHOro o6paslia.
Bor 6ostee kuBoit mpuMep:

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

HOCKOHbe MbI TOYHO 3HA€M, UTO CIIpaBd Y HAC CIIMCOK, CJieBa MbI IIM-
niem O6paBQLL OJIg CIICKa, B KOTOPOM first aCCOUMUPOBAH C IIE€PBLIM
3JIEMEHTOM, C «T'0JIOBOI1», a 11a6JIOH others — C OCTaBIIMMIMCS 3JIEMeH-
TaMU, C «XXBOCTOM».

Ho BBI cipocuTe, 3a4eM HaM 3TO HY>KHO? Eciu yk Mbl TakK XOTUM pa-
60TaTh CO CIMCKOM Yepe3 MaTTepH MaTUYMHT, MOKHO BeIb BOCITO/Ib30-
BaThCS IBHBIM 00Pa3I[OM:
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main :: I0 ()
main = print first
where
[first, second, third] = [”He”, ”Li”, “Be”]

+++++ ++++

Bcé BepHO, ogHaKO OOpasel] ¢ KPYIJIbBIMM CKOOKaMM Ype3BbIUATHO
yIo6eH MMeHHO [ peKypCUBHOI paboThbl CO CITMCKOM, U BOT ITI0YEMY.
BcmomHMM ornpeneseHe QyHKINM map:

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

[TogcTaBMM peasibHble 3HaAUeHMs Ha OCHOBe IIpMMepa IIpo IepeBof,
CMMBOJIOB CTPOKY B BepXHUIT PETUCTP:

I}
-

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

El 9 2 2»

toUpper "'n” : map toUpper “eon

map toUpper “neon”

BoT Tenepb-TO MbI BUAMM, KaKMM 00pa3oM (GyHKIINS map ITpoberaeTcst
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10 BceMy CITUCKy. [Ipoiiaémcst 1o uTepauusim, YToObl BCE OKOHUYATE T b-
HO BCTQJIO HA CBOM MecCTa. Y Hac ke LIMKJ, BepHO? A The LUKI — Tam
UTepannn.

Ha nepBoii 13 HUX onepaTop : MpUMeHSIeTCS K BbIpaskeHUsIM toUpper 'n'
" map toUpper “eon”. BeIpakeHMe CjieBa BbIYUCISIETCS M JAET HAM CUM-
BOJ 'N':

toUpper “n” : map toUpper “eon

iz 2

’N’ : map toUpper “eon

BoipaskeH1e CIipaBa CONEPKUT MpUMeHeHMe TOoi ke QYHKUUU map, TO
€CTh MbI BXOJIM B IIMKJI, BO BTOPYIO €r0 UTepalyio:

El 2 2

map toUpper “eon” = toUpper ’e’ : map toUpper “on

BoipakeHne cieBa BbIYMUISIETCS U JAET HAM 'E':

3 E

toUpper ‘e’ : map toUpper “on”

’E’ : map toUpper “on”

BoiuncnsieM BbIpakeHMe cIipaBa — M BXOAMM B CeAyIOIIyI0 UTepa-
LMIO:

it 9 3 9

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

BoipakeHne cieBa Ja€T HaMm '0':
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5 _ 9

toUpper ‘o’ : map toUpper ”n

5 _ 9

’0’ : map toUpper ”n

CnpaBa BHOBbDb IIPpMMEHEHNME map — M Hallla ITOC/IEAHAS UTepalnsi:

3 9 s

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

BoipakeHne cieBa Ja€T HaM 'N':

E E

toUpper “n’ : map toUpper []

’N’ : map toUpper []

MblI BBITALIMIM U3 CIIMCKA TTOCAEeIHUIA U3 YeThIPEX CUMBOJIOB, U CIIN-
COK OcCTaJICs MyCThIM. UTO ke MbI OyaeM aenaTh Aajabiie? A maabIlie Mbl
BCIIOMMHaeM IepBblit BApMaHT orpeneneHus GyHKIUA map:

map _ [] =[]

3nech PyHKLMS TOBOPUT: «KakK TONBKO S BTOPBIM apryMeHTOM ITOIY4y
ITyCTOVi CITCOK, 5T, UTHOPUPYSI TTIePBbIii apryMeHT, HeMe/IJIeHHO 1aM TOT
K€ caMblIii ITyCTOM CIMCOK». II03TOMY OcTaBIleecs Ha MOCJIeIHel UTe-
panuy BbIpaskeHye CIipaBa:

map toUpper []

MOJOMIET MO, JAHHbIN CJIy4yail ¥ IIPOCTO AAaCT HaM ITyCTO CIIMUCOK. BCeE,
rOTOBO, paboTa GyHKIINMM 3aBepiieHa. Ha Kaskmoit uTepauyuu Mbl OTKY-
CbIBaeM «TOJIOBY» CIIMCKA U TlepejaéM e€ QYHKLMMU toUpper, «XBOCT» K€
repenaéM BHOBb (PYHKIMM map. Ha 4yeTBEpPTOI uTepaum yrnmupaeMcs B
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ITyCTOJ CIIMCOK M BO3Bpaiiaem ero >xe. COBMeCTUB BCe UTepalun BO-
eINHO, TI0JIy4YaeM BOT UTO:

N+ CE’ + ’0° + °N° []

Y3HaéTe? DTO Xe Halll paccaxapeHHbIM CIMCOK, COeAUHSIIONINIICSI BO-
eIVHO:

[JN’, JE’, ,O,, ’NJ]

BOT Mbl 1 TIpUILLIM K HallleMy PaBEHCTBY:

map toUpper “neon”

map toUpper [’n’, ’e’, ’0’, 'n’]

[’N” ,E,, ,O,, JN,]

”NEON”

Tyna u o6paTHO

Omnpepnesnsist peKypcuMBHYI0 QYHKIINIO, B&XKHO IOMHUTDb O TOM, UTO B Heii
JOJDKHO OBITh KaK IPaBWIO 3aLMKIMBAHMS, TaK ¥ IIPAaBUJIO BhIXOJA U3
IMKIIA:

map _ [] =[]

map f (x:xs) = f x : map f xs
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Ecsi 6b1 MbI OITYCTWIIN TTIEPBOE OTIpeie/ieHy e, KOMITUIISTOP ITPeIyCMOT-
PUTEIbHO COOOIITMIT OB HAM O IpobiieMe:

Pattern match(es) are non-exhaustive

U 3TO coBepIiieHHO MPaBWIbHO: eC/IM Ha Kask ol uTepaluy Mbl YMeHb-
11aeM CIMCOK, TO paHO MJIM TTO3JHO CIMCOK TOUHO OCTAHEeTCS IMYCThIM,
a CJIeloBaTeNbHO, MbI 00SI3aHbI OOBSICHUTB, UTO K€ Je/IaTh B 9TOM CITy-
yae.

JIJ1s1 TI0OOIIBITHBIX

OTKpoto cekpeT: pekypcuBHbIMU B Haskell 6pI1BaloT He TOMBKO (PYHK-
1M, HO ¥ TUIIbl. Ho 06 3TOM B ITOC/IeAYIONIMX IJIaBaXx.
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JleHBb

[TomHuTe, B 1aBe ¢ nepBbiMyu Borpocamu o Haskell s ymomsuysm, uto
9TOT SI3BIK SIBASIeTCs JIeHUBbIM? Celfyac Mbl HAKOHEI[-TO Y3HaeM O Jie-
HMBBIX BBIUMCIEHUSIX M TIO3HAKOMMMCS C MX CBET/ION U TEMHOJ CTOpPO-
HaMH.

IIBe Mmogenu BbIUUCIIeHUMN

Kak mbI yke 3Haem, Haskell-mporpamma cocTOMT M3 BBIpaskeHMil, a
3aIlyCK MPOTpaMMbl CYTb Hauajio IJAMHHOM IeMOYKM BbIYMCIEHMUIA.
BcmoMHMM  (YHKIIMIO square, BO3BOMSIIIYIO CBOJM €IMHCTBEHHbIN
apryMeHT B KBaJipar:

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

3mech BCE TIpOCTO: QYHKIMS square IPMMEHSIETCSI K HEpeayLpyeMoMy
BBIPKEHMIO 4 M JAET HAM 16. A eCJIM TakK:

159



I'maBa 18. JleHb 160

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

Terepb GYHKIMS square IIPUMEHSIETCS YKe K peqylMpyeMOMY BbIpaxke-
HUIO:

square $ 2 + 2

OYHKUMA nNpuUMeHsieTCA  peayuunpyemomy
K BbIPaXEHMH

Kaxk BbI gymaeTe, 4TO mpomu30iAET paHblile? [IpMumMmeHeHne onepaTopa
CJIOKeHMSI WU 3Ke TIpuMeHeHMe PYHKIMUM square? Bommpoc XUTpblii, Belib
IIPaBUJIBHOTO OTBETA HA HEr0 HET, ITOCKOJIbKY CYIIEeCTBYET IBE MO e/
BBIUMCJIEHUS apTYMEHTOB, @ UMEHHO SHepruyHas (aHIJI. eager) u JIeHU-
Bas (aHru. lazy).

[Tpu sHepruvYHO Mo e/ (Ha3bIBAEMOJ eIlI€ «KaTHON» UIIU «CTPOTOi»)
BbIpasKeHMe, SBJISIONIeecs apryMeHTOM (GYHKIMM, OyIeT BbIYMCIEHO
elé 10 Toro, Kak momajaeT B Teno dyHKuuu. Ha doHe omnpeneneHus
(OYHKLMA square OyZIEeT SICHEe:

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

To ecTb BUIAVM BbIpa’KeHNe 2 + 2,XaJHO Ha Hero Ha6paCbIBaeMC$[, I10JI-
HOCTbIO BbIUMCJISIEM, a Y>Ke€ IIOTOM PEe3YyJIbTaT 3TOr'0 BhIUMCIIEHUSA I1epe-
IlaéM B (QYHKIIMIO square.

ITpu TeHMBOII 3K MO e/ BCEé HA000POT: BhIpaskeHMe, SIBJISIONIeecs ap-
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ryMeHTOM QYHKIMM, TTIepefaéTcs B GYHKIMIO IIPSIMO TakK, 6e3 BhIuuciie-
Husl. V1306pasuTh 3TO MOKHO C/IeyIoIuM 06pa3om:

square X = X * X

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

Ho kakast pasHuiia, CIipocuTe BbI? BCE paBHO B UTOTre IMOYYMUM 16, XOTh
TaM CJIOKWJIM, XOTb TYT. Tak 1 €CTh: MOe/Ib BbIUMC/IEeHMS] He BAMSIeT Ha
pe3yJbTaT 3TOr0 BbIUMCIEHMSI, HO OHA BJAMSIET HA ITYTh K 3TOMY pe3yJib-
TaTy.

JKagHast Mofenb Hallljla CBOE BOTIIOIIEeHME ITPAKTUUYeCKM BO BCEX COBpe-
MEHHBIX SI3bIKaX MporpaMmupoBanms. Hanumem Ha C:

#include <stdio.h>

int strange(int i) {
return 22;

}

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

OyHKIMS strange OEMCTBUTENBLHO CTPAHHAasl, BeAb OHA WUTHOpPUPYET
CBOJ1 apryMeHT ¥ IIPOCTO BO3BpalllaeT Yncio 22. M BCé ke Ipu 3aImycke
9TOI TPOTrpaMMbl Bbl TapaHTMPOBAHHO TMOJYYMTE OMIMOKY Floating
point exception, MO0 KOMIOMJISITOP si3bika C KaTeropmueckyu He TePIuT
JeleHus] Ha HOJIb. A BCE IOTOMY, UTO SI3bIK C MpuIep>KUBaETCS SHEP-
TMYHOM MO/ BBIUMC/IEHMII: oTlepaTop JefieHus 2 Ha 0 OyJeT BbI3BaH
elé 0 TOro, KaK Mbl BOJMIEM B Tel0 (YHKLUMM strange, IMOITOMY
rporpaMmma yrazer.

Taxkoit moaxo[ MpsiMOIMHEeeH M CTPOT: CKa3asi HaM CHavasa pasfielnThb
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Ha HOJIb — PaslenM, He 3aAyMbIBasIiCh. JIeHMBasI ske MoIe/Ib IIpuaep-
SKMBAETCs MHOTO mmoaxopda. Bamisinute Ha Haskell-Bapuanr:

strange :: Int -> Int
strange 1 = 22

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

VIUBUTENbHO, HO TIPU 3aITyCKe 3TO¥ IMPOrpaMMbl Mbl YBUIVIM:

22

Bripouem, nouemy yauuTenbHO? OYHKIMS strange, IPOUTHOPUPOBAB
CBOI1 apryMeHT, Aajia HaM 3HaueHue 22, KOTOpoe, MomaB Ha BXoA, GyHK-
IIMY print, BBIJIETEJIO B HAlll TepMuHa/I. Ho e ke ommoKa geieHust 2 Ha
0, cnpocuTe Bbi? E€ HeT.

JIeHUBBII TTOAXO[N BITOJIHE TAPMOHMPYET CO CBOMM Ha3BaHMEM: HaM
JIeHb JenaTh paboTy cpasy ke. BMecTo 3TOro Mbl, OJOOHO pebGEHKY,
KOTOPOTO 3acTaBuiaM ybOpaTh pa3dpocaHHble MO0 KOMHATe WUTPYIIKH,
OTKJIaJIbIBaeM paboTy M0 mocyiemHero. JieHnuBasi Mojiesib rapaHTUpPYeT,
yTOo pabora OymeT BBIMOJIHEHA JIMIIb TOTHA, KOTAA Pe3yabTaT 3TOM
paboThl KOMY-TO ITOHAZOOMUTCSI. EC/iM ske OH HMKOMY He MOHamg00uTCs,
Torga paboTa He OymeT BbITIOJIHEHA BOBCE.

@OyHKIMS strange JIeHMBA M MOTOMY palMoHa/sibHa. OHa CMOTPUT Ha
CBOJ apryMeHT 1i:

strange 1 = 22

" TIOHMMAeT, UTO OH HUT/Ie He UCIIONb3yeTcs B e€ Tejie. 3HAUMT, OH He
HY>KeH. A pa3 Tak, TO U BbIUMC/IeH OH He OymeT. KctaTtu, eciiu aprymeHT
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(bYHKIMY UTHOPUPYETCS, OTIpeiesieHle IPMUHSITO MUCATh C YHUBepPCa/lb-
HBIM 00pa3IoM:

strange _ = 22

N

HaMm
BCé
paBHO

Taxk u monyyaercs:

strange 22

/ \

strange $ 2 ‘div® 0 = 22

BripaxkeHue, copepskaiee fejleHne Ha HOJb, TTOMalaeT BHYTPb QyHK-
1K, 6yIyuM ellé HeBbIUMCIIEHHBIM, HO ITOCKOJIBKY B Tejle (PYyHKIMM OHO
HUT[IE He UCITO/Ib3YeTCs, OHO TaK M OCTAHETCSI HEBBIUMCJIEHHBIM. [leBU3
JIeHU: ec/u pe3yabTaT paboThl HUKOMY He HY>KeH — 3aueM e e€ Je-
natb? BoT mouemy akTuueckoro feaeHus: Ha HOJb 3/1eCh He TIPOU30¥i-
IET ¥ MporpaMMa He pyXHer.

