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CKoJIbKO 3Ha4YeHWiA y Trna Bool?

@ Bcsikoe Bbipaxkenne B Haskell umeet 3HaueHne onpegenertoro
Tuna.

@ CkonbKo 3HaueHui y Tuna Bool?

@ Ha nepshbiii B3rnsig gea — True n False, B COOTBETCTBUMN C
onpegeneHnem:

data Bool = True | False J
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CKoJIbKO 3Ha4YeHWiA y Trna Bool?

@ Bcsikoe Bbipaxkenne B Haskell umeet 3HaueHne onpegenertoro
Tuna.

@ CkonbKo 3HaueHui y Tuna Bool?

@ Ha nepshbiii B3rnsig gea — True n False, B COOTBETCTBUMN C
onpegeneHnem:

data Bool = True | False J

@ Ho a1o He Tak!
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3HayeHune HE3aBEPLUAOLWEroCA BblHNCIEHNA

@ PaccMoTpum BbipaXkeHue bot :: Bool, onpefaeniéHHoe
PEKYPCUBHO

bot = not bot }

@ Ero 3HauyeHne — He True u He False, a L (ocHoBaHue). B
Haskell'e 1. — 3HauyeHue, pasgensiemoe BCceMu TUNaMu:

1 ::forall a. a J

@ Owwnbkam (HO He nckstoHeHNsIM!) ToXKe NPUNMCBLIBAETCS 3TO
3HaYeHwne
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Hectporas (nenuBasi) cemaHTuka

@ Haskell rapanTtupyet BbI30B-no-HeobxoaumocTn (TakoBo
MOBEAEHNE MO YMOJTHAHNIO)

const42 x = 42

Prelude> const42 bot
42

@ Takue pyHKLMKN KaK const42, UTHOPMPYIOLINE 3HAYEHNE
CBOEro aprymMeHTa, Ha3blBalOTCA HECTPOrMMu No 3TOMY
ApPryMeHTy.

e [ns ctporux dpyHKumii, HA0BOPOT, BCEraa BbIMOAHSAETCS
fl =1
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Kak dpopcupoBaTth BblunCaeHNS

@ [lns bopcrpoBaHHOrO BLIYNCIEHNUST 3HAYEHUST UCMOML3YIOT

cneuunanbHHbI KOMBUHaTOp seq :: a -> b -> b

seq L b L

seqa b b, ecim a # |

@ C 4nCTO CMHTaKCMYeCKOl TOYKM 3peHust seq 3To \x y -> y

o HO OH «HapyLwla€T>» JIEHNBYKO CEMAHTUKY A3blKa, NO3BONAA
dopcnposaTth BbluncaeHne bes HeobxoaumocTu!
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Kak cunibHo seq dpopcrpyet?

@ seq «MOTBOPCTBYET» PaCMpOCTPaAHEHUNIO L, MHTepecysCh
3Ha4YeHUEM CBOEro MepBoro aprymMeHTa

Prelude> seq undefined 42

**x Exception: Prelude.undefined
Prelude> seq (id undefined) 42
*** Exception: Prelude.undefined

@ OpfHaKo KOHCTPYKTOpPbI AaHHbLIX 1 NsiMbaa-abcTpakumm,
ABNAACb K3HAYEHUNAMU D, O6eCI'Ie‘-IVIBaIOT 6apbep Aans
pacnpocTpaHeHus L

Prelude> seq (undefined,undefined) 42
42

Prelude> seq (\x -> undefined) 42

42
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AﬂﬂﬂMKauMﬂ(IBH3OBOM Nno 3HAYEHUIO

® Yepes seq onpefensieTcst SHepruyHas anmnankayus
(¢ BBI30OBOM-NO-3HAYEHUIO)

infixr 0 $!
($!') :: (a->b) ->a ->b
f$! x=x ‘seq‘ £ x

o PopcupoBaHne NPUBOANT K «XyALUel onpefeneHHOCTU

Prelude> const42 undefined

42

Prelude> const42 $! undefined
**xx Exception: Prelude.undefined
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[lpuMep NCnonb30BaHUS seq

@ Bcnomuum dhakTopman ¢ akkymynmpyowmmM napameTpom

factorial n = helper 1 n
where helper acc k | k > 1 = helper (acc * k) (k - 1)
| otherwise = acc

@ W3-3a neHmeoctun acc bymet copepxaTts thunk
((1*n) *(@-1))*((@-2) ...

