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CkoNibko 3Ha4eHunid y Tna Bool?

@ Bcsikoe Bblpa>X€HNE B Haskell umeet 3HaueHne onpeneneHHoro
Tnna.

@ CKosibko 3HayeHmii y Tuna Bool?

@ Ha nepsbiii B3rnsg gsa — True n False, B COOTBETCTBUMN C
onpefeneHnem:

data Bool = True | False J

@ Ho 370 He Tak!
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3HayeHune HE3aBEPLUAOLWEroCA BblHNCIEHNA

Bcnomuum BbipaxkeHue bot :: Bool, onpefienéHHOE peKypCUBHO

bot :: Bool
bot = not bot l

Ero 3HayeHne — He True u He False, a L (OCHOBaHI/Ie, p,Ho). B
Haskell'e 1. — 3HauyeHue, pasgensiemoe BCeMu TUNAMU:

1 :: forall {a}. a J

Ownbkam ToXKe NPUNUCLIBAETCS 3TO 3HAYEHME.

GHCi> :t undefined

undefined :: forall {a}. a
GHCi> :t error

error :: forall {a}. [Char] -> a
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Hectporas (nenuBasi) cemaHTuka

@ Haskell rapanTupyert BbI30B-no-HeobxoanmocTyn (TakoBo
NOBeAEHNE MO YMOAYAHMIO)

ignore x = 42 J

GHCi> ignore undefined
42

GHCi> ignore bot

42

@ Takue pyHKLMM KaK ignore, NTHOPUPYOLLME 3HAYEHNE CBOErO
apryMeHTa, Ha3blBAOTCA HECTPOryMMuM NO STOMY apryMeHTy.

e [Ins ctporux dyHKumii, HA0bOPOT, BCErga BbIMOAHSAETCS

£1=1 J
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MexaHu3am pasgeneHus

fun x = (x+5,2%*x) J

HaumeHas noactaHoBoYHas mogens: aybauposaHue

fun (3+1) — ((3+1)+5,2%(3+1))

— (445, 2% (3+1))
— (9, 2% (3+1))
— ...

PazgeneHune vepes KOHTEKCTbI

fun y = let x = y in (x+5,2%x) J

fun (3+1) — let x=3+1 in (x+5,2%*x)
— let x=4 in (x+5,2%x)
— let x=4 in (4+5,2%x)
— let x=4 in (9, 2%*x)
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Kak dpopcupoBaTth BblunCaeHNS

o [lns cbopcrpoBaHHOrO BLIYUCIEHUS NCMONL3YIOT PYHKLMIO

seq :: a ->b ->b
seq L b =1
seq a b =b, ecim a # |

o CuHTakcu4eckn seq noxoxa Ha \a b -> b. Ho oHa HapywaeT
JIEHNBYIO CEMAHTUKY si3blka, NO3BONSAS hOpCcMpoBaTh
BbluMcneHne 6e3 HeobxogumocTu.

@ seq NOTBOPCTBYET pacnpocTpaHeHuto L, uHTepecysich
3Ha4YeHNeM CBOEro MepBOro aprymMeHTa

GHCi> seq undefined 42

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

*** Exception: Prelude.undefined
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Kak cunbHo seq copcupyet?

@ seq NPOM3BOAUT BbIYMCIIEHNE CBOErO NEePBOro apryMeHTa,
€C/IN B HEM MMeeTCs pefeKC Ha BEPXHEM YPOBHE.

@ OpHako KOHCTPYKTOpbI AaHHbIX, NsiMbaa-abcTpakuyuu un
4aCTUYHO MPUMEHEHHbIE (PYHKLMN, SIBNSSICE < 3HAYEHUSIMIY,
obecneynBatoT bapbep ANns pacnpoctpaHeHus |

GHCi> seq (undefined,undefined) 42
42

GHCi> seq (\x -> undefined) 42

42

GHCi> seq ((+) undefined) 42

42

@ lMogobHble «He peaekchl» O0BbEANHAIOT OAHUM TEPMUHOM — UX
Ha3bIBatOT c1aboii ronoBHON HopMasbHol ¢hopmoii (weak head
normal form, WHNF).
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Annnleauvm C BbI3OBOM MO 3HAYEHWNIO

