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9 Knacc Tnnos Foldable

@ Ceoiictso cansivus ans foldr
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sum :: [Integer] -> Integer
sum [] =0
sum (x:xs) = x + sum Xxs

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

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

X ++ concat xs

Bugen obwnii naTTepH pekypcum.
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[lpaBasi cBépTKa

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

]

P:qg:zx: 0  -———-- > fp (fq (frini))
f
/ \ / \
P foldr f ini P £
/ \ mmmmm___ > / \
q Gt
/ \ / \
r [ r ini
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KoHKpeTHble CBEPTKUN Yepes foldr

sum [Integer] -> Integer

sum = foldr (+) O

product [Integer] -> Integer
product = foldr (*) 1

concat [[al]l -> [al

concat = foldr (++) []

A 4TO nony4uTCcs B pesynbTaTe Takol CBEPTKU?

foldr (:) []
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CBoIiCTBO YHVBEPCANILHOCTY NPaBOW CBEPTKY

CBOICTBO YHMBEPCANLHOCTN

Ecnn dyHKuus g yooBNETBOPSIET CUCTEME YPaBHEHWIA

g [ = v
g (x:xs) = f x (g xs)

TO

g = foldr f v

o [loka3biBaeTcsi NPOCTOW UHAYKLMENA.

@ [lpakTnyecknii cmbicn B ToM, 4TO foldr siBAsSieTCA
€A4NHCTBEHHbIM PELUEHNEM CUCTEMBI.

o ObpaTHoe yTBepXXAEHNE TPMBUASILHO, MOCKOJBLKY MPSIMO
cnepyeT u3 onpegeneHnst foldr.
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JleBasi cBépTKa

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

piq:r: [l —oooee > f (f (f ini p) q) r
] f
/\ A
P : foldl f ini f r
2 N > / \
q £t a
/ \ / \
r [ ini p

Pekypcusi xBoctoBass — ontumusupyercs. OgHako thunk us
LeNOYKN BbI30BOB f HapacTaer.
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Crporas Bepcusi eBoii CBEPTKM

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

ini
foldl f arg xs
where arg = f ini x

foldl’ it (@a->b ->a) ->a->[b] ->a

foldl’ £ ini [] ini

foldl’ f ini (x:xs) arg ‘seq‘ foldl’ f arg xs
where arg = f ini x

@ Tenepb thunk ns uenoykn BbI3oBOB f He HapacTaeT —
BbIUUC/IEHNE arg (DOPCMPYETCS Ha KaXKAOM Luare.

@ JTo camas 3peKTUBHAs N3 CBEPTOK, HO BCE NIEBbIE CBEPTKM
He yMetoT paboTaTb ¢ BeCKOHEYHBIMU CNMCKaMu.
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JleHnBOCTb NpaBoli CBEPTKMU

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

MNpaBasi CBEpPTKa Ha KaXXAOM Luare «Aaét nopaboTtaTby
UCMOIb3YEMONA PyHKLUY

any (==2) [1..]
— foldr (\x b -> (==2) x || b) False (1:[2..]1)
— (\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
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Bepcun cBépTok 6e3 HayanbHOro 3HaYeHUS

[ns HenycTbix CNNCKOB MOXHO oboiTuch 6e3 nHuunannsaropa:

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

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

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

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

foldll _ [] = error "foldll: EmptyList"

AHanorm4yHo peanusoBaHa cTporas Bepcusi foldl1l’.
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MpencraenatoT coboli CNMCKN NOCAEA0BaTENbHbIX LLIAroB CBEPTKU.

scanl f z [a, b, ...] = [z, z ‘f¢ a, (z ‘f¢ a) ‘f‘ b, ...]
scanl it (@ ->b ->a) ->a -> [b] -> [a]

scanl f q [] = [q]

scanl f q (x:xs) = q : scanl f (f q x) xs

Prelude> scanl (++) npn ["a","b","c"]
[ll!"’ll!all’ll!ab"’ll!abcll]

Prelude> scanl (*) 1 [1..] '!' 5

120

MoxxHO 1 ¢ beckoHeuHbIMK cnuckamu (B oTimyue oT foldl).

