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[MapameTpuyeckunii noanmopdnsm

PaccmoTpum dyHkumio

id i a -> a
id x = x

E€ kom yHuBepcaneH, To ecTb
@ rOAeH A4St UCMOJIb30BaHUSI C NapaMeTpom ntoboro Tuna;

@ He 3aBUCUT HU OT Kakoii CI'IELI,VICbVIKVI 3TOro Tnna.

id True :: Bool
id "Hello" :: [Charl]
id id 1 a -> a

Henunc Hukonaesny Mockeunx Knaccbl Tunoe



OrpaHunyeHus nonumopdrsma

PaccmoTpum dyHKLMIO, ONpeaensitowyto, UMEETCs S SIEMEHT B

CMNUCKe:
elem :: a -> [a] -> Bool
elem _ [] = False

elem x (y:ys) x ==y || elem x ys

[Ons noboro nn Tuna 31eMeHTOB OHa NOAXOANT !

Henunc Hukonaesny Mockeunx Knaccbl Tunoe



OrpaHunyeHus nonumopdrsma

PaccmoTpum dyHKLMIO, ONpeaensitowyto, UMEETCs S SIEMEHT B

CMNUCKe:
elem :: a -> [a] -> Bool
elem _ [] = False

elem x (y:ys) x ==y || elem x ys

[ns noboro nm Tuna s3n1eMeHTOB OHa NoaxXoamnT !
[a, HO TONbKO ecnn onepaTop PaBEeHCTBA YHUBEPCAJIEH:

(==) :: a -> a -> Bool

Xopowwo nu 3707

Henunc Hukonaesny Mockeunx Knaccbl Tunoe



CpaBHMOCTb BblpakeH i

PaccmoTpum, Hanpumep, ABe pa3Hble peanu3saunn dbyHKLNM

cnepoBaHnA

suc :: ((a ->a) ->a ->a) ->(a->a) ->a ->a
suc = \ns z ->ns (s 2)

suc’ :: ((a ->a) ->a ->a) -> (a ->a) ->a ->a
suc’ = \ns z ->s (ns z)

MoxxHo nn yTBEpXAaTb, YTO

suc == suc’

Henunc Hukonaesny Mockeunn Knaccbl Tunoe



CpaBHMOCTb BblpakeH i

PaccmoTpum, Hanpumep, ABe pa3Hble peanu3saunn dbyHKLNM

cnepoBaHnA

suc :: ((a ->a) ->a ->a) ->(a->a) ->a ->a
suc = \ns z ->ns (s 2)

suc’ :: ((a ->a) ->a ->a) -> (a ->a) ->a ->a
suc’ = \ns z ->s (ns z)

MoxxHo nn yTBEpXAaTb, YTO

suc == suc’

ITun dYHKUNN PaBHbI SKCTEHCUOHAJILHO, HO HE UHTEHCHMOHAJIBHO.

Henunc Hukonaesny Mockeux Knaccbl Tunoe



DKCTEHCKOHaIbHOE PaBEHCTBO

Pe3yanaT BbIYUCAEHUS Ha NHODbIX BXO0AaX — OAWH N TOT XKe:

zero, one, two :: (a -> a) -> a -> a
zero = \s z -> z

one =\s z -> s z

two =\s z -> s (s z)

*Fp06> suc two (+1) O

3

*Fp06> suc’ two (+1) O

3

*Fp06> suc two ([42]++) []
[42,42,42]

*Fp06> suc’ two ([42]++) []
[42,42,42]

Henunc Hukonaesny Mockeux Knaccbl Tunoe



Cneunanshbiii (ad hoc) noammopduam

e Cneumanshbiii (ad hoc) nonumopdusm — sug
nosimmopu3ama, NPOTUBOMNOIOXKHbIN NapamMeTpUYECKOMyY
(Kpuctodpep Crpeiiun, 1967).

@ Wurepdpeiic obwuii (nonumopdHsbIii), HO peannsauus
cneunann3npoBaHa ANs KaXX4Oro KOHKPETHOrO TMna:

*Fp06> (3::Integer)
3

*Fp06> (3::Double)
3.0

*Fp06> (3::Rational)
3% 1

Henunc Hukonaesny Mockeunn Knaccbl Tunoe
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Knaccel Tunos

Knacc Tmnos — 3To MMeHOBaHHbI Habop UMEH dyHKLU C
CUrHaTypamu, napaMeTpU30BaHHbLIMMN OOLWMM TNMOBbLIM
napameTpoMm:

class Eq a where
(==) :: a -> a -> Bool
(/=) :: a -> a -> Bool

Nms knacca Tunos 3a,u,aéT OrpaHmn4eHmne, Ha3blBa€MO€ KOHTEKCTOM:

(==) :: Eq a=>a ->a -> Bool
elem :: Eq a=> a -> [a] -> Bool
elem _ [] = False

elem x (y:ys) = x ==y || elem x ys

Henunc Hukonaesny Mockeunx Knaccbl Tunoe



ObwbsiBneHus npegcrasuteneii (Instance Declarations)

Twun a ABNsieTCA NpescTaBUTENEM KNacca, eCan ANt HEro
peasn3oBaHbl onpegenedns yHKLUUA 3TOro Knacca:

instance Eq Integer where
(==) = eqlnteger
(/=) = neqlnteger

instance Eq Char where
(C# c1) == (C# c2) = cl ‘eqChar#‘ c2
(C# c1) /= (C# c2) = c1 ‘neChar#‘ c2

instance Eq Double where
(D# x) == D#t y) = x ==## y

Henunc Hukonaesny Mockeunn Knaccbl Tunoe



[onnmopusm npu obbABNEHUN NpeACTaBUTENEN

@ Tun-npencraBuTenb KNacca MOXET ObITh NOAMMOPMHLIM

instance (Eq a) => Eq [a] where
1 == [] = True
(x:x8) == (y:ys) X ==y && xs == ys
= = False

o KoHTekcT (B faHHoM cnyyae (Eq a) =>) MOXHO
NCnoJsib30BaTh NpU OOBABNEHNN NPeACTaBUTENS.

@ bes ykasaHus KOHTEKCTa Takoe onpefeneHne npueeséT K
ownbke Npu NpoBepke TUMOB.

Henunc Hukonaesny Mockeunx Knaccbl Tunoe



MeToabl Mo ymonyaHuto

@ Bbllwe Mbl MOrM onpeaensite Neperpysky ToJibko (==),
NMOCKOJIbKY B OMpefenieHnn Knacca Tunos Eq nmeercs
peanu3aunsa no ymoadaHuto gna metoga (/=)

class Eq a where
(==), (/=) :: a -> a -> Bool
x /=y =nmnot (x ==y)

e MeToabl N0 yMOA4aHNIO MOTYT BbITb NEperpyXeHsl B
obbsBneHusx npeactasutens (Hanpumep, n3 coobpaxenuii
3hpeKTUBHOCTHM).
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MponseogHbie npeacrasutenn (Derived Instances)

data Point a = Point a a deriving Eq

*Fp06> Point 3 5 == Point 3 2
False
*Fp06> Point 3 5 == Point 3.0 5.0
True
*Fp06> Point 3 5 == Point ’a’ ’b’
<interactive>:1:9:

No instance for (Num Char)

3afas kntoy -XStandaloneDeriving B nparmMe OPTIONS_GHC MOXHO
MCMO/Ib30BaTh OTAENLHOCTOsILME 0bbABIEHNS

deriving instance Show a => Show (Point a)
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Pacwupenne knacca (Class Extinsion)

@ Knacc Ord HacnepyeT Bce MeToAbl Knacca Eq NatOC comepxuT
cobcTBeHHblE METOfb

class (Eq a) => Ord a where
(), (=), >=), (>) :: a -> a -> Bool
max, min :: a -> a -> a

sort :: (0Ord a) => [a] -> [a]

(] ﬂ'OI'IyCTI/IMO N MHOXXECTBEHHOE «HaCsiEAOBaHUE»

class (Eq a, Show a) => MyClass a where

Henunc Hukonaesny Mockeux Knaccbl Tunoe



TwunoBble onepaTopbl B 0bbsABAEHUSIX Knacca

[NepemeHHast Tvna, NapaMeTpusyroLas Kacc, MOXeT NUMEeTb KaiiHa
OTJINYHBIN OT *

class Functor f where
fmap :: (a2 ->Db) ->f a->fb

instance Functor [] where
fmap = map

instance Functor Maybe where
fmap _ Nothing Nothing
fmap £ (Just a) Just (£ a)

Henunc Hukonaesny Mockeunn Knaccbl Tunoe



Mpeacrasutenn-cupotsr (orphan instances)

o [Npeacrasutens knacca TMnos C Ans TUNa AaHHbIX T NPUHATO
0bbaBnATE MMbO B Mogyne, rae onpegened C, imbo B Mogyne ¢
onpegeneHvem T.

o Onpepenerne B Apyrux Mogynsix JOMYCTUMO, HO
noteHuymansHo HebesonacHo. Taknx npepcrasuTeneit
HasbiBatoT cupotamu (orphan instances).

o [lpobnema B TOM, 4TO NpeACTaBUTENN — HEWMEHOBAHHbIE
CYLLLHOCTM, NO3TOMY SIBHO YNPaBAsATb WX AOCTYMHOCTbLIO Yepes
CMUCKMN SKCMOPTa 1 MMMOPTa HEBO3MOXKHO.

o GHC npun komnunsiuuu BbIgaeT npeaynpexaeHue ob
0bHapy>XeHHOU CUPOTANBOCTH.

