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

concat :: [[a]] -> [a]
concat [] = []
concat (x:xs) = x ++ concat xs

all0dd :: [Integer] -> Bool
all0dd [] = T7%
all0dd (x:xs) = odd x &% all0dd xs

Buaen obwnii wabnox pekypcuu.
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[lpaBasi cBepTKa

foldr f ini []
foldr f ini (x:xs)

ini
x “f° (foldr f ini xs)

foldr :: (a->b->b) =>b ->[al] -> Db |

p:q:r: [] ------ > p £ (q £ (r “f ini)) |
3 f
/ \ /\
P 3 foldr f ini p f
/2 N —— > /\
q qQ f
/ \ / \
r [l r ini
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KOHKpeTHble CBEPTKIM Yepes

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

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

all0dd :: [Integer] -> Bool
all0dd = foldr (\n b -> odd n &% b) True

A 4TO nony4nTCcs B pesynbTaTe Takol CBepTKU?

foldr (:) [] )
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JleBasi cBepTKa

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

ini
foldl £ (ini “f° x) xs

p:q:r: [1 -----— > ((ini “f° p) "fT q) f° r J
3 f
/ \ / \
p 3 foldl f ini f r
/2 N — > /\
q f q
/ \ / \
r [ ini p

Pekypcusi xBoctoBass — ontumusupyercs. OgHako thunk u3
LLenoYKK BbI30BOB f HapacTaeT.
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Crporas Bepcusi 1eBoii CBEPTKM

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

ini
foldl f arg xs

where arg = f ini x

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

ini

arg “seq  foldl' f arg xs
where arg = f ini x

@ Tenepb thunk n3 uenoyku Boi3oBOB f He HapacTaeT —
BblUMCeHNEe arg POPCUPYETCS HA KaXKAOM Luare.

@ JTo camas 3(ppeKTUBHAs N3 CBEPTOK, HO BCE JIEBbIE CBEPTKY
He ymetoT paboTaTb C BECKOHEYHbIMU CrINCKaMK.
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«[1pooykTnBHOCTLY MpaBoli CBEPTKU

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

MpaBasi cBepTKa Ha KaXAOM ware «gaeT nopaboratb»
NCNONb3YeMONR yHKLUN

any (== 2) [1..]
— foldr (\x b -> (== 2) x || b) False (1 : [2..1)
— (\xb->(==2)x || b1

(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

[Aennc Hukonaesny MockeuH CeepTku 9/29



Bepcun cBepTok 6e3 HayanbHOro 3HaYeHUs

[ns HenycTbix CNNCKOB MOXHO oboliTuck 6e3 nHuunannsaropa:

foldri :: (a->a ->a) -> [a] -> a

foldrl _ [x] = X

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

foldrl _ [I = error "foldrl: EmptyList" )
foldlil :: (a->a->a) -> [a] -> a

foldll f (x:xs) = foldl f x xs

foldll _ [] = error "foldll: EmptyList"

AHanornyHo peanunsoBaHa cTporas Bepcus foldll'.
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MpepcraBnsatoT coboii CNUCKN NOCAELOBaTENbHbIX LLIAFOB CBEPTKU.

scanl (#) z [a, b, ...] = [z, z # a, (z # a) # b, ]J

scanl 2 (b ->a ->b) ->b -> [a] -> [b]
scanl _ z [] [z]
scanl (#) z (x:xs) z : scanl (#) (z # x) xs

GHC1> scanl (++) ||!|| ["a","b","c"]
["!","!a”,”!ab”,”!abc"]

GHCi> scanl (x) 1 [1..] !! 5

120

Mo>xHo 1 ¢ beckoHeuHbIMK crinckamu (B oTamyme ot foldl).
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[NlpaBbIii ckaH

|'|paBb||7| CKaH HaKamJINBAE€T pe3ysibTaTbl CNpaBa HANEBO.

scanr :: (@ ->b ->b) ->b -> [a] -> [b]
scanr _ z [] = [z]
scanr f z (x:xs) = f x q : gs

where qs@(q:_) = scanr f z xs

GHCi> scanr (+) 0 [1,2,3]

[6,5,3,0]
GHCi> scanr (++) npn [”aa","bb","cc"]
[“aabbcc!“,“bbcc!“,“cc:!","!"]

[nsi ckaHOB BbIMOJHAIOTCS CleAyroLMe TOXKAECTBA

head (scanr f z xs) = foldr f z xs
last (scanl f z xs) = foldl f z xs
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PasBepTka

Onepaunsi ABOCTBEHHASI K CBEPTKE.

unfoldr :: (b -> Maybe (a, b)) -> b -> [a]
unfoldr g ini
| Nothing <- next = []
| Just (a,b) <- next = a : unfoldr g b
where next = g ini

GHCi> helper x = if x==0 then Nothing else Just (x,x-1)
GHCi> unfoldr helper 10
[10,9,8,7,6,5,4,3,2,1]

[Mpumep ncnonb3oBaHWA: BO3SMOXHOE OnpeaeneHmne iterate

iterate f = unfoldr (\x -> Just (x, f x)) )
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[Nnan nekyunm
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Onpegenexne nonyrpynnel

Monyrpynna — 3To MHOXECTBO C accoumaTuBHO buHapHoii
onepaumeii Hag HUM.

infixr 6 <>
class Semigroup a where
(x>) ::a->a ->a

[ns noboii nonyrpynnbl AOMXKEH BbINONHATHCS 3aKOH:

(x<>y) <>z = x> (y <O 2) J

Cnmncok — nonyrpynna oTHOCUTENBHO KOHKaTeHauun (++).