@ OnTtumuzsaTtop GHC obblyHO cnpaBisieTcsi, UMest BCTPOEHHbIIA
aHasmszaTop cTporoctu. Ho MoXXHO, He monarasicb Ha Hero,
HanucaTb

factorial n = helper 1 n
where helper acc k | k > 1 = (helper $! acc * k) (k - 1)
| otherwise = acc
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[Nnan nekyunm

e Anrebpanyeckne TUMbl AaHHBLIX 1 COMOCTaBfeHne ¢ obpa3Luom
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ConocrasneHnne ¢ obpasuom (pattern matching)

DyHKLMUS, MEPECTABMSAIOLLYIO SIEMEHTHI Mapbl

swap :: (a,b) -> (b,a)
swap (x,y) = (y,x)

BeipaxeHnue (x,y) npeactasasiet coboit obpasey. MNpn Boizose

*Fp05> swap (5,True)
(True,5)

nponcxognT conocrasJsieHune C O6pa3L{OMZ

@ MpPOBEPSIETCS!, YTO KOHCTPYKTOp (,) — nogxoaswuii (ans
napbl 3TO TPUBNAJLHO);

@ NEpPEMEHHbIE X N y CBA3bIBAOTCA CO 3HA4YeHUAMN 5 N True.
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Anrebpanyeckue TUMbl JaHHbIX: NepPeYnCaeHus]

o I'IepeqvlcneHme — Thn C O—aprIMVI KOHCTPYKTOPAaMN AAHHbIX

data Color = Red | Green | Blue | Indigo | Violet
deriving Show

*Fp05> :type Red
Red :: Color

o ConocTaeneHue ¢ O6pa3LI,OM nponcxoanT CBEPXY BHU3

isRGB :: Color -> Bool

isRGB Red = True

isRGB Green = True

isRGB Blue = True

isRGB _ = False -- Wild-card
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Anrebpanyeckune Tunbl AaHHbIX: AEKAPTOBO MPOV3BEAEHNE

Tmn—npom3Be,u,eHv|e C OAHUM KOHCTPYKTOPOM AaHHbIX

data PointDouble = PtD Double Double deriving Show

*Fp05> :type PtD
PtD :: Double -> Double -> PointDouble

midPointDouble :: PointDouble -> PointDouble -> PointDouble
midPointDouble (PtD x1 y1) (PtD x2 y2) =
PtD ((x1 + x2) / 2) ((y1 + y2) / 2)

*Fp05> midPointDouble (PtD 3.0 5.0) (PtD 9.0 8.0)
PtD 6.0 6.5
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[NonnmopHbie TUMbI

@ Tun TOYKN MOXKHO napamMeTpnsoBaTb TAMNOBbLIM napaMeTpoMm:

data Point a = Pt a a deriving Show

*Fp05> :type Pt
Pt :: a -> a -> Point a

@ Point — onepaTop HaA TWMNaMu, KOHKPETHbIA TUMN NOJyYaeTcs
€ro anniamkauuen Kk HekOTopoMy Tumy, Hanupmep, Int.

*Fp05> :kind Point

Point :: * -> x*
*Fp05> :kind Point Int
Point Int :: *
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«136bITouHbIN Y nonumopdusm u ymonyarus (defaulting)

midPoint :: Fractional a => Point a -> Point a -> Point a
midPoint (Pt x1 y1) (Pt x2 y2) =
Pt ((x1 + x2) / 2) ((y1 +y2) / 2)

*Fp05> :type midPoint (Pt 3 5) (Pt 9 8)

midPoint (Pt 3 5) (Pt 9 8) :: Fractional a => Point a
*Fp05> midPoint (Pt 3 5) (Pt 9 8)

Pt 6.0 6.5

*Fp05> :type it

it :: Point Double

@ Ho (+) n (/) onpegeneHbl TONABKO AJIsi KOHKPETHLIX TUMOB —
KOHTeKCT Fractional a 3agaért ad hoc noanmopgpuzm.

o [lo ymonyaHuto nogpasymeBaeTcs, 4TO Ans atoboro Mmogyns
default (Integer, Double)
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PekypcrBHble Trnbl

data List a = Nil | Cons a (List a) deriving Show ’

o KOHCprKTopu mmeroT Tnn Nil :: List anm
Cons :: a -> List a -> List a.

