Jlaboparopnas pabora Nel

1 eab padoThI

[TpuoOpectu HaBBIKM paboThl ¢ HHTEpIIpeTaTopoM s3bika Haskell. [Tomyuuts
npeacTaBieHue 00 ocHOBHbIX THHax si3blka Haskell. Hayuutbes onpenensats mpo-
creiliue QyHKIuu.

2 OcHoBbl padoTsl ¢ uHTepuperaropom Hugs

Jns BeImonHeHus 1a00paTopHBIX paboT OyaeT HWCHOIb30BaThCs HWHTEpIpe-
tarop s3pika Haskell. CymecTByeT HECKONIBKO peaiu3alii HHTEPIPETaTopa; B
HACTOAIIEM Kypce OyleT HCIojb30BaThcs MHTEprperatop Hugs (310 Ha3zBaHme
sBiseTcst abopeBuarypoii ciioB «Haskell users’ Gofer systemy», Gofer — Ha3Ba-
HUE S3bIKa MPOTPAMMHUPOBAHUSA, KOTOPBIM ObUT OAHUM W3 MPEIIIECTBEHHUKOB
Haskell.)

[Tocne 3amycka naTepnperaropa Hugs Ha 3xpaHe NOSBISIETCS TUATIOTOBOE OK-
HO cpelibl pa3paboTyrKa, aBTOMATHIECKH 3arPy>KaeTcsl CIIeIUaTbHBINA (aiii mpe-
OTIpEICIICHUI TUIIOB M OMpPECICHU cTaHaapTHRIX (pyHkumii Ha si3bike Haskell
(Prelude.hs), u BeIBOAMTCS CTaHmAapTHOE NMpHUINIANIEHWE K paboTe. ITO MpHIIa-
mieHue uMeer BuJ Prelude>; BooOlie, mepes CUMBOJIOM > BBIBOAUTCS MM
MOCTICTHETO 3arpy>KeHHOTO MOIYJIS.

[Tocne BbIBOJA MpUINIALIEHUs] MOXKHO BBOJIUTH BhIpakeHus si3bika Haskell,
1100 KOMaHIbl HHTEpIIpeTaTopa. KoMaHIpI HHTEpIpEeTaTopa OTIANYAIOTCS OT BbI-
paxkenuit si3pika Haskell Tem, uto HaumHarotcst ¢ cumBoia aBoerouus (:). Ilpu-
MEpOM KOMaH/Ibl HHTEpPIIpeTaTopa SBISETCS KOMaHIa : quit, mo KoTopoit npouc-
XOMT 3aBepleHue padboTsl HHTEpHnpeTaropa. KoMaHabl HHTEpIIpeTaTOpa MOKHO
COKpaliarh 10 OJHOM OYyKBBI, TaKMM O0Opa3oM, KOMaHIbl :quit W :g SKBHBa-
nentHbl. KomaHaa : set ucmonb3yercs s TOro, 4TOObl YCTAaHOBUTH Pa3InIHbIC
onuuu UHTEepHperatopa. Komanaa : ? BBIBOIUT CIHUCOK JTOCTYMHBIX KOMaH[ UH-
TeprpeTaropa. B ganpHeiieM Mbl pacCCMOTPUM APYTHUe KOMaH/IbI.



3 Tunsel

[Tporpammel Ha s3bike Haskell mpencraBnsitor co0oil ewipasicenust, BbIUuC-
JICHWE KOTOPBIX MPHUBOIUT K 3Hauenusam. Kaxxnoe 3HaueHue umeer mun. VHTY-
UTHBHO THIT MOXXHO MTOHHUMATh MPOCTO KaK MHOXECTBO JIOMYCTHMBIX 3HAUCHHIA
BeIpakeHHs. J{1s1 TOro, 9T00Bl Y3HATh THI HEKOTOPOTO BBIPAKECHUS, MOXKHO HC-
10JIb30BaTh KOMaHIy UHTepnperaropa :type (wau :t). Kpome Toro, MoxxHO
BBINOJIHUTh KOMaHy :set +t, Ui TOro, YToObl MHTEPIIPETATOP aBTOMaTHYe-
CKM TeYaTaj THI Ka)KJ0r0 BBIYUCIEHHOTO Pe3ysbTara.

OcHoBHbiMH THNIamMu si3bika Haskell sBnstores:

e Tunsl Integer u Int ucnonb3yercs I MPEACTABICHUS LEIbIX YUCEI,
NpuYeM 3Ha4YCHHU THUNA Integer He OrpaHWYCHEI 110 JUTMHE.

e Tunsl Float u Double ucnonb3yercs A NPEACTABICHUS BELICCTBEH-
HBIX YUCEIL

e Tum Bool comepkut ABa 3HayeHus: True u False, v npeHa3HauYEH I
MPEACTABIICHHS PE3yJbTara JOTHUYECKUX BBIPAKCHUH.

e Tunm Char HCIIOJB3YCTCA IJIA MPCACTABICHUSA CUMBOJIOB.

Nmena Tunos B si3pike Haskell Bcerga HaunHArOTCS ¢ 3ar1aBHON OYKBBI.