Paszymeetcs, ecyiu 6b1 MbI OnpeAennin GyHKIIMIO strange MHAYE:

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

TOTAA Opyroe [eo: 3HAaUeHMe apryMeHTa y)Xe UCIIONb3yeTCs B Teje
dyHKLMM, a 3HAUMUT BbIYMCIEHME apryMeHTa HelpeMeHHO ITpOou30ii-
nerT:



I'maBa 18. JleHb 164

strange i = i + 1

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

OmnepaTopy c/I0keHMs TpebyeTcs 3HaueHe 060MX CBOMX apTyMEeHTOB, B
TOM YJCJIe JIEBOT'0, a [IOTOMY ITOJTYUMTE OLIMOKY Je/IeHNs Ha HOJb.

Kaxk MOXHO MeHbIIIe

Ilo Tex Mop, MoKa pe3yJabTaT BbIUMCIEHUS HUKOMY He Hy)XXeH, OHO He
npousBoauTcs. OJHAKO Jaske TOTAA, KOr[a pe3y/ibTaT KOMY-TO ITOHA0-
6usICs, BbIUMCIEHYE TIPOUCXOINUT He M0 KoHIla. [loMmHMTe, BbIIlIe S CKa-
3aJI, YTO TIPU >KaLHOM MOAEIN BbIUYMCIEHUS BbIpaXKeHMeE, SIBJISIOLIeeCs
apPryYMEHTOM, BBIUMC/ISIETCS «IIOJIHOCThIO»? A BOT IPU JIEHUBOI MOZe/IN
MbI BBIUMCJISIEM BbIPasKeHME JIUIIIb HACTOMbKO, HACKOJIIBKO 3TO HE0O6X0-
nyMo. Kak BbIIIEYIIOMSIHYTbIV peOEHOK, YOMPAIOIIMiT UTPYILIKMA B KOM-
HaTe, youpaeT X BOBCe He 10 KOHIIA, a JIMIIIb 10 TAKOVi CTeleH!, YTOObI
€ro He pyrajau pOAUTENN.

C TOUKM 3peHus BbIUMC/IeHMs i060e BbipaxkeHnue B Haskell mpoxogut
yepes TpU CTaIUN:

1. HeBbIUMCIIEHHOE,
2. BBIUMCIEHHOE He [0 KOHIIA,
3. BBIUMCJIEHHOE [0 KOHIIA.

HeBbrunc/ieHHbIM Ha3bIBAETCS TAaKOe BbIpa’keHne, KoTopoe BOO6I.LI€ He
Tporain. Bcnomuum BBIIIEYITOMSAHYTOE AeJIEHMe Ha HOJIb:

2 ‘div‘ 0
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MbI yBUAE/IN, UTO TIpOrpaMma He yraja, ¥ 3TO TOBOPUT HaM O TOM, UTO
neneHust He 6bU10. To ecTh QyHKIMS div Tak U He OblIa MpUMeHeHa
K CBOMM aprymeHTam. Boobiie. Takoe BbIpakeHMe Ha3biBaiOT thunk
(MOSKHO IepeBecTM KakK «3aAyMKa»). To ecTb MbI 3ayMajiui IPUMEHNUTh
byHKIMIO div K 2 U K 0, IPUTOTOBWINCH CAeaTh 3TO — HO B UTOTe Tak
" He ciesain.

BerumciieHHBIM 0 KOHIIA Ha3bIBAIOT Takoe BbIpakeHMe, KOTOPOe BbI-
YICIEHO 0 CBOEJi OKOHYATEe/IbHO, Hepenyiupyemoii ¢Gopmbl. O TakKOM
BbIpasKeHUM TOBOPSIT KaK O BbIpaskeHUM B «<HOPMaIbHOI (popme» (aHTJI.
normal form).

A BOT BBIUMCJIIEHHBIM He [0 KOHIIA Ha3bIBAIOT TaKOe BbIpakeHUe, KO-
TOpOe Havyau ObUIO BBIUMCISITh, HO CeJIaau 3TO He O KOHIIA, TO eCTh
He 0 HOpMaJbHO (OpMBI, a IO TaK HAa3bIBA€MOJ «CIab0it roI0BHO
dopmbl» (aHrn. Weak Head Normal Form, WHNF). Bsl cipocuTe, Kak
’Ke 9TO MOKHO BbIUMCJINTD BbIpayKeHMe He 10 KOHI1a? PaccMOTpuM npu-
Mep:

main :: I0 ()
main =
let cx 2 | 6.054
nk 4 * 12.003
coeffs = [cx, nk]
in putStrLn “Nothing...”

Ectb y Hac nBa K03 duIMeHTa, cx U nk, M €IIE CIMUCOK coeffs, B KOTO-
PbIi MbI IOMECTWIN 3TU KO3 uimeHTsl. Ho, Kak Mbl BUIUM, B UTOTE
HM 3TU KO3(PPUIMEHThI, HX 3TOT CIIMCOK HaM He MOHAaZ0OMINCh: MbI
TIPOCTO BBIBEJIM CTPOKY M TUXO BBIIIUIX. B 3TOM Cyyyae HM OIIHO U3 3TUX
BbIpa)KEHMIT TaK U He ObLIO BBIUMCIEHO, OCTaBIIMCh B Buae thunk. To
eCTh orepaTop OeJeHus TaK M He ObLI IIPUMMEHEH K 2 U 6.054, oIlepa-
TOP YMHOKEHMSI He IIPUKOCHYJICS HY K 4, HY K 12.003, a CIIMCOK OCTaJICS
JIAIIB B HAIIMX YMaX. JIeHMBas CTpaTerus paliOHa/IbHa: 3a4eM TPaTUTh
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KOMITbIOTE€pHbIE PeCypChl Ha CO3aHMe TOr0, UTO B UTOre HUKOMY He I10-
HamoouTcs?

HV3MeHUM KOJI,:

main :: I0 ()
main =
let cx =2 [/ 6.054
nk =4 % 12.003
coeffs = [cx, nk]
in print $ length coeffs

Ara, yke HTepecHee. B 3TOT pa3 3ax0TenoCch HaM y3HaTh AJIMHY CIIUC-
Ka coeffs. B 3TOM ciiyyae HaM yke He 060¥THUCH 6e3 CIMCKa, MHAUe KaK
ke Mbl y3HaeM ero AyinHy? OgHako (poKycC B TOM, UTO BbIpaskeHMe [cx,
nk] BBIUMC/ISIETCS] HE 10 KOHIIA, a JIMIIb OO TOM cBoelt opmbl, KOTOpas
YA0BAETBOPUT DYHKIINIO length.

3agmymaemcs: QyHKIMS length BO3BpalllaeT YMC/IO 3JIEMEHTOB CITCKA,
HO Kakoe e [eJi0 40 COOEePKMMOI0 3TUX 3JIeMeHTOB? POBHBIM CUETOM
HMKaKoro. IToaToMy B JaHHOM C/Ty4yae crucok dopmupyetcst u3 thunk-
OB:

coeffs = [thunk, thunk]

[TepBBIM 3/1EMEHTOM 3TOTO CITMCcKa saBisgeTcs thunk, accounmupoBaHHbI
C HEeBBIUMCIEHHBIM BBIpaKEHMEM 2 / 6.054, a BTOPBIM 3JI€MEHTOM
cricka sBasercs thunk, acconmmupoBaHHbBI ¢ HEBBIUMCIEHHBIM BbI-
paskeHMeM 4 * 12.003. DaKTUUECKM, CIIMCOK coeffs IOTYUMICS KaK ObI
He COBCEM HACTOSIIIMM, ITyCThIIIEYHbIM: OH ObUI cpopMMpPOBaH B IIa-
MSITU KaK KOPPEKTHBIN CIIMCOK, OMHAKO BHYTPU 000UX €r0 3J1eMEHTOB
— BakyyMm. U Bc€ ke maske Takasi ero ¢opMa BIOJIHE TTOAXOIUT MJIsI
GYHKLIMM length, KOTOpash M TaK IIPeKpacHO MOMMET, YTO B CIIMCKe
nBa snemeHTa. O TaKOM CIIMCKe TOBOPSIT KaK O BbIpasKeHUM B C1aboi
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roJIOBHOVI (popme.

Emé 4yToK n3MeHUM KOZ,:

main :: I0 ()

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

Heo6bruHOTO BMa OTiepaTop !! U3BIeKaeT M3 CIMCKa JIeMEeHT 10 UH-
JIeKCy, B JaHHOM CTydyae HaC MHTepecyeT BTOPOI IO CYETY 37ieMeHT. Te-
repb HaM yyke HeJOCTaTOUHO MPOCTO chopMMpoOBaTh CIIMCOK, HAM Jei-
CTBUTEHHO HYKEH €ro BTOPOJi 3IeMeHT, MHaue KaK Obl Mbl CMOIJIM BbI-
BECTHU ero Ha KOHCO/b? B 3ToM ciryuae BbIpaskeHue 4 * 12.003 OyJeT BbI-
YICIeHO 0 CBOei OKOHUYATeIbHO, HOPMaJIbHOM (POPMBI, & pe3y/ibTaT
3TOT0 BBIYMCIEHMS JISDKET BTOPBIM 37IEMEHTOM CITUCKA, BOT TaK:

coeffs = [thunk, 48.012]

OpHako TepBblii 3JIeMEHT CITMCKA TaK M OCTaJICSI HEBOCTPEeOOBAHHbBIM,
II03TOMY BbIpaXKeHMe 2 / 6.054 TMO-TIPEXXHEMY OCTAETCs JINIIb Hallei
MBbICJIbIO, He 60Jiee ueM. B 3TOM ciTyuae CIIMCOK coeffs BCE paBHO OCTAET-
cs1 B 1a60ii rosIoBHO hopMme, Bellb BHYTPU IIEPBOTO €ro 37eMeHTa BCé
ellé BaKyyM.

" Terepb HaIlIMIIeM TakK:
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main :: I0 ()
main =
let cx 2 /] 6.054
nk 4 * 12.003
coeffs = [cx, nk]
in print coeffs

Bor, Tennepp HMKakoi jeHun. CImMcoK coeffs JOKeH ObITh BbIBEIEH Ha
KOHCOJIb ITOJIHOCTHIO, a CJIeJOBATE/IbHO, 00a ero 371eMeHTa JO/IKHbI ObITh
BBIUMCJIEHBI IO CBOEJi HOpMabHO (POPMbI, B IPOTUBHOM CJTy4ae Mbl He
CMOIIM ObI ITOKA3aTh UX B KOHCOJIN.

Bor ¢punocodus neHnBoi cTpaTernu: Aaxe ecyi HaMm HY>KHO BbIYMC-
JIUTH BbIpakeHe, Mbl BBIUMC/ISIEM €T0 JIMIIb A0 TOV (OpMbI, JOCTATOU-
HOJt B KOHKPETHBIX YCJIOBUSIX, U He 6ojiee TOTO.

PanuoHa/1IbHOCTH

Kaxk y>ke ObIJIO YIIOMSIHYTO, JIEHMBAsI CTpaTerus IOMOraeT IporpaMmme
OBITh pallOHATbHOJ U He JelaTh JIUIIHIO paboTy. PaccMoTpuM mpu-
Mep:

main :: I0 ()
main = print $ take 5 evens
where evens = [2, 4 .. 100]

Crnucok evens, opMupyemblii yepe3 apudpMeTHMUecKyo I10caenoBa-
TeJIbHOCTD, COIEPKUT B cebe YETHbIE YMC/IA OT 2 10 100 BKITIOUUTEIBHO.
Vcmonb3yeTcsl 3TOT CIMCOK B KauecTBe BTOPOrO apryMeHTa CTaH-
IapTHOM (PYHKINM take, KOTOpast Ja€T Ham N IepBBIX JTEMEHTOB U3
repeJaHHOTO €1 CIICcKa:
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take 5 evens

BO3bMW JNWb
nAaTb
3/1eMeHTOB W13 3TOro
CnNncka

[Ipu 3amycke 3TOJ IMpOrpaMMbl Mbl TOTYYMM OKMIAeMblil pe3yiib-
TarT:

[2,4!6’8’10]

B uéM ke 3/1ech palMOHATIbHOCTD, CIIPOCUTE BbI? A B TOM, UTO CITMCOK
evens B UTOTe COJlepskasl B cebe JINIIb 5 351eMeHTOB. []a, HO Be[lb YETHDIX
yyces1 OT 2 OO 100 Kyaa 6osbliie, Heskesu msiTh! COBEpIIEHHO BEPHO, HO
JIeHb TI03BOJISIET HaM C[ieJIaTh JINIIIb CTOIbKO PAb0ThI, CKOJIbKO peaabHO
TpebyeTcsi. Pa3 yK CIMCOK evens HY)KeH JIMIIb (PYHKLINUM take, KOTOpas,
B CBOIO OUepe/lb, XOUeT TOIbKO ISITh MEPBBIX €r0 3JIEMEHTOB — 3aUeM
ke CO3/1aBaTh OCTaBIIMecs 3eMeHTbI? HysKHO TiepBbie MMSITh — MOIy4n
naTh. ECI ke HanmMIeM Tak:

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

TOTZA B CITMCKE evens OKAXKETCS Y3Ke MSThECST 3JIEMEHTOB, [IOTOMY YTO
MMEHHO CTOJIbKO 3ampocuiia GyHKIMS take. [ToBTOpIO hunocoduio e-
HMBOTO pal[MOHa/IM3Ma: CAeaeM He CTOIbKO, CKOJIbKO HaM cKasaju, a
JIUIIb CTOJIBKO, CKOJIbKO JIeICTBUTETLHO ITOHAZ00MUTCSI.
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becxoHeuHOCTH

A 4To 6yzeT, ecyi Mbl 3aIIpocuM U3 crcka evens 500 asemeHTOB? Bot
TaK:

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

Huuero cTpaliHOToO He CIyYUTCS, QYHKILMS take IMPOBepsieT BbIXO, 3a
TpaHUIIBI U B CTyyae, eciy e€ TepBblii apTyMeHT MpeBbIliaeT IIUHY
CIIMCKA, OHA MPOCTO JAET HaM TOT >Ke CMCOK. /la, HO Befb Mbl XOTUM
YBUIIETb IMSITHCOT YETHBIX UMCENT, a He MAThaecsIT! MoKHO ObLIO ObI
YBEUUNUTD CIIACOK:

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

HO 3TO HEHaAEXHO, Bellb IIOTOM OIISITh MOXET ITOTPe6OBaThCsS eIné
6ombine. HykHO uTOo-HMOYAL YHMUBepcanbHOe, 1 B Haskell ecTs momgxo-
IsIiee penieHne:

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

Tenepb He COMHEBAMTECH: B CITUCKE evens OyIeT He MeHee MSITUCOT UET-
HbIX ymces. Ho 4To 3TO 3a KOHCTpYyKUMs Takasa? Havyano gaHo, mar naH,
a rae ske KoHel? [Io3HaKOMbTeCh, 3TO O€CKOHEUHBIN CIIMCOK:

[2, 4 ..]
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JleHMBast Moje/ib BbIUMC/IEHMIT TIO3BOISIET HAaM paboTaTh ¢ 6ecKoHed-
HBIMM CTPYKTypaMy JaHHBIX. BOT MpsIMO TaK, HauMHas C ABOVKU U, C
IIaroM vepes3 OIMH, yXOAUM B G6eckoHeuHble Aanu... lllyuy. Ha camom
nese, CIMCOK TOMYYMUTCS BOBCE He OECKOHEYHBIM, a HACTOJNbKO 60Jb-
VM, HaCKOJIbKO HaM 3TO IMMTOHAA006UTCS.

