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Btopas nonosuHa CTMuATl

dyHKUMOHANbHOE NpOorpamMmMupoBaHue (OKoso 4 fekuuin)

e O6wmne noen
e Haskell ot cuHTakcuca o HekoTopbix MOHaA
® 3a/1aun: HECKOJTbKO MPOCTbIX HA MU[EI + OAHA peasibHas

Beb6-nporpammupoBaHue (okono 3 nekymnii)

e O6wme naeun

® dyyn ECMAScript2016..2018, He oTMeueHHble B 1 yacTu
® Pabota c DOM, ctunsamu, ...: APl bpaysepa

® ECMAScript Ha cepBepe; HEKOTOpbl€ MHCTPYMEHTbI

® 3aaumn: HECKOIbKO MPOCTbIX HA MAEI + 0Ha peasibHas

PopmanbHOCTHU

® He noHsAN — 3aaan BONpoc.
e CnaHo BCE 1 BOBpeMS$, HET MPOMYCKOB - 3.
® CnaHo He BCE/HeBOBpeMSsi/2+ nponycka - <5.



BeBeneHune



OCHOBHblE NapagnrMbl NPOrpaMmunpoBaHUA.

® IMnepaTuBHOE NpOrpaMmMmupoBaHme: “Kak pewatb 3aaauy?”
® npoueaypHoe, cTpyktypHoe, OO, ...

var fac = n => {
var s = 1;
while(n) s #= n——;
return s;
s
“uToObI MocunTaTh hakTopran, Hy>XHo...”
® [leknapaTMBHOE MPOrpaMMUpPOBaHUE: KAKOWN HYXXeH pe3ynbTar?”

® (i)YHKLU/IOHaﬂbHOe, normnyeckoe, ...
var fac = n=>n > 0 ? n * (n-1) : 1;

“bakTopuan - ato...”



Nnen pyHKUMOHANTBLHOrO NPOrpaMMmpoBaHUS

® nporpamma Kak kombnHauus QyHKL NI
® (vs uMnepaTuBHoe: KOMOMHaUUsi Npoueayp)
® yucTble PyHKLUUY

® HeT NoO6oUHbIX 3hpekTOB
® pe3ynbTaT 3aBUCUT TOJIbKO OT apryMeHTOB

® leK/1apaTUBHOCTb
® onucaHue pesynbrarta, a He cnmncka AencTBum

® OTCYTCTBUE N3MEHIEMOrO COCTOSAHUS
... MHOTO€ apyroe



3auem nzyuatb P[1

® BO3MOXHOCTb MOJOUTU K 3ajaue C ApYyror CTOPOHbI

® 5yuulee NoHMmaHue wabnoHos, STL, boost
® jlyullee NOHMMaHNE PEKYPCUBHbBIX aNrOpUTMOB

® N0JIe3Hble NAEN U MHCTPYMEHTbI
® aO0cTpakuuu Haa unknamu (map, fold, filter)

® OoJlee HaOEXHbIN KOO

® 13MeHseMOoe COCTosHUNE = 6aru

® ecnu paboTtatoT pyHKUUS, TO paboTaeT Ux cynepno3uniims
® Gonblle abcTpakUuil, MeHblle bolnepnnenta

® B TEOPMM MHOTOMOTOYHOCTb OecnnaTHa

® MENHCTPMMOBbIE A3bIKN 3aMMCTBYIOT naen eIl

® map, fold, filter (C++, python, Java, ECMAScript)
® 3ambikaHus (python, Java, HemHoxko C++, ECMAScript)
® MoHouabl (Java)

® moHaabl (jQuery)



Nlamb6pa-ucumcneHne Yépua



Jlamb6pa-ucumcneHne Yépua: obwmii nnax

BbluncreHne — BbipaxkeHne, CKOMOMHUPOBaAHHOE U3 PyHKLNIA.

