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Knacc TMNOB Functor

Mpeacraeutenn knacca TUNoB Functor AO/KHbI ObITb
KOHCTPYKTOpPaMu TWMA C OG4HUM NapaMeTpoM, TO eCTb £ :: * -> x

class Functor f where
fmap :: (a -> b) -> (f a -> £ b)

instance Functor [] where
fmap _ [] =[]
fmap g (x:xs) = g x : fmap g xs

instance Functor Maybe where
fmap _ Nothing = Nothing
fmap g (Just a) = Just (g a)

3afatoT cnocob «MofHATL CTPeKY Ha YPOBEHb KOHTelHepa .
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[lpeacTaBuTenb Knacca TUMNOB Functor A5 [AEPEBA

data Tree a = Leaf a | Branch (Tree a) a (Tree a)

instance Functor Tree where
fmap g (Leaf x) = Leaf (g x)
fmap g (Branch 1 x r) = Branch (fmap g 1) (g x) (fmap g r

*Fp08> let testTree = Branch (Leaf 2) 3 (Leaf 4)
*Fp08> fmap (~2) testTree

Branch (Leaf 4) 9 (Leaf 16)

*Fp08> (~3) <$> testTree

Branch (Leaf 8) 27 (Leaf 64)

DyHKUNA fmap He MEHSIET KCTPYKTYPY» KOHTeliHepa.
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[Monxoe OonpegesieHne KnacCa TUNOB Functor

infixl 4 <$, <$>,

class Functor f where

fmap :: (a->b) >fa->=fhb
(€3)) ita->fb->fa
(<$) = fmap . const

(<$>) :: Functor f => (a ->b) -> f a ->f b
(<$>) = fmap

($>) :: Functor f => f a -> b -> £ b
($>) = flip (<$)

void :: Functor £ => f a -> £ ()
void x = () <$ x
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rlpe,D,CTaBVlTeJ'IVI Functor OJ1IA ABYXMNAPaMETPUHECKNX TUTMOB

Mockonbky Either, (,), (->) :: * -> % -> % TpebyeTcs
CBSA3aTb NEPBbIA NapaMeTp, YTobbl MOXHO bblo 06BABUTL UX
npegcrasutensiMn yHKTOpa.

instance Functor (Either e) where
fmap _ (Left x) = Left x
fmap g (Right y) = Right (g y)

instance Functor ((,) s) where
fmap g (x,y) = (x, g y)

instance Functor ((->) e) where
fmap = (.)
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3aKoHbI AN PYHKTOPOB

@ [lns noboro npeactaBuTenb Kiacca TUNos Functor AO/KHO
BbINOJIHATLCS

3akoHbl Asis PyHKTOPOB

fmap id = id
fmap (f . g = fmap £ . fmap g

@ DTO TaK A/l CNUCKOB, Maybe, I0 U T.A4.

@ CMbICn 3aKOHOB: BbI30B fmap g He OOJIKEH MEHATb

KCTPYKTYPY KOHTeliHepa», BO3JENCTBYS TOJIbKO Ha €ro
3JIEMEHTBI.

(] Bcerp,a NN 3TN 3aKOHbI BbINOAHAOTCSA?
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3aKOoHbI A8 PYHKTOPOB: KOHTPMpPUMEp

o «[lnoxoiiy npepcraBuTens knacca Functor Ansi cnucka

instance Functor [] where
fmap _ [] =[]
fmap g (x:xs) = g x : g x : fmap g xs

@ Kakoii 3akoH HapyllaeTcs Ans Takoro obbsasieHus
npeacTaBuTeNst U nodemy?

@ «Any Haskeller worth their salt would reject this code as a
gruesome abomination.» Typeclassopedia [Yor09]
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Pointed. KJIaCC TUMNOB, KOTOPOIro HET

,D,aéT BO3MOXXHOCTb «BJIOXXWTb 3HAYEHNE B KOHTEKCT»

class Functor f => Pointed f where
pure :: a -> f a -- aka singleton, return, unit, point

instance Pointed Maybe where
pure x = Just x

instance Pointed [] where
pure x = [x]

instance Pointed (Either e) where
pure =
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[NpeactaBuTeNn Pointed

class Functor £ => Pointed f where
pure :: a -> f a

Bcerga nun Bo3mMoXxHO obbsiBNEHUA npeacTaBuTens ans Pointed?

instance Pointed ((->) e) where
pure =

instance Pointed Tree where
pure =

instance Pointed ((,) s) where
pure =
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3aKOH AJ1s KNacca Pointed

3akoH A5 Knacca Tunos Pointed oguH:

fmap g . pure = pure . g ’

OH BbINONHAETCS BCEraa, SABASIACH CBo5o,quﬁ TeopemMori Ans Tuna
Functor £ => a -> f a.