B camom pnene, ecinu PyHKIMS take TpeOyeT oT Hac N 371eMEHTOB — 3a-
yeM HaM BOOOIIe 3aJaBaTh OKOHUaHMe I1arna3oHa crycka? Bcé paBHO
B HEM Oymet He 60see yeM N. beckoHeUHasT CTPYKTypa JaHHbBIX TEM U
TIoJIe3Ha, YTO M3 Heé BCeraa MOKHO B3SITh CTOJIBKO, CKOJIBKO TpebyeT-
csl.

KoHeuHo, eciut 661 Mbl peIn/IN MOXYJIUTAaHUTD:
main :: I0 ()

main = print evens
where evens = [2, 4 ..]

B 9TOM C/Tyyae B Hallly KOHCOJIb OBICTPO TMOCHITNIAIOCh ObI OUeHb MHOTO
YlCell...

Space leak

[a, s MO/DKeH paccKas3aTh BaM IpaBAy: €CTh Y JIEHUBOJ CTPaTeruu Bbl-
YMCAeHMII TEéMHAsI CTOPOHA, MOMy4YMBIlas Ha3BaHue space leak (6yks.
«yTeuKa IMPOCTPAHCTBa»). VI BOT B UEM €€ CYTb.

BcmoMHMM mpuMep C geeHueM:

main :: I0 ()
main = print . strange $ 2 ‘div‘ 0
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Kak MbI IIOMHMM, JIeJIeHNsT Ha HOJIb TaK ¥ He IPOM30IIJIO 3a HeHam00-
HOCTBIO ero pesyibTaTa. B 3ToOM cilyyae BbIpaskeHMe OCTaJoCh B BUE
thunk. Bo3HuKaeT BOIIPOC: UTO Xe ¢ HUM cTano? Y Hac ecTb QyHKIMS
div 1 eCTh JiBa 3HAUeHMs TuUma Int, 2 U 0. Ein GyHKIMS div Tak U He
OblIa IpMMeHeHa K HMM, T7e e BCE 3TO X035 CTBO HaXOAUI0Ch B IIPO-
1ecce paboTsI Halei mporpaMmMbi? OHO HAXOAMJIOCH B ITAMSITH, B BUJIE
ocoboro rpaga, KOTOPbIii MOKHO M300pa3UTh TaK:

|
!d'lv| |

To ecTb cama QYHKIIMS U IBa 3HAUEHWSI, KOTOPbIE TOIKHbI ObLIIV 3aHSITh
MeCTO JIByX €€ aprymMeHTOB. 1 BOT 3TOT rpad B maMsITU TaK U OCTaJICS
HeBOCTpeboBaHHBIM. Ka3asmock Obl, HY U B UéM ITpobema? A mpobiema
B KoyimdecTBe. Ec/i Mbl CMOT/IM HamMcaTh KO, TIpU paboTe KOTOPOro B
MaMsITh OTJIOKMJICST ofuH thunk, 3HAUUT TeopeTUUeCcKu Mbl MOKEM Ha-
mcaTh ¥ TaKo¥ Ko, KoiauuecTBo thunk-oB rmpu paboTe KoToporo 6ymeT
VUCYUCISITBCSI MUWUIMOHAMMA. A yUUTBIBast TOT (bakT, UTO KaxkApIi thunk
3aHMMAaeT B MaMSTU XOTs 6bI HECKOJIKO 6aitT, BbI MOXeTe cebe Tpen-
CTaBUTH MacCIITab MpobIeMbl.

[Ipyyém BO3HMKHYTH 3Ta IpobaemMa MOKeT M3 BeCbMa HEBMHHOTO Ha
TIepBbIi B3IV KOLA:

bad :: [Int] -> Int -> Int
bad [] c=c
bad (_:others) c = bad others $ c + 1
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[TpocTenbKast peKypcuBHas GyHKINS, TPOOeramascs 1o HeHy>KHOMY
el CIIMCKY U YBeJIMYMBAIOIIASICS CBOM BTOPOI apryMeHT Ha equHuLy. Ho
s1 He TIPOCTO TaK Ha3BaJl e€ bad. [laBaiiTe MIpUMEHUM €€:

bad [1, 2, 3] ©

[TopcraBuMm B oripenesieHue, cogeprkaiiee 3alilMK/IMBaHNE:

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

bad [1, 2, 3] © =bad [2, 3] $0 + 1

«['o;moBa» CIMCKA OTKYChIBAETCS M UTHOPUPYETCS, a K O IpubaBsieTcs 1.
Ho mocKko/ibKy pe3yabTaT CJIOKeHMS IToKa UTO HUKOMY He HYKeH, CJI0-
>KeHMe He TIPOM3BOAUTCS. BMecTo 3TOro, Ha BTOpOJi UTepaLyn, Mbl BU-
IVM cenyloliee:

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

K npenpimyiieMy BbipaskeHMI0 BHOBb MIPMOABJIsSIeTCS eqMHUIIA — U Mbl
OTISITh BXOAVM B OUepeIHYI0 UTepalyio, TaK ¥ He BBITIOJIHUB CJIOXKe-
HUS:

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

Oma! Ynépnuce B IyCTOM CIMCOK, BCIIOMMHAEM MPaBUJIO BbIXOa U3 pe-
KYpCUU:
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bad [] c = ¢

WTak, B 3TOM JTydyae Mbl IIPOCTO BO3BpalllaeM 3HaueHyMe BTOPOTO apry-
meHTa. CoenaeM Xe 3TO:

bad [1]$ ((0+1) +1)+1=((0O0+1)+1)+1=3

W BOT TOMBKO 34€Ch Mbl peajibHO BbIUMC/ISIEM BTOPOJ apryMeHT, CKJla-
IbIBasi TPU €IMHUIIbI. BBl cipocuTe, moueMy ke Mbl HaKaruIMBaau 3TU
CJIOKeHMSI BMECTO TOT0, UYTOObI fiesiaTh UxX cpa3y? [IoToOMy UTO Mbl JIEeHU-
Bbl: pa3 pe3y/bTaT CJI0KeHMs MOHAA00M/ICS HaM JIMIIb Ha MocaegHe
uTepauum, 3HAUUT A0 ITOI UTepaluy HUKAKOTO CJIOKeHUsI He Oyrer,
BeJlb JIEHb BbIHYKIAeT HAaC OTK/IAbIBaTh pabOTY 10 KOHIIA.

BoT B 3TOM-TO HaKOIIEHUU BCS 69,[[&. HpeﬂCTaBI/IM, YTO MbI HaIlMCaJIin
TaK:

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

50 MUIMOHOB 371IeMEHTOB, @ 3HAaUUT, 50 MUJITMOHOB pa3 CJIOXKeHMe BTO-
pOTo apryMeHTa C eIMHUIIel OymeT OTK/IaAbIBaThCs, HAKAIlIMBas TU-
TaHTCKUI «XBOCT» M3 (IIOKA YTO) HEBBIUYMCIIEHHBIX BbIPpaKEHU. XOTUTE
3HATh, UTO IPOMU30IAET IIPU 3aITyCKe TaKOM IporpaMMbl? E€ BbITIOHE-
Hue, Ha MacBook Pro 2014 roma, 3aiiMET IpUOIM3UTEIHHO 63 CEKYHIbI
U CKyIllaeT, HM MHOTO HU MaJio, 6,4 I'b mamsatu! A Terneps npeacTaBbTe,
YTO CTYUYMIJIOCH ObI, €C/iu ObI 3JIEMEHTOB B CITMCKe ObIJI0 He 50 MUUIMo-
HOB, a 50 MWIMapOB...

Wuorna space leak ommn60o4HO MyTaOT C APYroi mpobiemoii, Ha3biBae-
Moit memory leak (aHI/I. «yTeuka MmamsTi»), OGHAKO 3TO BOBCe He O[-
HO ¥ TO Xe. YTeuKa MaMsIT¥ — 3TO OIl1OKa, XapaKTepHasi /ISl SI3bIKOB C
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PYYHBIM YITpaBJIeHMEM IaMsITbhIo, Harmpumep, C. Eciu MbI BeIIeIMM Ma-
MSITh B Kyue (aHIJI. heap), a 3aTeM rorepsieM yKa3aTeJib, CBSI3bIBAIOII I
HaC C 3TO¥ MaMsIThI0 — BCE, BbIJIeJIEeHHAS TAMSITh YTEK/Ia, OHA ITOTepsiHa
It Hac HaBeku. Ho B cryuae space leak Mbl He TepsieM MaMsITh: KOTIa
BECh 3TOT «XBOCT» M3 CJIOK€HMI B KOHIIE KOHIIOB BIUMCJINTCS, IIAMSITh,
3aHMMaeMast MmuwuinoHamu thunk-oB, ocBo6oauTCsl. MbI He TepsieM ma-
MSITh, MbI IIPOCTO UCITIO/Ib3yeM €€ CJIUIIKOM MHOTO.

bopbo6a

ITpo6ema space leak BbITeKaeT 13 caMoii IPUPOLbI IEHMBBIX BbIUMC/IE-
HMii. MHOTM€e IIPOrpaMMMUCThI, Y3HAB 00 3TOi mpobiemMe, OTBOpauMBa-
1otcs ot Haskell. Mo, eciii B 9TOM 13bIKe MOXKHO JIEI'KO HAIIMCAaTh KOJ,
CKUPAOUINIA YAMMIIY TTaMSTV, 3HAUUT STOT SI3bIK TOYHO HE TIOIXOAUT
ILJISI CEpbE3HOTO MCITONMb30BaHMsI. Ho He Tak cTpalieH YépT, Kak ero Ma-
JIOI0T. §I pacckaky o IBYX criocobax 60pb0ObI co space leak.

BripoueMm, ¢ KOHIIEIITYaJIbHOI TOUKM 3PEHMSI CITOCOO BCEro oauH. 3amy-
MaeMcs: eI B IIpUMepe Bblllle JieHb SIBUJIaCh IMIPUUYMHONM OTK/IaJblBa-
HMS CJIOKEHMI1 Ha MOTOM, YTO K€ MOXHO caeaTb? OTBeT IPOCT: MbI
IIOJKHBI YOpaTh U3JIUIIHIO JTEHMBOCTh M 3aMEHUTh €€ CTPOrocThio. B
9TOM C/Tyyae MpuMeHeHMe ollepaTopa CJIOKEHMS yyKe He OymeT OTKIIa-
IBIBATbHCSI 10 TIOC/EHETO, a OYAeT MPOU3BOAUTHCS TYT Ke, KaK B I3bIKaX
CO CTPOTOI MOZEJIbIO BIUMCIIEHUA.

UM kak ke Mbl MOXXeM pa30aBUTb JieHb CTPOTroCThbi0? BOT ABa crioco-
6a.
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OnTumusanusa

I[TepBblii criocoba camblii MPOCTON — onTuMu3sauysi. Korma KoMmuisitop
rpeBpaliaeT Hall KOJ, B IPOrpaMMmy, er0 MOXKHO IMTOMPOCUTD ONITUMMU3U-
poBaTh Halll KOJ, caesaB ero 6onee 3¢pOeKTUBHBIM, IO TEM M MHBIM
KpuTtepusiM. YTOOBI TTOMIPOCUTH KOMIIUJISITOP ITPOBECTY OIITUMMU3AIINIO,
MbI TO/DKHBI MCIIOIb30BaTh CIIeIMabHbIN ¢uiar. OTKpoeM cOOPOUHbIN
(aitn HalIero MpoeKTa real.cabal, HAMAEM CEKILIMIO executable real-exe,
B KOTOPOJ1 €CTb CTPOKaA:

ghc-options:

OTa CTpPOKa COOEPKUT pas3jauuHble onuumu Komnuiasgtopa GHC, n omn-
TUMM3ALUMOHHBI (ar DOmuchIBaeTcsl MMEHHO croopa. Ilompobyem
MOACTaBUTDh Ty[a cCHauasa uiar -00, a 3aTeM -02. Pe3yabTaThl 3aITycKa
IIPOTrPaMMbI OYIYT TaKMMM:

OonTumn3aumna Bpems MNamATb
-00 63 C 6,4 [b
-02 3,2 c 104 kb

Bnieuatnisironias pasuuiia, He npasja Jin? @jar -00 TOBOPUT KOMITUJISITO-
Py O TOM, UTOOBI TOT He TTPOM3BOIMI HUKAKYIO OIITMMM3AINIO, B 9TOM
CJIydae roBOpSIT O HYJIEBOM YPOBHE OonTUMu3auun. dmar -02, HalIpoTUB,
yCTaHaB/IMBaeT CTaHAAPTHBIN 1JisT production-IpoeKkToB YPOBEHb OII-
TuMu3aiyumn. Tak BOT IIpU CTAaHIAPTHOM YPOBHE KOMITUJISITOP CIIOCOOeH
pacrio3HaTh M3IUIIHIOK JIEHMBOCTh B HAIlleM KOMe U M00aBUTh UYTOK
KaJiHOCTU. B mpumepe Bbilile KOMOUJISITOP YBUANT HakoruieHue thunk-
OB CJIOKeHMS U TpecedyéT oHoe. CoriacuTech, C rMrabaiToB MPBITHYTh
Cpasy Ha KMI00aiThl — 3TO KPYTO.
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Tak uTo 3Ke, Mpob6siemMbl HeT? Hy, ecsin onTummsaius -02 1 Tak CTaH-
JapTHa — TakK JaBajiTe CTaBUTh €€ B HaIllM ITPOEKThI M 3a0yaeM Ipo
space leak! K coskasneHnto, He BCE Tak IPOCTO.

Bo-1iepBbIX, KOMIIMJISITOPHAS ONITUMMU3ALMS CPOOHM YEPHOI Maruu, Ha
Heé TPyAHO mosaraTbcsi. Mbl oueHb 6aromapHubl Kommmmisitopy GHC 3a
TOTMBITKY ITOMOYb HaM, HO 3Ta MOMOIb He BCerga COOTBETCTBYET Ha-
MM OXXUIAHUSIM. Y BO-BTOPBIX, K COXKaTEHNIO, KOMITWJISITOP He Bceraa
CIIOCO6eH pacrio3HaTh U3JUIIHIOKW JieHb B HallleM Kofie, U B 3TOM CJTy-
yae HaM MPUXOIUTCSI-Taky MPUOErHyTh KO BTOPOMY CITOCO0Y 60pbObI CO
space leak.

BpyuHylo
BepHémcs K ornpeneneHnio QyHKIM bad:
bad :: [Int] -> Int -> Int

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

[Tpo6ieMa, Kak MbI yKe TTOHSIIN, BO BTOPOM apryMeHTe:

bad others $ c + 1

HakonaeHvne
thunk-osB...