® Bce dyHKUMMN aHOHUMHbI, UMEHOBaHMeE — TOJIbKO [J1d y100CTBa
(caMOCCbINKN HEBO3MOXHbl)

® Bce ¢pyHKUMM OT OAHOTO aprymeHTa

® [lepeMeHHbIX, KOHCTAHT, UMEH HET UJIN OT HUX MOXXHO 1306aBUTbCS,
eCTb TOJIbKO apryMeHTbl J19M0/1

C TOUYKM 3peHuns BbIUMCIIEHUN

® \-ncumnciieHne 3KBUBaNeHTHO MallnHe TblopuHra
® M. TetopuHra — VI, Bo3BeaéHHoe B abcosoT

® \-ncuucneHme — ®l1, Bo3seaéHHoe B aOCOIOT



Nlambpa-ncuncneHue Yépua: nprHUUMbI

® [lepemeHHble (He MeHSIOTCS)
x? y? Z?
® Annnnkauus — npuMmeHeHue HYHKUUU K apTyMeEHTY

bbino Crano

BblpaxkeHusi f, x fx

® AGcTpakums — co3gaHne PyHKUNUM U3 BblpaKeHUS

bbino Crano

BblpaxkeHue e, AT.e
3aBucsilLiee OT T

MpuMepbl naMOIa-TEPMOB:
x, L., f x, Ax.f x,
Ay r.f oz, AfAx.fx)gy



JNlambpa-ncuncneHue Yépua: npeobpazoBaHus

® (-DKBMBAJIEHTHOCTb: NepenMeHOBaHNe CBI3aHHON (Mo KOTOpo

abcTparnpoBanuncb) nepeMeHHOV

[Mpumep: Ax.x 2=Ay.y 2z (HO Ax.T 2 \z.2 2)

® S-peayKuus: NoAcTaHOBKA aprymeHTa

beino Ctano
(Az.f2)y fy

Ax.x x) (Az.x (Az.x)(Az.x)
(A\z.x)(Ax.x) AT.T

Az \y.z y)y A2y 2FANy.y y

® 7)-npeobpasoBaHmne: "CHATME OUEBUIHON abcTpakummu”

boino Crano
(A\z.x) = x
(Av.fx)x [
Ae.fx)x, f=Azx AT x
Ae.fx)x, f= Ay« ?
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Hymepanbl Hepua

Yucno - ¢pyHKUKMg, KOTOpas K nepejaHHOMY 3HAYE€HUI0 MPUMEHSET
nepeaaHHyo PyHKLUIO CTONBKO pa3, YeMy OHO paBHO.

0 := Af.\x.x — npumeHsetr O pa3 f kx
1 := Af.\x.f x — npumeHset 1 pa3 f kx
2 := Af.Ax.f (f x) - npumensieT 2 pasa f Kk x

succ := InAf. x.f (n f ) - HaBewmBaem f Ha n ewé pas

2] ~f(fx), 241 ~ f12] ~ fF(f(f))
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Hymepanbl Hepua

plus := dm.InAf. dx.m f (n f x) — naBewunsaem m pas f Han

2]~ f(fz), 243~ FUB) ~ S (f2))

n — dbyHKUMs, N pa3 HaBewwnBaeT f.
mult := dm.In.Af.m (n f) - naBewnsaem m pas dyHkumMIO N.

2]~ f(fz), [2«3] ~3f@Bfx)~3f(f(f(fx))~
FOS S 2))))
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CteneHb Hymepanos Yépua

pow

:= \b.\e.e b — maTtemarus
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¢BI1, kappupoBaHue, NOHUMaHNeE

dyHKUUS BbIclIero nopsaka: dyHKUUs,, TpUHMMalouas um
BO3Bpallawwas gyHkymnu.