@ Yepes seq onpepensieTcst SHEpruyHas anninkayus
(c BLI3OBOM-M0O-3Ha4eHNIO)

infixr 0 $!
($1) :: (a ->b) ->a ->b
f $! x=x "seq” f x

o PopcupoBaHue NPUBOAUT K «XYALLER ONpefeNlEHHOCTU

GHCi> ignore undefined

42

GHCi> ignore $! undefined

*** Exception: Prelude.undefined
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[lprmep ncnonb3oBaHust seq

o Bcnomuum dpakTopman ¢ akkymynmpyowmmM napameTpom

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

o W3-3a nenmeoctu acc byaet cogepxaTte thunk Bnaa
(.. *mn) * (n-1)) * (m-2)* ... %2)
@ OntumuzaTtop GHC obbiuHO cnpaBnsieTcsi, UMesi BCTPOEHHbIT

dHaJIn3aTop CTPOrocTu. Ho MO>XHO, HE noJlarasaCb Ha HEro,
HanncaTb

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

Q Anrebpanyeckune Tunbl JaHHbIX 1 CONOCTaBMEHNE C 0bpa3LOoM

[Aennc Hukonaesny MockeuH Twunel gaHHBIX 12 /51



ConocrasneHnne ¢ obpasuom (pattern matching)

DyHKLUMS, NEPECTABMAIOLLYIO SIEMEHTHI Mapbl

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

KoHctpykuus (x,y) npeacrasnsiet coboii obpasey. MNpn Bei3oBe

GHCi> swap (5+2,True)
(True,7) J

NPOUCXOAUT COnocTasseHue ¢ obpasyom:

@ rnpoBepsieTcsi, 4TO KOHCTpyKTop (,) — moaxoaswwii (Ans
napbl 3TO TPUBMAJILHO);

@ MepemMeHHble X N § CBA3bIBAIOTCA CO BbIpa)KeHUsAMuU 5+2 1
True;

@ OCYLLECTBNAETCA NOACTAHOBKA Bblpa)KeHVIVI BMECTO
NepeEMEHHbIX B TEne beHKLI,VIVI swap.

[Aennc Hukonaesny MockeuH Twunel gaHHBIX 13 /51



Aﬂre6pamquKme'TMHblAaHHHXZTMH CYMMbl

nepe'-ll/lC.HEHl/Ie — Tnn C O—aprIMI/I KOHCTPYKTOpPaMWn AaHHbIX

data CardinalDirection = North | East | South | West )

KoHCTpyKTOpbl AaHHbIX MMetoT Tun CardinalDirection:

GHCi> dir = North

GHCi> :t dir
dir :: CardinalDirection
GHCi> dir

error: No instance for (Show CardinalDirection)
arising from a use of “print'
In a stmt of an interactive GHCi command: print it

VlCFIpaBI/ITb MO>XXHO TakK:

data CardinalDirection = North | East | South | West
deriving Show
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[lepeuucnenns: conocrasiaeHne ¢ obpasuom

data CardinalDirection = North | East | South | West
deriving Show \

ConocTtaeneHune ¢ 0bpasLOM NPONCXOAUT CBEPXY BHU3

hasPole :: CardinalDirection -> Bool
hasPole North = True

hasPole South = True

hasPole = False

MogyepkmBaHue (MNU nepeMeHHast) 3afatoT HEOMPOBEPKNUMbIN
obpaseL.

GHCi> hasPole North
True

GHCi> hasPole West
False
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BcTpoeHHble TNbI nepedncneHnii

BcTpoeHHble Tunbl AaHHbIX BEAYT cebsi Tak, kak byaTo oHu
onpenenieHbl Kak nepeyvynciieHmns

data Char = '\NUL' | ... | 'a'" | 'b' | 'c¢' | 'd' |
| '\1114111"

data Int = -9223372036854775808 |
| -2 [ -1 [0 | 1] 2|

| 9223372036854775807
data Integer = ... | -2 | -1 | 0| 1 | 2 |
DTO NO3BOJISIET NCMONBL30BATL COOTBETCTBYIOLLME IMTEPAbI KaK
obpasubl
isAnswer :: Integer -> Bool

isAnswer 42 = True

isAnswer _ False
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CemaHTMKa COMOCTaBNEHNS C 0Opa3LIOM

o ConocTaBneHune NPONCXOANT CBEPXY BHU3, 3aTeM CJieBa
Hanpaso.
o ConoctaBneHune bbiBaer

o ycnewHbim (succeed);
o Heygadbim (fail);
o pacxogswmmcs (diverge).