Henunc Hukonaesny Mockeunn Knaccbl Tunoe



CpaBHeHVIe C APYrnMIn A3blKaMu

@ B OOTl-s13bikax kiacchbl cofepaT n JaHHbIE U METOAbI; B
Haskell'e ux onpegenenns pasHeceHsbl.

@ Metogbl knacoe B Haskell'e HanomuHatoT BupTyansHble
dyrkuyun B8 C++.

o Knacchl Tunos noxoxu Ha untepdeiicel B Java. OHu
OMpefenstoT NPOTOKOJ UCMO/b3bIBaHUS 0DbeKTa, a He cam
0bBeKT.

Henunc Hukonaesny Mockeunn Knaccbl Tunoe
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e CTaHAapTHbIe KNnacCbl TUNOB

Henunc Hukonaesny Mockeunx Knaccbl Tunoe



Knacc ora

MuHnmanbHOe noaHoe onpeneneHne: compare Uan <=.

class (Eq a) => Ord a where
compare :: a -> a -> Ordering
(), (=), (»), (>=) :: a -> a -> Bool
max, min ::a ->a ->a
compare x y = if x == y then EQ
else if x <= y then LT
else GT
x < y = case compare x y of { LT -> True; _ -> False }
X <= y = case compare x y of { GT -> False; _ -> True }
x > y = case compare x y of { GT -> True; _ -> False }
x >= y = case compare x y of { LT -> False; _ -> True }
max x y = if x <= y then y else x
min x y = if x <= y then x else y

[Aenunc Hukonaesny MockeuH Knaccel Tunos



Knaccbl Enum U Bounded

MuHrnmanbHoe nonHoe onpefenerune: toEnum v fromEnum.

class Enum a where

succ, pred 1 a -> a

toEnum :: Int -> a

fromEnum i a -> Int

enumFrom a -> [a] -—— [n..]
enumFromThen ::a -> a -> [a] -— [n,n’..]
enumFromTo a -> a -> [a] -— [n..m]
enumFromThenTo a->a->a->[al] -- [n,n’..m]

class Bounded a where
minBound, maxBound :: a

Henunc Hukonaesny Mockeunn Knaccbl Tunoe



Knacc Num

MuHuManbHOe NosiHoe onpepeneHne: Bce, KpOMe negate n (-).

class (Eq a, Show a) => Num a where

#), (<), () ::a->a->a
negate (ra->a

abs, signum 1t a ->a
fromInteger :: Integer -> a

X -y =X + negate y
negate x = 0 - x

KoHTekcTa Ord HET — AN KOMMJEKCHbBIX, HAaNpUMeEpP, OH JINLLIHWIA.
B GHCi yxe gaBHO HeT gaxke KoHTeKcTa class (Eq a, Show a).

EcTb Hapexaa, 4To cneaytowmnii cTaHgapT OTPas3nuT 3TO pasyMHoe
peLleHmne.
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Cybknacchl knacca Num

@ VY Num gBa cybknacca:

o Integral — uenouucneHHoe aenexue (vepes Real);
e Fractional — obblyHOE AeneHue.

@ Integer n Int — npepcrtaBuTeNmn Knacca Integral.

@ Float n Double — HacneaHukun Fractional 4Yepe3 [OBOJIBHO
OJINHHYIO NepapXmto CO MHOXXECTBEHHbIM HacNefoBaHNEM.