KappupoBaHue: npeobpaszoBaHue GyHKLUM OT MHOTUX apryMeHTOB
K PYHKLMM OT OAHOrO aprymeHTa.

const f = (x, v) => x + vy;
const f = x => vy => x + vy;

Nyanusm 6unHapHon dpyHkunm (“nonumsm’” n-apHon dpyHKLUM):

e £ — byHKUMA OT ABYX aprymMeHTOB, Npeobpasytolas ux B CyMmy
e £ — pyHKUMS OT oaHOrO uncna, npeobpasytolero ero B pyHKUUIO

nobasneHus
const map = f => xs => xs. (£);
Hyanusm map:

® map — 6epéT byHKLUUIO U MacCuB, NpeobpasyoLlas 3J1eMeHTbI
MaccuBa nocpeacTBom yHKUNY
® map — 6epéT DyHKUMIO HAJ 31eMEHTOB 1 BO3BpalllaeT eé

MOOANMPUNKaUuNK, KOTOpad a60TaeT Had MaCCUNBOM
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CteneHb Hymepanos Yépua

pow = Ab.\e.e b — maTtemarus

Hyann3sm Hymepana HYépua:

® HY npuHumaeT pyHKUMIO N 3HAUEHNe, BO3BpaLLAeT
MHOFoKpaTHoe npumeHeHue pyHKLUMU K 3HAUEHUIO

e HY 6epét f n Bo3BpawaeT GpyHkUUIO, KOTOpasi HaBellBaeT f
HECKO/bKO pa3

3 — dyHkuUs, kKoTopas 6epéT f 1 Bo3BpawlaeT fo fo f.
2 — dyHKkUUMs, KoTopas 6epéT f 1 Bo3BpallaeT fo f.
2 3 = 303 - pBOIMHOE HaBelLlVBaHUE TPOMKMY

3 f = fofof - HaBecunu Tpoliky nepsblii pa3s

3(fofof) = (fofof)o(fofof)efofof =9 f - nasecunm

TPOWKY BTOpOUN pas

Ntoro,23 = 9
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Hapko3 yxe He TOT

pred := AnAf.Ax.n (Ag. \h.h (g f)) (Au.x) (Au.u)

sub := Adm.An.n pred m

«Ecnun Bbl HMUero He MOHAJIN, HE oropqaﬁlTer. BbluntaHue

npuayman KnuHu, korga emy BbipbiBanu 3y6 myapoctu. A ceiiuac
HapKO3 yXe He TOT»

16
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http://neerc.ifmo.ru/wiki/index.php?title=%D0%9B%D1%8F%D0%BC%D0%B1%D0%B4%D0%B0-%D0%B8%D1%81%D1%87%D0%B8%D1%81%D0%BB%D0%B5%D0%BD%D0%B8%D0%B5

Pekypcus HeBo3MOXHa?

MoxHo onpenenutsb i f, eq, mul, 1, dec kak HeKOTOpble A-TepMblI.

Torpa kBaapaT BbipaxaeTcs Tak:
square := Ar.mul x x = Ax.(Ahs.Arhs....) x x
M MOXHO OyAeT BbIpa3nTb BCE KaK AT1.AT1.AT3....

Ho uto 6ynert, ecnu peanusosathb haktopuan?
fac := Ax.if (eqx 1)1 (mul x (fac (dec x)))

HeuecTHo. CbaKTolean CCblJ1a€TCa CaM Ha Ce6ﬂ, MnoaCTaHOBKa HE
MOXeT ObITb 3aBEpLUEHa.

KocseHHas pekypcua? HeT, cBOAMTCA K CAaMOBbI3OBY nocie
NOACTaHOBKM.
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KombrHaTop HENMOABMXKHOM TOUYKY

HenopsuxHas Touka x dyHkumn f — Touka, rae f(x) = .

> var X = 1;

undefined

> while (x '= Math. (x)) x = Math. (x);
0.7390851332151607

KoM6uHaTop HEMOABMXKHON TOUKM:
fix(f) = x, rnex = f(x) - 3anaxno 6eCKOHEUHOI peKypcuei
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Pekypcus 6e3 caMoBbI30OBOB

Y -kombuHaTtop:

Y =A.Qz.f(zz)) Ae.f (xx))

Y BbluncnsgeT HeMOABMXHYI TOUKY DYHKUMU, MOpOXKIAET
OecKOHeuHyl pekypcuio 6€3 caMOBbI3OBOB KaknX-nnoo dyHKUUIA.