bar (1, 2) = 3
bar (0, _) =5 J
@ (0, 7) — Heymaya B NepBOM, yCnex BO BTOPOM;
o (2, 1) — aBe Heyaauu n, Kak CNeACTBUE, PACXOANMOCTb;
e (1, 5-3) — 777
o (1, undefined) — 777
o (0, undefined) — 777
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Anrebpanyeckune Tunbl AaHHbIX: AEKAPTOBO MPOV3BEAEHNE

Tmn—npom3Bep,eHv|e C OAHUM KOHCTPYKTOPOM AaHHbIX

data PointDouble = PtD Double Double
deriving Show

GHCi> :type PtD
PtD :: Double -> Double -> PointDouble

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

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

Twun TOYKU MOXHO NapaMeTpu30BaTb TUMNOBLIM NapaMeTpPOM:

data Point a = Pt a a
deriving Show ’

GHCi> :type Pt
Pt :: a -> a -> Point a l

Point — onepaTop Haj TMNaMu, KOHKPETHbIA TWN NOJy4aeTCs ero
annankauuein K HEKOTOPOMY Tumny, Hanupmep, Int.

GHCi> :kind Point
Point :: *x -> %
GHCi> :kind Point Int
Point Int :: =*

Kaiingbl — cuctema Tunos Hag cuctemoli Tunos Haskell.
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[onumopdHbie PyHKLUUN HAZ NOAUMOPQHBLIMY TUNAMU

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

GHCi> :type midPoint (Pt 3 5) (Pt 9 8)

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

Pt 6.0 6.5

@ [MonanmopdHbie TURLI NOAUMOPdHBLI NapaMeTPUYECKN, TO €CTb
Ha TUNOBbIV NapaMETP HEBO3MOXXHO HAJIOKMUTb OrpaHUYEHUS.
(B crapbix Bepcusix GHC n no crangapty moxHo!)

@ Ho (+) n (/) onpeneneHbl TONLKO AN51 KOHKPETHBIX TUMOB —
KOHTekcT Fractional a 3agaér ad hoc nonumopghusm.

[HAenunc Hukonaesny MockeuH Twunel gaHHBIX 20 /51



CraHngapTHble anrebpanyeckue Tunbi

@ Twvn Maybe a no3sonsieT 3a4aTb «Heobsi3aTeNbHOE» 3HAYEHME

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

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

@ Twun Either a b onnucbiBaeT O4HO 3HAYeHME U3 4BYX

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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3KCHOH€HMM3ﬂbeE TUNbI

IKCMOHEHUNANBHBIN T — 3TO TUN PYHKLMN.

data Endom a = Endom (a -> a)

appEndom :: Endom a -> a -> a
appEndom (Endom f) = f

GHCi> e = Endom (\n -> 2 * n + 3)

GHCi> :t e

e :: Num a => Endom a

GHCi> :t appEndom e

appEndom e :: Num a => a -> a

GHCi> e ~appEndom™ 5
13
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PekypcrBHble Trnbl

HonycTMo B Nonsix KOHCTPYKTOPA JaHHbIX CCbIIAThCS Ha
onpefensieMblii KOHCTPYKTOp Tuna. Hanpumep, Tun yucen lNeano

GHCi> data Nat = Zero | Suc Nat deriving Show
GHCi> :t Zero

Zero :: Nat

GHCi> :t Suc

Suc :: Nat -> Nat

GHCi> two = Suc (Suc Zero)

GHCi> {pred (Suc n) = n; pred Zero = Zero}
GHCi> pred two

Suc Zero

XoTs 3TOT TN CTPYKTYPHO MOXOX Ha 4ucna Yepua, BbluncieHume
npegeccopa HamHoro acbdekTrBHee, bnarogaps MexaHusmy
conocTassieHnsi ¢ obpasuom.
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PeKprMBHbE TUMNbl: CANCOK

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

@ KoHcTpykTopbl umetoT Tun Nil :: List awm
Cons :: a -> List a -> List a.