@ ObpaboTka — uepes pekypcuto 1 conocraenieHne ¢ 0bpasuom

len :: List a -> Int
len Nil 0
len (Cons _ xs) 1 + len xs

*Fp05> let myList = Cons ’a’ (Cons ’b’ (Comns ’c’ Nil))
*Fp05> len myList
3
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CraHmapTHble CNUCKK

@ BcTpoeHbl, HO Morin Bbl BbITL onpeaeneHsl Tak

data [1 a =[] | a : ([ &)

infixr 5 :

o [nsa ynobctea BBEAEH CUMHTaKCUYeCcKuil caxap

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

onpegeneHns yHKuumn

head :: [a] -> a
head (x:_) = X
head [] = error "Prelude.head: empty list"
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BbipaxeHue case ... of

head (x:_.) = x
head [] error "head: empty list"

SKBUBAJIEHTHO

head’ xs = case xs of

(x:2) > x
] -> error "head’: empty list"
("] rIOCKOJ'Ibe case ... of ... — BbIpa)eHNe, ero MOXXHO

nCnonb30oBaTh B NOOOM MecTe Koga.
@ Ecin Hac nHTepecyeT TONBKO OAMH CNyYaid, MOXHO
ncnonb3oBaTh obpasew B nsimMbae

head’’ = \(x:_) -> x
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CemaHTMKa COMOCTaBNEHNS C 0Opa3LIOM

e ConocraeneHue ¢ 0bpa3LOM NPOMCXOAUT CBEPXY-BHN3, 3aTeM
cneBa-Hanpaeo.
e ConocraeneHue c 0bpasLom MoxeT bbiTb

e ycnewHbim (succeed);
o HeygauHbim (fail);
o pacxopsiwmmcs (diverge).

foo (1, 2) =3

foo (0, ) =5
@ (0, undefined) — Heypada B MEPBOM, yCrnex BO BTOPOM;
@ (undefined, 0) — pacxoguUMOCTb B NMepBOM >Xe 0bpasLe;
@ (2, 1) — pBe HeydaumM N, Kak CNeACTBUE, PACXOANMOCTb;
e (1, 5-3) — 777
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B onpeaenenun dpyHkumm

dupFirst :: [a]l -> [al
dupFirst (x:xs) = X:!X:XS

Mbl MOXXEM MPUCBOUTL NCEBAOHUM BCEMY 0bpasuy, UCMob3ys
3aTeM 3TOT MNCEBLOHNM B NPaBOl YacTu OonpepeseHns

dupFirst’ :: [a]l -> [a]
dupFirst’ s@(x:xs) = x:s
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Heonposepxumeie (irrefutable) obpasub

e K HeonposepxumbiM oTHocsiTest wild-cards (_), dhopmarbHbie
napamMeTpbl-NePeMeHHbIE 1 JIeHUBbIE 06pa3Lbl.

@ Tunbaa 3a8aét s1IeHuBbIii 0bpa3sel: CONnOCTaBNEHNE C HUM
BCErfa MpOXOAUT YCMELLHO, a CBA3bIBAHNE OTKJIaAblBAETCS A0
MOMEHTa UCMNOJIb30BaHuUs

(xxx) f g “(x, y) = x, gy

*Fp05> (const 1 *** const 2) undefined
(1,2)
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®opcupoBaHue CTPOrocTu

@ Crporuit KoHCTpyKTOp gaHHbIX. @nar cTporoctn (1) B
KOHCTPYKTOPE faHHbIX MO3BOJISIET (POPCUPOBATL BbIYNUCIEHNE
COOTBETCTBYIOLLErO NOJIS

data Complex a = !a :+ !a
infix 6 :+

e Bang pattern. MNozeonsieT dopcmpoBats BblYMCAEHNE NPK
cBsi3bIBaHUK B 0bpasuax. Sensercs pacwupennem GHC.