[TpeBpaTuM 3Ke 3/1yi0 QYHKIIMIO B JOOPYIO:

good :: [Int] -> Int -> Int
good [] c=c
good (_:others) c = good others $! c + 1
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OTOT KOJ, 1ACT HaM IMPUOIM3UTETbHO TAKOJ Ke BBIUTPBHIII, UYTO U OITTH-
MM3aLys YPOBHS -02: CEKYHIbl BMECTO MUHYTBI ¥ KMJIO0AMThI BMECTO
rura6aiiTos. YTto ke n3MeHna0ch? CMOTPUM BHMMATEIbHO:

good others $! c + 1

BMmecTo mpMBBIYHOTO OMepaTopa IMpUMeHEeHUsT $ Mbl BUAMM OIepaTop
CTporo mpuMeHeHus1 $! (aHIVI. strict application operator). 9ToT ornepa-
TOp TOBOPUT apryMeHTy: «3a0y/Ib O JIEHHU, ST IPMKa3bIBalo Tebe HeMe -
JIEHHO BBIYMCINTBCS 10 C/1a607t TOIOBHOM (POPMBbI»:

good others $! c+ 1

BbIMMC/IN  DTOT
aprymeHT

cTporo,
a He
neHunBso!

Bot nmoromy-To Ham «XxBocT» 13 thunk-oB 1 He OymeT HaKaIUIMBATbhCS,
Bellb Ha Kakmoi 13 50 MWJIIMOHOB MTepainuii OymeT MpPOUCXOOUTH
He3ameInuTelbHOe MpUMeHeHMe oreparopa ciaokeHus. Takum obpa-
30M, 3aCTaBUTh apryMeHT TYT ke BbIYMCIUTBCS A0 C1aboii ro0BHO
MM HOPMaJIbHOM (DOPMBI MOKHO KaK ITOCPEICTBOM TOTO, YTO 3TOT
apryMeHT IIPSIMO ceifuac KOMY-TO IMOHAA0OMICS, TaK U IMOCPeICTBOM
CTPOTOTO IIPMMEHEeHMSI.
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JIeHb M CTPOrOCTH BMeECTe

@OYHKIMIO Ha3bIBAIOT JIEHMBOV II0 T€EM apryMeHTaM, KOTOpble He BbI-
YUCISIOTCS, U CTPOrOi MO TeM apryMeHTaMm, KOTOpble BbIUUC/ISIOTCS.
[IpuMUTUBHBINA TIPUMeED:

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

DyHKIMS fakeSum CTpOra IO CBOEMY IIEPBOMY apryMeHTY U JIEHUBa 110
CBOEMY BTOPOMY aprymMeHTy. [IepBblif apryMeHT x HellpeMeHHO OymeT
BBIUMCJIEH, BeJlb OH MepefaeTcsl ornepaTopy CaoskeHus. BTopoii ke ap-
TYMEHT UTHOPUPYETCs, OCTaBIIMCh HEBbIUMCAEHHBIM. M KCTaTH, Cylile-
CTBYET IIPOCTO¥ CIIOCOO TPOBEPUTD, CTPOTa Mt QYHKIINS TTI0 HEKOTOPO-
My apTyMeHTY MJI1 JIeHUBA.

B cranpmaptHoit 6ubnmmoreke Haskell ompepenena ocobas GyHKIMS
undefined. DTO — u€pHas AbIpa: MPU IIOIBITKE INPUKOCHYTHCS K He
MporpaMma rapaHTMpOBaHHO TajiaeT ¢ OnIMoKoii. [IpoBepsieM:

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

B aTOM ciyyae Mbl TTOTYYMM pe3yibTar:

101

YépHas npipa Obl1a MPOUTHOPUPOBAHA, BeAb QYHKILMS fakeSum JIEHMBA
110 BTOPOMY apryMeHTy. Ec/iu ske Mbl HaIluIem Tak:

main :: I0 ()
main = print $ fakeSum undefined 45
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[IporpaMmMa, MOIBITABIINCh lepefaTh undefined OmlepaTopy CIOKEHUS,
aBapUIMHO OCTaHOBUTCA. Viiu BOT fpyro npumep:

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

He comHeBaiiTech: IporpamMmma CIIOKOMHO BEPHET HaMm 23, Beib (QyHK-
LM head CTpOTa JIMIIB 110 TIEPBOMY 3J/IeMEHTY IepefaHHOTO e CIMCKa,
OCTaJIbHOE CONlepskKMMOe OHOro e€ abCcoMoTHO He MHTepecyeT. Ho ec-
JIV TIOTIPOOYyeTe BBITAIUTh BTOPO VJIU TPETUI 3JIEMEHT U3 MOJ00HOTO
CIIMCKa — Kpax HEMUHYEM.

TIJ1s1 TIOOOIIBITHBIX

Haskell — He mepBbIit SI3bIK C JIEHMBO cTpaTeruei BbrunucieHui. OT-
KpPOI0 BaM McTopudeckuii akT: y ss3pika Haskell 6b11 mpeaiinecTBeHHUK,
SI3BIK TIPOTPAMMMPOBAHMSI C KpPacMBBIM >KeHCKMM ¥MMeHeM Miranda.
Jlenb u uncrasgs GyHKUMOHaNIbHOCTL Hpunuin B Haskell mmenHo u3
Miranda, u auIIb B 9TUX ABYX SI3bIKaX JIEHMBAs CTpPATErusl BbIUMC-
JIeHUs1 apTyMeHTOB MCIIOJb3yeTcsl 10 yMonyaHuio. Ha ceromHsiHmuii
IeHb, HACKOJIbKO MHE M3BEeCTHO, sI3bIKk Miranda MéEpTB. Bmpouem,
KaK Cyrybo uccaenoBaTeIbCKUii SI3bIK OH, MOXeT ObITb, KEM-TO U
MCITOIb3YEeTCSl.

Yo sxe KacaeTcs mpobiembl space leak, To K cuacTblo, CyIIeCTBYIOT CIIO-
coObl 06Hapy>keHUsT PYHKIMIA, IIMOKO MPOSKOPIMBBIX OO MaMsITH. B ca-
MOM [iejie, TIpefcTaBbTe cebe OOMBIION MPOEKT, ThiCTUM (PYHKUMUA, U
YTO-TO KyllaeT rurabaiiTel mamstu. Kak HaiiT¥ BUHOBHOTO? DTOT IPO-
IIecC Ha3bIBAIOT eIl «space leak mpodunmpoBannem». PacckaspiBaTh 06
9TOM 3J1eCh 51 He CTaHy, MaTepuas I0BOJIbHO 06bEMHBIN. Ho 17151 0c060
JIIOOOTIBITHBIX TIPUBOXKY CChUIKY HAa HEIUIOXYIO aHIVIOSI3bIUHYIO CTaThIO
o teme: Chasing a Space Leak in Shake.


https://en.wikipedia.org/wiki/Miranda_(programming_language)
http://neilmitchell.blogspot.am/2013/02/chasing-space-leak-in-shake.html
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U emié BCIIOMHMM BOT 3TO:

square X = X * X

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

BblYMCSIAEM U 4TO,
onAaTb
Bblyncaaem? !

BHMMAaTeNbHBIN YMTATENb YIUBUTCS, MOJI, HEYKEIU BbIpakeHUe 2 + 2
BBIUMCIISIETCS ABaXKIbl?! Benb 3TO HepalMoHaibHO. KOHEUHO Hepalu-
OHAJIbHO, ITO3TOMY B JI€MICTBUTEIBHOCTY OHO OYAET BHIUMCIEHO €AVHO-
skabl. B Haskell ecTh 0cO6BI MeXaHM3M «IIapyHTra» (aHIJI. sharing), mo3-
BOJISTIONIMI 1M30€XKaTh HAIIPpacHO¥ paboThl. M eciin y HaC eCTh HECKOJIbKO
OJITHAKOBBIX BbIPAKeHMI, BbIUMC/IEHIE OHOTO MTPOUCXOAUT OIUH pas,
pe3y/bTaT ke COXPaHSIeTCS M IIOTOM ITPOCTO ITOACTABJISIETCS] B HY)KHBIE
MecTa. Hampumep:

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

Ecm 661 He sharing-mexanusm, GyHKIMS sin Obl1a ObI IPMMEHEHA K
2 nBaxkApl. K cuacTbio, 3HaUeHMe CMHYyca OyAeT BbIUMCIEHO eAMHOKAbI
M TYT K€ COXpaHeHO, YTOObI ITOTOM ITPOCTO BCTaTh HA MeCTa TeX IBYX
X.
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Hamiy Tunel

Bot mbI 1 mo6panvcek go Broporo Kuta Haskell — no Tumos. KoHeuHo,
MbI paboTaIM C TUTITAMM TTIOUTH C CAMOT'O Hauasia, HO BaM ysKe IOPSIAKOM
HaJl0eu Bce 3TU Int U String, He mpaBza au? [Ipuiia rmopa rmo3Hako-
MUTBCS C TUTIAMMU Kyza Givske.

3HAKOMCTBO

VouButenbHO, HO B Haskell oueHb Masio BCTPOEHHBIX TUIIOB, TO €CTb
TaKMX, O KOTOPbIX KOMIOMUJISITOP 3HAeT C caMoro Havasa. EcTb Int, eCTb
Double, Char, HY U €I1[€ HECKOJIbKO. Bce ke oCcTasibHbIe TUIIBI, Ja’ke HOCSI-
IIe CTaTyC CTaHIAPTHBIX, He SIBJISTIOTCSI BCTPOEHHBIMU B SI3bIK. BMecTO
9TOT'0 OHM OIIpeie/IeHbl B CTAHAAPTHOM MM MHBIX OMOIMOTEKAX, TIPU-
yéM oImpeneaeHbl TOYHO TakK JXe, KaK MbI OyIeM OIpemessiTh M Halllu
cOOCTBEHHBIE TUIIBI. A MOCKOJIbKY 60€3 CBOMX TUIIOB HAIlMCATh CKOJIb-
HUOYIb CEpbE3HOE MPWIOKEHNE Y HAC He TTOIYIMTCS, TeMa 3Ta I0CTO¥-
Ha CaMOro IMPUCTaJIbHOIO B3I/IsSa.

182



I'maBa 19. Hamm Tuiisl 183

Omnpenmenum TUN Transport OJISI IBYX M3BECTHBIX MPOTOKOJIOB TPAHC-
IIOPTHOTO YpPOBHS Mozenu OSI:

data Transport = TCP | UDP

[lepen HamMy — O4YeHb MPOCTON, HO y)Ke Halll COOCTBeHHbIN Tuil. Pac-
CMOTPUM €ero BHMMaTeJ/IbHee.

KiroueBoe ¢/10BO data — 3TO HavaJIo onpeneneHus Tuia. [Janee cienyer
Ha3BaHMe TUIIA, B JTaHHOM CJTydae Transport. VIMs J1I060r0 THIa 06s13aHO
HaYMHATHCS C OOJIBINON OYKBBI. 3aTeM MUIET 3HAK PaBEeHCTBA, ITOC/Ie KO-
TOpPOro HauMHaeTcss aKkTMUEeCKoe OIMCcaHue TUIIA, ero «Tejlo». B maH-
HOM CjTydyae OHO COCTOUT M3 ABYX IMPOCTENMIINX KOHCTPYKTOPOB. KoH-
CTPYKTOp 3HaueHus (aHII. data constructor) — 3TO TO, UTO CTPOUT 3Ha-
YyeHye JaHHOTO TUMA. 3[4,eCh y HaC JBa KOHCTPYKTOPA, TCP U UDP, KasKIbIl
13 KOTOPBIX CTPOUT 3HaUeHMe Tumna Transport. IMs KOHCTPyKTOpa TOXe
00s13aHO HAUMHATHCSI C GOJBINOV OYKBBI. VIHOrmA MJIsT KPATKOCTU KOH-
CTPYKTOP 3HaUeHMSI Ha3bIBAIOT TPOCTO KOHCTPYKTOPOM.

ITogo6HOe ompee/ieHNe JIETKO YATAeTCS:

data Transport = TCP | ubp

™n Transport 310 TCP wam UDP

Ternmepb MbI MOXXeM MCIIOJIb30BaTh TUII Transport, TO €CTb CO3[a-
BaTh 3HAUe€HMs 3TOr0 TUIIA UM YTO-TO C HUMMU OenaTb. Hanpumep, B
let-BbIpa’KeHUN

let protocol = TCP

Mbl co3panu 3HaueHue protocol TUIIA Transport, MCIOAb30BaB KOH-
CTPYKTOP TCP. A MOYKHO U TaK:
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let protocol = UDP

XOTs MbI UCITOJIb30BaJIM pa3Hble KOHCTPYKTOPDI, TUIT 3HAUEHMS protocol
B 000MX CTy4yastx ONVH U TOT ke — Transport.

Pacuputb MoJ06HbBIN TUII TPelebHO MPOCTO. JJ06aBMM HOBBI ITPO-
tokos1 SCTP (Stream Control Transmission Protocol):

data Transport = TCP | UDP | SCTP

TpeTuit KOHCTPYKTOP 3HAYEHMS JaJl HaM TPeTuit crnocob co3maTh 3Ha-
YyeHue Tuila Transport.

3HavYeHMue-ITyCThIIIKa

3amyMmaeMcsi: TOBOPS O 3HAUEHUM TUIIA Transport — O UEM B JIEViICTBU-
TeJIbHOCTY UIET peub? Kasasmoch Obl, 3HAUEHUSI-TO (PAaKTUUECKOTO HET:
HM YMC/Ia HUKAKOTO, HM CTPOKM — MPOCTO TPU KOHCTPYKTOpa. Tak BOT
OHM U eCTb 3HaueHus. Korga mbl uiiem:

let protocol = SCTP

MbI CO3[1aéM 3HaueHMe TUIA Transport C KOHKPETHBIM COLEPKMMBIM B
BuUne SCTP. KOHCTPYKTOp — 3TO U eCTh comepskumoe. JlaHHbI BUI, KOH-
CTPYKTOpa Ha3bIBaeTCs HyJIbapHbIM (aHI/I. nullary). Tu Transport uMme-
eT TPU HYJbapPHbIX KOHCTPYKTOPA. M naske CTONb MPOCTON TUIT Y3Ke MO-
KeT OBbITh MOJIe3€H HaM:
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checkProtocol :: Transport -> String
checkProtocol transport = case transport of
TCP -> ”That’s TCP protocol.”
UDP -> ”That’s UDP protocol.”
SCTP -> ”That’s SCTP protocol.”

main :: IO ()
main = putStrLn . checkProtocol $ TCP

B pesynbrare yBuaum:

That’s TCP protocol.

DyHKIMS checkProtocol 0ObSIBJIEHA KaK MPUHMMAIOIIASI apTyMEHT TUIla
Transport, a MPMMeHSIeTCS OHa K 3HaUeHUI0, TOPOKAEHHOMY KOHCTPYK-
TOpOM TCP. B maHHOM ciTyyae KOHCTPYKIIMS case-of CpaBHMBAeT apry-
MEHT C KOHCTpPYKTOpaMu. VIMeHHO MO3TOMY HaM He Hy>XHa (QyHKIUS
otherwise, BeJlb HUKAK/M MHBIM CII0COO0M, KPOMe KakK C TOMOIIbIO TPEX
KOHCTPYKTOPOB, 3HaueHMe TUIa Transport CO3[1aTh HEBO3MOXHO, a 3Ha-
YT, OOUH U3 KOHCTPYKTOPOB rapaHTUPOBAHHO COBMHAJET.