C nomouibto Y -kombrHaTopa B A-MCUNCIEHNM BO3MOXHA PEKYpPCUsl.

facn =Y F,rpe F = Af.\n.if (iszeron) 1 (multn (f (predn)))
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HeTunusupoBaHHoOe 1 TUNM3UPOBAHHOE
A-MCUUCIeHne

3a TMnamm He crneadT:
var xs = [1, [2]]; // OK
3a TunamMu creaqr:

std::vector<int> xs = {1, {2}}; // ERROR
std::vector<std::vector<int>> xs = {1, {2}}; // ERROR

Tunmnsaumg Mmoxer ObITb U B A-MCUUCIEHNU, HaKJ1aablBas CBOU
yC/10BUS.

Hanpumep, Y-kombuHatop He paboTaeT B TUNU3MPOBAHHOM
A-UCUNCIEHUN.
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HeTunusupoBaHHoOe 1 TUNM3UPOBAHHOE
A-MCUUCIeHne

B nonynsapHeix Al MoxHO ncnonb3osatb
® B JS, python — HeTunNu3uposaHHoe A-ncumcneHuve
® B C++, Java — Tunn3npoBaHHoe A\-ucuncneHue

® B C++ c void¥, B Java ¢ Object — HeTunNn3upoBaHHoe
A-UcuucneHue
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Haskell
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Haskell (1990)

® Ha3BaH B UecTb MaTemaTunka Xackenna Kappwu (1900 — 1982)

® KappupoBaHue — TOXe B UECTb HEro
® f3bik Curry — TOXe B UeCTb Hero

UnCTbIi pyHKUMOHanbHOM Al
obllero HazHaueHus
TNu3aymns cTporas, cratmyeckas

BbIBOJ TMNOB (XuHANM — MunHep), TUNbl MOXXHO He YKa3blBaTb
ABHO

Bce DYHKUMU KappUpPOBaHbI
NEHUBbIE BbIYNCIIEHUS
cornocTaBiieHne ¢ 06pa3yom

anrebpanueckue TUMbl JAHHbIX
N elle MHOro yero
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Bo3MOXHble MHCTPYMEHTbI, KOMaHbl

e Notepad++

e Haskell Platform

® the Glasgow Haskell Compiler

® the Cabal build system

e the Stack tool for developing projects

® support for profiling and code coverage analysis
® 35 core & widely-used packages

[Nlapa komaHp:

ghc moun_dann # KOMIWJIALMUS ITPOTPaMMbl
ghci # MHTepIipeTaTop
cabal install naker # ycraHoBka nakera
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https://notepad-plus-plus.org/
https://www.haskell.org/platform/

Nudopmauns n nouck

Camble npocTble 00bACHEHUSI:

® /leHuc MockBrH. PyHKLMOHAbHOE NPOrpaMMUpPOBaHME HA A3 bIKe
Haskell — onnaiin kypc

® /leHnc MockBnH. PyHKLMOHANBHOE NPOrpaMMUpPOBaHME Ha A3 bIKe
Haskell (uacTb 2) — oHnaiix kypc

® Miran Lipovaca. Learn You a Haskell for Great Good! (eng) /
N3yuaii Haskell Bo ums nobpa (pyc)

Ans Tex, KTo ymeeT umTaThb:

® /lokymeHTauus

® AHTOH XonomMmbéB. YuebHuk no Haskell
OueHb NONE3HbIN MOUCK:

® Hoogle
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https://stepik.org/course/75/
https://stepik.org/course/75/
https://stepik.org/course/693/
https://stepik.org/course/693/
http://learnyouahaskell.com/chapters
http://learnyouahaskell.com/chapters
https://downloads.haskell.org/~ghc/latest/docs/html/libraries/
https://anton-k.github.io/ru-haskell-book/book/home.html
https://www.haskell.org/hoogle/

OCHOBHbIE TUMbI

a —— KAKOro-To THII

Int —— KOpOTKoOe Iejioe

Integer —-- gnauHHOe Lenoe (QMMHHAS apuMeTnka)
Float, Double -- ¢ mraBawmeun ToOYKOM