[Aenunc Hukonaesny MockeuH CeépTku



[NlpaBbIii ckaH

|'|paBb||7| CKaH HaKamJIMBaAE€T pPe3ysibTaTbl CNpaBa HaANEBO.

scanr :: (a -> b ->b) -> b -> [a] -> [b]

Prelude> scanr (++) "!" ["aa","bb","cc"]
["aabbcc!","bbcc!","cc!"," "]

Prelude> scanr (:) [] [1,2,3]
[[1,2,3],[2,3],[3],[1]

,D,J'Iﬂ CKAHOB BbIMOJIHAKOTCA Cneayromne ToXX4eCcTBa

foldr f z xs
foldl f z xs

head (scanr f z xs)
last (scanl f z xs)
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Pa3BépTka

Onepaunsi aBOCTBEHHAsI K CBEPTKE.

unfoldr :: (b -> Maybe (a, b)) -> b -> [a]

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

Mpumep ncnonb3oBaHust (BOSMOXHOE OMpeAeneHne iterate)

iterate f = unfoldr (\x -> Just (x, f x))

D—
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[Nnan nekyunm
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Onpeaenernne moHonaa

MoHoung — 3TO MHOXXeCTBO C accouMaTMBHON buHapHoi onepauwueri
Ha HUM N efnHULENR ANs 3TOl onepauuu.

class Monoid a where

mempty :: a -- eIuHHIA
mappend :: a -> a -> a -- omepanus
mconcat :: [a] -> a -- CBEpTKa

mconcat = foldr mappend mempty

ﬂ'ﬂﬂ noboro MOHOMNAAa OOJIXKHbI 6€3yCJ'IOBHO BbINONTHATbLCA 3aKOHbI!

mempty ‘mappend‘ x = X

x ‘mappend‘ mempty = x
(x ‘mappend‘ y) ‘mappend‘ z = x ‘mappend‘ (y ‘mappend‘ z)
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Peanusauns npeacraButenein moHonaa

Cnncok — MoHOMA OTHOCUTENBHO KOHKaTeHauumn (++), eauHnua —
3TO NYCTOWM CNUCOK.

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

Yo Takoe mconcat Ans cnmckos?
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Peanusauns npeacraButenein moHonaa

Cnncok — MoHOMA OTHOCUTENBHO KOHKaTeHauumn (++), eauHnua —
3TO NYCTOWM CNUCOK.

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

Yo Takoe mconcat Ans cnmckos?
CeépTka koHKaTeHauueli!

mconcat :: [[a]]l -> [a]
mconcat = concat
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Peanusauns npeacraButenein moHonaa

Cnncok — MoHOMA OTHOCUTENBHO KOHKaTeHauumn (++), eauHnua —
3TO NYCTOWM CNUCOK.

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

Yo Takoe mconcat Ans cnmckos?
CeépTka koHKaTeHauueli!

mconcat :: [[a]]l -> [a]
mconcat = concat

A yncna — moHoua?
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Peanusauns npeacraButenein moHonaa

Cnncok — MoHOMA OTHOCUTENBHO KOHKaTeHauumn (++), eauHnua —
3TO NYCTOWM CNUCOK.

instance Monoid [a] where
mempty [1
mappend = (++)

Yo Takoe mconcat Ans cnmckos?
CeépTka koHKaTeHauueli!

mconcat :: [[a]]l -> [a]
mconcat = concat

A yncna — moHoua?
[a, npuyém gBaxabl: OTHOCUTENBHO CoXeHust (eguHuua 31o 0) un
OTHOCMTENBHO YMHOXeHUs (eguHnua 370 1).
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Yucna kak MOHOUA OTHOCUTEJNIBHO CJIOXKEHNA

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)

*Fp07> Sum 3 ‘mappend‘ Sum 2
Sum {getSum = 5}

Y70 Takoe mconcat Ass 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 => Monoid (Product a) where
mempty = Product 1
Product x ‘mappend‘ Product y = Product (x * y)

*Fp07> Product 3 ‘mappend‘ Product 2
Product {getProduct = 6}

Y70 Takoe mconcat ans Product a?
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Peanusauuns npeacrasuteneii MoHouAaa: Bool

EyneB TN — MOHOWA OTHOCUTEJNIbHO KOHBIOHKUWN N AN3BHOHKUNA.