Tum, coCTOSIMIT TOMBKO M3 HYJbapHBIX KOHCTPYKTOPOB, HA3bIBAIOT
emié mepeunciieHMeM (aHI. enumeration). KOHCTPYKTOpPOB MOKET
OBITh CKOJIBKO YTOJHO, B TOM UMCJIe ONVH-eI/MHCTBEHHbIN (XOTS M0JIb3a
OT MoJo6HOro TuMa 6buta GbI HEBeNMKA). BOT elé oguH M3BECTHbIN
npuMep:
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data Day = Sunday
| Monday

| Tuesday

| Wednesday
| Thursday
| Friday

I

Saturday

O6patuTe BHMMaHMe Ha (popmaTupoBaHe, Koraa MeHTaabHbie «JI»
BBIPOBHEHBI CTPOTO MO/, 3HAKOM paBeHCTBA. Tako¥ CTU/Ib Bbl BCTPETUTE
BO MHOTMX peanbHbix Haskell-mipoekTax.

3HayeHMe TUIa Day OTPasKEHO OJHUM M3 CEMM KOHCTPYKTOPOB. Ciestaem
K€ C HUMMU UYTO-HUOYIb:

data WorkMode = FiveDays | SixDays

workingDays :: WorkMode -> [Day]
workingDays FiveDays = [ Monday
, Tuesday
, Wednesday
, Thursday
, Friday
]
workingDays SixDays = [ Monday
, Tuesday
, Wednesday
, Thursday
, Friday
, Saturday

OYHKUMS workingDays BO3BpalaeT CIIMCOK TUIIa [Day], ¥ B CJiydae IsITH-
IHEBHOI paboueii HefeMN, OTPaKEHHOI KOHCTPYKTOPOM FiveDays, 3TOT
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CITMCOK COPMMUPOBAH ISITHI0O KOHCTPYKTOPaMM, a B cJTyuae IecTUIHeB-
HOM — 1IeCTbI0 KOHCTPYKTOPaMMU.

[Tonb3a OT TUIOB, CPOPMUPOBAHHBIX HYJIbAPHBIMU KOHCTPYKTOPAMM,
He OueHb BeJIMKA, XOTS BCTPEUYAThCS C TAKMMM TUIIAMM BbI OymeTe ya-
CTO.

[IpMOTKpPOIO CEKPET: HOBBIN TUIT MOKHO OTIpeJleJINTh He TOJIbKO C ITIOMO-
1IbI0 KJI0YEBOT0 CJIOBA data, HO 00 3TOM y3HaeM B OJTHOV U3 CIeAYIOMINX
I71aB.

A Tenepb Mbl MOXEM ITO3HAKOMMTLCA C TUIIAMMU Kyda 60J1e€e TOIe3HbI-
M.
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AT/,

AT, win Anrebpanueckme Tunel Janubix (aHra. ADT, Algebraic Data
Type), 3aHMMAIOT IMOYETHOE MecTO B Mupe TuroB Haskell. A6comoTHO
TTOfABJISIIONI e OOBIIMHCTBO BalllX COOCTBEHHBIX TUIIOB OYAYT ajareo-
pandyecKMMM, M TO K€ MOXKHO CKasaTb O TUIax M3 MHokecTBa Haskell-
MaKeToB. AJire6panyecKyM TUTIOM JAaHHbBIX HAa3bIBAIOT TAKO TUII, KOTO-
pbIit COCTaBJIEH U3 IPYTUX TUIIOB. MbI 6epEM IMPOCTbIE TUITBI U CTPOUM
M3 HUX, KaK U3 KUPIIMYE, TUTIbI CJIOSKHBIE, a M3 HUX — elll€ OoJiee CI0XK-
Hble. DTO JAET HAM HEBEPOSITHBIN ITPOCTOP JIJISI TBOPYECTBA.

OcTaBuM ceTeBbIe TPOTOKOJIbI M AHU HeZel, paCCMOTPUM TaKoit pu-
Mep:

data IPAddress = IPAddress String

Tumn IPAddress MUCIIONb3yeT OAVH-eOMHCTBEHHbINI KOHCTPYKTOP 3Haye-
HMS, HO KOe-4TO M3MeHWJIOCh. Bo-miepBbIX, MMeHa TuUlla U KOHCTPYK-
TOpa COBIIAAAI0T. JTO BIIOJIHE JIerajbHO, Bbl BCTPETUTE TaKoe He pas.
Bo-BTOpBIX, KOHCTPYKTOP yKe He Hy/IbapHbIi, a YHAPHBIN (aHIJI. unary),
IIOTOMY YTO Telepb OH CBSI3aH C ONHMM 3HaUeHueM Tumna String. U BOT

188
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KaK CO3MIaI0TCSI 3HaYeHMsI TUIIA IPAddress:

let ip = IPAddress 7127.0.0.1”

3HaueHMe ip TUIMA IPAddress 00pa30BaHO KOHCTPYKTOPOM M KOHKpeET-
HbIM 3HaUYeHMeM HEeKOero Tura:

let ip = IPAddress ”127.0.0.1”
KOHCTPYKTOP 3HayeHune
3HayeHus Tvna

Tuna IPAddress String

L 34aueHue Tmna IPAddress 4

3HaueHMe BHYTPM HaAIero TUIIA HA3BIBAKOT eIle IoJeM (aHIJI.
field):

data IPAddress = IPAddress String

T™™n KOHCTPYKTOp noJse

PacmanM TUII IPAddress, CIeJIaB ero 6oiee COBpPEMEHHBIM !

data IPAddress = IPv4 String | IPv6 String

Teriepp y Hac OBa KOHCTPYKTOpa, COOTBETCTBYIOIIMX pa3HbIM [P-
BepcusiM. JTO IIO3BOAMUT HaM CO3[aBaThb 3HAaueHue Tuma IPAddress
Tak:

let ip = IPv4 7127.0.0.1”

WM Tak:
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let ip = IPv6 “2001:0db8:0000:0042:0000:8a2e:0370:7334”

CoemaeMm Tuil emé 6osee ymo6HbIM. Tak, mpu pabore c IP-agpecom
HaM 4acTo TpebyeTcs localhost. M1 YTOOBI SIBHO He MMUCATh ~127.0.0.1” U
”0:0:0:0:0:0:0:1”, BBE[IEM elll€ ABa KOHCTPYKTOpa:

data IPAddress = IPv4 String

| IPv4Localhost
| IPv6 String
| IPv6Localhost

[TockonbKy 3HaueHUs localhost HaM 3aBeSOMO M3BECTHBI, HET HYXK-
bl yKasbiBaThb UX SIBHO. BmecTo 3TOro, Korma HaMm IOHAA0OGUTCS
IPv4-localhost, MuiieM Tak:

let ip = IPv4Localhost

N3B/1eKaeM 3HaUeHHue

JomyCTMM, MbI CO3Ia/TM 3HAUEHMe google:

let google = IPv4 ”173.194.122.194”

Kak ke HaM IIOTOM M3Bjleub KOHKpPETHO€ CTPOKOBOe 3HaueHue U3
google? C ITOMOIIbIO HAILIETO CTAPOro APyra, MaTTepH MaTYMHTA:
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checkIP :: IPAddress -> String
checkIP (IPv4 address) = ”IP is ’” ++ address ++ *’.”

main :: I0 ()
main = putStrLn . checkIP $ IPv4 7173.194.122.194”

Pesysbrar:

IP is ’173.194.122.194°,

B3misiHeM Ha oripeneneHue:

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

3mech Mbl TOBOpMM : «Mbl 3HaeM, UTO 3HaUeHMe Tura IPAddress copmu-
POBAHO C KOHCTPYKTOPOM U CTPOKOJV». OMHAKO BHMMATEIbHbI KOMITU-
JIATOD CAeiaeT HaM 3aMeyvaHue:

Pattern match(es) are non-exhaustive
In an equation for ‘checkIP’:
Patterns not matched:
IPv4Localhost
IPV6 _
IPv6Localhost

B camom nesne, 0TKyma Mbl 3HaeM, YTO 3HaUeHMe, K KOTOPOMY IpUMeHM-
v QYHKIMIO checkIP, Ob17I0 COPMMUPOBAHO MMEHHO C ITOMOIIbIO KOH-
CTPYKTOpA IPv4? YV HAC 5Ke eCTh ell€ TPU KOHCTPYKTOpa, ¥ HaM CJIeAyeT
TIPOBEPUTH UX BCeE:
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checkIP :: IPAddress -> String

checkIP (IPv4 address) = “IPv4 is ’” ++ address ++ 7’.”
checkIP IPv4lLocalhost ”IPv4, localhost.”
checkIP (IPv6 address) = “IPv6 is ’” ++ address ++
checkIP IPv6Localhost ”IPv6, localhost.”

99 2

C KaKMM KOHCTPYKTOPOM COBITQJI0 — C TaKMM ¥ OBLIO CO3JAaHO 3HaUe-
Hye. MOKHO, KOHEYHO, U TaK TPOBEPUTh:

checkIP :: IPAddress -> String

checkIP addr = case addr of
IPv4 address -> “IPv4 is ’” ++ address ++
IPv4Localhost -> ”IPv4, localhost.”
IPv6 address -> “IPv6 is ’” ++ address ++
IPv6Localhost -> ”IPv6, localhost.”

99 9

99 9
.

Crpoum

OHpe,E[eJH/IM THUIIT OJ11 CeTeBOI TOUYKMU:

data EndPoint = EndPoint String Int

KoHcTpyKTOp EndPoint — OMHAPHBIN, BeOb 3/1eCh yKe ABa 3HaueHus. Co-
34aéM OOBIYHBIM 0Opa3oM:

let googlePoint = EndPoint ”173.194.122.194” 80

KOHKpETHbIe 3HAaUYeHMs M3BJIeKaeM OIIATb-TAKM 4yepe3 IIaTTepH MaT-
YUMHT':
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main :: I0 ()
main = putStrLn $ “The host i1s: ” ++ host
where
EndPoint host _ = EndPoint ”173.194.122.194” 80

1
L— o6pazeyy —! = L———— 3HaueHne

O6patuTe BHMMaHMe, UTO BTOpOe 10Jjie, COOTBETCTBYIOIIee MOPTY, OT-
pakeHO YHMBEpCaJbHBIM 00pa3IloM _, IOTOMY YTO B JaHHOM C/Tydyae
Hac MHTepecyeT TOJIbKO 3HaUeHMe XOCTa, a TOPT MPOCTO UTHOPUPYET-
csl.

U Bcé ObI XOPOIII0, HO TUIT EndPoint MHe He OUeHb HpaBUTCS. ECTh B HEM
YTO-TO HeKpacyuBoe. [IepBbIM I10jIeM BBICTYIIA€T CTPOKa, ComepKalast
[P-azmpec, HO 3aueM Ham CTpoka? Y HaC ke eCTb IPEKPaCHBIN TUI
IPAddress, OH Kyja jyuliie 6e3/MKOi CTpOKM. DTO oblee MpaBuUIIO JIJIs
Haskell-pa3paborunka: ueM 6oblie MHGOpPMaLiM HECET B cebe TuIl,
TeM OH jyuille. [laBaiiTe 3aMeHMUM OIIpeieieHue:

data EndPoint = EndPoint IPAddress Int

Tum cran noHsSTHee, ¥ BOT KaK MbI Teleph OygeM CO3aBaTh 3Haye-
13078

let google = EndPoint (IPv4 ”173.194.122.194”) 80

KpacuBo. V3ByieKaTh KOHKpETHbIE 3HAUEHMS OyIeM TakK:
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main :: IO ()
main = putStrLn $ “The host 1is:
where
EndPoint (IPv4 ip) _ = EndPoint (IPv4 7173.194.122.194) 80

2

++ ip

31ech Mbl OISIThb-TakKy UTHOPMPYEM TOPT, HO 3HauUeHMe [P-ampeca us-
BJIeKaeM yske Ha OCHOBe 00pa3iia ¢ KOHCTPYKTOPOM IPv4.

ATO IPOCTOI IpUMeEp TOrO, KaK M3 IPOCThIX TUIIOB CTPOSITCS Oosee
cioskHble. HO CJTIOKHBIN TUIT BOBCE He O3HauaeT CIOKHYI0 paborty c
HMM, [IaTTePH MATUMHT 3JIeTaHTeH KaK Bcerga. A BCKOpe Mbl Y3HaeM O
IIPyTOM CIT0co6e paboThl € TTOISIMY TUIIOB, 6€3 IMaTTepH MaTYMHTA.

HIO601'IbITHO, UYTO KOHCTPYKTOPBI TUIIOB TOXXE€ MOXXHO KOMIIOHOBATD,
B3IVIsTHUTE!

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

2»

++ ip

JTO MOXO0ke Ha MaJieHbKoe BOJIIeOCTBO, HO KOHCTPYKTOPbI TUIIOB
MOKHO KOMIIOHOBaTh 3HAaKOMbIM HaM OIlepaTOpPOM KOMITO3UIIUM

byHKIMI:
(EndPoint . IPv4 $ ”7173.194.122.194”) 80

| 3HayeHne Tuna |
L IPAddress ——
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BaM 2T0 HMUero He HalToMMHaeT? ITO ke B TOUHOCTU Tak, KaK MbI pabo-
T ¢ pyHkumusimu! M3 3TOro MbI JiejiaeM BbIBOJI: KOHCTPYKTOpP 3Haue-
HISI MOXKHO paccMaTpuBaTh Kak 0cobyto byHKIIMIO. B camoMm nene:

EndPoint  (IPv4 ”173.194.122.194”) 80

“dyHkuma” | nepBbii | BTOpOI
L——— apryment —!  aprymenT

MpbI Kak ObI TPUMeEHSIEM KOHCTPYKTOP K KOHKPETHBIM 3HAUEHUSIM KaK K
aprymMeHTaM, B pe3y/bTaTe uero IojiyyaemM 3HaueHMe Hallero Tuma. A
pas Tak, Mbl MO’KeM KOMIIOHOBATb KOHCTPYKTOPBI Tak ke, Kak U 00bIU-
Hble QYHKINH, JIUIIb Obl MX TUITbI ObLIM KOMOVMHMPYEMbIMU. B TaHHOM
clyyae BCE B TOpPSIAKe: TUIT 3HAYEHMSI, BO3BpallaeMOro KOHCTPYK-
TOPOM IPv4, COBMAZaeT C TUIIOM IMEPBOr0 apryMeHTa KOHCTPYKTOpa
EndPoint.

BOT MbI ¥ MO3HAKOMMJIMCh C HACTOSIIMMMU TUMIaMM. [IpUIIIO Bpemst
y3HaTh 0 b6osiee yoo6HO paboTe ¢ OJSIMU TUTIOB.