o ObpaboTka — uepes pekypcuto 1 conoctaenieHne ¢ obpasuom

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

GHCi> myList = Cons 'a' (Cons 'b' (Comns 'c' Nil))
GHCi> len myList
3
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[Nnan nekyunm

© Cranpapthble cnuckm n paboTa ¢ HUMK
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CraHmapTHble CNUCKK

BCTpoeHbI, HO Mornn Bkl BbITh onpegeneHbl Tak

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

infixr 5 :

[ns ynobcTea BBEAEH CMHTAKCUYECKUii caxap

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

Mpumep onpegenennsi pyHKUNM

head :: [al > a
head (x:.) = x
head [] = error "Prelude.head: empty list"

70 yacTu4Has yHkuusi, B coBpemenHom Haskell ncnonszosats
UX HE PEKOMEHAYETCS.
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OcHoBHble yHKumKn 3 Data.List

tail 0 [a]l > [al
tail (_:xs) = xs
tail [] = error "Prelude.tail: empty list"

GHCi> tail [1,2,3,4]

28,40

GHCi> tail "ABCD"

n BCD n

(++) :: [a]l -> [a] -> [a]
(] ++ ys = ys

(x:x8) ++ ys = x : xS ++ ys

KakoBa cnoxkHocTb tail? KoHkaTeHauumn?
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OcHogHble cyHKunn 13 Data.List (2)

take :: Int -> [a] -> [a]
take n _ | n <=0 = T[]
take _ [] = []
take n (x:xs) = x : take (n-1) xs

GHCi> take 3 "ABCDEFG"

IIABCII

GHCi> take 10 "ABCDEFG"

"ABCDEFG"

drop :: Int -> [a] -> [a]
drop = undefined

Kak uepes drop chenatb ToTabHbI 3KBUBaNEHT tail?
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®yHkumn Bbicwmnx nopsigkos (HOF)

filter :: (a -> Bool) -> [a] -> [a]
filter _ [] = [
filter p (x:xs)
| p x = x : filter p xs
| otherwise = filter p xs
map :: (a ->Db) -> [a] -> [b]
map _ [] = [l

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

GHCi> map length ["Good","bye","world"]

[4,3,5]

GHCi> map (°2) . map length $ ["Good","bye","world"]
[16,9,25]
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CemeiicTBa zip n zipWith

zip :: [a] -> [b] -> [(a,b)]

zip [] _ =[]

zip _ (] =[]

zip (a:as) (b:bs) = (a,b) : zip as bs

zip3 :: [a]l -> [b] -> [c] -> [(a,b,c)]

unzip :: [(a,b)] -> ([al,[b])

zipWith :: (a -> b -> ¢) -> [a] -> [b] -> [c]
zipWith _ [] _ =[]

zipWith _ _ [] = [
zipWith f (a:as) (b:bs) = f a b : zipWith f as bs

zipWith3 :: (a -> b -> ¢ -> d)
-> [a] -> [b] -> [c] -> [d]
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«beckoneuHbliey CTPYKTYpPbl AaHHbIX

«BbeckoHeuHbIE» CTPYKTYpbl JaHHbIX OMUCLIBAIOTCS PEKYPCUEN:

GHCi> ones = 1 : ones
GHCi> :type ones
ones :: Num a => [a]

Enarop,opﬂ JNNIEHNBOCTU BbIYNCNAETCA TOJIBKO TO, 4YTO Tpe6yeTC$|:

GHCi> numsFrom n = n : numsFrom (n+1)

GHCi> squares = map (~2) (numsFrom 0)

GHCi> take 10 squares

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

GHCi> fibs = 0 : 1 : zipWith (+) fibs (drop 1 fibs)
GHCi> take 10 fibs

[0,1,1,2,3,5,8,13,21,34]
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ApudmMeTunyeckne nociefoBaTeslbHOCTM

NmeeTcst KomnakTHBIN Cnocob onucbiBaTh bosbLINE K peryasipHbie»
CNUNCKN:

GHCi> [1..10]

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

GHCi> [1,3..17]

(1,3,5,7,9,11,13,15,17]

GHCi> ['A'..'z']

"ABCDEFGHI JKLMNOPQRSTUVWXYZ [\\] ~_~abcdefghijklmnopqrstu
vwxyz"

GHCi> [1..]
[1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,

[ns dbopMunpoBaHnst « HEAMHERHBIX> NOCNELOBATENLHOCTER €CTh
Apyrasi TexHuKa...
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Beigenerne cnnckos (List Comprehension)

HazgaHue nponcxoanT n3 AKCMOMATUNYECKOIA TEOPUN MHOXECTB.