SA3pik Haskell siBnsiercs cunvno munuzuposannvim A36IKOM IPOTpaMMHUPOBa-
Husi. Tem He MeHee B OONBIIMHCTBE CIIy4aeB MPOTPAMMUCT HE 00si3aH OOBSIB-
JSTh, KAKUM THITAM MPUHAJJICKAT BBOJUMBIC UM TiepeMeHHbIie. MHTepperartop
caM cIrocoOeH 6blgecmu THIBI YIOTPEOISIEMBIX TOJIB30BATEIEM IEPEMEHHBIX.
OJHaKo, €CIIH BCE K€ JUIS KaKHX-TH00 IeJIel HEOOX0IUMO OOBIBUTE, YTO HEKO-
TOPOE 3HAYCHHE MPHHAICIKUT HEKOTOPOMY THIIY, MCIIOJIB3YETCS KOHCTPYKIUS
BUJA: TepeMeHHasi :: Tumn. Eciau BKIIOUeHa omius UHTEprnpeTaropa +t, o
revaTacT 3HAuCHUsS B TAKOM ke dopmare.

Hwxe mpuBeneH mpuMmep MPOTOKOIA CECCHH Pa0dOThI ¢ MHTEPIPETATOPOM.
[Tpenmomnaraercs, 4TO TEKCT, CICAYIOIINN 3a MpUIIamieHieM Prelude>, BBOIUT
10JIb30BaTe/ b, a CICAYIOIINUN 3a TUM TEKCT IPEJCTABISET OTBET CHCTEMBI.

Prelude>:set +t
Prelude>1

1 :: Integer
Prelude>1.2

1.2 :: Double
Prelude>'a’

"a’ :: Char
Prelude>True
True :: Bool



N3 nanHOrO MpOTOKOJIAa MOKHO CHIeNIaTh BBIBOJ, YTO 3HA4YeHUs TUMa Integer,
Double u Char 3agaroTcs 1o TeM e MpaBujam, 4to U B si3bike Cu.

PasButas cuctema THIIOB M CTPOTasi TUIH3AIHS JIENIal0T POTPaMMBbI Ha SI3bIKE
Haskell 6ezonacnvimu no munam. I'apantupyercsi, 4To B MPaBHIBHON MpOrpam-
Me Ha s3pike Haskell Bce Tumbl ncnonb3yrorcs nmpaBuwibHO. C MPaKkTHYECKOM
TOYKW 3PEHHUsS 3TO O3HA4yaeT, 4To mporpamma Ha si3pike Haskell mpu Beimonne-
HUW HE MOXET BBI3BAaTh OIMMOOK JocTyma K mamsTH (Access violation). Taxxke
rapaHTHPYETCs, YTO B MIPOrpaMMe HE MOXKET MPOU30UTH UCTIOIb30BAHUE HEUHU-
[ATU3UPOBAHHBIX ITEPEMEHHBIX. TaKuM 00pa3oM, MHOTHE OITUOKH B IIPOrpamMMe
OTCJICKHMBAIOTCS HA JTAle € KOMIMISAIUH, a HE BBHITIOJTHEHHUS.

4 Apudpmeruka

Wutepnperarop Hugs MOXHO MCIIOIB30BaTh Ui BBIYMCICHUS apupMeTHye-
CKHX BbIpaKeHHH. [Ipr 3TOM MOXKHO MCTIONB30BATh ONEPATOPHI +, —, *, / (CloKe-
HUE, BBIYUTAHUE, YMHOKEHUE U JIEJIEHUE) C OOBIYHBIMHU ITPaBHJIaMU IPUOPUTETA.
Kpome Toro, MOXHO HCIIOJIb30BaTh oneparop * (BO3BeIEHHE B CTENEHb). Takum
00pa3oM, ceaHc paboThl MOJKET BBIVISIETh CIEAYIOIINUM 00pa3oM:

Prelude>2*2

4 :: Integer
Prelude>4*5 + 1
21 :: Integer
Prelude>2"3

8 :: Integer

Kpome Toro, MO>XHO MCIIONB30BaTh CTAHIAPTHBIE MaTeMaTn4eckue QyHKIHH
sgrt (KBaJapaTHbIN KOPEHb), Sin, cos, exp U T.1. B ominune oT MHOTUX APYyTHUX
A3bIKOB MporpamMmupoBanusi, B Haskell npu BbI3oBe QyHKuMu He 00s3aTenbHO
MOMeNIaTh apryMeHT B CKOOKHU. Takum 06pazoM, MOXKHO MPOCTO NMUcaTh sqrt 2,
a He sqgrt (2). [Ipumep:

Prelude>sqgrt 2
1.4142135623731 :: Double
Prelude>1 + sqgrt 2
2.4142135623731 :: Double
Prelude>sqgrt 2 + 1
2.4142135623731 :: Double
Prelude>sqrt (2 + 1)
1.73205080756888 :: Double



W3 nmaHHOTO mpHMepa MOXKHO CJAENaTh BBIBOJA, YTO BBI30B (DYHKIMH HMe-
eT Oosiee BBICOKMI MPHOPHUTET, 4YeM apH(PMEeTHYECKHe OIepalud, TaK YTO
BbIpakeHUe sqrt 2 + 1 wuHTepnperupyercs kak (sgrt 2) + 1, a He
sqgqrt (2 + 1). [Ing 3agaHus TOYHOIO IOPSAAKA BBIYMCIICHHS CIEAYET HUC-
NOJIb30BaTh CKOOKH, KaK B mociieaHeM npumepe. (B nelcTBUTENBHOCTH BHI30B
¢byHKIMH UMeeT 0oJiee BHICOKHM MPUOPUTET, YeM J1000i1 OMHApHBIN oneparop.)