I'maBa 21

AT/l1: r1oJ/is1t ¢ MeTKaMu

MHorue THUIIbI B pPeaZIbHBIX IIPpOE€KTaX OOBOJIbHO BEJ/IMKMN. BarnsgHu-
Te:

data Arguments = Arguments Port
Endpoint
RedirectData
FilePath
FilePath
Bool
FilePath

3HauveHMe TUIIA Arguments XPAHUT B CBOMX ITOJISIX HEKOTOpbIE 3HAUEHMS],
M3BJIEUEHHbIE M3 ApaMeTPOB KOMAHIHOM CTPOKM, C KOTOPBIMMU 3aIly-
IeHa OiHa U3 MOMX IporpaMm. U Bcé 6bI XOpoIlIo, HO paboTaTh C Ta-
KM TUIIOM a0COMIOTHO HeymoO6Ho. OH comepskKUT ceMb TIoJei, 1 mat-
TepH MaTYMHT ObLT ObI CIMIIKOM I'POMO3IKIM, IIpeicTaBbTe cebe:

196
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where

Arguments _ _ _ redirectLib _ _ xpi = arguments

Bosnee Toro, Korga Mbl CMOTPUM Ha OIIpefieieHNe TUIla, Ha3HaueHMe ero
oJieii OCTaeTCs TaliHOM 3a CeMbIO MmevaTsaMu. Buaure npearocienHee
riosie? OHO MMeeT TUII Bool U, TIOHSITHOE JIeJI0, OTpaskaeT KaKoii-To ¢uiar.
Ho uTo 3T0 3a dhyar, untaTesnasb He mpeAcTaBiseT. K cuacTbio, CyliecTByeT

CII0C00, criacamIyuX HacC OT 06enx ITUX MPoLIeM.

MeTku

MbI MOKkeM CHaOauUTh Halmy 1oyist MeTkamu (aHmI. label). BoT kak 3To

BBITJISIINT:

data Arguments = Arguments {

3

runWDServer
withWDServer
redirect
redirectLib

screenshotsDir ::
: Bool

noScreenshots
harWithXPI

Port
Endpoint

: RedirectData

FilePath
FilePath

FilePath

Terepb Ha3HaUeHME METOK KyJa ITOHsATHee. Cxema orpe/ie/ieHusI TaKo-

Ba:
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data Arguments = Arguments { runWDServer :: Port }
TMN  TaKoW-TO KOHCTPYKTOp  MeTKa noJA ™n
nona

Ternepsb mosie MMeeT He TONIbKO TUII, HO ¥ Ha3BaHMe, UTO U JieJlaeT Hallle
ompezeneHe 3HAUMUTe/bHO 6ojee unTabenbHbIM. [107151 B 3TOM CiTydae
pasjieneHbl 3aMsIThIMU U 3aK/II0UeHbI B GUTypHbIE CKOOKMN.

Eciu ogpsin uayT nBa uiu Gosiee IOt OGHOTO TUIIA, €r0 MOKHO yKa-
3aTh JIMILIb OJ1S MOCIeaHel U3 MeTOK. Tak, et y HAaC eCThb BOT TAKOM
TUIIL:

data Patient = Patient { firstName :: String

, LastName :: String
, ematil :: String
}

ero orpenejeHe MOXHO YYTOK YIIPOCTUTDL U HAIIMCATb TaK:

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

}

Pa3 tum Bcex TpEX mosieli OAMHAKOB, Mbl YKa3bIBaeM €ro JIUIIb IJIS T10-
cyienHel 13 MeTOK. Eié rpumep momHoi GopMbI:
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data Patient = Patient { firstName :: String
, lLastName :: String
, email :: String
, age .o Int
, diseaseld :: Int
, isIndoor :: Bool
, hasInsurance :: Bool

M TYT Xe yIpoIlaem:

data Patient = Patient { firstName
, LlastName
, email :: String
, dage
, diseaseld :: Int
, isIndoor
, hasInsurance :: Bool

ITons firstName, lastName U email MMEIOT TUII String, IO/ age U diseaseld
— THUII Int, M OCTAaBLIMECS ABa I10JISI — TUII Bool.

Getter u Setter?

YTo ke MpeacTaBsIOT co60it MeTKMU? DaKTUUeCKM, 3TO 0COOble PyHK-
1M, CreHepUpPOBaHHbIE AaBTOMATUYECKU. DTU (GYHKIMU MMEIOT TPU
TpeHa3HAYEeHMsI: CO3/laBaTh, U3BJIEKAaTh U U3MeHSTh. [la, s He oro-
BOpWJICS, M3MeHATh. Ho 06 3TOM 4yThb 1O33Ke, IMyCTh OyaeT MaJeHbKast
VHTPUTA.
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BoT Kak MbI co34aéM 3HaUYeHMe TUIIA Patient

main :: I0 ()
main = print $ diseaseld patient

where
patient = Patient {
firstName = ”John”
, LlastName = ”Doe”
, email = ”john.doe@gmail.com”
, age = 24
, diseaseld = 431
, isIndoor = True

, hasInsurance = True

MeTku mosieil UCIONAb3YIOTCS KaK CBOero pona setter (oT aHII. set,
«YCTAHAB/IUBATD»):

patient = Patient { firstName = »John”
B 3TOM NE] none c
3HayeHun Patient  3ToM MeTKOM paBHO 3TOW CTpoKe

Kpome Toro, metky MOXHO MCIIOJIb30BaTh U Kak getter (0T aHII. get,
«II0Ty4YaTh»):

main = print $ diseaseId patient

MeTKa Kak aprymeHT
GYHKUMN

Mbl TipyMeHsieM MeTKy K 3HaueHUIO TUIa Patient U IOTyYyaeM 3Have-
HMe COOTBETCTBYIOIET0 JaHHO MeTKe 1osisl. [ToaToMy [IJis TToTydyeHUst
3HAYEeHMII 1ToJielt HaM yKe He HY>KeH IaTTepH MaTuMHT.
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Ho uTo ke 3a MHTPUTY s IPUTOTOBWII TT0A, KOHell? Bolliiie s yIIOMSIHYII,
YTO METKM MCIOJIb3YIOTCSI He TOJIbKO AJIs1 3aJlaHusI 3HAUeHUI1 moJieit u
IJISI MIX U3BJIeUEeHMSsT, HO U [IJIS1 U3MeHeHMs. BOT UTo s1 uMmen B BULY:

main :: I0 ()
main = print $ email patientWithChangedEmail
where
patientWithChangedEmail = patient {
email = ”j.d@gmail.com”
}
patient = Patient {
firstName = ”John”
, lastName = ”Doe”
, email = ”john.doe@gmail.com”
, age = 24
, diseaseld = 431
, i1sIndoor = True
, hasInsurance = True

[Tpu 3amycke IIpOrpamMMbl OTYYMM

j.d@gmail.com

Ho mocroiiTe, uto ke TyT nmpousonuio? Benb B Haskell, kak MbI 3HaeMm,
HEeT oIlepaTopa MpMCBauBaHMs, OOHAKO 3HAUEeHMe II0/IST C METKOJ email
roMeHs10ch. [ToMHIO, KOT/Ia S BIIepBbIe YBUI e/ MOI00HbIN ITpuMep, TO
OUeHb YAMBUJICS, MOJI, 3K He BBEJIM JI MeHS B 3a0/TysKIeHIe T10 TIOBOAY
Heu3MeHHOCTU 3HaueHuit B Haskell?!

Her, He BBenu. [TogoOHAas 3aMCh:
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patientWithChangedEmail = patient {
email = ”j.d@gmail.com”

}

IleliCTBUTEIbHO ITOX0XKa Ha M3MeHeHMe T10J1s1 yepe3 MpucBauBaHue eMy
HOBOT'O 3HAaueHMs], HO B JeiCTBUTEIbHOCTY HMKAKOTO M3MEeHEeHMS He
npousouwio. Korga g1 Ha3zBaj MeTKy setter-om, 1 HEMHOTO CIyKaBWII,
Benb Kiaccumdeckuit setter m3 mmpa OOII Obl1 ObI HEBO3MOXKEH B
Haskell. I[TocmoTpuM elilé pa3s BHMMAaTe/bHEe:

where

patientWithChangedEmail = patient {
email = ”j.d@gmail.com”
}
patient = Patient {
firstName = ”John”
, lastName = ”Doe”
, email = ”john.doe@gmail.com”
, age = 24
, diseaseld = 431
, ilsIndoor = True

, hasInsurance = True

BamisiHuTe, Benb y Hac Terepb [ABa 3HAUEHUS TUIIA Patient, patient U
patientWithChangedEmail. DTV 3HaUEHMS HEe MMEIOT IPYT KO APYTYy HU Ma-
Jiejilero oTHoueHus. BcmomuuTe, Kak s ropopuii, uto B Haskell Henb-
351 U3MEHMUTD MMeEIoLIeecs] 3HaUueHMe, a MOXKHO JIUIIb CO3aTh HA OCHOBE
MMEIIEerocs HOBoe 3HayeHue. ITO MMEHHO TO, YTO 3[eCh ITPOU30IIJIO:
MbI B3SIJIM MeIoILeecsl 3HaUeHue patient ¥ Ha €ro OCHOBE CO3JaJN yKe
HOBOe€ 3HaueHMe patientWithChangedEmail, 3HauUeHMe 1104 email B KOTO-
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poMm Teriepb Apyroe. IIOHSITHO, UTO 1oJie email B 3HAUEHUM patient OCTa-
JIOCh HEM3MEHHbBIM.

BynbTe BHMMAaTeNIbHBI IPU MHULIMAIU3AMUY 3HAUEHUS C TIOJIIMM: BbI
00sI13aHbI ITPEeIOCTABUTh 3HAUEHMS IJ1s1 BCeX ITosieii. Ecyiu BbI HamuIeTe
Tak:

main :: I0 ()
main = print $ email patientWithChangedEmail

where

patientWithChangedEmail = patient {
email = ”j.d@gmail.com”

}

patient = Patient {

firstName = ”John”

, lastName = ”Doe”
, email = ”john.doe@gmail.com”
, age = 24
, diseaseld = 431
, i1sIndoor = True

KO, CKOMITMJIMPYETCSI, HO BHMMATEIbHbI/ KOMIIWISATOP MPeayIpeauT
Bac o rmpobaeme:

Fields of ‘Patient’ not initialised: hasInsurance

[MoskanyiicTa, He TpeHebperaiiTe MOJOOHBIM IpeayIIpeXxaeHeM, Beib
eI Bbl IPOUTHOPUPYETE ero 1 3aTeM IOIbITaeTeCh 00paTUThCS K HEU-
HULIMATN3MPOBAHHOMY IOJIIO:
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main = print $ hasInsurance patient

Ballla MporpaMMa aBapuIifHO 3aBEPIINTCS Ha STalle BHIIIOJHEHMUS C OKM-
laeMoJ1 OIIMOKOIL:

Missing field in record construction hasInsurance

He 3a6bIBajiTe: KOMIMJISITOP — Balll TOOPBIN APYT.

be3 meTOK

[ToMHMTE, YTO METKM I10JIe}i — 3TO CMHTaKCHUUEeCKMii caxap, 6e3 KOTOpo-
r'O MbI BITOJIHE MOXXeM 000 THUCh. [laxke ec/iy TUII ObLI OIIpPeAesIeéH C MeT-
KaMM, KaK Halll Patient, MbI MOKEM pabOTaTh C HUM I10-CTapPMHKE:
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data Patient = Patient {

main :: I0 ()

firstName
lastName
email

age
diseaseld
isIndoor

hasInsurance ::

main = print $ hasInsurance patient

where

-- Co30aém no-cmapuHke. ..
patient = Patient “John”

”Doe

i1

:: String
:: String
:: String
.o Int
.. Int
:: Bool

Bool

”john.doe@gmail.com”

24
431

True
True

COOTBETCTBeHHO, U3BJIeKaTh 3HAuUeHus II0Jiei

CTapMHKe, yepe3 IIaTTePpH MAaTUMHTI:

TOXe MOXHO IIO-
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main :: I0 ()
main = print insurance
where
-- Xymko HeydobHO, HO ecsu wesiaeme. ..
Patient _ _ _ _ _ _ insurance = patient
patient = Patient “John”
”Doe”
”john.doe@gmail.com”
24
431
True
True

C opyrMMu BUAAMM CMHTAKCUMUYECKOTO caxapa Mbl BCTPETUMCS eIl He
pa3s, Ha Kyza 6oJiee MPOABMUHYTHIX TPUMepax.
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HoBpbI1V TUII

[TomuMmoO data CyIIeCTBYeT ellé OAHO K/IIoueBoe CJIOBO, IMpeaHa3HAuUeH-
HOe JIJIS oTipeesieHyst HoBoro Tuma. OHO Tak ¥ Ha3bIBAeTCS — newtype.
OTU CJIOBA MOXOKM APYT HA JIPyTa «B OAHY CTOPOHY»: BbI MOXKETE IT0CTa-
BUTb data HA MECTO newtype, HO He HA0OOPOT.

Pasnuuusa

Tur, ormpenensieMblii C IIOMOIIBIO CJIOBA newtype, 00SI3aH MMETh OIVIH U
TOJBKO OAVH KOHCTPYKTOP 3HaYeHMsI. Mbl MOKeM HanucaTh TaK:

newtype IPAddress = IP String

A BOT Tak HE MOXeM:

newtype IPAddress = IP String | Localhost

Kommuisgrop saynpsiMmuTCs :

207
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A newtype must have exactly one constructor,
but ‘IPAddress’ has two
In the newtype declaration for ‘IPAddress’

KpOMe TOIr'0, B TAKOM THUIIE€ OOJIKHO OBITH OIHO U JNUIlb OOHO moJje. To
€CTb MOJXKHO TaK:

newtype IPAddress = IP String

Wnun ke Tak, ¢ METKOJ:

newtype IPAddress = IP { value :: String }

A BOT Ba Man 6oJs1ee mosieii 3allMXHYTb HE yOaCTCA:

newtype EndPoint = EndPoint String Int

KommmisiTop BHOBb OOpaTUT Hallle BHMMaHMe Ha IMpobieMy:

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’

Boisee TOro, Hy/IbapHbIi1 KOHCTPYKTOP TOXKe He TOLONIET:

newtype HardDay = Monday

U BHOBB OIIMOKA:
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The constructor of a newtype must have exactly one field
but ‘Monday’ has none

3aueM OH HY>XeH?

B camom pesne, 3auemM HaM HY)KHO TaKOe XO03SIMCTBO? JTO HeJb3s, TO
Henb3s. Kakoit cMbIci?

CMBICJI B OTITUMU3ALIUNA. O6paTI/ITe BHMMaHMe Ha MOJeJIb newtype:

newtype IPAddress = IP String
HOBbIi  Ha3BaHue KOHCTpyKTOp [one
T™n 3HaYeHua

DaKTUYECKN, newtype OEPET OHO-eIMHCTBEHHOE 3HAUEHVE HEKOTOPO-
IO CYILeCTBYIOIEro TUIIA M BCEro JiKIllb 060paunBaeT ero B CBOV KOH-
CTPYKTOp. VIMEHHO MO3TOMY TUII, BBEIEHHBII C TTIOMOIIBIO newtype, HE
oTHOCUTCS K AT/I, 1 C TOUKM 3peHMS] KOMITWJISITOPA OH SIBJISIETCS JIUIITh
repeMeHOBaHMEeM THUIIA (aHIVI. type renaming). 9TO Je/1aeT TaKO¥ TUIT
60J1ee MPoCcThIM 1 3G PEKTUBHBIM C TOYKY 3peHUSI ITpeICTaBIeHMs B Ia-
MSITH, HEXXeJTM TUTI, OTIpeIeJisieMblii C data.