(<>) = (++)

instance Semigroup [a] where J
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[lonHoe onpeaeneHune nonyrpynneoi

infixr 6 <>
class Semigroup a where

(<>) 1t a->a->a

sconcat :: NonEmpty a -> a

stimes :: Integral b => b -> a -> a
infixr 5 :|

data NonEmpty a = a :| [a]

WNcnonb3yem He 0DbIYHBIA CMNCOK, MOTOMY YTO HEMOHSITHO, YTO
BO3BpALLATb Ha MyCTOM CMUCKeE.

GHCi> import Data.List.NonEmpty

GHCi> sconcat $ "AB" :| ["CDE","FG"]
"ABCDEFG"

GHCi> stimes 5 "Ab"

"AbAbAbADADL"

Aennc Hukonaesny Mockeux CeepTku 16 /29



Onpeaenernne moHonaa

MoHoung — 3TO MHOXeCTBO C accoumaTUBHON buHapHol onepauueli
HaJ HUM N HeliTpasibHbIM 3/1IEMEHTOM A1 3TOW onepauum.

class Semigroup a => Monoid a where
mempty :: a
mappend :: a -> a -> a
mappend = (<>)
mconcat :: [a] -> a
mconcat = foldr mappend mempty

,D,J'Iﬂ noboro MOHOMNAAa OOJIXKHbI 6e3ycnosHo BbINOJNTHATBCA 3aKOHbI!

mempty <> x = X

X <> mempty = X
(x “mappend” y) “mappend’ z = x “mappend’ (y “mappend |z)
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Peanusauns npeacraButenein moHonaa

Cnncok — mMoHoUA OTHOCMTENBLHO KOHKaTeHauun (++),
HelTpanbHbI/i 31EMEHT — 3TO MYCTOW CMNCOK

instance Semigroup [a] where
(<>) = (++)

instance Monoid [a] where
mempty = []
mconcat = concat
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Peanusauns npeacraButenein moHonaa

Cnncok — mMoHoUA OTHOCMTENBLHO KOHKaTeHauun (++),
HelTpanbHbI/i 31EMEHT — 3TO MYCTOW CMNCOK

instance Semigroup [a] where
(<>) = (++)

instance Monoid [a] where
mempty = []
mconcat = concat

A yncna — monouna?
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Peanusauns npeacraButenein moHonaa

Cnncok — mMoHoUA OTHOCMTENBLHO KOHKaTeHauun (++),
HelTpanbHbI/i 31eMEHT — 3TO MYCTOl CMUCOK.

instance Semigroup [a] where
(<>) = (++)

instance Monoid [a] where
mempty = []
mconcat = concat

A yncna — monouna?

[a, npuyem YeTbIpexXabl: OTHOCUTENBHO CNOXKeHUsH (HEATpanbHbIi
snemeHT 370 0), yMHOXeHUsI (HeliTpanbHbIi 31eMeHT 3T0 7), min
(?) nmax (7).
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Yucna kak MOHOUA OTHOCUTEJNIBHO CJIOXKEHNA

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

instance Num a => Semigroup (Sum a) where
Sum x <> Sum y = Sum (x + y)

instance Num a => Monoid (Sum a) where
mempty = Sum O

GHCi> Sum 3 <> Sum 2
Sum {getSum = 5}

Y70 Takoe mconcat ans Sum a? stimes gns Sum a?
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Yucna kak MOHONA OTHOCUTEJIbBHO YMHOXXEHNA

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

instance Num a => Semigroup (Product a) where
(<>) = coerce (%) -- Data.Coerce

instance Num a => Monoid (Product a) where
mempty = Product 1

GHCi> Product 3 <> Product 2
Product {getProduct = 6}

YT1o Takoe mconcat gns Product a? stimes gns Product a?
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Motxowng oTHoCUTENBHO Min

MoHoug oTHOCUTEIBHO min POPMUMPYIOT He TONBKO Yucna:

newtype Min a = Min { getMin :: a }
deriving (Eq, Ord, Read, Show, Bounded)

instance Ord a => Semigroup (Min a) where
(<>) = coerce (min :: a -> a -> a)
stimes = stimesIdempotent

instance (0Ord a, Bounded a) => Monoid (Min a) where
mempty = maxBound

GHCi> Min "Hello" <> Min "Hi"

Min {getMin = "Hello"}

GHCi> mempty :: Min Int

Min {getMin = 9223372036854775807}

YT1o Takoe mconcat gns Min a? stimes gns Min a?