Taxoke crnenyer 3aMeTHTb, YTO B OTIIMYUE OT OOJBIIMHCTBA IPYTHUX S3BIKOB
POrpaMMUPOBAHUS, [IEIOUNCIICHHbIE BbIpaxeHus B s3bike Haskell Beramcrnstor-
Csl C HeOrpaHWYEHHBIM uncioM pa3psaoB ([TompoOyliTe BRIYUCIUTE BBIpAXKEHUE
275000.) B otmuume ot s3eika CH, 1716 MAaKCUMaJIbHO BO3MOXKHOE 3HAYCHUE TH-
na int orpaHn4eHo pa3psAAHOCTHIO MAIIWHBI (HA COBPEMEHHBIX MEPCOHATIBHBIX
KOMIIbIOTEpax 0HO paBHO 23! —1 = 2147483647), Tun Integer B a3bike Haskell
MOXET XPaHUTh LEJbIE YUCIA IIPOU3BOJIBHOMN JJIUHBI.

5 Koprexu

IToMrMoO mepeydrcIeHHbIX BbIIIE MPOCTHIX THUIOB, B si3bike Haskell MmoxkHO
OIpesieNATh 3HaYeHMsI COCTaBHBIX TUNOB. Hampumep, nns 3amaHus TOYKM Ha
TJIOCKOCTH HEOOXOIMMBI JIBa YKCIIa, COOTBETCTBYIOIINE €€ KoopaAuHaTtaM. B a3bI-
ke Haskell mapy MoxxHO 3a1aTh, IepeUnCINB KOMIOHEHTHI Yepe3 3aMsaTyI0 U B3sIB
uX B ckoOku: (5, 3). KoMInoHEHTHI mapsl HE 00s3aTeNBHO JTOJKHBI TIPUHAIIC-
KaTh OJJHOMY THITY: MO)KHO COCTAaBHTD Iapy, IEPBBIM 3JIEMEHTOM KOTOPO Oyaer
CTPOKa, a BTOPbIM — YHCJIO U T.A.

B oOmem ciywae, ecniu a U b — HEKOTOpble MPOU3BOJIBHBIE THUIIBI S3bI-
ka Haskell, Tum mapel, B KOTOpOil MepBbIil 3IEMEHT NPUHAAJCKUT TUMY a,
a BTOpoi — Tumy b, oOo3Hauaercsi kak (a,b). Hanpumep, mapa (5, 3)
nMmeer un (Integer, Integer); mapa (1, ’a’) OPUHAUICKUT TUILY
(Integer, Char). MoxHo mpuBecTH W 0o0jiee CIOXKHBIM MpuUMep: mapa
((1,7a’"),1.2) npunagnexut tuny ( (Integer, Char),Double). IIpo-
BEPBTE ITO C MTOMOILIBIO HHTEPHPETATOPA.

Cnemyer oOpaTWTh BHHUMAaHHSA, YTO XOTS KOHCTpyKuuu Buga (1,2) u
(Integer, Integer) BeIIAAAT Hoxoxke, B s3bike Haskell onn o6o3Havaror
COBEpLICHHO pa3Hble cylHOoCTU. [lepBas siBisieTcst sHauenuem, B TO BpeMsl Kak
MOCIICAHSIST — MUNOM.

Jlns pabotel ¢ mapamu B s3bike Haskell cymecTByroT ctangapTHbeie GyHKINN
fst u snd, Bo3Bpalaromre, COOTBETCTBEHHO, IEPBBIM U BTOPOIl AIEMEHTHI Ta-
pbl (Ha3BaHUA STHX (QYHKUIUH TPOMCXOAAT OT aHIIUICKHX CIIOB «first» (mepBbIii)
u «second» (Bropoit)). Takum 006pa3om, UX MOXKHO HCIIOJB30BaTh CIEAYIOLIUM
obpazom

Prelude>fst (5, True)



5 :: Integer
Prelude>snd (5, True)
True :: Bool

Kpome nap, aHanmoru4HbIM 00pa3oM MOXKHO OMPEIENATh TPOUKH, YETBEPKH U
T.J. VX TUIBI 3aMCBIBAIOTCS aHAJIOTUYHBIM 00pa3oM.

Prelude>(1,2,3)

(1,2,3) :: (Integer,Integer,Integer)
Prelude>(1,2,3,4)
(1,2,3,4) :: (Integer,Integer,Integer, Integer)

Takast CTpyKTypa JaHHBIX HA3bIBACTCSl Kopmedicem. B KopTexe MOXKET XpaHUTCS
(buKCUpOBaHHOE KOJIMYECTBO Pa3HOPOAHBIX JaHHbIX. PyHkuuu £st u snd ompe-
JIEJIeHbI TOJBKO JJI Map U He paboTaroT ans Apyrux koprexeil. [lpu mombiTke
UCIIOJIB30BATh UX, HAIPUMED, I TPOCK, HHTEPIPETATOP BBIIAET COOOIIEHHE 00
OIInOKe.

