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TUE BbIYUCJIUTENIbHOIO KOHTEKCTA

* V :: a — 3HayeHue TMMa a
ew :: C a— 3HayeHue TMNa a B KOHTekcTe C
e f :: al -> a2 -> ... -> C a — QyHKuus,

pe3y/nbTaToM KOTOPO SBNSETCS 3HAUYEHWUE B KOHTEKCTE

Takum 06pa3oM, KOHTEKCT — 3TO TuMn copTa * -> *,
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an Mepbl BbIYUC/IUTEJIbHbBIX KOHTEKCTOB

e TO — BbluMC/IEHME C NOTEHLMANBHO BO3MOXHbIMM MOBOYHbBIMM
adpdektamum (npumep: getline :: IO String).

e Maybe — BbluMCIEHME C BO3MOXHOM Heydadven (npuMmep:
Just 5 unm Nothing).

e Either a — BbluMC/IEHME C BO3MOXHOM Heyaa4ven u
coobuieHnem o6 ownbke Tmna a (npumep: Right 'x' wnau
Left "Incorrect File Format").

[] — sbluncneHme ¢ HeeTEPMUHUPOBAHHBIM pPe3y/bTaToM
(npumep: [1,3,57]).
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3auem HY>XHO Y4YUTbIBATb BbIYMCIUTENbHbIN KOHTEKCT?

e KoHTponb

e BblpasutenbHOCTb

3auem HY>XHO a6CTpaFMpOBaTb NOHATHNE BbIYUCIUTENIbBHOIO

KOHTEKcTa?

e BbluncnmTenbHble KOHTEKCTbI noaaepXnBaroT onepaunu,
obLme ansa BceX KOHTEKCTOB.

e MOXHO OMMCbIBaTb NPOLLECCHI, paboTaloLLmMe HE3aBUCUMMO OT
KOHTEKCTa, U MPUMEHATb UX K N0ObIM KOHTEKCTAM.

OcHOBHOM MHCTpYMeHT abcTpakumm B Haskell — knaccobl TMNOB.
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Knacc Functor



Onpepenenue knacca Functor

class Functor (f :: * -> *) where
fmap :: (a -=>b) ->f a ->fb
(<$) ::a->fb->fa

C f — 3TO BbIYUCIUTENbHbIN KOHTEKCT.

e QyHKTOp — Npeobpa3oBaHME 3HAYEHUS C COXPAHEHMEM
KOHTEKCTa.
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@DyHKTOp AnA cnucka — GyHKUMA map

fmap :: Functor f => (a ->b) ->f a ->f b
map :: (a -> b) -> [a] -> [Db]

instance Functor [] where
fmap = map

ghci> fmap (*2) [1..3]
[2,4,6]

ghci> map (*2) [1..3]
[2,4,6]
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®yHkTOp AN Maybe

instance Functor Maybe where
fmap £ (Just x) = Just (f x)
fmap £ Nothing = Nothing

ghci> fmap (++"!!!") (Just "Hello")
Just "Hello!!!"

ghci> fmap (++"!!!") Nothing
Nothing

ghci> fmap (*2) (Just 200)

Just 400

ghci> fmap (*2) Nothing
Nothing
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®dyukTop ans Either a

instance Functor (Either a) where
fmap £ (Right x) = Right (f x)
fmap £ (Left y) = Left y

ghci> fmap (+2) (Right 5)

Right 7

ghci> fmap (+2) (Left "CoobuweHme o6 ownbke")
Left "CoobuweHue o6 ownbke"

3aragka
ghci> fmap (+1) (1,2)
(1,3)
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®yHkTop ans 10

instance Functor IO where
fmap £ action = do
result <- action
pure (f result)

main = do
parl <- fmap head getArgs
putStrLn paril

main = do
line <- fmap (++"!") getLine
putStrLn line
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®yHkTop ans 10

main = do
line <- fmap (reverse . map toUpper) getLine
putStrLn line
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(DyHKTOp NO3BONSET MPUMEHATD
OYHKUMIO K pe3ynbraTy
BbluncneHnst 6e3 naMeHeHus
KOHTeKCTa.
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MpuMepbl 0606WEHHBIX BbIMMCNAEHUI C PYHKTOpaMu

