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KnacoBe 0T No-BMCOK pef

[ocera pasrnexgaxme k/s1acose OT TUNOBE, KOUTO UMAT CXOAHO
nosegerue (Eq, Read, Show, Enum, Measurable, Num, ...).

o Pa3rJ1e>Kp,axme N TUMOBN KOHCTPYKTOPHU, KONTO NO3BONABAT
AeuHupare Ha napameTpu3upanu (redepudnn) tunose (Maybe, [1,
BinTree, Tree, 10, ...).

@ Heka pa pasrnegame ksac OT TUMOBU KOHCTPYKTOPU, KOUTO UMaT
HsIKakBa 0obLLa XapaKTepucTuKa.

o Mpumep: Mima nun Hewo obwo, koeTo Moxxem fa npasum ¢ [1,
BinTree n Tree?

o HeLlJ,O, KOETO HE 3aBUCWK OT TUIa Ha €ENEMEHTUTE B TE3N KOHTeI7IHepI/I?
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[lpumMepn 3a KNacoBe OT KOHCTPYKTOPY

o Mpumep: Mima nun Hewo obwo, koeTo Mmoxem ga npasum ¢ [1,
BinTree n Tree?

@ Moxem ga Hamupame 6poii enemeHTU

class Countable c¢ where
count :: ¢ a -> Integer

o Moxem Aa HaMEpPUM CNNCbK OT BCUHKWN €NIEMEHTN

class Listable c where
elements :: c a -> [a]

@ Moxem Aa NpuaoXKnm beHKLl,I/IFl Hal BCEKN €NEMEHT

class Functor f where
fmap :: (@ ->b) ->f a->fb
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PyHkTOPK

HedvHuyms

KnacwT Functor B Haskell ce cbcton ot Tunoeute koHcTpykTopu f, 3a
KOUTO MOXe Aa ce gecpunupa fmap :: (a -> b) -> f a -> f b.

3a ypobcteo onepaumsita <$> e uHdurkceH BapmaHT Ha fmap.
Mpumepu 3a pyHkTOpYU:

@ Maybe
() a
Either a
(]
BinTree
Tree
(> r
e I0
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CTpaHHN DYHKTOPHU EK3EMMASPY

Mpumep: ga pasrnegame eksemnnsipa

data Pill a = BluePill a | RedPill a
instance Functor Pill where
fmap f (BluePill x) = RedPill (f x)
fmap f (RedPill x) = BluePill (f x)

Mpobnem Nel:
@ fmap id (BluePill 2) = RedPill 2

e fmap c “npasHa’ dyHKUNS NPOMeHst CTPyKTypaTa Ha pyHkTopa!
Mpobnem Ne2:

o fmap (+3) (BluePill 3) = RedPill 6
o fmap (+1) (fmap (+2) (BluePill 3)) = BluePill 6

@ Vma 3HauyeHne kosiko nopes pyHKuuUM we npunoxum!
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PYHKTOPHU 3aKOHM

Hecdbunnymns
@yHKTOp Hapu4ame ek3eMmnasip Ha Knaca Functor TakbB, ye:
© fmap id <= id (3anasBaHe Ha uAeHTUTETA)

© fmap f . fmap g <=fmap (f. g) (ancTpnbyTneHoct oTHOCHO
KOMMO3NLMs)

PYHKTOPHUTE 3aKOHWU HW JaBaT rapaHuus, 4Ye peasmsaumsTa Ha fmap e
“HeyTpanHa" kbM dyHKTOpa 1 NPOMEHA CTOMHOCTUTE B HEMO CaMo U
eAVNHCTBEHO Ha Ba3aTa Ha nogapaeHaTta dyHkuums f.

Bcuuku npumepHmn eksemnnsipu (OCBeH Pill) yAOBAETBOPSABAT
PYHKTOPHUTE 3aKOHMU.

Moxem ga mucnum, ve fmap “nosgura”’ dpyHkumsta £ OT eNEMEHTN KbM
yHkTOpPN.
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fmap c gByaprymeHTHN DyHKLM

Moxem nn ga n3nonssame fmap 3a ‘nosguraHe’ Ha AByapryMeHTHa
dbyHKuna?
Mpumep: fmap (+) (Just 3) (Just 5) — [pewkal
Mpobnem: fmap (+) (Just 3) :: Maybe (Int -> Int)
Mony4yasame cbyHKTOp Hag PyHKLMS, KOSITO HE MOXKEM ANPEKTHO Aa
NPUAOXKUM Hag byHKTOp Hag cToliHocT!
Nges: [Ja pasbuem fmap Ha gBe HacTu:
@ noeguraHe Ha pyHKTOp Hag byHKUMSE KbM byHKUMSA Hag byHKTOPK
ef (a->b) >fa->fb
@ noBauraHe Ha obukHoBeHa PyHKLMSI KbM (DYHKTOP Hag doyHKUMS
e (a ->b) >f (a->0b)

DyHKTOpUTE, KONTO NOAABPXKAT TaKOBa passiaraHe Ha fmap Hapuyame
ananKaTUuBHM.
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AnnunkaTusHu cpyHKTOpPYU

KnaceT Applicative

class (Functor f) => Applicative f where
pure :: a -> f a
(<x>) :: f (a->b) >fa->fb
Moxem pa gedpunupame fmap £ a = pure f <x> a.
Mpumepn 3a annukaTueHu byHKTOPMU:
@ Maybe
@ Either a
o []
@ ZipList
o (->) r
e IO
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AnnunkaTusHu cpyHKTOpPYU