DNEeMEHTOM KOpTeXa MOXKET ObITh 3HAYEHHE JI000T0 THMA, B TOM YHC-
Je W JApyro koptex. s MocTyma K dJIeMEHTaM KOPTEXEH, COCTAaBJICHHBIX
U3 Tap, MOXET HCIoNb30Barbcs koMmOuHanms ¢ynkuuit fst u snd. Cre-
OYIOIIWNA TpUMep JOEMOHCTPHPYET M3BICUCHHE dJIEeMEHTa ’a’ u3 KopTeka
(1, (ra’, 23.12)):

Prelude>fst (snd (1, ('a’, 23.12)))
"a’ :: Integer

6 Choucku

B ornmume oT KopTekel, cnucok MOXKET XpaHUTh MPOU3BOJILHOE KOJHYECTBO
aneMeHToB. UToObI 3a1aTh ciicok B Haskell, HeoOXxomquMo B KBaJIpaTHBIX CKOO-
Kax IMEepPEUrCIIMTh €ro 3JIEMEHTHI uepe3 3amsaTyro. Bce 3TH 31eMeHThl OKHbBI
MPUHAICKATh OJHOMY M TOMY K€ TUIY. THI CIIUCKA C AJIIeMEHTaMu, IPUHAIe-
JKaIIUMU TUITY &, 0003HavaeTcs Kak [a].

Prelude>[1, 2]

[1,2] :: [Integer]
Prelude>['1’,"2’,73"]
["17,72",73"] :: [Char]

B cnrcke MoxeT He ObITh HU OIHOTO deMeHTa. [lycToii cmcok o6o3HadaeTcs
Kak [].

Omnepatop : (IBOETOYUE) UCIIONB3YETCS sl JOOABICHHUS dJIEMEHTA B HA4aJo
criucka. Ero ieBbIM apryMEHTOM JIOJKEH OBITh 3JIEMEHT, a MPaBbIM — CIUCOK:



Prelude>1:[2, 3]

[1,2,3] :: [Integer]

Prelude>’'5’ :["1",'2","'3",74’ ,'5"]
[rsr,r1r,'2","3’,74’ ,’5"]1 :: [Char]
Prelude>False: []

[False] :: [Bool]

C nmomo1pto oneparopa ( : ) ¥ MMyCToro CucKa MOYKHO ITOCTPOUTH JTHOOO0H CITUCOK:
Prelude>1:(2:(3:[1))
[1,2,3] :: Integer

Omneparop (:) acCOMAaTHBEH BIPABO, MOATOMY B MPHUBEJACHHOM BHIIIE BBIpaXKe-
HUU MOXKHO OITYCTHTh CKOOKH:

Prelude>1:2:3:[]
[1,2,3] :: Integer

OneMeHTaMH CIIHCKa MOTYT OBITE JIFOOBIE 3HAYCHUS — qucia, CMMBOJIbI, KOp-
TCXHU, APYTUEC CIIUCKU U T.I.

Prelude>[(1,"a"),(2,'b")]

[(1,’a’),(2,"b")] :: [(Integer,Char)]
Prelude>[[1,2],1[3,4,5]]
[[1,2],[3,4,5]] :: [[Integer]]

s pabGotsl co criuckamu B si3bike Haskell cymectByer 60sbliioe KoJauuecTBo
byukumii. B nanHoi nabopatopHoif paboTe paccCMOTPUM TOJBKO HEKOTOPBIE U3
HUX.

o OyHkiusa head BoO3BpallaeT NMEPBLIN IEMEHT CIIUCKA.
o dOynkuusa tail Bo3BpallaeT CIMCOK Oe3 MepBOro IEMEHTA.

o Oyukiusa length Bo3Bpamaer IMHY ClIMCKa.

@yuknuu head u tail onpeneneHsl Ui HEMYCTHIX CIUCKOB. ITpu momnbiTke
IPUMEHUTh UX K IyCTOMY CIHUCKY MHTEepIpeTarop coobmaer o6 ommuodke. [lpu-
Mepbl paboThI ¢ yKa3aHHBIMU (YHKIUSAMMU:

Prelude>head [1, 2, 3]

1 :: Integer
Prelude>tail [1,2, 3]
[2,3] :: [Integer]
Prelude>tail [1]

[l :: Integer
Prelude>length [1,2, 3]
3 :: Int



3ameTbTe, 4To pe3ynbTar GyHkuu length npunamiexut tuny Int, a He TUITY
Integer.

Jns coenunenus (koHkateHaiuu) cruckoB B Haskell ompenenen oneparop
++.

Prelude>[1,2]++[3,4]
[1,2,3,4] :: Integer

7 Crpoku

CrpoxoBsle 3HaueHus B si3pike Haskell, kak u B Cu, 3a1ai0TCsi B IBOMHBIX
kaBblukax. OHU NpUHALIEKaT TUIY String.

Prelude>"hello"
"hello" :: String

B [elCTBUTENBHOCTHM  CTPOKM  SIBISAIOTCA  CIHUCKAaMH  CHMBOJIOB;  Ta-
KUM oOpa3oMm, Bblpaxkenus "hello", [’'h’,’e’,’1’,’1’,’0'] mu
"h’:’e’:"1’:"1":"0’ :[] o3Ha4alOT OJHO U TO ke, a Tun String
apisieTcsi ciHOHUMOM aiisi [Char]. Bee dyHkium mas paGoTel co cUCKaMu
MOXKHO HCIIOJB30BaTh MPHU paboTe CO CTPOKAMU:

Prelude>head "hello"

"h’ :: Char

Prelude>tail "hello"

"ello" :: [Char]
Prelude>length "hello"

5 :: Int

Prelude>"hello" ++ ", world"
"hello, world" :: [Char]

Jns npeoOpa3zoBaHus YUCIOBBIX 3HAYEHUI B CTPOKH M HA00OPOT CYIIECTBYIOT
¢byukuuu read u show:

Prelude>show 1

"1" :: [Char]
Prelude>"Formula " ++ show 1
"Formula 1" :: [Char]
Prelude>1 + read "12"

13 :: Integer

Ecnu dynkius show He cMoxkeT mpeodpa3oBarh CTPOKY B YHCIIO, OHA COOOITUT
00 ommoOKe.