[Anarpamma kommyTaTuBHa s 1t0boii g
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PaCLLlVIpﬂeMOCTb KJ1laCCa TUNOB Functor

MoxxHo nu anst pyHkTOpa f YHMBEPCAIBHO CKOHCTPYMPOBATh

fmap2 :: (a ->b ->c¢c) >fa->fb->fFc
fmap3 :: (a ->b ->c ->d) >fa->fb->fc->fd
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PaCLLlVIpﬂeMOCTb KJ1laCCa TUNOB Functor

MoxxHo nu anst pyHkTOpa f YHMBEPCAIBHO CKOHCTPYMPOBATh

fmap2 :: (a ->b ->c¢c) >fa->fb->fFc
fmap3 :: (a ->b ->c ->d) >fa->fb->fc->fd

Monpobyem noctpouts fmap2 g as bs. [lockosibky as :: f a,
bs :: fbug :: a-> (b ->c), npuMeHeHne fmap g AacT

fmap gas :: f (b -> c)

Henunc Hukonaesny Mockeunx AnnnnkaTueHble pyHKTOPbI



PaCLLlVIpﬂeMOCTb KJ1laCCa TUNOB Functor

MoxxHo nu anst pyHkTOpa f YHMBEPCAIBHO CKOHCTPYMPOBATh

fmap2 :: (a ->b ->c¢c) >fa->fb->fFc
fmap3 :: (a ->b ->c ->d) >fa->fb->fc->fd

Monpobyem noctpouts fmap2 g as bs. [lockosibky as :: f a,
bs :: fbug :: a-> (b ->c), npuMeHeHne fmap g AacT

fmap gas :: f (b -> c) ’

Crpenka «3abpanacb» B KOHTEAHEpP, HY)KeH CMOCOD «BbIHYTbY €E€:

ap :: f (b ->¢c) >fb->fc \
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ANnanKaTuBHbIE OYHKTOPbI: KAacC TUMOB

class Functor f => Applicative f where
pure . a->f a
(<x>) :: f (a->b) >fa->fb

infixl 4 <*>

PyHkumnsi pure obcyxaanach Bbllwe; ecau bbl Pointed
CyLLECTBOBAJI, TO onpeAesieHne 66110 bbl TakuMm

class Pointed f => Applicative f where
(<¥>) :: f (a->b) ->fa->fb

OnepaTtop <*> noxox Ha ($) :: (a -> b) -> a -> b, HO B
«BBIYUC/INTENLHOM KOHTEKCTEY, 3ajaBaeMbIM PYHKTOPOM.
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ANnanKaTuBHbIE DYHKTOPbLI: 0bbsABIEHME NpeacTaBuTesEl

instance Applicative Maybe where
pure = Just
Nothing <*> _
(Just g) <*> x

Nothing
fmap g x

Tenepb MOXXEM pa6OTaTb B BblHNCJINTENBbHOM KOHTEKCTE C
BO3MOXXHO OTCYTCTBYHOLWNM 3HAaYE€HNEM!

*Fp08> Just (+2) <*> Just 5

Just 7

*Fp08> Just (+2) <*> Nothing

Nothing

*Fp08> Just (+) <*> Just 2 <*> Just 5
Just 7

v
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3aKOH, CBFI3bIBaI-OLLI,VII7I Applicative W Functor

PaccmoTpum nponsBosibHyto g :: a -> buxs :: f a gns
HEKOTOpOro annaukaTusHoro cpyHkTopa f. Toraa

pure g :: f (a ->b)
(pure g <x>) :: fa->fb

DT0 coBnagaeT no Tuny ¢ fmap g.
Ins nmoboro npepcraButens Applicative TpebytoT, 4TObLI Anis
yHKUNIA pure U (<*>) BbINOJHAICA

3akoH, cBa3blBatoWmMii Applicative u Functor

fmap g xs = ©pure g <*> xs
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3aKOH, CBFI3bIBaI-OLLI,VIM Applicative W Functor

Wnn, ncnonbsyst MHUKCHBIA CUHOHUM fmap

3akoH, cBa3blBatOWMii Applicative u Functor

g <$> xs = pure g <*> xs

Huxe Bce TpW Bbl30Ba NAEHTUYHDI:

*Fp08> Just (+) <*> Just 2 <*> Just 5
Just 7

*Fp08> pure (+) <*> Just 2 <*> Just 5
Just 7

*Fp08> (+) <$> Just 2 <*> Just 5

Just 7

Henunc Hukonaesny Mockeunn AnnnnkaTueHble pyHKTOPbI



3aKOHbI A5 Applicative
Identity

pure id <> v = Vv

v
Homomorphism
pure g <x> pure x = pure (g x)

”
Interchange
u <*> pure x = pure ($ x) <> u

”
Composition
pure (.) <*> u <> v <k> w = u <> (v <> w)

[Monpobuee cm. B McBride and Paterson [MPOS8].
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Cnuckmn Kak annankaTreHble PyHKTOPbI

PaccmoTpum cnncok dyHKUW U CIMCOK 3HAYeHWii

fs = [\x->2*x, \x->3+x, \x->4-x]
as [1,2]

KaknM CMbICNIOM MOXHO HafenuTb annaukauumioo fs <x> as?
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Cnuckmn Kak annankaTreHble PyHKTOPbI

PaccmoTpum cnncok dyHKUW U CIMCOK 3HAYeHWii

fs = [\x->2*x, \x->3+x, \x->4-x]
as [1,2]

KakuM CMbIC/IOM MOXHO HagenuTb annankauuio fs <*> as?
[eymsi pasHbimu!
@ Cnmncok — KOHTEKCT, 3aatoLnii MHOXECTBEHHbIE PE3yNbTaThl
HeLeTePMUHNPOBAHHOTO BbIYUCIIEHNSI.

fs <x> as = [(\x->2x%x) 1, (\x->2xx) 2, (\x->3+x) 1,
(\x->3+x) 2, (\x->4-x) 1, (\x->4-x) 2] = [2,4,4,5,3,2]

@ Cnnucok — sT10 KONnekyus ynopsago4eHHbIX 3J1EMEHTOB.

fs <*> as = [(\x->2*x) 1, (\x->3+x) 2] = [2,5]

- _______________________________________________________________ ./
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Cnuncok Kak pPE3y/IbTAaT HEAETEPMUHNPOBAHHOIO BblHNCAEHNA

OnepaTop (<*>) B 3TOM C/ly4ae JOJIXKEH Peann30BbIBaTb MOAESb
«KaXAblli C KaXKAbIM» :

instance Applicative [] where
pure x = [x]
gs <x>xs = [ gx | g<-gs, x <- xs ]

*Fp08> let fs
*Fp08> let as
*Fp08> fs <*> as
[2,4,4,5,3,2]

[\x->2*x, \x->3+x, \x->4-x]
[1,2]
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Cnuncok KaK KOJIJIEKUNA SNEMEHTOB

,D,Ba npeacTaBnTeNnda onsa OAHOro Tuna HeJonyCcTuMbl, NO3TOMY

newtype ZipList a = ZipList { getZipList :: [a] }

instance Functor ZipList where
fmap f (ZipList xs) = ZipList (map f xs)

instance Applicative ZipList where
pure x = 777
ZipList gs <*> ZipList xs = ZipList (zipWith ($) gs xs)

GHCi

*Fp08> let fs = [\x->2xx, \x->3+x, \x->4-x]
*Fp08> let as = [1,2]

*Fp08> getZipList $ ZipList fs <*> ZipList as
[2,5]
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[lapa kak npeacTaBuTeNb anmaNKaTUBHOMO oyHKTOPA

MoxxHo nu mapy caenaTe npeactaBuTeseM Applicative?
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[lapa kak npeacTaBuTeNb anmaNKaTUBHOMO oyHKTOPA

MoxxHo nu mapy caenaTe npeactaBuTeseM Applicative?

instance Monoid e => Applicative ((,) e) where
pure x = (mempty, x)
(u, £) <*> (v, x) = (u ‘mappend‘ v, f x)

*Fp08> ("Answer to ", (%)) <x> ("the Ultimate ",6) <*> ("Que
stion",7)
("Answer to the Ultimate Question",42)
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[lonHoe onpedeneHne Knacca TUMNOB Applicative

class Functor f => Applicative f where
pure :: a -> f a
(<¥>) :: £ (a->b) ->fa->=fhb

(*) :: fa->fb->fb
al *> a2 = (id <$ al) <x> a2
(<x) :: fa->fb->fa

1iftA2 :: Applicative f =>
(a->b->c¢c) >fa->fb->fc
1liftA2 g ab =g <$> a <> b

1iftA3 :: Applicative f =>
(a->b->c->d)->fa->fb->fc->fd
liftA S gabc =g <$> a <k> b <*x> ¢

(<**>) :: Applicative f => f a -> f (a ->b) ->f b
(<*x%>) = 1iftA2 (flip ($))
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