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NMnaH nekuunn

o CBEPTKMU



CBEPTKMN

sum :: [Integer] -> Integer
sum [] =0
sum (x:xs) = x + sum Xs

product :: [Integer] -> Integer
product [] =1
product (x:xs) = x * product xs

concat :: [[al] -> [al

concat [] = []
concat (x:xs) = x ++ concat xs

BuaeH obWwnim naTTepH pekypcun.



MpaBasa cBé&pTKa

foldr :: (a->b ->b) -=>b -> [a] -> Db
foldr f ini [] i
foldr £ ini (x:xs)

ini
f x (foldr f ini xs)

a:b:c: [ ------ >f a (fb (f c ini))
: f
/ \ / \
a : foldr f ini a f
/2 > / \
b : b f
/ \ / \

c [ c ini



CBEpPTKUN 4epe3s foldr

sum :: [Integer] -> Integer
sum = foldr (+) O

product :: [Integer] -> Integer
product = foldr (%) 1

concat :: [[a]l]l -> [a]
concat = foldr (++) []

A 4TO NOAYYUTCA U3

foldr (:) []



J1leBas CBEpTKa

foldl :: (a->b ->a) ->a ->[b] -> a
foldl f ini [] i
foldl f ini (x:xs)

ini
foldl £ (f ini x) xs

a:b:c: [] -—---- > f (f (f ini a) b) c
: f
/ \ / \
a : foldl £ ini f o]
/2 > /A
b f b
/ \ / \
c [] ini a

Pekypcusa XxBocToBas — onTumusnpyetca. OaHako thunk s ue-
NOYKWN £ HapacTaeT.



CTporasi Bepcusi n1esom CBEpPTKHU

foldl’ :: (a@a->b ->a) ->a ->[b] ->a
foldl’ f ini [] ini
foldl’ f ini (x:xs) = 1ini’ ‘seq‘ foldl’ f ini’ xs

where ini’ = f ini x

Tenepb thunk M3 UEenNOYKM anNNAMKAUUM £ HEe HapacTaeT — ini’
BbIYHNCNAETCA HA Ka>XKAOM Luare.

OTO camMaa 3dhdPeKTUMBHAA U3 CBEPTOK, HO BCE NEBble CBEPTKMU
He ymMetoT paboTaTb C BECKOHEYHbIMW CNUCKamMu!



J1eHNBOCTb NpPaBON CBEPTKU

any :: (a -> Bool) -> [a] -> Bool
any p = foldr (\x b -> p x || b) False

[1paBasi CBEPTKA HA Ka>XAOM wWare «gaet nopaboTtaTb>» MCNONb-
3yeMoln OyHKLUNUN

any (==2) [1..] ™>

foldr (\x b -> (==2) x || b) False (1:[2..]) >

(\x b -> (==2) x || b) 1 (foldr (\x b -> (==2) x || b) False [2..]) ™>
False || (foldr (\x b -> (==2) x || b) False [2..]) ™>

foldr (\x b -> (==2) x || b) False 2:[3..] ™>

True || (foldr (\x b -> (==2) x || b) False [3..]) >

True



Bepcuun cB8pTOK 63 HAa4YaJIbHOro 3HaveHuns

foldri :: (a->a ->a) -> [a] -> a
foldrl _ [x] = X

foldrl f (x:xs) = f x (foldrl f xs)

foldrl _ [] = error "foldrl: EmptyList"

NMeroTCA aHAaNOrM4yHble foldll U foldll’.
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PYHKTOPbLI

DPYHKTOPbI MO3BONAKT «KNOAHATb CTPENnKY B KOHTelHep»

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

instance Functor [] where
fmap _ [] = [1]
fmap g (x:xs) = g x : fmap g xs

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

MpeancTtaBuTenm £ AOJXKHbI ObiTb oaQHOMAPaAMEeTPUYECKUMUM KOH-
CTPYKTOPaAMWM TUMA, TO €CTb £ :: % -> *,
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NMpeapctTasntennn MYHKTOPOB

instance Functor ((->) r) where
fmap = (.)

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

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

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)
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3aKOHbl ANA MOYHKTOPOB

Ans ntoboro npeacTaBUTENb KAACCa TUMOB Functor AOJIXKHO Bbl-
NONTHATBLCS

fmap id == id
fmap (f . g0 == fmap f . fmap g

DTO TakK ANA CNUCKOB, Maybe, I0 U T.A.

