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JleTyuKka 7

________________________________________________________________________________________________________________________________________________________________________

NleTyuka 7 - 7 MUHYT - 63 KOHCNEKTOB - Balue ®W:

1. KaHa KOHCTpYKTOpa Tuna Maybe:

2. OayH war B-peaykunnt: (Az. x) a ~> _____

3. Pe3ynbrar foldr (-) 0 [1, 2]:

4, HenTpasibHbI 3NeMEHT ans (++) Ha Cnuckax:

5. [lonosiHuTe KogupoBaHue cnucka Yépua |1, 2]: As z.

________________________________________________________________________________________________________________________________________________________________________



[Monyrpynnbl U MOHOUADI



Cnucok: nonyrpynna v moHoua

N HanuwmnTe nosiHbie MHCTaHcbl Semigroup U Monoid gns cnucka B 06EépTke Batch. O6beAnHEHMEe CoOXpaHAEeT
NOpPsA0K BCEX 3/1IEMEHTOB.

newtype Batch a = Batch [a]

S5 PeuweHue.

instance Semigroup (Batch a) where
Batch xs <> Batch ys = Batch (xs ++ ys)

instance Monoid (Batch a) where
mempty = Batch []



Craructuka tecTtoB: nosayrpynna n moHoupa,

N HanuwunTe nosiHbie MHCTaHchkl Semigroup U Monoid Ans cTaTUCTUKM TECTOB. Npn 06beanHeHN 6/10KOB
CKMaablBalOTCA YMC/I0 OLLINOBOK 1 06LLIEee YAC/I0 TECTOB.

data Counts = Counts { errors :: Int, total :: Int }

S5 PeuweHue.

instance Semigroup Counts where
Counts e n <> Counts e' n' = Counts (e + e') (n + n')

instance Monoid Counts where
mempty = Counts 0 O



Maybe: nonyrpynna n MoOHoupA,

N HanuwinTte nosHblie MHCTaHebl Semigroup U Monoid AnA cBoero BapunaHTta Maybe. Missing O3HA4YaeT
OTCYTCTBME pe3y/nbraTa; ABa Present 00beanHAIOT coaepXallnecs 3HadyeHus. Bbibepute Heobxoamnmblie

orpaHN4YeHunsd Ha a.

data Optional a = Missing | Present a

S5 PeweHue.

instance Semigroup a => Semigroup (Optional a) where
Missing <> vy = vy
X <> Missing = X
Present x <> Present y = Present (x <> vy)

instance Semigroup a => Monoid (Optional a) where
mempty = Missing



[TpumeHeHue: cTaTUCTUKA pe3ybTatoB

N Hanunwnte stats :: [Bool] -> Counts, UCNOMb3YySA FOTOBLIN MHCTAHC: True — YCMELLUHbIN TECT, False —
owmnbéka. Ana [True, False, True] nonyuute Counts 1 3, A8 NyCTOro cnucka — Counts 0 0. O6onantech

6e3 ABHOW pekypcumn; npurogatca map U mconcat.

mconcat :: Monoid m => [m] -> m

S5 PeuweHue.

stats :: [Bool] -> Counts
stats = mconcat . map result

where
result ok = Counts (if ok then 0 else 1) 1



CBepTKu cnucka



OAVH CNUCOK, ABEe CBEPTKN

foldr :: (@ ->b ->b) ->b ->[a] -> b
foldl :: (b ->a ->b) ->b ->[a] -> b

N PacctaBbTe CKOOKM U BbluncauTte foldr (-) 0 [1,2,3]nfoldl (-) 0 [1,2,3].



foldr: 3amMeHAeM KOHCTPYKTOPbI

Cnncok [1,2,3] —at0o1 : (2 : (3 : [1)).

foldr (-) 0 [1,2,3]

CKOBKW

B kaxxgom (:) ABa aprymeHTa: 3/IeMeHT U XBOCT.

10



foldr: 3amMeHAeM KOHCTPYKTOPbI

BmecTto (:) ctaBuMm (-),BMecTo [ ] — 0.

1-(2-@G@-0))

CKOBKW
B kaxaom (:) ABa aprymeHTa: 3/IEMEHT U XBOCT.

LLiar nonyyaeT a/ieMeHT U pe3y/ibTaT CBEPTKU XBOCTA.
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foldr: 3amMeHAeM KOHCTPYKTOPbI

1N 3TOro BblpaXXeHnst apnudmMeTmKa TpebyeT pe3ynbrar XBocTa.

1-(2-@G@-0))

CKOBKW
B kaxaom (:) ABa aprymeHTa: 3/IEMEHT U XBOCT.

LLIar nony4aeT afieMeHT 1 pe3ysbTaT CBEPTKM XBOCTA.
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foldr: 3amMeHAeM KOHCTPYKTOPbI

3ameHs1eM TOMbKO BblAesIeHHOE NoAAePEBO €ro Pe3ybTaToM.

1 - (2 - 3)

CKOBKW

B kaxaom (:) ABa aprymeHTa: 3/IEMEHT U XBOCT.