[Aennc Hukonaesny MockeuH CeepTku 21/29



Moxoug n nonyrpynna Min

GHCi> (getMin . mconcat . fmap Min) [7,3,2,12] :: Int

2
GHCi> (getMin . mconcat . fmap Min) [] :: Int
9223372036854775807

HekoTopble Tunbl AaHHbIX He hopMupytoT MoHomAaa Min, ocTaBasich
noAyrpynnoii:

GHCi> mempty :: Min Integer

<interactive>: error: No instance for (Bounded Integer)...
GHCi> (getMin . mconcat . fmap Min) ["Hello","Hi"]
<interactive>: error: No instance for (Bounded [Char])...

DTO MOXHO WCMpPaBUTL Nepiias OT MoHoMAanbHON mconcat K
noslyrpynnosoii sconcat (u ot cnucka k NoEmpty)

GHCi> (getMin . sconcat . fromList . fmap Min) ["Hello","Hil]
"Hello"
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AprMeHT MUHNMN3aL NN

AprymeHT MuHuMu3ayum (argmin) — aprymeHT, Ha KOTOPOM
PyHKUMA [OCTUrAET MUHUMYMA.

data Arg a b = Arg a b

instance Ord a => Ord (Arg a b) where
Arg x _ “compare’ Arg y _ = compare X ¥y

type ArgMin a b = Min (Arg a b)

GHCi> on n = Min (Arg (n~2-2*n-24) n)

GHCi> on 0 <> on 1 <> on 2

Min {getMin = Arg (-25) 1}

GHCi> on s = Min (Arg (length s) s)

GHCi> on "Hello" <> on "Hi" <> on "Greetings"
Min {getMin = Arg 2 "Hi"}
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Peanusauns npeacrasuteneid moHonaa: Bool

EyneB TN — MOHOWUA OTHOCUTEJNIbBHO KOHBIOHKUUN N OAN3BHOHKLUNN.

newtype All = A1l { getAll :: Bool }
deriving (Eq, Ord, Read, Show, Bounded)
instance Semigroup All where
(<>) = coerce (&&)

newtype Any = Any { getAny :: Bool }
deriving (Eq, Ord, Read, Show, Bounded)
instance Semigroup Any where
(<>) = coerce (||)

KakoBbl fomKHbI BbITh peannsaunu MoHonaa (To ecTb
HeliTpasibHbIE 3EMEHTbI)?
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Knacc Foldable

MunnmansHoe nonxoe onpegenermne: foldMap nnam foldr.

class Foldable t where
fold :: Monoid m => t m -> m
fold = foldMap id

foldMap :: Monoid m => (a ->m) -> t a ->m
foldMap f = foldr (mappend . f) mempty

foldr, foldr' :: (a -=>b ->b) ->b ->t a ->b
foldr £ z t = appEndo (foldMap (Endo . f) t) z

foldl, foldl' :: (a ->b ->a) ->a ->tb ->a
foldl £f z t =
appEndo (getDual (foldMap (Dual . Endo . flip f) t)) z

foldrl, foldll :: (a -> a -> a) ->t a -> a
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Knacc Foldable (npogonxerue)

class Foldable t where
tolList :: t a -> [a]

null :: t a -> Bool
null = foldr (\_ _ -> False) True

length :: t a -> Int
length = foldl' (\¢ _ -> c + 1) 0

elem :: EQq a =>a ->t a -> Bool
maximum, minimum :: Ord a => t a -> a
sum, product :: Num a => t a -> a

sum = getSum . foldMap Sum
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[NpeactaButenn knacca Foldable

instance Foldable [] where
foldr = Prelude.foldr
foldl = Prelude.foldl
foldrl = Prelude.foldrl
foldll = Prelude.foldll

instance Foldable Maybe where
foldr _ z Nothing = z

foldr £ z (Just x) = f x 2z

foldl _ z Nothing = z
foldl f z (Just x) = f z x

A Takxe Set u3 Data.Set, Map k u3 Data.Map, Seq u3
Data.Sequence, Tree u3s Data.Tree u T.N.
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HByxnapameTpudeckune npegctasutenn Foldable

Y1061 06BABUTL NpeaCTaBUTENS ANS ABYXMNAPaMETPUHECKOrO TuMna
JaHHbIX, NEPBbIA NapaMeTp HY>KHO CBSA3aTb

GHCi> foldr (+) 5 (Right 37)
42

GHCi> foldr (+) 5 (Left 37)

5

GHCi> foldr (+) 5 ("Answer",37)
42

GHCi> maximum (Right 37)

37

GHCi> maximum (Left 37)

**%* Exception: maximum: empty structure

GHCi> maximum (100,42)
???

Aennc Hukonaesny Mockeux CeepTku 29 /29