Korma MbI nuilieM Tak:

data IPAddress = IP String

MbI TOBOPMM KOMITWJISITOPY: «IPAddress — 3TO aOCOIOTHO HOBBIN U ca-
MOOBITHBIV TUII, KOTOPOTO HMUKOI/IA He ObLIO paHee». A KOrma IMIIeM
TaK:
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newtype IPAddress = IP String

MbI TOBOPUM: «IPAddress — 3TO BCErO JIMIIIb OOEPTKA [IJIsI 3HAaUeHUS yske
CYLIECTBYIOLIETO TUIIA String».

type vs newtype

BHMUMaTeNbHBIN UNTATENb CIPOCUT, B YEM Ke hyHIaMeHTaabHOe OT/IN-
Yyye TUIIOB, BBOJMMBIX C IOMOIIIbIO newtype, OT TUIIOB, BBOJAMMBIX C I10-
MOIIIbIO type? TaM CMHOHUM, TYT — 00€pTKa. OT/IMUME BOT B UEM.

Korma MbI nuilieM Tak:

type String = [Char]

Mbl 00BsIBIsieM: «TUM String — 3TO SKBUBaJIeHTHasl 3aMeHa TUITY
[Char]». I mo3TOMY Be3Je, Ife B Kofie CTOUT [Char], Mbl MOKeM I1OCTa-
BUTH String, ¥ Be3fe, rae CTOUT String, MbI MOKEM ITOCTaBUTH [Char].
Hampumep, ecnu pyHKIMSI 0ObsIB/IEHA TaK:

replace :: String
-> String
-> String
-> String

MbI MOXKEM CITOKOIHO IepenmcaTh OObsIBIeHE:
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replace :: [Char]
-> [Char]
-> [Char]
-> [Char]

M HN4Yero He MaMeHUTCA.

Korma >ke MblI IMIIEM TakK:

newtype MyInt = MyInt Int

MbI 00bsIB/ISIEM : «TUTI MyInt — 3TO HOBBIN TUII, TIpeiCTaBIeHe KOTOPO-
IO TaKoe ke, KaK y Tuma Int». Mbl He MOKEM IIPOCTO B3SITh U ITOCTaBUTh
MyInt Ha MeCTO Int, TOTOMY UTO 3TU TUIIbI PABHBbI JIMIIb C TOUKU 3PEHUS
TIpeICTaBJIeHNS] B ITAMSITH, C TOUKM 3PEHMUS CMCTEMbI TUIIOB OHM abCo-
JIIOTHO pa3jINyHbI.

A 3aueM ke HaM HY>KHO 3T0? JIJIs1 TPOCTOTHI M HAEXHOCTH Koaa. [lomy-
CTUM, eCThb TaKast QyHKI[MSI:

getBuildsInfo :: String -> Int -> BuildsInfo
getBuildsInfo projectName limit = ...

Ota dhyHkuus 3amnpaiimBaeT y CI-cepsuca (uepe3 REST API) ungopma-
11110 0 cO0pKax ImpoekTa. V3 onpeaeneHns: Mbl BUAMM, UTO MIEPBBIM ap-
TYMEHTOM BBICTYTIAeT MM ITPOEKTa, a BTOPHIM — KOJIUYECTBO COOPOK.
OmHako B MecTe ITpuMeHeHUs QYHKIINM 3TO MOKET ObITh He CTOJIb Ove-
BUTHBIM:

let info = getBuildsInfo “ohaskell.guide” 4

Yro Takoe nepsas crpoka? Uto Takoe BTopoe uncio? HesicHO, HY;KHO
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IJISIIeTh B OIIpelesieHNe, Bedb IOaske OOBSIBJIeHME He pacCKaskeT Ham
MpaBay:

getBuildsInfo :: String -> Int -> BuildsInfo
yTo 3a 4yTo 33
CTpoKa? yncno?

BOT TYyT HaM ¥ IIOMOTAIOT HAIllX TUIIbI, Be[lb CTAHJAPTHbBIE String U Int
caMu 110 cebe He HeCyT HMKAKOIi 10JIe3HOI MH(pOpMaIny 0 CBOEM CO-
JepxkuMoM. KoHeuHo, Mbl MOIJIM ObI 000THCH U 6€3 TUIIOB, IIPOCTO
BBE/ISl IPOMEXKYTOUHbIE BbIPAsKeHMSI :

”ohaskell.guide”
4
getBuildsInfo project limit

let project
limit
info

OpHako IMpOrpaMMMCT MOSKET 3TOTO M He chesaTh, ¥ TOrAa MbI TOJTY-
YMM «Maruyeckyue 3HaueHMsI», CMbICJI KOTOPbIX HaM Heu3BecTeH. Kyzna
Jyyliie BBECTU COOCTBEHHbIE TUIIbI:

newtype Project = Project String
newtype Limit = Limit Int

getBuildsInfo :: Project -> Limit -> BuildsInfo

yXe He yxe He
npocTo npocTo
cTpoka yncno

OTO 3aCTaBUT HAC MUCATh SIBHO:
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let info = getBuildsInfo (Project “ohaskell.guide™)
(Limit 4)

Terneps, gaxke 6€3 MTPOMEKYTOUHBIX BbIpakeHM, CMbIC/I CTPOKM U UMCIa
BIIOJTHE OueBMIeH. DTO BakHbIM npuHUMIT B Haskell: 6e3nmkue TuIib
Haromo6me String WUIM Int 3aMEHSTh Ha TUIIbI, MMEION[/ie KOHKPETHBIN
CMBICJT JJ151 Hac.

Kpome Toro, newtype-THUITbI IOMOTAIOT HAM He AOIYCKAaTh [TYTIbIX OILN-
60ok. Hampumep, ectsb apyrast QyHKIIAS

getArtifacts :: String -> Int -> Int -> [Project]
getArtifacts projectName limit offset = ...

Mavto Toro, 4To Iepe HaMy BHOBb O0e3/MKue Int, TaK UX elé u asa. U
BOT Kakasl HeJienasl olMOKa MOXKeT Hac MO KUIATh:

let project = “ohaskell.guide”

limit =4
offset =1
info = getArtifacts project offset limit

3ametwin? Mal CJTyyaliHO TMeperyTaju apryMeHTbl MeCTaMU, IIOCTaBUB
offset Ha MecTO limit. PaboTa QyHKIIMM IIPY 3TOM HAPYIIUTCS, OJHAKO
KOMITWISITOP OCTaHeTCsI HeM Kak pbiOa, Belb C TOUKM 3PEHMS CUCTEMBbI
TUIIOB OLIMOKY He MPOMU30III0: U TaM Int, U TYT Int. CHHOHMMBI JIJIs Int
TaKKe He oMoy 661. OMHAKO eC/IM Y HAaC OYIYT newtype-TUIIbI:

newtype Limit = Limit Int
newtype Offset = Offset Int

TOrJa Mogo6Has olMbKa He TIPOMIET He3aMeUeHHO :
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”ohaskell.guide”

let project

limit = Limit 4
offset = Offset 1
info = getArtifacts offset limit

Turmsl apryMeHTOB Telepb pasHble, a 3HAUUT, ITyTaHUIA MEXKIY HUMU
rapaHTUPOBAHHO IMPEPBET KOMIMIISIIINIO.

BoT Takue OHM, newtype-TUIIbI. B MOC/IeAyIOMNX IJ1TaBaX Mbl YBUIUM €II[E
607bIITyI0 MOIIIb cMcTeMbl TUIIOB Haskell.
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KoHCTpyKTOp THUIa

B npenpigymmx rimaBax Mbl TO3HAaKOMMUAUCH ¢ AT]I, KOTOpbie camu I10
cebe y:ke BecbMa I0e3HbI. 1 BCE ke eCcTh B HMUX OJHO OTpaHMUYEHMeE:
OHM HAIIPOYb JIMIIIEHbI ITMOKOCTY. BOT Te6e KOHKpeTHbIE I10Jis, a BOT Te-
6e KOHKpeTHbIe TUIIbI, OyIb c4acTIMB. Ho cyIiecTByeT CIioco6 HaleInUTh
HaIllM TUI Kyaa OOoJbIIel CujIoii. DTa IJIaBa CTaHeT ISl Hac IepeoM-
HOI, Belb C HE€ HAYHETCS HAIl MyTh B MUP AEMCTBUTEIbHO MOIIHbBIX
TUIIOB.

OnumoHaJIbHbIN TUII

I[OHYCTI/IM, Y HacC eCTb CIIMCOK ITap CJIeayIoIero Byuaa:

215
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type Chapters = [(FilePath, String)]

chapters :: Chapters

chapters = [ (”/list.html”, ”Cnucok™)
, (”/tuple.html”, “Koptex™)
, (”/hof.html”,  ”0BMN”)

]

Tun FilePath ecTb He 6ojiee YeM CTaHOAPTHBI CMHOHMM [Jis TUIIA
String, HO OH Ooyiee MH(poOpMaTMBeH. VTaK, 3TOT CIIMCOK COHEPKUT
Ha3BaHMS TPEX IVIaB JAHHOV KHUTY U YT K HUM. U BOT IToHag06m1ach
HaM QYHKIMS, KOTOpas M3BJIeKaeT Ha3BaHMe IJIaBbI IO €€ Iy THu:

lookupChapterNameBy :: FilePath -> Chapters -> String
lookupChapterNameBy _ [] =
lookupChapterNameBy path ((realPath, name) : others)

| path == realPath = name

| otherwise lookupChapterNameBy path others

Bcé mpenenbHO MPOCTO: PEKYPCMBHO O€KMM IO CITMCKY Iap chapters,
Ha KaXXJO0M Ilare U3BjeKas yepes3 aTTepH MaTYMHT ITyTh KO IJIaBe U eé
ums. CpaBHMBAEM ITYyTU U, €XKeJIV COBIANAl0T — Ha BbIXOZE MOTy4aeTCs
UMSI, COOTBETCTBYIOLIee 3aJJaHHOMY ITyTu. Eciin ke, poiias BeCh CIu-
COK, MbI TaK ¥ He HallUIM COOTBETCTBYIOIErO IyTH, HA BbIXoze OyneT
IyCcTas CTPOKa.

Hcnonb3yem Tak:
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main :: I0 ()

main = putStrLn $
if | null name -> ”No such chapter, sorry...”
| otherwise -> ”"This i1s chapter name: ” ++ name
where

name = lookupChapterNameBy ”/tuple.html” chapters

Ecnu Ha BBIXOZE d)yHKLU/II/I lookupChapterNameBy ITyCcTasg CTpOKa, 3HAUUT
MbI HMYEro He Halll/Ii, B IPOTMBHOM >Ke CJIydae ITOKa3bIBaeM Haﬁ,HEH-
HOe M.

Hy u kak Bam Takoe pemieHue? Bpopge Obl KpacuBoe, HO IIOUYeMY, COO-
CTBEHHO, ITycTasi cTpoKa? §I BIojiHe MOT HamucaTh 3aTOTOBKY IJIs o4e-
penHOV I71aBbl U €Il€ He OaTh €/l UMS:

chapters :: Chapters

chapters = [ (”/list.html”, ”Cnucok™)
, (”/tuple.html”, “KopTtex™)
, (”/hof.html”,  ”0BM”)
, (”/monad.html”, )

B sTom wiyuyae Hallle pelieHue JOMaeTCs: IyCTass CTPOKAa HA BBIXOZeE
dyHKLMM lookupChapterNameBy MOXET O3HauaTh TeIepb KaK TO, YTO MbI
He HallUIM IJIaBbl C TAKUM IIYTEM, TaK U TO, YTO IJIaBa-TO CYIECTBYET,
IIPOCTO €€ MM ToKa He 3axaHo. CiegoBaTesbHO, HAM HYKEH LPyroi
MeXaHM3M ITPOBEPKM pesy/bTaTa IoMcka, 6omee 0OfHO3HAYHBbIIA.

Omnpepenyum ONMIMOHAIbHBIN THUI. ONIIMOHAIBHBIM (aHIJI. optional) Ha-
3BIBAIOT TAKOJ TUII, BHYTPU KOTOPOIO JIOO eCTh HEUTO I10JIe3HOE, TO0
HeT. BhIIIsimeTs OH OyIeT Tak:
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NoSuchChapter

data Optional =
| Chapter String

Eciiu 3HaueHne Tura Optional CO3aHO C MOMOILIBIO HYJIbAPHOTO KOH-
CTPYKTOpPa NoSuchChapter, 3TO 03HaUYaeT, YTO BHYTPU HUYETO HET, Ilepes
HaMM 3HauYeHMe-ITyCThIIIKA. DTO U OyIeT COOTBETCTBOBATb TOMY CITy-
ya, KOrma HY>KHYIO IJIaBy Mbl He HalllIX. A BOT eIV 3HaUeHue ObLIo
CO3[aHO C IOMOIIBI0O YHAPHOTO KOHCTPYKTOPA Chapter, 3TO HECOMHEH-
HO OyzIeT 03HayvaTh TO, UTO MbI HAIlJIM MHTEPECYIONIYIO HAC IIaBy. [le-
penuiiieM QYHKIMIO LookupChapterNameBy:

lookupChapterNameBy :: FilePath -> Chapters -> Optional
lookupChapterNameBy _ [] = NoSuchChapter
lookupChapterNameBy path ((realPath, name) : others)

| path == realPath = Chapter name

| otherwise = lookupChapterNameBy path others

Kop cran 6oee moHATHBIM. 1 BOT KaK MbI 6yzieM paboTaTh ¢ 3TOi PyHK-
uein:

main :: I0 ()
main = putStrLn $
case result of
NoSuchChapter -> ”No such chapter, sorry...”
Chapter name -> ”This is chapter name: ” ++ name
where

result = lookupChapterNameBy “/tuple.html” chapters

OtHbiHe GYHKIMS lookupChapterNameBy CUTHAaIM3UPYET O HEYTAUHOM
TIOMCKe He MOCPenCTBOM ITyCTOM CTPOKM, a MOCPEeACTBOM HYJIbapHOTO
KOHCTPYKTOpa. DTO U HaiE&XXHee, 1 yuTabebHee.

KpacuBo, HO B 3TOM 3/IeTaHTHOM peIIeHUM BCE-TaKU OCTAETCS OAMH
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U3DBbSIH: OHO HAMEePTBO IIPUBIA3aHO K TUITY String:

data Optional = NoSuchChapter

| Chapter String
Mouemy

UMEHHO
String?