8 dyuknum

Jlo cux mop Mbl UCTIONB30BaIM BCTpoeHHbIe (yHKIuY s13bika Haskell. Teneps
NpUIIa opa HAYYUTHCS ONpPENeNsATh COOCTBEHHBbIE (QyHKIMH. [ 3TOro Ham
HEOOXOMMO M3y4YUTh €Ille HECKOJIbKO KOMaH]l HHTepIpeTaropa (HalmoOMHUM, YTO
ATH KOMaH/bl MOTYT ObITh COKPAILEHBI 10 OJHON OYKBBI):

e Komanna :load mo3BOJISIET 3arpy3uTh B MHTEPHPETATOP MPOrpaMMy Ha
s3pike Haskell, cogeprkanryrocst B ykazanHoM aiiie.

e Komanna :edit 3amyckaer mporecc peIakTUPOBAHUS MMOCIECTHETO 3arpy-
JKEHHOTO (haiina.

e Komanna : reload nepeuuThiBaeT NOCIECTHHUN 3arpy>KeHHbIHN (aili.

Onpenenenus NoJIb30BaTeNbCKUX (PYyHKIUI TOKHBI HAXOTUTHCS B (aiiie, Ko-
TOPBIN HYXHO 3arpy3uTh B uHTepnperarop Hugs ¢ momompio komanas! : load.
Jis penakTHpOBaHUs 3arpy>KEHHOM MPOrpaMMBbl MOXKHO HCIIOJIb30BaTh KOMaHy
:edit. Ona 3amyckaeT BHEIIHHUH penakrop (o ymonyanuto 310 Notepad) mst
penakTupoBanus (aiina. [Tocie 3aBepieHnst ceanca pelakTHPOBAHUS PENAKTOP
HE0oOXOIMMO 3aKphITh; IIPU 3TOM HHTEpIperarop Hugs nepeunraer conepxumoe
u3MeHuBILIerocs gaiina. OqHako ¢aiiia MOXKHO PeJaKTUPOBATh U HEMOCPEACTBEH-
HO U3 obonouku Windows. B aTom ciydae, [u1st TOTO YTOOBI HHTEPIIPETATOP CMOT
nepeunTars (haiiin, HeoOXOIUMO SIBHO BBI3BIBAaTh KOMaHAy :reload.

Paccmorpum mpumep. Coznaiite B kakom-mu6o katanore ¢ain labl.hs.
[TycTh monHbIN MyTh K 3TOMY (haitmy — c: \labs\labl.hs (3T0 TONMBKO TIPH-
Mep, Baimu (aiibl MOTYT Ha3bIBaThCsl MO-Apyromy). B muTepmperarope Hugs
BBINOJTHUTE CJIEIYIONINe KOMAHIbI:

Prelude>:1load "c:\\labs\\labl.hs"

Ecnu 3arpy3ka mpoBezeHa yCHEnIHo, MPUITIAIIEHUE WHTEPIPETATOpa MEHSIETCS
Ha Main>. J[eqo B TOM, UTO €CIM HE YKa3aHO UMs MOAYJISA, CYUUTAETCS, YTO OHO
paBHO Main.

Main>:edit

31ech TOJIKHO OTKPBITbCA OKHO PEJaKTOpa, B KOTOPOM MO)KHO BBOJUTH TEKCT
nporpammsl. Beenure:

x = 1[1,2,3]

Coxpanute ¢aiin u 3akpoite penakrop. Murepnperarop Hugs 3arpy3ut daiin
c:\labs\labl.hs u Teneps 3HaUeHUE NEPEMEHHON X OyIeT ONpeeneHo:



Main>x
[1,2,3] :: [Integer]

OOpartutTe BHUMaHHE, YTO MPH 3alMCH MMCHU (ailla B apryMeHTEe KOMaHJIbI
:load cumBonbl \ ayomupyrorcs. Takxke, kak U B s3bike Cu, B Haskell cum-
BOJI \ CIYXHT WHIMKATOPOM Hadaio ciykeOHoro cumBona (' \n’ u 1) s
TOTO, YTOOBI BBECTH HEMOCPEICTBEHHO CHMBOJ \, HeoOXoammo, kKak u B Cu,
9KPAHHUPOBATH €TO €IIe OJHUM CUMBOJIIOM \.

Tenepp MOXXHO TIepelTH K ompeneneHuto (yHkumii. Co3maiite, B COOTBET-
CTBHUE C IPOIECCOM, ONUCAHHBIM BBILIE, KAKOH-ITNO0 (paii M 3amuiiuTe B HEro
CIEYIOIUN TEKCT:

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

[lepBass ctpoka (square :: Integer -> Integer) OOBSABISAET, YTO
MBI ompenenseM (YHKIHIO sSquare, MNPUHUMAIONIYI0 [apamMeTrp Tuma
Integer W BO3BpalllalOIIyIO pe3ynsTaT TuUma Integer. Bropas crpoka
(square x = x * Xx) ABISETCS HEMOCPEACTBEHHO OmNpesesieHneM (QyHKIUU.
OyHKIMSA Square NPUHUMAET OAUH APTYMEHT U BO3BpALIAET €ro KBaJpar.