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

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

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 [o/>KHa BbITh peannsaums gns eanHnLbI?
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[Nnan nekyunm

9 Knacc Tnnos Foldable
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Knacc Foldable

MuHrnmanbHoe nonHoe onpegenerune: foldMap unm 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 :: (a ->b ->Db) ->b ->t a ->b
foldr £ z t = appEndo (foldMap (Endo . f) t) z

foldl :: (a ->b ->a) ->a ->tb->a
foldl £ z t =
appEndo (getDual (foldMap (Dual . Endo . flip f) t)) z

foldrl, foldll :: (a -> a ->a) ->t a -> a
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M PEACTAaBUATENN K/1aCCa Foldable

instance Foldable [] where
foldr = Prelude.foldr
foldl = Prelude.foldl
foldrl = Prelude.foldril
foldll = Prelude.foldl1l

instance Foldable Maybe where
foldr z Nothing = z

foldr f z (Just x) = f x z

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 U3 Data.Tree n T.N0.
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[Nnan nekyunm

@ Ceoiictso cansivus ans foldr
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Kak «npoTawmTby yHKUNIO Yepes foldr?

PaccmoTpum paseHcTBO

h . foldr g w = foldr f v J

Kakumu colicTBamu gomkHbl 0bnagaTh BXOASLUNE B HErO
pyHKUMYN, 4TOBLI 5TO PaBEHCTBO BbIMOJHANOCH !
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Kak «npoTawmTby yHKUNIO Yepes foldr?

PaccmoTpum paseHcTBO

h . foldr g w = foldr f v

Kakumu colicTBamu gomkHbl 0bnagaTh BXOASLUNE B HErO
pyHKUMYN, 4TOBLI 5TO PaBEHCTBO BbIMOJHANOCH !
Bocrnonb3yemcs CBOCTBOM YHUBEPCANILHOCTN AJ1s JIEBOV HacTw

(h . foldr g w) [] =v
(h . foldr g w) (x:xs) = f x ((h . foldr g w) xs)
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CBoMCTBO CMsiHNS A5t foldr (foldr fusion)

[NepBoe paBeHCTBO AacT

(h . foldr gw) [1 =v & h (foldr gw [1) =v & hw=v }

BTopoe paBeHcTBO macT

(b . foldr g w) (x:xs) = f x ((h . foldr g w) xs)
& h (foldr g w (x:xs)) = £ x (h (foldr g w xs))
&S h (g x (foldr g w xs)) = £ x (h (foldr g w xs))
&h(gxy =£fx (hy

WTak, nmeem ceorictBo cansaHuns ans foldr

foldr fusion property

h(gxy)=fx(ty) = h.foldr gw = foldr £ (h w)
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CBOIiCTBO CIMAHNUS A1t aCCOLMATUBHOrO onepaTopa

Monoxum B cBoiicTBe cansHms f=g=(®) n h=(® z). Torga
ycnosme h (g x y) = £ x (h y) npaBpaTuTcsa B

(® z) ((®) xy) = (®) x ((® 2) ¥
S (®2) @Gy = x ((® 2)y)
S xRy ®z = 3x (& 2)

[ns noboro accoumaTUBHOro onepaTtopa @ CBOWCTBO CNSIHUSA
BLIMOJIHSIETCS BE3YCNOBHO U UMEET BUg,

CBOICTBO CAMSIHUA ANt aCCOLMATUBHOrO onepaTopa

(® z) . foldr (®) w = foldr (®) (w ® z)

(+42) . sum = foldr (+) 42
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