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NMnaH nekuunn

e JIEHNBOCTb U CTPOroCTb

o Anrebpanyeckme Tunbl AaHHbIX N CONOCTaB/IeHNE C 06pa3uom

o Cnuckm n paboTta C HUMMU



NMnaH nekuunn

e JIEHNBOCTb U CTPOroCTb



CKOJ/IbKO 3HA4YeHWUN Y Tuna Bool?

Bcakoe Bbipa>keHne B Haskell nmeeT 3Ha4deHmne onpeaeneHHoro
Tunna.

CKONIbKO pPa3HbIX 3HAYEHUWN Y BbIPAa>XEHUW TUMNA Bool?

Ha nepBblii B3rnAa ABa — True U False,
B COOTBETCTBUM C onpeaeneHneMm:

data Bool = True | False

Ho 3TO He Tak!



3Ha4vYeHune He3aBepLuarulerocs BblyncieHus

PaccMOTpUM BblIpa>XeHWNEe bot :: Bool, ONPeaeNeHHOe PeKYPCUBHO

bot = not bot

Ero 3Ha4yeHne — He True U HE False, @ | (OCHOBaHue). B Haskell'e
1 — 3Ha4eHune, pasagensieMoe BCEMU TUMNAMW:

1l :: forall a. a

Owunbkam (HO He UCKItoYEeHUAM!) ToXKe NPUNNCBLIBAETCA 3TO 3Ha-
yeHue.



J1eHnBasi ceMaHTUKa

Haskell rapaHTupyeT BbI30B-MO-HEOOXOANMOCTN (MO YMOMHYAHUIO)

constd42 x = 42
Prelude> const42 bot

42

Takne PYHKUMUN KaK constd2, UCHOPUPYHOLLME 3HAYEeHWe CBOEero
aprymMeHTa, Ha3bIlBAaKOTCA HECTPOrMMu no 3TOMY aprymMeHTy.

Adna crporux dyHKUMK, HaobopoT, BCerga BbIMNONHAETCA

f 1l = 1



Kak dpopcmpoBaTb BblUinNcC1eHNSA

Ona dopCUPOBAHHOIO BblYUCNEHNSA 3HAYEHUA UCNONL3YIOT Chne-
UMNaNbHHbIA KOMOUHATOP seq :: a -> b -> b

seq L b = |
seqab = b, ecima# L

C YNCTO CUHTAKCUYECKOW TOYKWN 3PEHUSA seq 3TO \x y -> ¥.

HO OH «HapyLUaeT» NEHNUBYIO CEMAHTUKY A3blKa, MO3BONASA OP-
CUpOBaAaTb BblyncneHme 6e3 HeobxoanmmocTu!



KaK CUNIbHO seq (hopcupyeT?

seq «MOTBOPCTBYET» PaCNpPOCTPaHEeHUtO L, MHTepecysachb 3Hade-
HUEeM CBOEro nepBoOro aprymeHTa

Prelude> seq undefined 42

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

OJAHaKO KOHCTPYKTOPbI AaHHbIX U Nambaa-abCcTpakunm, ABNASCH
&3Ha4YeHunamuny, obecne4ymBatoT Gapbep AN pacnpocTpaHeHuns L

Prelude> seq (undefined,undefined) 42
42

Prelude> seq (\x -> undefined) 42

42



Annankauna Cc BbiI3OBOM MO 3HA4YE€HUIO

Hepe3 seq ONPEeaenseTcs aHeEPrunyHasa annankKauns
(C BbI3OBOM-MNO-3HAYEHUIO)

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

dopcupoBaHME NPUBOAUT K «XyAlLUer onpeneseHHOCTU»

Prelude> const42 undefined

42

Prelude> const42 $! undefined
*** Exception: Prelude.undefined



BCnoMHUM pakKTopuas C akKyMyIasaTOPOM

AKKYMYNUPYHOLWMNA napaMeTp UCNOMAb30BanCca AN DKOHOMUU na-
MSATU NOA Kaapbl CTEKa

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

OJAQHaAKO N3-3a JIEHNBOCTMU acc MOXKET COAEPXKATb Lenoydky thunk’oB
((1 *n) *x (n-1) x (n-2) ...)