Oynkiuu B s3bike Haskell sBasitoTcs 3HAaYEHUSIMU «IIEPBOTO Kjaccay. ITO
O03HAYaET, YTO OHU «PABHOIPABHBI» C TAKUMHU 3HAYECHUSIMU, KaK 1€JIbIe U Bellle-
CTBEHHBIE YKCJIa, CHMBOJIbI, CTPOKH, COIUCKU U T.1. DyHKINK MOKHO IepeaaBarh
B KauecTBe apryMEHTOB B Jpyrue QyHKIMH, BO3BpAIIaTh UX U3 QyHKIUN U T.II.
Kaxk u Bce 3Hauenus B s3pike Haskell, pynkimn nmerot tun. Tun ¢gyskuuu, npu-
HUMaIOIIEeH 3HaYCHMsI TUIIA & U BO3Bpallalollell 3Ha4YeHNs Tuma b o0o3HauaeTcs
Kak a—>b.

3arpy3urte co3qaHHbIN (aill B MHTEPIPETaTOp W BBHIMOIHUTE CIEAYIOLINE
KOMAaH/IbI:

Main>:type square

square :: Integer -> Integer
Main>square 2

4 :: Integer

3aMeTHM, YTO B IPUHIMIE OOBsBIEHHE TUNA (PYHKIMH Square He SBIAIOCH
HEOOXOIUMBIM: MHTEPIIPETATOp CaM MOT' BBIBECTH HEOOXOANMYIO MH(OpMALUIO
o Ture GyHKIUH U3 ee onpeneneHus. OTHaKo, BO-NEPBbIX, BEIBEICHHBIN THIT ObLT
Ob1 O01ee 00muM, yem Integer -> Integer, a BO-BTOPHIX, IBHOE YKa3aHUE
THMa QYHKIUH SBISETCS «XOPOLIMM TOHOMY IIPH MPOrPaMMHUPOBAHUH HA S3bIKE
Haskell, mockonbKy oOBsSIBICHHE THIIA CIY)KHT CBOETO poja JOKyMEHTalueH K
(YHKIIMHM ¥ TIOMOTaeT BBIABIISATH OIIUOKH MPOTrPaMMHUPOBAHUSI.



Hmena onpenenseMbIx mojab3oBarenaeM (pyHKIUN U IEPEeMEHHBIX JT0JKHBI Ha-
YUHAThCSA C JIATUHCKON OYKBBI B HIDKHEM peructpe. OcTajabHble CUMBOJIBI B UMe-
HHU MOTYT OBITh MPONMCHBIMU MM CTPOYHBIMH JIATUHCKUMHU OyKBamH, nudpamu
WIM CUMBOJaMH _ M ' (momuepkuBaHue u amnoctpod). Takum oOpazom, HHXKe
NePEUYHCIEHbl IPUMEPDI TPABUIIBHBIX UMEH NEPEMEHHBIX:

var
varl
variableName
variable name
var’

9 VYci0BHBIE BHIPAKEHUSA

B ompenenenun ¢ynknuu B si3pike Haskell MmoxHO ncmonp3oBarh ycioBHBIC
BbIpaXeHMs. 3anuiieM (QyHKUUIO Signum, BRIYUCIAIONIYIO 3HAK MEPEeJaHHOTO
el aprymeHra:

signum :: Integer -> Integer
signum x = if x > 0 then 1
else if x < 0 then -1
else 0O

YcnoBHOE BBIpaKEHUE 3aIIMCHIBACTCS B BUJIE:
if ycrnoBue then BrpaxeHUe else BHpaXeHUE.

OOparuTe BHUMaHUE, YTO XOTSI 110 BUJY 3TO BBIPAKECHUE HAIIOMUHAET COOT-
BETCTBYIOLIMI onieparop B si3bike Cu vin [Tackanb, B yCIIOBHOM BBIPAKEHUH A3bI-
ka Haskell nomknb! npucyTcTBOBaTh M then-yacth 1 else-4yactb. BoipakeHus
B then-yacTu U B else-4yacTu yCIOBHOIO OIeparopa JOJKHBI IPUHAIJIEKATh
OIHOMY THILY.

YcoBue B ONpeielieHUH YCIIOBHOTO ONiepaTopa MpeCTaBIsieT co00i modoe
BbIpaxkeHre Tuna Bool. [IpuMepoM Takux BBIPAKEHUN MOTYT CIYKHTh CpPaBHE-
Hus. [Ipu cpaBHEHHH MOXXHO HCTOJIB30BaTh CIAEAYIOUIUE ONEPATOPHI:

e <, > <=, >= — 3TU ONEPaTOpPbl UMEIOT TAKOW K€ CMBICII, KAK U B SI3bIKE
Cu (MmenbIne, 60JIbINE, MEHBIIE WIIH PABHO, OOJBIIE WM PABHO).