B camom nene, mouemy? Hanpumep, B Haskell mupokoe npumeHeHne
TTOTYYMIT TUTT Text U3 OMHOMMEHHOTO ITaKeTa. ATOT TUII, KCTaTH, 3HAUM-
TelbHO MoIIHee 1 3dPeKTMBHee CTAaHAAPTHO String. 3HAUNUT, €CIU Mbl
3aX0TUM OIPeIe/INTh OMIMOHATbHbIV TUTI U IJIST Text, IPUAETCS TyO/M-
pOBaTh:

data Optional = NoSuchChapter | Chapter String

data Optional = NoSuchChapter | Chapter Text

OnmHako KOMIMWJIATOP HAOTPE3 OTKAXKETCA IIPMHMMATDh TaKOI KOJI:

Multiple declarations of ‘Optional’

NmeHa-To TUIIOB OAMHAKOBbIe! XOPOIllo, YTOUHUM:

data OptionalString = NoSuchChapter | Chapter String

data OptionalText

NoSuchChapter | Chapter Text

Ho 1 B aTOM C/Tyyae KOMITWIISILIVSI He ITPOIET:
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Multiple declarations of ‘NoSuchChapter’

Multiple declarations of ‘Chapter’

KoHCTpyKTOpbI 3HaU€HMIi TOXKe OAHOMMEHHbDIEe, OTISITh YTOUHSIeM:

data OptionalString = NoSuchChapterString
| ChapterString String

data OptionalText NoSuchChapterText

| ChapterText Text

Bot Teneps 3T0 paboTaeT, HO KOJ, CTaja M30bITOUHBIM. A BIPYT MBI ITOXKe-
JaeM 106aBUTh K IBYM CTPOKOBBIM TUIIaM eIllé U TpeTuii? Wiu 4eTBEp-
ThIN? YTO )X HaM, IJIs1 KasKOOr0 TUIIA BOT TaK BOT YTOYHSTh? HeT, yMHBbII
B FOpY He IMOMIET — eCThb JYUIIUii ITYTh.

MoskeT OBITh

B cranmapTHOI 6M6/IMOTEKe KUBET TUII IO MMEHU Maybe:

data Maybe a = Nothing | Just a

Tur Maybe (OT aHI/I. maybe, «MOKeT ObITh») HY>KeH IJIsI CO3IaHMs TeX ca-
MBbIX ONLMOHAJbHBIX 3HAUEHUI. BripoueM, s BbIpa3uiics HETOYHO, Beib,
HeCMOTPS Ha KJI0UeBOoe CJIOBO data, Maybe — 3TO He COBCEM TMUII, ITO KOH-
CTPYKTOP THUIIA (aHIJI. type constructor). [JaHHast KOHLenus UCIIOIb3Y-
etcs B Haskell upe3BbIuaitHO 4acTo, 1, KaK ¥ OOJIBIIMHCTBO KOHIIEITIMI1
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B 3TOM 43bIKEe, OHa CTOJIb ITOJIe3Ha ITI0TOMY, UTO OU€Hb IIPOCTaA.

KOHCTpYKTOp THIIAa — 3TO TO, UYTO CO3aET HOBBIN TUII (TIOTEHIIKAIBHO,
6eCcKOHEYHOe MHOKeCTBO TUIIOB). Koryia MbI SBHO OITpe[ie/isieM TUIT, OH
MPSIMOJIMHEEH Y OJHO3HAUEH:

data Optional = NoSuchChapter | Chapter String
UMA TUMA  HYJ/IbapHbIN VHapHbIN none
KOHCTPYKTOp KOHCTPYKTOp Tuna

3HayeHus 3HayeHus String

Korpa e MbI onipefiesisieM KOHCTPYKTOP TUIIA, Mbl CO3a€M KOHIIEIITY-
aJIbHBIN CKeJleT AJ1sl OyayIux TUIIOB. B3rnsHeM emé pa3 (K-Top — 3TO
KOHCTPYKTOP, AJIs1 KPaTKOCTH):

/ ‘v

data Maybe a = Nothing | Just a
K-TOp Twnosas HY/IbapHbIi  YHapHbIi  noJse
TMNa  3araywka  K-Top K-TOp TMNa

3HaYeHua 3HaYeHna a

31echb TIPUCYTCTBYET y>Ke 3HAKOMasi HaM TUIIOBAs 3arylylliKa a, OHA-TO
U JlenaeT Maybe KOHCTPYKTOPpOM Tuna. Kak Mbl TIOMHUM, Ha MeCTO TU-
TOBOJ 3aITYIIKM BCeraa BCTAET KaKoii-To Tull. [lepernuiiem QyHKIINUIO
lookupChapterNameBy 1151 paOOTHI C Maybe:
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lookupChapterNameBy :: FilePath -> Chapters -> Maybe String
lookupChapterNameBy _ [] = Nothing
lookupChapterNameBy path ((realPath, name) : others)

| path == realPath = Just name

| otherwise = lookupChapterNameBy path others

PaccMoTpyuM 0OHOBJIEHHOE OOBbSIBIIEHME:

lookupChapterNameBy :: FilePath
-> Chapters -> Maybe String

3TO TWUN TakKow,
Ha3blBaeTCA
Maybe String

Ha BbIXome BMOMM 3HAUeHMEe TUIIA Maybe String. DTOT TUIT ObUI TO-
POXIEH KOHCTPYKTOPOM Maybe, IPMMEHEHHBIM K TUMY String. Crom, 4
CKasaJ «IIpUMeHEeHHbIM»? [la, MMEeHHO TaK: Bbl MOXKeTe BOCIIPMHMUMATh
KOHCTPYKTOP TUIIA KaK 0COOYI0 «(PYHKIMIO», HA30BEM €€ «TUIIOBas
dyukuus». Het, aTo He obuiumanbHbiii TepmuH u3 Haskell, aTo mpo-
CTO aHaJOTMs: 0ObIYHASI (YHKIMS paboTaeT C JAaHHBIMM, a TUIIOBAas
dbyHKIMSI paboTtaeT ¢ Tunamu. CpaBHUTE ITO:

1]
w

length [1, 2, 3]

GYHKUMA  AaHHOoe Apyroe paHHoe

" 9TO:
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Maybe String

Maybe String

TMNoBas Tun
dyHKUMA

APYyron Tun

[IpuMeHeHMe KOHCTPYKTOpA TUIIA K CYIIECTBYIOIIEMY TUITY ITOPOXK/Ia-
€T HeKMi1 HOBBII TUII, ¥ 3TO OYEHDb MOIIHASI TEXHMKA, UCITO/Ib3yeMasi B
Haskell moutn Ha Kaxkgom miary. Harpumep, eciay HaM HY>KHO 3aBep-
HYTb B OILIMOHA/IbHOE 3HAaUeHMe y)Ke He String, a paHee YIIOMSHYTbIN
Text, Mbl HUUETO He JIOJDKHBI MEHSITh B KOHCTPYKTOPE Maybe:

Maybe Text = Maybe Text

TWNOBAas  Tvn
GyHKUMA

APYyrom Tun

Kakoi1 Tur roacrasiisieM Ha MeCTO a, TaKOM TUII U CTAHET OIIMOHAJb-
HbIM. B 3TOM 1 3aK/It0uaeTcs KpacoTa KOHCTPYKTOPOB TUITIOB, B€Ab OHU
AT HAM KOJIOCCA/IbHBIN IMIPOCTOP AJISAI TBOpUYECTBA.

A Teriepb MbI ITOJOIIM K OY€Hb BayKHOI TeMeE.

ITaAKU

UTo Takoe TUII Maybe String? Ila, MmblI y>ke 3HaeM, 3T0 AT/I. Ho 4To 31O
TaKoe 1o cyTu? 3aueM MbI KOHCTPYMUPYEM CJIOKHBIE TUIIBI M3 ITPOCTHIX?
S mpenyiarar BamM aHAJIOTUIO, KOTOPas [TIOMOXKET HaM B3IJISIHYTh Ha TOT
BOIIPOC HECKOJIBKO MHaye. DTa aHAJOrMs OTHIOAb He aKCHMOMa, IIPOCTO S
HaIIIE e€ MoJie3HoI 1 cebs camoro. /fymalio, BaM OHa TOKe OyIeT I10-
ne3Ha. KoHeuHo, mpepjiarath aHaJIOTUM — €0 HebiarogapHoe, Bedb
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nm106ast U3 HUX HecoBepIlleHHa U MOXKeT ObITh TaK MM MHaUe MoABepr-
HyTa Kputuke. [103ToOMy He BOCIIPMHMMAaITE MO0 aHAJIOTUIO KaK eV H-
CTBEHHO BEpPHYIO.

C TouKkM 3peHus TUIIOB JI06YI0 Haskell-rmporpaMmy MOKHO CPaBHUTD C
MHOTO3TaXXHBIM JOMOM. U BOT IpeacTaBbTe, Mbl CMOTPUM Ha 3TOT IOM
CO CTOPOHBI.

Ha camoM HMKHeEM 3Take pacHoj0oXXeHbl MPOCTelllne CTaHAApPTHBIE
TUIIbI, TaKMe Kak Int, Double, Char MM CIIMCOK. Bo3bmMéM, Hampumep,
TuI Int. Yto 310 Takoe? llemoe yncio. OHO He HeCcET B cebe HMKAKOIro
CMbICJIa, 9TO BCETO JIUIIb UMC/IO B BaKyyMe. My BOT CTpOKa — 4TO OHa
Takoe? DTO IPOCTO HAGOP KaKUX-TO CMMBOJIOB B TOM K€ BaKyyMme, U
Huuero 6ostee. M ecvt 661 MbI ObUIV OTPAHUYEHbI JIUIIb STUMMU TUIIAMHA,
Hallla MPOrpaMMMCTCKas JK3Hb OblJ1a ObI BECbMa I'PYCTHOIA.

A BOT Ha BTOPOM M MOCJIENYIOIIMX 3TaXkaxX >KMBYT TUIIbI Kyaa Oonee
MHTepecHble. Hanmpumep, Ha OMHOM M3 3TaXKel JKUBET TUII Maybe String.
[Tpu co3maHuy THUIIA Maybe String IMPOMCXOOUT BaKHOE COOBITHE: MBI
TIOOHMMAeMcsI C IIepBOro Ha Oojiee BBICOKMI 3Taxk. Cumraiite 3Tu
9TaXKM yPOBHSIMM abcTpakumyu. Ecam Tum String — 3TO BCEro JIMIIb
6e3aMKasi CTPOKa, TO TUIT Maybe String — 3TO ykKe He ITPOCTO CTPOKa,
9TO ONLMOHAJIbHAS CTPOKA, UJIN, €CIIN XOTUTE, CTPOKA, HaZleJIEHHAS OIT-
LIMOHAJIbHOCTBIO. [IOgHSTHCS HA TOT MM MHOM 3TaXX B HAIlleM TUIIOBOM
HeOOCKpEDe — 3TO 3HAUUT B3SITh OOJiee IMPOCTO¥ TUIT ¥ HAZEIUTh eTro
HOBBIM CMbICJIOM, HOBBIMM BO3MOKHOCTSIMM.

Wy BOT BCIIOMHUMM TUII IPAddress:

data IPAddress = IPAddress String

MpbI OTISITh-TaKM B3SUIM HMYErO He 3HAYalllyl0 CTPOKY U MOAHSIN e€ Ha
9TaX MOJ, Ha3BaHMEM IPAddress, U TeIepb 3TO YK€ He MPOCTO Kakasi-
TO CTPOKa, 3T0 IP-ampec. HoBbIit TUIT Hagean1 6eCcCMbICIEHHYIO CTPOKY
BITOJIHE OIIpeie/IEHHBIM CMBICJIOM. A KOTZIa MbI BbITAaCKMBaeM BHYTPEH-
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HIOIO CTPOKY M3 IPAddress C IOMOIIIbIO TTATTepPH MaT4YMHra, Mbl BHOBb
OKa3bIBaeMcsl Ha TIEPBOM 3TaKe.

A BOT ele Haul TuIl, EndPoint:

data EndPoint = EndPoint IPAddress Int

TyT MbI ITOGHSIINUCD €1LE UYyTOK: CHavasa MOLHSIM CTPOKY Ha 3Tax IP-
azipeca, a 3aTeM B3SI/IM €r0 M TUII Int U ITOAHSIIU UX Ha CJIeAYIOLINIA 9Tax
107, Ha3BaHMeM EndPoint, ¥ HA 9TOM 3TaxXke Iepej, HaMM yKe He IIPOCTO
Kakoii-To IP-ampec 1 Kakoe-TO Y110, Iiepen HaMy yyKe CBSI3aHHbIE JPYT
C IpyroM agpec " MopT.

A BOT elll€ oVH mpuMep, 3HAKOMCTBO C KOTOPBIM S OTKJIaAbIBAJI 10 CUX
rop. BcnoMHuM orpefeneHye riaBHOM QYHKLIMM main:

main :: I0 ()

1 obeman pacckasaTh O TOM, UTO TaKoe I0, i BOT Telleph pacCcKa3bIBaio:
I0 — 9TO TOKe KOHCTPYKTOp Tuiia. IIpaBma, KOHCTPYKTOP OCOGEHHBIN,
HeITOXOKMI1 Ha HallM IPAddress My EndPoint, HO 00 3TOM ITIOApOOHEe
B CJIeAYIONIMX IM1aBaX. Tak BOT MOMHSIBIIMCH HA 3TaXK IOJ Ha3BaHMEM
10, MbI TIOJIy4aeM OY€Hb BAXKHYIO CIIOCOOHOCTb — CITOCOOHOCTh B3al-
MOZIeiiCTBOBATh C BHEIIHUM MMUPOM: (aii MpoyecTh, Ha KOHCOJIb TEKCT
BBIBECTH, ¥ B TOM 3Ke ayxe. VI TOTOMY TUIT I0 String — 3TO y3Ke He IIPOCTO
HEBECTb OTKYJA B3SIBIIASICSI CTPOKA, HO CTPOKA, MOJIyYeHHas! 3 BHeII-
Hero mupa (Harpumep, u3s ¢aiina). I enMHCTBEHHAsS BO3MOXKHOCTD Ha-
IeIUTh Hal (PyHKIMM CIIOCOOHOCThIO B3aMMOIECTBOBATh C BHEII-
HIM MUPOM — IOZHSATH (HY MM OIYCTUTH) MX Ha I0-3TaxX. BOT Tak u
I10JTyYaeTCs: B IIpolecce paboThl IIPOTPaMMBbl MbI IIOCTOSIHHO IIpbIraeM
B JIMQT U MiepeeskaeM ¢ OTHOTO TUIIOBOTO 3Taska Ha IPYToii.

Ho 3aromHuuTe: He BCe 3Taky OfMHAKOBbI! He o BCSIKOT0 3Taska MOKHO
HaMpSIMYyIO IIOIACTh Ha 10001 Apyroii. Bojee TOro, ecTh Takue STaxXKM,
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OKa3aBIIMCh Ha KOTOPOM, Mbl B KOHEUYHOM MUTOTe OOSI3aHbI HA HErO U
BepHYThCS. [IToHMMal0, ceifuac 3TO IMOPOXKIaeT O0IbIIle BOITPOCOB, HEXKe-
JIY OTBETOB, HO He OECIOKOMTECh: OTBETHI KIYT HAC B MOCAEOYIOIMINX
rJlaBax.
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IIpogo/ikeHue ciienyer...

Pabora Hag KHUTOM MAET IOJTHBIM XOOM, BaC KIET eIlé MHOTO MHTe-
pecHoro! CiaemuTe 3a HOBOCTSIMM 00 OOHOBJIEHMSIX B HallleM uaTe U B
Mo€em TBuUTTEpE.
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