Prelude> :set -XBangPatterns
Prelude> let foo !x = True
Prelude> foo undefined

**x* Exception: Prelude.undefined
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ObbABNEHUSA type W newtype

@ Kntouesoe cnoso type 3a,n,aéT CUHOHUM THUMNa:

type String = [Char] ’

o [nsa ynobcTea BBEAEH CUHTAKCUYeCKuii caxap

"Hello" == [’H’,’e’,’1%,°17,%0’] \

@ KntoyeBoe cNoBo newtype 33faéT HOBbIA TUM C €LNHCTBEHHbBIM
OAHOMapaMEeTPUYECKMM KOHCTPYKTOPOM, YNAKOBbIBAOLWNIA Yxe
CyLLeCTBYHOLWA TUN:

type Agel = Int
newtype Age2 = Age Int
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Metku noneii (Field Labels)

e [lns pocTyna K nonsim Tuna-npov3BeAeHns, HanpumMep,
data Point a = Pt a a, NPUXOANTCA UCNOJIb30BaTh
cneumaneHble cenektopbl \(Pt x _) -> x uam
\(Pt _ y) -> y. MoxHo npu onpegeneHnn Tuna AaTb MOASM
MeTKM, obneryaroLyme Takoii J4OCTyn

data Point’ a = Pt’ {ptx, pty :: a} deriving Show

@ MeTtku umeetoT Tun Point’ a -> a 1 paboTaloT Kak
CeneKkTopbl

*Fp05> let myPt = Pt’ 3 2
*Fp05> ptx myPt
3
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NHnumnannsaumsa B CUHTaAKCMCE C METKaMK noneli

*Fp05> let myPt2 = Pt’ {ptx = 3}

<interactive>:1:13:
Warning: Fields of ‘Pt’’ not initialised: pty
In the expression: Pt’ {ptx = 3}
In an equation for ‘myPt2’: myPt2 = Pt’ {ptx = 3}
*Fp05> :t myPt2
myPt2 :: Point’ Integer
*Fp05> ptx myPt2
3
*Fp05> pty myPt2
*%* Exception: <...>:1:13-25:
Missing field in record construction FpO5.pty
*Fp05> let myPt3 = Pt’ {ptx = 3, pty = 2}
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Icnonb3oBaHne meTok nonei

@ MoXHO ncnonb3oBaTh METKMN MOAEl Kak CENEKTOPLI

absP p = sqrt (ptx p = 2 + pty p ~ 2)

@ MoxHo cBsizaTb UX C NepeMeHHbIMN B 0bpasue

absP’ (Pt’ {ptx = x, pty = y}) =sqrt (x ~ 2 +y ~ 2)

o C nomoLLblo METOK MoJeli CTPYKTYPbl MOXHO «ODHOBAATL>»

*Fp05> let myPt4 = Pt’ {ptx = 7, pty = 8}
*Fp05> myPt4

Pt’> {ptx = 7, pty = 8}

*Fp05> myPt4 {ptx = 42}

Pt’ {ptx = 42, pty = 8}
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CraHngapTHble anrebpanyeckue Tunbi

@ Tun Maybe a Nno3BossieT 3a4aTb «Heobsi3aTesIbHOE» 3HAYEHME

data Maybe a = Nothing | Just a
maybe :: b -> (a -> b) -> Maybe a -> b

find :: (a -> Bool) -> [a] -> Maybe a

@ Twun Either a b ONUCbIBAET OJHO 3HAYEHME U3 ABYX

data Either a b = Left a | Right b

either :: (a -> ¢c) -> (b -> ¢) -> Either a b -> ¢
head’?? :: [a] -> Either String a
head’?’ (x:.) = Right x

head’’’ [] = Left "head’’: empty list"
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OxpatHble obpa3sypl (pattern guards)