® == — OIeparop MpoOBCPKU HA PaBCHCTBO.

e /= — omepaTop MPOBEPKU HA HEPABEHCTBO.
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Bripakenust Tuna Bool MOXXHO KOMOMHUPOBATH C TTIOMOIIHIO0 OOIIETTPHUHATHIX
nornyeckux omneparopoB && u | | (M m WUJIN), n dyHkuuu orpuianus not.
IIpuMepbl TOMYCTUMBIX YCIIOBUM:

x >= 0 && x <= 10
x > 3 && x /=10
(x > 10 || x < -10) && not (x == y)

Pazymeercst, MOXHO omnpenesaTh CBOM (YHKLUH, BO3BpALAOIINEe 3HAUYCHUS
Thna Bool, U UCnoab30BaTh UX B KayecTBe ycaoBui. Hanpumep, MOKHO ompe-
nenuTh QyHKIMI0 isPositive, Bo3Bpamaronryro True, ecid ee apryMeHT
HeoTpuLareineH U False B IPOTUBHOM ClIy4ae:

isPositive :: Integer -> Bool
isPositive x = if x > 0 then True else False

Teneps (GyHKIHMIO S1ignum MOXKHO ONPEAETUTh CIEAYIOIUM 00pa3oMm:

signum :: Integer -> Integer
signum x = if isPositive x then 1
else if x < 0 then -1
else 0

OtmeTuMm, uto GyHKIMIO isPositive MOXHO ONpenesuTh U MpoILe:

isPositive x = x > 0

10 @OyHKHMH MHOTHX IEPEMEHHbIX H TNOPSAA0K
onpeaeJseHus PyHKIUMH

o cux nop Mbl onpenensuid GyHKIMU, TPUHUMAIOLINE OJUH aprymeHT. Pa-
3ymeercs, B s3bike Haskell MmoxHO onpenensaTe pyHKLINHU, IPUHUMAIOIINE TPOU3-
BOJIbHOE KOJIMYEeCTBO aprymMeHToB. Onpeaenenne pyHkuun add, npuHUMaroLen
JIBa LIEJIBIX YHCIIa U BO3BPALIAIONICH UX CyMMY, BBIIJILAUT CIEAYIOMIUM 00pa3oM:

add :: Integer -> Integer -> Integer
add x y = x + vy

Tun (1)YHKIII/II/I add MOXET BBIINIIOEThL HECKOJILKO 3arajJodyHo. B g3nI-
ke Haskell cuuraercsa, uyrto omnepamus —>  accoluaTHBHA  BIPaBO.
Takum oOpazom, Ttun ¢yHkuuud add MoXeT OBbITh MPOYHUTAaH  Kak
Integer -> (Integer -> Integer), Te. B COOTBEICTBHE C IIpa-
BUJIOM KappUpOBAaHHWsS, pE3ylIbTaToM NpuMeHeHus QyHKouu add K oxHOMY
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aprymMeHty OyaeT (QyHKUHWs, NMPUHUMAIONIAs OAWH MapameTp Tumna Integer.
Boob6ue, Tun ¢pyHKIMYM, TPUHUMAIOIIEH N apryMEHTOB, IPUHAIeKAIUX TUIIAM
tl, t2, ..., tn, ¥ BO3BpallalOIIEl pe3yJabTaT THUIA &, 3allUCBIBACTCS B BHUJE
tl->t2->...->tn->a.

Cnenyer cnenarh elie 0OJHO 3aME4YaHUE, KaCAIOLIEeCs NOPsiiKa ONpeAeICHUs
byukumii. B npenpiaymem paszgene Mbl onpenenuiau Ase (yHKIUH, signum
n isPositive, omHa M3 KOTOPBIX MCIOJNB30Bajla IUIsl CBOETO ONPEACICHUS
npyryio. BozHukaer Bompoc: Kakas W3 3THX (QYHKIHUH ODKHA OBITH ompere-
neHa panbiie? HanpammBaeTcst OTBET, UTo onpeenenue isPositive nomkHo
IIPEIIECTBOBATh ONpeAEIeHUIO PyHKIMYU Signum; 0AHAKO B 1€HCTBUTEIBHOCTH
B si3bike Haskell mopsinok onpenenenus ¢pyHkuuii He umeeT 3HadeHust! Takum 00-
pasomM, pyHkiMa isPositive Moxer ObITh OIpesnereHa Kak A0, TaK U Hocie
¢byHkumuu signum.

11 3apanusa Ha JadoparopHyo padory

1. IlpuBeaute nmpumMep HETPUBHUAIBHBIX BBIPAKECHUN, MPHUHAJICKAIINUX ClIe-
IyIOIIeMy THILY:
1) ((Char, Integer), String, [Doublel])
2) [ (Double,Bool, (String, Integer)) ]
3) ([Integer], [Double], [ (Bool,Char)])
4) [[[(Integer,Bool)]]]
5) (((Char,Char),Char), [String])
6) (([Double], [Bool]l), [Integer])
7) [Integer, (Integer, [Bool])]
8) (Bool, ([Bool], [Integer]))
9) [([Bool], [Double]) ]
10) [ ([Integer], [Char])]
TpeboBanue HETPUBHAIBLHOCTH B JIaHHOM Cllyyae O3HAaudaeT, 4YTo BCTpe-

JaromurecCsa B BBIPAKCHUAX CIIMCKU OOJDKHBI COACPIKATb 0oJIbIIIEe OJHOI'0
OJIEMCHTA.

2. Onpenenure cieayromnme QyHKIIAN:

1) dynkuusg max3, Mo TpeM LENbIM BO3Bpallarouias HauOoJbllIee U3
HUX.
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2) ®ynkuug min3, mo TpeM LEeJabIM BO3Bpalllaiolas HaUMEHbIIee U3
HUX.