OoOnTnummn3aTop GHC obbl4HO CcnpaBNsAeTCcAaA, HO MOXXHO, HE nona-
rasgdCb HA HEro, HanNmcaTb

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

acc
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NMnaH nekuunn

e JIEHNBOCTb U CTPOroCTb

e Anrebpamnyeckme TUnbl AaHHbIX N CONOCTaBAeHne C obpa3uLom
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ConocTasJsieHne c o6pa3suom (pattern matching)

PaccMoTpuM ADYHKUWIO, NepecTaBAANOLWYHO 2J1EMEHTbLI Napbl

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

BblpakeHune (x,y) npeacrtasnseT cobon obpa3ey. Npn BbI3OBE

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

NPOUCXOAUNT COnocTaBJsieHne ¢ obpa3yomM:
» NPOBEPAECTCA, HTO KOHCTPYKTOP (,) — NOAXOAALNIA]
» MNEpEeMeEHHbIe x N y CBA3bIBAKOTCS CO 3HAYEHUSIMU 5 U True.
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Anrebpandyeckume Tunbl AaHHbLIX: Nepe4dyunciaeHuns
MNepedncneHne — Tmn € O-apHbIMN KOHCTPYKTOPaAaMM AAaHHbIX

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

KOHCTPYKTOPbI AAQHHbLIX MMEKT TUN Color:

*Fp05> :type Red
Red :: Color

ConocTaBsneHmne ¢ obpa3uomMm NPonNCXoanT CBEPXY BHU3I

isRGB :: Color -> Bool
isRGB Red = True

isRGB Green = True

isRGB Blue = True

isRGB _ = False -- Wild-card
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Anrebpanyeckune Tunbl AaHHbIX: AeKAapTOBO npoun3dseaeHune

Twun-nponseegeHme ¢ OQHUM KOHCTPYKTOPOM

data PointDouble = PtD Double Double deriving Show

KOHCTPYKTOP AAHHbLIX MMeeT TUn PYHKUUM

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

[NMpnmMep NCNoNb30BaHUA

midPointDouble :: PointDouble -> PointDouble -> PointDouble
midPointDouble (PtD x1 yl) (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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NMonnmopdHblie TUunbl

Tun ABYMEPHOW TOYKU MOXKeT OblTb NapamMeTpu3oBaH TUMOBbIM
napamMeTpoM a:

data Point a = Pt a a deriving Show

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

Point — OMEPATOP Ha4 TUNAMW, KOHKPETHbIE TUMNbl NOJAYyYatoTCS
annnnKaunen K onpeaeseHHoMy Tuny, Hanpmumep Float.

*Fp05> :kind Point

Point :: * -> %
*Fp05> :kind Point Float
Point Float :: x*
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YMon4daHua (defaulting)

DYHKUNN HAL NMONUMOPMPHBIMU TUNAMU — NOJUMOPMHLI:

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 (/) onpeaeneHbl TONbKO Hah KOHKPETHbIMW TUNnamMmm —
KOHTEKCT Fractional a 3a4a€T ad hoC noanmmopcbun3m.