B Haskell 2010 cnHTakcnc oxpaHHbIX BblpaXkeHuli bbln paclivpeH

first0dd :: [Integer] -> Integer
first0dd xs | Just x <- find odd xs = x
| otherwise =0

first0ddIsBig :: [Integer] -> Bool
first0ddIsBig xs | Just x <- find odd xs, x > 1000 = True
| otherwise False

*Fpc05> first0dd [2,3,4]

3

*Fpc05> first0ddIsBig [2,3,4,1001]
False

*Fpc05> first0ddIsBig [2,4,1001]
True
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[Nnan nekyunm

© Crucku v pabota ¢ Humn
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OcHOBHblE (PYHKLMU U3 Data.List

tail :: [a] > [a]
tail (_:xs) = xs
tail [] = error "tail: empty list"

take :: Int -> [a] -> [a]
take n _ | n<=0= T[]
take _ [] = [

take n (x:xs) x : take (n-1) xs

(++) :: [al -> [a]l -> [a]
(1 ++ ys = ys
(x:x8) ++ ys

I
o]

! Xs +t+ ys

KakoBa CnoXHoCTb tail? koHkaTeHauun?
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PyHkuun Boicwux nopsgkos (HOF)

NepBblii apryMeHT — yHapHbIii NpeauKaT:

filter :: (a -> Bool) -> [a] -> [al
filter upred [] = []
filter upred (x:xs)

| upred x = x : filter upred xs

| otherwise = filter upred xs

lNepBbiii aprymMeHT — npon3BobHas yHKLUS:

map it (a -> b) -> [a] -> [b]
map _ [] (]

map f (x:xs) f x : map f xs
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D deKTUBHOCTL peannsaunm

length :: [a]l -> Int
length [] = 0
length (_:xs) 1 + length xs

@ Peannsauus length 8 GHC (cTapom!)

length :: [a]l -> Int
length 1 = 1len 1 O#
where
len :: [a] -> Int# -> Int
len [] a# = I# att
len (_:xs) a# = len xs (a#t +# 1#)

@ # mapkupyeT unboxed types.

@ Pekypcusi B len — xBOCTOBasI.
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«beckoneuHbliey CTPYKTYpPbl AaHHbIX

Pekypcus noseonsieT onucbiBaTb «beCKoHEYHbIE» CTPYKTYpbI
JaHHbIX:

Prelude> let ones = 1 : ones
Prelude> :type ones
ones :: [Integer]

Bnarofopsi 1EHNBOCTM BbIYNCAETCS TOMBKO TO, YTO TpebyeTcs:

Prelude> let numsFrom n = n : numsFrom (n+1)
Prelude> let squares = map (~2) (numsFrom 0)
Prelude> take 10 squares
[0,1,4,9,16,25,36,49,64,81]
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ApudmMeTunyeckne nociefoBaTeslbHOCTM

NmeeTcst KomnakTHbIN CNocob onucbiBaTh DosbLIne K peryasipHbies
CNUCKN:

Prelude> [1..10]
[1,2,3,4,5,6,7,8,9,10]
Prelude> [1,3..17]
[1,3,5,7,9,11,13,15,17]
Prelude> [’A°..°z’]
"ABCDEFGHI JKLMNOPQRSTUVWXYZ [\\]~_‘abcdefghijklmnopqrstuvwxyz
Prelude> [1..]
[1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,

[ns dhopMnpoBaHns « HENMHERHBIXY» NOCNEN0BaATENLHOCTEN eCThb
Apyrasi TeXHuKa...
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Beigenerne cnnckos (List Comprehension)

Prelude> [x"2 | x <- [0..9]]
[0,1,4,9,16,25,36,49,64,81]

Mpn HeckobKUX reHepaTopax 4alle ODHOBASIETCS TOT, YTO MpaBee:

Prelude> [(x,y,z) | x<-[1..19], y<-[1..19], z<-[1..19],
X" 2+y~2==2z"2]
[(3,4,5),(4,3,5),(5,12,13),(6,8,10),(8,6,10),(8,15,17),
(9,12,15),(12,5,13),(12,9,15),(15,8,17)1]

[Aennc Hukonaesny MockeuH MporpammuposaHue Ha Haskell