GHCi> digits = [0..9]
GHCi> [ x~2 | x <- digits ]
[0,1,4,9,16,25,36,49,64,81]

Mpn HeckobKUX reHepaTopax 4alle ODHOBASIETCS TOT, YTO MpaBee:

GHCi> [ [x,y] | x <- "ABC", y <- "de" ]
[IIAdll,llAell’IIBdII’llBe“’llCdll’IICell]
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Bblﬂ,e.ﬂeHVIe CMNCKOB: AOMNOJIHNTENbHBIE BO3SMOXHOCTU

[eHepaTOpbl MOTYT CCbINATBHCS Ha 3HAYEHUSI U3 MpPebloyLLnX
reHepaToOpOB; MOXXHO MCMOJIb30BaTb NPeAnKaTbl Haj 3TUMHK
3HAYeHUsAMU:

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

Mo>xHO ncnonb30BaTh COMOCTABAEHUNE C o6p33u,0M:

GHCi> tst = [Just 2,Nothing,Just 3]
GHCi> [x | Just x <- tst]
[2,3]
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[Nnan nekyunm

@ O6pasubi: gononHuTeNbHbIE CBeAEHNS
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BbipaxeHue case ... of

head [] = error "head: empty list"

head (x:_) = x J

TpaHcnupyetcs B Kernel cnegytowmm obpasom

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

Obuiee npaBuao TpaHCAsALUM

f p11 ... pix -> € f x7 ... X = case (X71,...,Xyx) of
= MP11,...,P1x) -> e;
f pn1 ... Pnk -> €n

(p'rﬂ P ,pnk) -> €n
Mockonbky case ... of ... — BbIpaXKeHNe, ero MOXHO

NCnonbL30BaTh B loboM mecTe KoAda.
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B onpeaenenun dyHkumm

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

Mbl MOXXEM MPUCBOUTL MCEBAOHUM BCEMY 0DpasLy, UCMOb3ys
3aTeM 3TOT MCEBAOHUM B NPaBoOii 4acTy ONpefeneHus

dupFirst' 0 [al -> [al
dupFirst' ys@(x:xs) = x:ys ’
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JleHnBble obpasupl

e K HeonposepxumbiM oTHocsiTcst wild-cards (_), dpopmanbHble
napamMeTpbl-nepemMeHHble u seHnBbie 0bpasubl (lazy patterns).

o Tunbaa 3a8aéT sleHuBbIi 0bpasel): CONOCTaBAEHNE C HUM
BCErga NPOXOAUT YCMELIHO, @ AUHAMUNYECKOE CBA3bIBaHME
OTKJ/1afblBAeTCs 4O MOMEHTA UCMONb30BaHUS

(x*%) :: (a->c) -=> (b ->d) -> (a, b) -> (c, d)
(xx) £ g "(x, y) = (£ x, g y) \

o bes neHn B 0bpasue cnegyrowmii Kog pacxogucst bl

GHCi> (const 1 *** const 2) undefined
(1,2) \
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Obpa3supl B 1et-BblipaxeHusx

B let—Bpra)KeHVlﬂX MO>XHO NCNOJIb30BaTb 06p33LJ,bIZ

GHCi> let x:xs = "ABC" in xs ++ xs
"BCBC" ’

MpaBuno TpaHcnsuumn HepekypcueHoro let B Kernel

let p=e1 ine = case e; of 'p ->e
-- see Haskell Report 3.12 for complete translation ’

ObpaTnTe BHUMaAHME HA MapKep JIEHNBOCTU:

GHCi> let x:xs = [] in 42

42

GHCi> let x:xs = undefined in 42
42

GHCi> let x:xs = [] in x
**x*x Exception: Non-exhaustive patterns in x : xs
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Obpasubl B nambga-abcrpakuymsax

@ B nambpa-abcTpakumsx Toxe MOXHO MCrnosib30BaTh obpasubl

head''' = \(x:_) -> x J

o Obuiee npasuno TpaHcasumm nambapl ¢ obpasuamm & Kernel

\pP1 ... pn -> €1 =
\X1 ... Xn -> case (X1,...,Xn) of (p1,...,Pn) -> €7

3pech BCe X{ — CBEXMNE MEPEMEHHbIE.