3) Oynkuus sort2, mo AByM LieJIbIM BO3BpaLaioias mapy, B KOTOPOu
HaUMEHbIlIee U3 HUX CTOMT Ha MEPBOM MecTe, a HauOoblliee — Ha
BTOPOM.

4) ®ynkuusa bothTrue :: Bool -> Bool -> Bool, koTtopas
BO3BpamaeT True TOrna U TOJIBKO TOrNa, Koraa oba ee apryMeHTa
OyayT paBHbl True. He ucnonb3yiiTe npu ornpeneneHuu (QyHKIUH
CTaHJapTHbIE JIOTHYEeCKUH onepanuu (&&, | | u T.I.).

5) ®yHKIus solve2: :Double->Double->(Bool, Double),
KOTOpasi 0 JBYM YHUCJIaM, MPEACTABISIONIM cO00H KOA(hDUITUEHTHI
JUHENHHOro ypaBHeHMs ar + b = (), Bo3Bpamiaer mapy, NEpBbIii
JIEMEHT KOTOpOM paBeH True, eciiu pPelIeHUe cyliecTByeT U False
B IPOTHBHOM CJy4yae; IMpPU 3TOM BTOPOH 3JIEMEHT paBeH 1o
3HAYEHUIO KOpH:s, 6o 0. 0.

6) @yukus isParallel, Bo3ppamatomas True, €ciu JBa OTPe3-
Ka, KOHI[bl KOTOPBIX 3a/Ial0TCsl B apryMeHTax (YHKLUH, Mapaieib-
Hbl (WM JIe)XaT Ha OfHOW mpsimoit). Hampumep, 3HaueHHe BbIpaxke-
Husg isParallel (1,1) (2,2) (2,0) (4,2) noiKkHO OBITH
paBHO True, nockonbKy orpesku (1,1) — (2,2) u (2,0) — (4,2) na-
paJuIEIbHBI.

7) ®ynkuus isIncluded, apryMeHTaMu KOTOPOH CIyXar apaMeTphbl
JBYX OKPY>KHOCTEH Ha IJI0CKOCTHU (KOOPANHATHI LIEHTPOB U PaInyChl);

¢byHKIUA Bo3Bpaliaer True, eciau BTopasi OKPYKHOCTh LIEIIUKOM CO-
JEPKUTCS. BHYTPH IIEPBOM.

8) ®ynkuusa isRectangular, npuHUMaronias B KauecTBE MapameT-
POB KOOPJIMHATHI TPEX TOYEK Ha IJIOCKOCTH, U Bo3Bpalatomas True,
eci 00pa3yeMblii MU TPEYTOIbHUK — MPSIMOYTOJIbHBIN.

9) ®ynkuus isTriangle, onpeaenstoniasi, MOXKHO JIM UX OTPE3KOB C
3aJaHHBIMU JUIMHAMHU X, Y U Z IIOCTPOUTH TPEYTOJIBHHUK.

10) ®yukius isSorted, npuHUMarOas Ha BXOJ TP YKCIa U BO3Bpa-
maromasg True, eciau OHM YHOPSAOYEHBI 110 BO3PACTaHUIO I I10
yOBIBaHHIO.

12 Ilopsinok BBINOJHEHMS JIA00PATOPHOU PadoThI

JlaGoparopHast paboTa COCTOMT M3 JIBYX 3a/laHUil, HOMEpa KOTOPBIX COOT-
BETCTBYIOT HOMepy BapuaHTa Opuraasl. Homep BapmaHTa paBeH MOPSAIKOBOMY
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HOMepy Opuraasl B cHHCKe (BO3MOXHO, o moaymto 10, ecnu uuciao Opurafg
6onpmre 10). /s Toro, 4ToOBI cAaTh aboparopHyro padoTy, Kakaol Opurane
HE0O0XOIUMO:

1. Ilonyuuts 3a7aHre B COOTBETCTBUE C BAPHAHTOM,;
2. BbINOJHUTH €ro (CaMOCTOSITENBHO);

3. TIpomeMOHCTpUPOBATh MPENOAABATEII0 HA KOMITBIOTEPE;
4. OdopMuTh U CraTh OTYET;

5. 3amututh padory.

B otuere o6a3amenvro NOMKHBI OBITH IPUBEACHBI:
1. Homep Bapuanra;

2. Texct 3aganuii;

3. IIpu HE0OXOMUMOCTH — MOSICHEHUS K peaIn3alluu;
4. TekcT mporpaMmel;

5. Pe3ynbraThl TECTOB.

3amura 1abopaTOpHO pabOTHI COCTOUT B Oeceie ¢ MperoaaBareyeM o MaTepu-
aJlaM TPEeCTaBICHHOTO OTYeTa M OTBETE CTYJICHTOB Ha KOHTPOJIBHBIC BOIIPOCHI.

13 KoHTpoJibHbIE BONPOCHI

1. B uem omnnune KOMaH] MHTEpIIpeTaTopa OT BblpaxeHUi si3pika Haskell?
2. OcHoBuble Turbl s3eika Haskell.

3. @yHKIUU 7151 pabOThI C KOPTEKAMH.

4. OyHKIUU A71s1 pabOThI CO CITIUCKAMMU.

5. JlomycTumble UMEHA MEPEMEHHBIX U (DYHKITHIA.

6. Komanner unTepnperaropa A paboThl ¢ dailiiaMu mporpamm.

7. YcnoBHbIe BeIpakeHUs B s3bike Haskell.

8. Omnpenenenue ¢ynkuuii B s3pike Haskell.
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