CMbIC/N1 3aKOHOB: BbI30B fmap g HE [OJIXKEH MEHATb KCTPYKTYPY
KOHTenHepa», BO3AENCTBYS TOJIbKO Ha €ero 3J1EMEHTbI.

Bcerga nv 3T 3aKOHbl BbINOJHAKTCAY
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3aKOHbl 4N DOYHKTOPOB: KOHTpNpumep

«lMNnoxowr>» npeacTaBUTENlb KJACCa Functor AN CMNUCKA

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

KakKoO 3aKOH HApPYLUAETCS AN Takoro obbsBieHUs npeacTrtaBu-
Tena n novyemy?
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Pointed: KJ1IACC TUMNOB, KOTOPOIro HeT

1aéT BO3MOXXHOCTb «BNOXXNTb 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 1) where
pure =
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KaccC Pointed (2)

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

Bceraga 1M BO3MOXHO OO BbABNAEHNA NpeacTaBUTeNns AONSA Pointed?

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

instance Pointed ((,) e) where
pure =

instance Pointed Tree where

pure =

3aKOH ANA KacCa Pointed OAMH. fmap g . pure = pure . g
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ANNINKaTuUBHbIE (PYHKTOPLI

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

infixl 4 <x>

DPYHKUNA pure OOCY>KAAaNaChb BblLLe; eC/in Obl Pointed CYLLLECTBOBA,
TO onpeaeneHne 6blno bbbl TaKUM

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

OnepaTop (<*>) — 3TO, PAKTUYECKU, ($) HO B «BbIYHUCNNUTENBHOM
KOHTEKCTEeY», 3aJaBaeMblM (PYHKTOPOM.
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ANNAnNKaTuBHbIe PYHKTOPLI: 0OO0bsABJIeHUe npeacraButTens

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

fmap f x

Tenepb MoXXeM paboTaTb B BbIYUCANUTENbHOM KOHTEKCTE C BO3-
MO>XHO OTCYTCTBYHOWNM 3HAYEHUNEM.

*Fp072> (Just (*2)) <*> Just 5
Just 10

*Fp072> (Just (*2)) <*> Nothing
Nothing

*Fp072> Nothing <*> Just 5
Nothing
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ANNNINKAaTUBHbIE DYHKTOPbI: 3aKOHDbI

pure id <*> v = v -- Identity
pure (.) <*¥> u <*> v <> w = u <*> (v <*> w) -- Composition
pure g <*x> pure x = pure (g x) -- Homomorphism
g <*> pure x = pure ($ x) <x> g -- Interchange

3aKOH, CBA3bIBAtOLLNM Applicative U Functor

fmap g x = pure g <*> x

B Control.Applicative BBEAEH NHMPUKCHBIN CUHOHUM g <$> x = fmap g x

g <$> x = pure g <*> x
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ANNAINKAaTUBHbLIE PYHKTOPDLI: MOTUBaALUNA

PaccMoTpuM CNUCOK DYHKUU U CNUCOK 3HAYEHUM

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

KakKnM CMbICIOM MOXXHO HaAeNUTb annJauKaunk fs <x> as?
1BymMmsA pa3HbiMul

» CNNCOK — 3TO KONNneKunAa ynopago4eHHbIX 2J1IEMEHTOB.
fs <*> as == [(\x->2*x) 1, (\x->3+x) 2] == [2,5]

» CNNCOK — KOHTEKCT, 3a4at0LLNit MHOXXECTBEHHbIE Pe3yibTaThbl

HeJeTEPMNHNCTUNYHECKOIO BblHNCINEHUA.
fs <x> as == [(\x->2*x) 1, (\x->2*x) 2, (\x->3+x) 1, (\x->3+x) 2,
(\x->4-x) 1, (\x->4-x) 2] == [2,4,4,5,3,2]
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CNnUCoK KakK KOoJNJ1eKuna 3J1eMeHTOB

ABa npeactaBuTena Ana OAHOroO Tuna HegonyCTUMbl — nepe-
YMNaKoOBbIBAEM CIMUNCOK:

newtype ZiplList 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)

*Fp072> getZipList $ ZipList fs <*> ZipList as
[2,5]

22



CnNncok Kak pe3ynbTaT MHOINO3HaA4YHOIro Bbl4ncneHumnsA

OnepaTop (<x>) B 3TOM C/ly4Hae AO0JIXKEH peasim30BbiBaTb MOAENb
KKAXKAblW C KaXkAbIM>»:

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

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

*Fp072> fs <*> as
[2,4,4,5,3,2]
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PacwunpeHne Ha 6osibLuee YNCJZ10 KaprymeHToB»

MO>XXHO CTPOUTb UENOYKWM annamkauumim nrobor ANMHbI, BAXHO
Y4TOObl KpaliHWIA NeBbIN anNNAVKAHA UMEN NOAXOAALLYH apHOCTb:

u :: f (a ->b ->c¢)
\' . f a

u <*> v . f (b -> ¢)

W SR i o

u <*x> v <> yw :: f c

*Fp072> pure (*) <x> Just 7 <*> Just 6
Just 42

*Fp072> pure (+) <*> [20,30] <x> [4,5,6]
[24,25,26,34,35,36]

*Fp072> (+) <$> [20,30] <x> [4,5,6]
[24,25,26,34,35,36]

24



NMpumep: JIMHEnHast KoMoOnHaumns Tpéx BEeKTOpOB

*FpO072> let £f x y 2z = 3*x+2%y-7*z

*Fp072> let xz = ZipList [2,7,5]

*Fp072> let yz = ZipList [1,-4,3]

*Fp072> let zz = ZipList [5,0,1]

*Fp072> getZipList $§ f <$> xz <*> yz <*> zz
[-27,13,14]

VNobHaa 3aMeHa CeMeNCTBY PYHKUUN zipWith, zipWith3, zipWith4...

*Fp072> zipWith3 f [2,7,5] [1,-4,3] [5,0,1]
[-27,13,14]
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OnpeapeneHne moHomnaa

MoOHONO — 3TO MHOXECTBO C accoumnaTmBHOW BUHApPHOIW onepa-
Umer Hag HUM N eauHNUEN ANsa 3TOW onepaunu.

class Monoid a where

mempty :: a -- eIWHHUIla
mappend :: a -> a -> a -- oIepanus
mconcat :: [a] -> a -- CBEpTKa

mconcat = foldr mappend mempty

dna nroboro moHonaa A0N>KHbl 6€3yCNOBHO BbIMNONHATLCA 3aKO-

Hbl.
mempty ‘mappend‘ x == x
X ‘mappend‘ mempty == x

(x ‘mappend‘ y) ‘mappend‘ z == x ‘mappend‘ (y ‘mappend‘ z)
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Peanu3auna npeacraBsurenem moHomaa

CnNnNCoOK — MOHOWMA OTHOCUTENbHO KOHKATEHaUWn (++), €eAnHnLa
— 3TO NYCTON CNUCOK.

instance Monoid [a] where
mempty = []
mappend = (++)

A 4uncna?
Ja, Nnpny4ém ABa>kKAbl: OTHOCUTENBHO CnoXKeHunsa (egnHunua 310 0)
N OTHOCUTENbHO YMHOXeEHUA (eanHuua 3To 1).
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Peanv3aumna npeacraBsurenem moHomaa:

newtype Sum a = Sum { getSum :: a }
deriving (Eq, Ord, Read, Show, Bounded)

instance Num a => Monoid (Sum a) where
mempty = Sum O
Sum x ‘mappend‘ Sum y = Sum (x + y)

newtype Product a = Product { getProduct :: a }
deriving (Eq, Ord, Read, Show, Bounded)

instance Num a => Monoid (Product a) where
mempty = Product 1
Product x ‘mappend‘ Product y = Product (x * y)

*Fp072> Product 3 ‘mappend‘ Product 2
Product {getProduct = 6}

4YncCJia
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Peanu3auna npeacraBurTenem MoHoOMAaA: Bool

Bool — MOHOWMNAO OTHOCUTEJIbHO KOHBHOHKUUN N ON3BHOHKUWUN.

newtype All = A1l { getAll :: Bool } deriving (Eq, Ord, Read, Show, Bounded)

instance Monoid All where
mempty = 7777
All x ‘mappend‘ All y = A1l (x && y)

-- | Boolean monoid under disjunction.
newtype Any = Any { getAny :: Bool } deriving (Eq, Ord, Read, Show, Bounded)

instance Monoid Any where
mempty = 7777
Any x ‘mappend‘ Any y = Any (x || y)

KakoBa A0J1>XKHa OblTb peann3aunsa ansa eamHumnubl?
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VIichonb30BaHne MmoHOMnAO0B

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

*Fp072> ("Answer to ",(*)) <x> ("the Ultimate ",6) <*> ("Question",7)
("Answer to the Ultimate Question",42)
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