@ HepoctaTok: MoXHO 0bpaboTaTh ToNIbKO oanH obpasel, Ha
OAWH aprymMeHT nambabi.

o Vmeetcs pacwmpenne LambdaCase, pewatouiee 3Ty npobnemy.
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OxpatHble obpa3sypl (pattern guards)

B Haskell 2010 cnHTakcnc oxpaHHbIX BblpaXkeHuii bbin pacluvpeH

firstOdd :: [Integer] -> Integer
firstOdd xs | Just x <- find odd xs = x
| otherwise =0
first0ddIsBig :: [Integer] -> Bool
first0ddIsBig xs
| Just x <- find odd xs, x > 1000 = True
| otherwise = False

GHCi> first0dd [2,3,4]

3

GHCi> first0ddIsBig [2,3,4,1001]
False

GHCi> first0ddIsBig [2,4,1001]
True
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[Nnan nekyunm

e Tunel AaHHbIX: AOMNONHUTEJIbHbIE CBEAEHUNA

[Aennc Hukonaesny MockeuH Twunel gaHHBIX 42 /51



CunTakenc 3annceii: Metkn noneii (Field Labels)

[ns pocTyna K nonsiM Tuna-npousBefeHns, Hanpumep,

data Point a = Pt a a, npuxogmMTcs MCNOAbL30BaATb
cneumnanbHble cenektopbl \(Pt x _) -> xuam \(Pt _ y) -> y.
Mo>xxHo npu onpegeneHnm Tuna Aath NOAsiM MeTKW, obnervatowiue
Takol gocTtyn

data Point a = Pt { ptX :: a, ptY :: a } J

MeTku umeetoT Tun Point a -> a u paboTatoT Kak npoekuum

GHCi> myPt = Pt 3 2
GHCi> ptX myPt
3

Twnel AaHHbIX, NOJIA KOTOPbIX CHabXxeHbl METKaMW, HAa3blBalOT
sanucsimu (records).
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NHnumnannsaumsa B CUHTaAKCMCE C METKaMK noneli

Mopsapok noneii Npy MHULMANU3aLUM NPOU3BOJIEH

GHCi> myPtl = Pt {ptY = 2, ptX = 3}
GHCi> myPt1
Pt {ptX = 3, ptY = 2}

MoxHo Aa>XXe NHNUNAIN3NpoBaTb HE BCE NOAA ...

GHCi> myPt2 = Pt {ptX = 3%}
warning: [-Wmissing-fields] Fields of “Pt' not initial

ised: ptY
GHCi> ptX myPt2
3

GHCi> ptY myPt2
***x Exception: Missing field in record construction ptY

.. HO ny4Llle 3TOro He AenaTb.
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Icnonb3oBaHne meTok nonei

CTaH/J,apTHOE NCnosib30BaHNE B Ka4eCTBE I'IpOGKLI,I/IVI

absP p = sqrt (ptX p =~ 2 + ptY p = 2) |

Mo>xxHO CBSi3aTb METKW MOJEl C nepemMeHHbIMU B 0bpasue

absP' Pt {ptX = x, pt¥ = y} = sqrt (x ~ 2 +y ~2) |

Cnep,yromee BbIrNAQUT Niydwe npeabigywero, HO 3TO HE BCerga Tak.
,El,orap,aﬁTer B KaKnX Ciy4dasx 6os1ee MHOrOCNOBHbLIE METKM ny4duie.

absP'' (Pt xy) =sqrt (x -~ 2 +y ~ 2) )

C nomoLbio MeTOK noseli 3anncu MOXXHO «OBHOBNATL»

GHCi> myPt3 = Pt {ptX = 7, ptY = 8}
GHCi> myPt3 {ptX = 42}
Pt {ptX = 42, ptY = 8}
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Obwme meTkn noneii