Mo yMON4YaHUIO Noapa3symMeBaeTcsa, 4To ANnsa ntoboro Moayns
default (Integer, Double)
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PeKypCcuBHble Tunbl

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

KOHCTPYKTOPblI UMEKT TUMN Nil :: List a U Cons :: a -> List a -> List a.
Onepaunn onpeaensaroTCAa 4Yepe3 PeKypCcuto n CconocTaBeHne C
obpa3uom

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

*Fp05> let myList = Cons ’a’ (Cons ’b’ (Cons ’c’ Nil))
*Fp05> len myList
3
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CTaHaapTHblIe CNUCKW

Mornun 6bl 6bITb OnpeaeneHbl Tak (Ha CaMOM aefne — BCTPOEHbI)

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

infixr 5 :

Odnsa ynobcTBa BBEAEH CMHTAKCUMYECKUIA caxap

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

Mpumep onpeaeneHnsa dByHKUNU

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

OnpeaeneHne yHKLUUN

head :: [a] -> a
head (x:_) = X
head [] = error "head: empty list"

SKBUBAJIEHTHO caeayroLllen popme

head’ xs = case xs of
(x:) ->x
[] -> error "head’: empty list"

of
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CemMmaHTUKa conocTtaBseHna ¢ o6pa3uom

ConocTaBneHne ¢ obpa3uoM NPOUCXOANT CBEPXY-BHU3, 3aTEM
cneBa-HanpaBo. ConocTaBnaeHne ¢ obpa3uLoM MOXET OblTb

» ycnewHbiM (succeed);

» HeyaadHbIM (fail);

» pacxoasawmmcsa (diverge).

f 1, 2)
£ (0, ) =5

I
w

» (0, undefined) — HEyAa4Ya B NepBOM 06pa3LEe 1 yCNexX BO BTOPOM;
» (undefined, 0) — PACXOAMMOCTbL B MepBOM >Xe obpa3ue;
» (2, 1) — ABEe Heyaayun N, Kak cneacTtBume, pacxoamMMOCTb.
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Heonpoeep>xumble (irrefutable) oGpa3ubl

K HeoONpoBEPXKMMbIM OTHOCATCA wild-cards (_), as-o6pa3ubl, hop-
MafibHble MapaMeTpbl-NnepeMeHHble U NeHnBble obpa3ubl.

Tunbaa 3a8aéT sIeHUBbIA 06pa3el: CONoCTaB/IeHne C HUM Bcerna

npoxoanT yCcnewHo, a CBA3blBaHMNE OTKMNaAblBA€TCA AO MOMEHTA
NCMNOJIb3OBAHUA

(xxx) £ g “(x, y) = (f x, g y)

*Fp05> (const 1 *** const 2) undefined
(1,2)
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dopcunpoBaHmne CTporocTtu

CTporme KOHCTPYKTOPbI AAaHHbIX
dnar CTPOrocTu (1) B KOHCTPYKTOPE AaHHbLIX MNO3BONSAET Pop-
CUPOBATb BblYMC/EHNE COOTBETCTBYHOLLEro Nons

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

Bang pattern
[Mo3BONAET (PpopCMpPOBATbL BblYUCNEHNE MPU CBA3bIBAHUM B OO-
pa3uax. ApnseTca pacwmpeHnem GHC.

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

***x Exception: Prelude.undefined
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As-0o0Opa3el,

B onpeaenenmnmn doyHkunm

dupFirst ;1 [a] -> [a]
dupFirst (x:xs) = X:!X:!XS

Mbl MOX»E&M NPUCBOUTL NCEBAOHUMM BCeMy o06pa3uy, WMCNONb3YySA
3aTeM 3TOT NCEeBAOHMM B NPaBOi YaCTu onpeaeneHus

dupFirst’ :: [a] -> [al
dupFirst’ s@(x:xs) = x:s
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OO0bsABNEHUNA type WU newtype

Knro4eBoe CNOBO type 3a4a€T CUMHOHUM TuUNa.

type String = [Char]

Odnsa ynobcTtBa BBEAEH CMHTAKCUYECKUIA caxap
"Hello" == [’H’,’e?,’1%,°1%,%0]
Knto4eBOE C/NOBO newtype 3aJ4AET HOBbI TUN C €QUHCTBEHHbLIM