inc :: (Functor t, Num a) => t a -> t a
inc v = fmap (+1) v

ghci> inc (Just 10)
Just 11

ghci> inc (Right 10)
Right 11

ghci> inc [1..10]
[2,3,4,5,6,7,8,9,10,11]
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inc :: (Functor t, Num a) => t a -> t a
inc v = fmap (+1) v

readInt :: IO Int
readInt = do
s <- getlLine
pure $ read s

ghci> inc readInt
10
11
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Upeu pyHKTOpOB

e (DyHKTOp — 3TO 0606LLEHME HEKOTOPOTrO NOBEAEHUS —
npeobpa3oBaHMe 3HAYEHMS C COXPAaHEHMEM 0CODEHHOCTEN
BbIYMCIUTENBHOIO KOHTEKCTA.

e OoMHaKoBbINM KOA, ANS ﬂpeO6pa3OBaHMﬂ 3Ha4YeHNsa B KOHTEKCTE
BHE 3aBUCMMOCTU OT KOHTEKCTA.

e C y4yétoM KappupoBaHus fmap MOXHO paccMaTpuBaTb Kak
«NOObEM dyHKuUmm» (lift):

fmap :: (a -=>b) -> (f a -> £ b)

14/32



3aKoHbl pyHKTOpOB

fmap id = id
fmap (g . h) = (fmap g) . (fmap h)

e DTM 3aKOHbI rapaHTUPYIOT, YTO CTPYKTYpa KOHTEMHEpPA UK
BbIYUC/IUTENbBHbIN KOHTEKCT HE ByayT 3aTPOHYTbI GYHKTOPOM.

lMpuMep HapyLueHUs 3aKOHOB

instance Functor [] where

fmap _ [] = []
fmap g (x:xs) = g x : g x : fmap g xs
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MNpo6nema MHOronapameTpuyeckmux GyHKLMUM

ghci> :t fmap (*) (Just 3)

fmap (*) (Just 3) :: Num a => Maybe (a -> a)
ghci> :t Just (3%)

Just (3*) :: Num a => Maybe (a -> a)

e B pe3synbrate NpuMeEHEHUA fmap dJyHKLI,WiI OKa3bIBAETCA

BHYTPU KOHTEKCTA.

e [lpyMeHUTL €€ panblie cpeacTBaMm QPyHKTOPOB He YAAETCS.
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Knacc Applicative




OnpepeneHne annaMKaTMBHOro pyHKTOpa

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

o [lBe dyHKUMMK:
e MOMELLEHME 3HAYEHUS B KOHTEKCT;
e npeobpa3oBaHMe 3HAYEHMS B KOHTEKCTE C MOMOLLbIO (PYHKLMK,
HaxoOaLeNCcs B KOHTEKCTe.
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Ha uto noxoxe <*>?

(<*¥>) :: £ (a->b) ->fa->fhb
($) :: (a->b) ->a ->b

fmap :: (a -=>b) ->f a ->£fb
BcnomoratenbHble onepaumm u3 Applicative

(*>) :: fa->fb->fb
(<*) :: fa->fb->fa
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Jk3emnnap ana Maybe

e [lomMelleHne B KOHTEKCT (pure).

* [lprMeHeHne DYHKLUMM 13 KOHTEKCTa (<*>).

instance Applicative Maybe where
pure = Just
Nothing <*> _ = Nothing
(Just f£) <*> something = fmap f something
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ghci> Just (+3) <*> Just 9

Just 12

ghci> pure (+3) <*> Just 10

Just 13

ghci> pure (+3) <*> Just 9

Just 12

ghci> Just (+#+"!1!!1") <*> Nothing
Nothing

ghci> Nothing <*> Just "ololo"
Nothing
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MHoronapameTtpuyeckue GyHKUUU (aNMAMKATUBHBIN CTUD)

ghci> pure (+) <*> Just 3 <*> Just 5

Just 8

ghci> pure (+) <*> Just 3 <*> Nothing
Nothing

ghci> pure (+) <*> Nothing <*> Just 5
Nothing
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AnnauMKaTUBHbLIN CTUNDb

®dyHKumna <$>

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

ghci> (+) <$> Just 3 <*> Just 5
Just 8

ghci> (+) <$> Just 3 <*> Nothing
Nothing

ghci> (+) <$> Nothing <*> Just 5
Nothing
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JK3eMnaap ANa CNUCKOB

class Functor f => Applicative f where
pure :: a -> f a

(<*>) :: £ (a->b) ->fa->fhb

instance Applicative [] where
pure :: a -> [a]
(<*>) :: [a->b] -> [a] -> [b]

e Kak MOXHO peann3oBatb 3TM QYHKLUK?