@ ABTOMAaTMYECKOro NPUBEAEHUS HUCEN OT OAHOro TUna K
apyromy B Haskell'e HerT.
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CraHpapTHas nepapxusi KiaccoB TUMOB

Read Enum Eq Show
Boal [ardaring [ char 1] ] Maybe | Eithar
Double | Feat [ 1) / \ /
Bounded
Bool | Ordaring | Char /
Eunctor Real Fractional
1 [ mayne | 10 \ / \
Integral RealFrac Floating
Monad intager [ int
1 [waye | 10 \ /
RealFloat

Haskell Class Hierarchy

Double Float

Henunc Hukonaesny Mockeunn Knaccbl Tunoe



[1peobpazsoBaHust OT LEbIX U K LeJbIM

*Fp06> :t fromIntegral

fromIntegral :: (Num b, Integral a) => a -> b
*Fp06> :t sqrt

sqrt :: Floating a => a -> a

*Fp06> sqrt 4

2.0

*Fp06> sqrt (4::Int)
<interactive>:1:1:

No instance for (Floating Int)
*Fp06> sqrt $ fromIntegral (4::Int)
2.0

B obpaTHyto cTopoHy

ceiling, floor, truncate, round
(RealFrac a, Integral b) => a -> b

[HAennc Hukonaesny MockeuH Knaccel Tunos



[MpeobpasoBaHms K pauyoHaibHbIM 4pobsam

data Ratio a = !'a :% !a deriving (Eq)

%) :: (Integral a) => a -> a -> Ratio a
numerator, denominator :: (Integral a) => Ratio a -> a
type Rational = Ratio Integer

*Fp06> :t toRational

toRational :: Real a => a -> Rational
*Fp06> toRational 2.5
5% 2

*Fp06> 10 % 5

<interactive>:1:4: Not in scope: ‘%’
*Fp06> :m +Data.Ratio

*Fp06 Data.Ratio> 1 % 3 + 1 % 6

1% 2
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[MpeobpasoBaHms K pauyoHaibHbIM 4pobsam

Yucna ¢ nnaBatoweli TOYKOM Jlyylle, KOHEYHO, He
npeobpa3oBbIBaTh, a anMPOKCMMMUPOBATh:

Ceccnsa GHCi

*Fp06 Data.Ratio> toRational 4.9
2758454771764429 Y, 562949953421312

*Fp06 Data.Ratio> approxRational 4.9 0.1
5% 1

*Fp06 Data.Ratio> approxRational 4.9 0.01
49 % 10

Henunc Hukonaesny Mockeunn Knaccbl Tunoe
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Peanmsauma KJ1aCCOB TWNOB: CNoBapwu

o Knaccbl TUNOB peannsytoTcs Yepes MexXaHN3M nepesaqn
cnosapeii (Dictionaries).

o Cnosapb Ansa KnacCa — 3TO 3annCb N3 €ro MeToaos

data Eq’ a = MkEq (a -> a -> Bool) (a -> a -> Bool)

@ DyHKLUN-CENEKTOPbI BLIOUPAOT METOALI PAaBEHCTBA U
HepaBeHCTBA M3 3TOro CAOBaps

eq :: Eq’ a -> a -> a -> Bool
eq (MkEQq e _) = e
ne :: EQ’ a -> a -> a -> Bool

ne (MkEq _ n) n

Henunc Hukonaesny Mockeun Knaccbl Tunoe



Peanusauusa obbsiBneHnii npeacrasutenei

o ObbsABNEHNS NpeACTaBUTENER TPAHCANPYIOTCS B PyHKUMN,
BO3BpaLLaloLLne COBapb...

dEqInt :: Eq’ Int
dEqInt = MkEq eqInt (\x y -> not $ eqlnt x y)

@ ... 1IN B PYHKLMN, NPUHMMAIOLLNE HEKOTOPbLIV CNOBapb W
BO3BpallatoLme bonee CIOXHbIN Cl0Bapb

dEqlList :: Eq’ a -> Eq’ [al
dEqList (MkEq e _) = MkEq el (\x y -> not $ el x y)
where el [] (] = True
el (x:xs) (y:ys) = x ‘e’ y && xs ‘el ys

el

False

Henunc Hukonaesny Mockeunx Knaccbl Tunoe



Ncnonb3oBaHue C/N10BapA BMECTO KOHTEKCTA

elem Tenepb NPMHUMAET CNOBApPb B KAa4YeCTBE SIBHOrO NMapameTpa

elem’ :: EQ’ a -> a -> [a] -> Bool
elem’ _ _ [] False
elem’ d x (y:ys) eqdxy || elem’ d x ys

*Fp06> elem’ dEqInt 2 [3,5,2]

True

*Fp06> elem’ dEqInt 2 [3,5,7]

False

*Fp06> elem’ (dEqList dEqInt) [3,5] [[4],[1,2,3],[3,5]]
True

*Fp06> elem’ (dEqList dEqInt) [3,5] [[4],[1,2,3],[3,8]]
False

Henunc Hukonaesny Mockeunx Knaccbl Tunoe