KOHCTPYKTOPOM, YNaKOBbIBAIOLNI Y>Ke CYLLEeCTBYHOWNK TUn:

type Agel = Int
newtype Age2 = Age Int
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MeTkun nonein (Field Labels)

dnAa poctyna K nonamMm Tuna-npon3BeaeHnsA

data Point a = Pt a a

NPUXOANTCS UCNOJIb30BAaTb CNeunanbHble cCenekTopbl TUNa
\(Pt x _) -> x UM \(Pt _ y) -> y. MOXHO npu onpeaeseHnmn Tuna
AaTb NONSAM MeTKM, obnerdyatowme Tako AOCTYnN

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

MeTKN MMeeroT TUM Point’ a -> a U PaboOTarOT KaK CeNeKTopbl

*Fp05> let myPt = Pt’ 3 2
*Fp05> ptx myPt
3
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MHnunann3saumsa B CUHTAKCUCe C MeTKaMun nosnen

*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 FpO0b5.pty
*Fp05> let myPt3 = Pt’ {ptx = 3, pty = 2}
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cnonb30BaHe MeTOK nosen

MO>XHO NCNONBb30BAaTb METKW MOJIEN KaK CeNleKTOpPbI

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

HOo MOXXHO CBsAA3aTb METKWU NOJieW C NnepeMeHHbIMN B obpa3ue

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

C NMOMOLWbKO METOK MNoJiel CTPYKTYPbl MOXXHO «OBHOBAATHLY

*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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CTaHaapTHble anrebpandeckue Tunbl

TN Maybe a NPeACTaABASAET «HeobA3aTeNnbHOEY» 3Ha4eHue

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

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

TWN Either a b NPeACTaBNSAET OAHO 3HA4YeHne N3 ABYyX

data Either a b = Left a | Right b

either :: (a -> c) -> (b -> c) -> Either a b -> c
head’’ :: [a] -> Either String a

head’’ (x:_) = Right x

head’’ [] = Left "head’’: empty list"



NMnaH nekuunn

e /IeHNBOCTb N CTPOroCTb

o Anrebpanyeckme Tunbl AaHHbIX N CONOCTaBAeHne C obpa3uyom

o Cnnckn n pabota C HUMU
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OCHOBHble (PYHKLUNWN N3 Data.List (1)

head :: [a] -> a

head (x:_) = x

head [] = error "head: empty list"
tail :: [a] -> a

tail (_:xs) = xs

tail [] = error "tail: empty list"
a++ b :: [a] -> [a] -> [a]

[1 ++ ys = ys

(x:x8) ++ ys = x : xs ++ ys
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OCHOBHble (PYHKLUNWN N3 Data.List (2)

map :: (a -> b) -> [a] -> [b]
map _ [] = []
map f (x:xs) = f x : map f xs

filter :: (a -> Bool) -> [a] -> [a]
filter pred [1 = []
filter pred (x:xs)
| pred x = x : filter pred xs
| otherwise = filter pred xs

length :: [a] -> Int
length [] = 0
length (_:xs) = 1 + length xs
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OCHOBHble (PYHKLUNN N3 Data.List (3)

Peannzauyns 8 GHC

length :: [al -> Int
length 1 = len 1 O#
where
len :: [a]l -> Int# -> Int
len [] att = I# a#

len (_:xs) a# = len xs (a# +# 1#)

# MapKupyeT unboxed types.
Pekypcna B len — XBOCTOBAA.
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&« BbeCKOHe4YHble» CTPYKTYPbl AAHHbIX

Prelude> let ones = 1 : ones

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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ApndpmMmetTmnydeckme nocsiegoBaTesIbHOCTH

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°]
"ABCDEFGHIJKLMNOPQRSTUVWXYZ [\\] ~_‘¢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,
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BbliageneHmne CnuckKos

Prelude> [x~2 | x <- [0..9]]

[0,1,4,9,16,25,36,49,64,81]

Prelude> [(x,y,z) | x<-[1..19], y<-[1..19], z<-[1..19], x~2+y~2==z"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)]
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