* BO3MOXHbI pa3fiMyHble peanusaunm, HanpuMmep: ckienka

CNMMCKoB, HeAeTepMUHNPOBAHHbIE BblYMCIEHUA. 23/32



3K3EMl1nﬂp Ana CNUCKa: HeaeTepMUHUPOBAHHbIE BbIYUC/IEHUA

e [IpocTenLmnin KOHTEKCT: OAHO3/IEMEHTHbIN CMMCOK.

e CnNMCOK QYHKLMIN — CIUCOK 3HAYEHUIN — NMPUMEHEHME
KaXXaoM QYHKUMKM K KQXKOOMY 3HAYEHMIO.

instance Applicative [] where
pure x = [x]

gs <*> xs = [ gx | g<-gs, x <-xs ]
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Hpumep: HeaeTepMUHUPOBAHHDbIE BbIYUC/IEHUSA

ghci> (*) <$> [1,2,3] <*> [4,5]
[4,5,8,10,12,15]

ghci> :t (*) <$> [1,2,3]

(*) <$> [1,2,3] :: Num a => [a -> a]
ghci> length $ (*) <$> [1,2,3]

3
ghci> (++) <$> ["abc", "def"] <*> pure "!!1"
["abc! 1", "def!!1"]
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06épTka ang Tuna cnucka (Control.Applicative)

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

ghci> :t ZiplList [1,2,3]

ZipList [1,2,3] :: Num a => ZiplList a
ghci> getZipList $ ZipList [1,2,3]
[1,2,3]
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JK3eMnnap ANA CNUCKA: CKAetKa CMUMCKOB

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

e Y10 penatb C pure?

e HyxeH 6eCcKoHeuYHbIN cnmncok!

pure x = ZiplList (repeat x)
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MpumMepbl: CKNeika cNnMCKoB

ghci> getZipList $ (+) <$> ZipList [1,2,3]
<*> ZiplList [100,100,100]
[101,102,103]
ghci> getZipList $ (+) <$> ZipList [1,2,3] <¥*> pure 100
[101,102,103]
ghci> getZipList $ max <$> ZipList [1,2,3,4,5,3]
<*> ZiplList [5,3,1,2]
[5,3,3,4]
ghci> getZipList $ (,,) <$> ZipList "foo"
<*> ZiplList "bar"
<*> ZiplList "tre"
[C'E','p','t'), (o', 'a!,'e' ), (o', "', "e' )]
ghci> :t (,,)
(,,) ::a->b ->c ->(a, b, ¢
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dksemnnsap ansa 10

instance Applicative IO where
a <*>b = do
f <- a
x <- b
pure (f x)
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Mpumepsi: 10 Kak anNAMKATUBHDIN GYHKTOP

myAction :: IO String
myAction = do

a <- getLine

b <- getlLine

pure $ a ++ b

myAction :: IO String
myAction = (++) <$> getLine <¥*> getLine

main = do
a <- myAction
putStrln $ "[lee cTpoku, coeauHEHHble BMecTe:
++ a
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Mpumepbl: 10 Kak annAMKaTUBHBIN QYHKTOP

MocnepoBaTenbHoe BbINOJHEHUE AEHCTBUM

ghci> putStr "Your name: " *> getLine
Your name: John
n John n

(*>) :: Applicative f => f a -> £ b -> f b

ghci> (,) <$> (putStr "Your name: " *> getLine)
<*> (putStr "Your age: " *> getLine)

Your name: John

Your age: 20

("John","20")
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class Functor f => Applicative f where
pure :: a -> f a
(<*>) :: £ (a->b) ->fa->fb
(*>) :: £a->fb->fhb
(<¥) :: £a->fb->fa

e Kak BBECTU CTPOKY, a 3aTEM BbIBECTU €€ Ha KOHCosb?

« HabniopeHue: BTOpoe AeMCTBME 3aBUCUT OT pesynbTaTa
nepBeoro.

e BblBOA: BO3MOXHOCTEM anmnaMKaTUBHbIX CI)yHKTOpOB
HEeOAO0CTAaTO4YHO.
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