DyYHKLUMYN 32 anAUKaTUBHU PYHKTOPY

o 1iftA2 :: (Applicative f) =>
(a->b->c¢c) >fa->fb->fFfc

e roBAWra AByaprymMeHTHa (byHKUUS HaZ PyHKTOP

o liftA2 f a b =1f <§> a <x> b

o pumep:

liftA2 (+) [2,3] [10,20,30] — [12,22,32,13,23,33]

o sequenceA :: (Applicative f) => [f a] -> f [a]

@ MOBAWTa CMUCHK OT PYHKTOPY O DYHKTOP HaZ CMUCHK
sequenceA [] = pure []
sequenceA (x:xs) = 1liftA2 (:) x (sequenceA xs)
sequenceA = foldr (1iftA2 (:)) (pure [])
Mpumep:
sequenceA [Just 2, Just 3, Just 5] — Just [2,3,5]
o lNpumep: sequenceA [Just 2, Nothing, Just 5] — Nothing
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AnnunkaTusHu cpyHKTOPU

3aKoHM 33 anMKaTUBHN (PYHKTOPU

Hecbunnymns

AnnvkaTnseH ¢hyHKTOp Hapuyame ek3emnisip Ha knaca Applicative, 3a
KOWTO:

Q pure f <*> x <= fmap f x

@ pure id <*> v<=v

© pure (.) <k> u <> v <> W= u <> (V<> W)
Q pure f <*> pure x <= pure (f x)

@ u <*> pure y <= pure ($ y) <*>u
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Onepauusita “cebp3sane’ (bind)

o DyHKTOpUTE HUM NO3BOMSIBAXa 4a MPEBbPHEM (DYHKLMS HAL €/IEMEHTU
BbB (PyHKLMS Hag yHKTOPU:
o (+3) <$> [1,2] — [4,5]
@ AnnukatusHuTe YHKTOPU HM NO3BOJISIBaXa Aa NPEBbLPHEM (DYHKTOP
Hag pyHKuns KbM yHKLMS Hag dyHKTOpU
o (+) <$> [1,2] <*> [10,20] — [11,12,21,22]
@ Ho kak mMoxem fa npeBbpHeM byHKUMS, BPpBLUALLA (PYHKTOP BHE
dyHKumsa Hag dyHkTopMn?
o (\x -> [1..x]) =<< [3,4] — [1,2,3,1,2,3,4]
o lckame cTpykTypaTta Ha byHKTOpa-pesynTaT 4a MOXe fa 3aBuUcK OT
CTOHOCTTa BbB (hyHKTOpa-napamersp!
0 (%) :: (a->fb) >fa->Ffhb
e [o-uecTo ce n3nonsea onepaunsta “cebp3sane’ (bind) ¢ pasmenenn
aprymMeHTu:
e >>=) :: fa->(a->fb) ->fhb
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KnacwT Monad

class (Applicative m) => Monad m where
return :: a ->m a
return = pure

(>>=) ma->(a->mb) ->mb
>>) ma->mb ->mb
X >>y = X>>=\_—>y

Mpumepn 3a moHagu:
@ Maybe
o []
e (->) r
e IO

do cMHTaKCMCBT paboTun 3a BCUYKM ek3emMnasipu Ha Monad!
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Mo
MonagHu cpyHkumn (1)

@ 1iftM :: (Monad m) => (a ->b) ->ma ->m b

o fmap 3a moHaam
e 1iftM f m = m >>= (\x -> return $ f x)

@ap :: (Monad m) =>m (a ->b) ->ma ->mb

e <*> 3a MOHaAM
e apmf m=mf >>= (\f -> m >>= (\x -> return $ f x))

@ 1iftM2::(Monad m) => (a ->b ->c¢c) ->ma ->mb ->mc
e 1iftA2 33 MoHaam
1iftM2 f m1 m2 = ml <<= (\x1 ->

m2 <<= (\x2 ->
return $ £ x1 x2))
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Mo
MonagHu cyHkumn (2)

@ join :: (Monad m) =>m (m a) -> m a
e ‘cnuea” pBoliHaTa ONakoBKa B eAUHUYHA
e join mm = mm >>= id
o Moxem ga gecdurupame (>>=) 4ype3 join n fmap:
em >>=f = join (fmap f m)
o filterM :: (Monad m) => (a -> m Bool) -> [a] -> m [a]
o PunTpupa ¢ npeankart, BpbLUAL ‘OnakoBaHn' OyneBu CTOWHOCTM
o PesyntatbT e “onakoBaHnTe" efieMeHTM Ha CMNCHKA
e powerset = filterM (\x -> [True,False])
@ foldM :: (Monad m) => (a ->b ->ma) ->a -> [b] ->m a
e HaTpyngea enemeHTn oT cnucbk ¢ MoHagHa onepauus
o HatpyneaHneTo e nsiso (MTepatuseH npouec, nogobHo Ha foldl)
e boundSum lim = foldM (\x y -> if x+y < lim
then Just (x+y) else Nothing) O
boundSum 60 [1..10] — Just 55
e boundSum 50 [1..10] — Nothing
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MoHagHn 3aKoHY

HedvHnyms

MoHaga HapniaMe NHCTaHUMS Ha Knaca Monad, 3a KOsITO:
@ return x >>= f < f x (N8B ngeHTUTET)
@ m >>= return <nm (,qeceH M,u,eHTVITeT)

Q (m >>=f) >>=g<+=m >>= (\x -> f x >>= g) (acoymaTusHocT)

Komnosuuymnst Ha MoHagHu dyHKuUN:

(¢<=<) :: (Monad m) => (b ->m<c) -> (a ->mb) -> (a ->mc)
f<=<g = \x->gx>>=fF
MoHagHNTE 3aKOHM YPEe3 KOMMO3ULNS:
Q f <=< return <= f (n9B naeHTNTET)
@ return <=< f <= f (meceH ngeHTuTeT)
© f <=< (g <=< h) <= (f <=< g) <=< h (acoumaTtusHocT)
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