MeTku noneit ogHoro Tuna MoryT BbITe OBLMMMN B HECKONBKUX
KOHCTPYKTOpPaXxX AaHHbIX:

data Homo = Known {name :: String, male :: Bool}
| Unknown {male :: Bool}

GHCi> john = Known "John" True
GHCi> stranger = Unknown False
GHCi> male john

True

GHCi> male stranger

False

OpmHakoBble METKU NOJel A5t pa3HbIX TUMOB HELOMYCTUMbI, NX
obnactb BugumocTn — rnobansHas. Jobasus

data Bad = Bad {male :: Booll}, nony4um owunbky
komnunsiyun: Multiple declarations of 'male’.
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ObbsiBnerune type

@ Kntouesoe cnoso type 3ap,aéT CUHOHUM THMa:

type String = [Char] |

@ CuHoHuMbI TUNa MOryT BbITh NnapaMeTpPU30BaHHbIMMN:

GHCi> type EC = Either Char

GHCi> :kind EC

EC :: *x -> x*

GHCi> type LEC b = [EC b]

GHCi> le = [Right 5, Left 'z'] :: LEC Int
GHCi> :t le

le :: LEC Int
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ObbsiBneHune newtype

KnioyeBoe cnoBo newtype 3afaéT HOBbIA TUM C €ANHCTBEHHBIM
OfHONAPAMETPUYECKUM KOHCTPYKTOPOM, YNAKOBbIBAIOLLUIA YIKe
CyLLleCTBYHOLLWIA TUMN:

newtype AgeNT = AgeNT Int
data AgeDT = AgeDT Int
fNT (AgeNT n) = 42
fDT (AgeDT n) = 42

Mpn komnunsiuun obepTka newtype ybmpaercsi, nOMUMO
3pheKTUBHOCTN NCMOSTHEHUS 3TO NPUBOANT K Ny4luel
onpefeneHHoCTu:

GHCi> fNT undefined

42

GHCi> £DT undefined

***x Exception: Prelude.undefined
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PaHTOMHbBIE TUMbI

DaHTOMHbIE TUMbI MO3BOJSIIOT Ha YPOBHE TUMOB XPaHUTb
OOMOJHNTENBHYIO UHPOPMALNIO, UCMOb3YEMYIO MPU MPOBEPKE.

{-# LANGUAGE GeneralizedNewtypeDeriving #-}

newtype Temperature a = Temperature Double
deriving (Num,Eq,Show)

data Celsius
data Fahrenheit

comfortTemperature :: Temperature Celsius
comfortTemperature = Temperature 23

c2f :: Temperature Celsius -> Temperature Fahrenheit
c2f (Temperature c) = Temperature (1.8 * c + 32)
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PaHTOMHbIE TUMbI: UCMNOJBb30BaHME

Tenepb TuMbI rapaHTUpPYIOT, 4TO apudMeTUYECKME OnepaLun
JONYCTUMbl TONIBKO «BHYTPU» KaXX[oW TemnepaTypbl.

GHCi> :t comfortTemperature

comfortTemperature :: Temperature Celsius

GHCi> comfortTemperature + Temperature 2

Temperature 25.0

GHCi> c2f comfortTemperature

Temperature 73.4

GHCi> :t c2f comfortTemperature

c2f comfortTemperature :: Temperature Fahrenheit

GHCi> c2f comfortTemperature - comfortTemperature
error: Couldn't match type “Celsius' with “Fahrenheit'

MNopkntoyerHoe paclmpermne GeneralizedNewtypeDeriving
MO3BOJIAET aBTOMATUYECKN reHepupoBaTh NPeACcTaBUTENS Kiacca
Tunos Num.
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®opcupoBaHue CTPOrocTu

®dnar cTporocT ! B KOHCTPYKTOPE AaHHbIX MO3BOASET
chopcmpoBaTh BblHMCNEHNE COOTBETCTBYIOLLErO MO
infix 6 :+

data Complex a = !a :+ l!a -- Data.Complex

CpaBHVIM nopeaeHme napbl 1 KOMNJEKCHOrO 4ncna

GHCi> case (1,undefined) of (_,_) -> 42
42
GHCi> case 1 :+ undefined of + _ > 42

*** Exception: Prelude.undefined

Mpn aTom BblYncneHne noneli hopcnpyeTcst, TONLKO Koraa
dopcnpyeTcs BblYMCIEHNE POANTENBLCKON CTPYKTYpPbl, MO3TOMY

GHCi> case 1 :+ undefined of _ -> 42
42
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