Char —— CHUMBOJI

String -- cTpoka

Bool —— Jiorndyeckoe 3HadyeHne (True, False)
[a] —— CHNHUCOK 3JIEMEHTOB KaKoro-To THuIid
[Char] -- cmmcok cumBosioB (= String)

[[Int]] -- cmmMcok cnMCKOB KOPOTKMX LI€JIbIX
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3HaueHus, pyHKUUY

X :: Int -- yka3aHue THNaG

X =1

c = 'a' —— c 6yger Char, BbhiBojg THNOB paboraer
f x = x == ¢ —— x 6ygyr Tpebosarp Char,

-— T.K. cpaBuuBawt c Char
add x v = x + vy
five = add 2 3 -- npumeHeHme QPyHKLUU
add3 = add 3 —-- ¢yHkLyMa kappupoBaHa
name = "Haskell" -- String

Name = "Haskell" -- owmbka, 3HaYeHMA — C MAJIEHBKOI 6YKBbI
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[lpnopuTteTbl onepaumni

® 10 npnopmuteTtos
® accouMaTMBHOCTb (JieBas, npasas, HeT)
® npuMeHeHne hyHKUUM MMeET HAMBBLICWUUIA NPUOPUTET

[TocmMoTpum nHdopmaumio B UHTEpNpeTaTOpeE:

Prelude> :1 (+)
class Num a where
(+) :: a->a —> a

—— Defined in "GHC.Num'
infixl 6 +
Prelude> :1 (&&)
(&&) :: Bool —> Bool —-> Bool —— Defined in "GHC.Classes'
infixr 3 &&

NTor: + — neBoaccounatuBHbii, && — npaBoOCOUNATUBHBIN, +
npuoputeTHee &&.
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RRRR

—— Yycjio
.0 —— umncio
/B =
.0/ 3.0 ——
:: Int
:: Double
.0 :: Int
.0 :: Double

Jlntepanel uncen nonmmopdHb

KAKOro—-To 4mcCiyiioBoro rtTuiia
KAdKOoro—To Heresyioro tTumna

0.6666666666666666
0.6666666666666666

—— yycyio Tuna Int

—— yycsio Tuna Double
—— ownbka

—-— OK
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Tunbl pyHKUMI, KOpTEXeN

KopTtex (He nyTaTh ¢ kKopTexxem B python) — kak CTpyKTypa, TONbKO
nomnsg He UMeKT NMMEH, COOTBETCTBYET NPOM3BEAEHUI0 TUMOB.

MaTtemaTtuka Haskell

J:RxR — R f :: (Double, Double) —>
Double

flx,y)=z+vy f (x, V) = X + V- dyHKUUA
OT KopTexa

ftR—R—=R f :: Double —> Double —>

f(x)=g, g(y)=z+y
fx)=g, gly)=z+y

r: Rx Z x{True, False}

Double
f x =g where gy =x+1vYV
fxyv=x+y

X :: (Double, Int, Bool) —
KopTex
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PyHKUUN

MaTtemaTuka

Haskell

f(0) =1
f(n) = nxf(n—1)

AT AY. fry
(fog)(x)=[f(g(x))

fo=1
fn=n=+f (n-1) -
HEeCKOJIbKO YpaBHEHUMN

\x > \yv > fxvy
f.g=\x—->1 (gx)
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where, let 1n, oxpaHHble BblpaxeHUs

—— where, gexknapaTuBHbIN CTUIb
e = m * cAr2 where

m= 12.0

c = 3e8

—— let in, KOMHNO3MUILMOHHbIN CTWIb
e = letm=12.0 — let .. in
c = 3e8
in m * CcA2

fac n | n <=0 = 1 -- guards
| otherwise = n * fac (n-1)
[lppmeuanme: let .. 1in — BeipaxxeHue, where u oxpaHHble

BbIpaK€EHUNA — HE BblIPpaKEHUA.
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