LLIar nony4aeT afieMeHT 1 pe3ysbTaT CBEPTKM XBOCTA.
3 - 0 = 3.
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foldr: 3amMeHAeM KOHCTPYKTOPbI

Cnepywulada onepayna — 2 - 3.

1 - (2 - 3)

CKOBKW

B kaxaom (:) ABa aprymeHTa: 3/IEMEHT U XBOCT.

LLIar nony4aeT afieMeHT 1 pe3ysbTaT CBEPTKM XBOCTA.
3 - 0 = 3.
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foldr: 3amMeHAeM KOHCTPYKTOPbI

ﬂonyquHoe -1 CTaHOBUTCA NpPaBbIM apryMmeHTOM BHELLHETO BblYUTAHUA.

1 - (_ 1) CKOBKW
B kaxxgom (:) ABa aprymeHTa: 3/IEMEHT U XBOCT.

LLIar nony4aeT afieMeHT 1 pe3ysbTaT CBEPTKM XBOCTA.

5 -0 =3
() 231
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foldr: 3amMeHAeM KOHCTPYKTOPbI

OcTtanocb1 - (-1).

1 - (-1)

CKOBKW

B kaxaom (:) ABa aprymeHTa: 3/IEMEHT U XBOCT.
LLIar nony4aeT afieMeHT 1 pe3ysbTaT CBEPTKM XBOCTA.
3 - 0 = 3.

2 - 3 = -1
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foldr: 3amMeHAeM KOHCTPYKTOPbI

BosBpalllaem pe3yiktaT BCeil CBEPTKM.

O,

CKOBKW

B kaxaom (:) ABa aprymeHTa: 3/IEMEHT U XBOCT.
LLIar nony4aeT afieMeHT 1 pe3ysbTaT CBEPTKM XBOCTA.
3 - 0 = 3.

2 - 3 = -1

1 - (-1) = 2.
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OT foldr k foldl: nepeBO CKOGOK

[TpaBasi CBEPTKA: 3/IEMEHT C/iEBA, CBEPHYTHIN XBOCT CnpaBna.

foldr (-) 0 [1,2,3] =1 - (2 - (3 - 0))

CKOBKW

1 - (2 -

(3 - 8)) = 2.

18



OT foldr k foldl: nepeBO CKOGOK

JleBasi CBEPTKa: HAKOMNJ/IEHHbI pe3y/bTaT CNeBa, cneayoLni 3ieMeHT cnpasa.

foldl (-) 0 [1,2,3] = ((@ - 1) - 2) - 3 CKOBKW
1-(02- (3
(e - 1) - 2)

- 0))

-3
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foldl: nepepaém akkymynartop

KaxkabIn Lar nosiydyaeT Hakon/IeHHbIV pe3ynbTart v C/ieyoLLnA 3/1IEMEHT.

foldl (-) 0 [1,2,3] COCTOSAHUS
HauvHaem c 0.

aKKyMynsiTop

20



foldl: nepepaém akkymynartop

Pe3ynbTar Wwara CTaHOBUTCS aKKyMY/ISTOPOM CeayoLLEro.

foldl (-) (0 - 1) [2,3]

=4

aKKyMynsiTop

COCTOAHNA
HadynHaem c 0.
0 -1 = -1.
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foldl: nepepaém akkymynartop

CKOOKM HakanmBarTCa cnesa.

foldl (-) ((® - 1) - 2) [3]

aKKyMynsiTop

COCTOAHNA
HadynHaem c 0.
0 -1 = -1.

(-1) - 2 = -3.
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foldl: nepepaém akkymynartop

[ownn no [ ]: Bo3Bpallaem akkyMmynaTop.

=

pe3ynbrar

COCTOAHUA

HaunHaem c 0.

O -1 = -1.

(-1) - 2 = -3.
(-3) - 3 = -

23



CkansipHoe npounsseaneHue

Hanpumep, prod [1,2,3] [4,5,6] == 32.

N Peannaynte ckangpHoe nponiseneHmne yepes zipWith n foldr. MNMpu pa3Hon AnHe CAUCKOB UCMNOJb3YNTE
0oL MM Npedoukce.

prod :: Num a => [a] -> [a] -> a
5 PeweHue.
prod :: Num a => [a] -> [a] -> a

prod xs ys = foldr (+) 0 (zipWith (*) xs ys)

24



CBéEpTKa pa3HbIX KO1/TIEKLUNIA



OaHa cBEPTKA AN1A pa3HbIX KONNEeKUNN
Kak c map B NpoOLLUIOW NpakTuKe: onepaumsa ogHa, popMbl KOMIEKLNN pasHbIe.

data Pair a = Pair a a
foldList :: (@ ->b ->b) ->b -> [a] -> D

foldPair :: (a -> b ->b) -> b -> Pair a -> b
foldMaybe :: (a -> b -> b) -> b -> Maybe a -> b

CMMCOK napa

Maybe

Just

26



OaHa cBEPTKA AN1A pa3HbIX KONNEeKUNN

XOTUM 0fHO UMS fo'ldr; TUM KONJIEeKUUM BbIOMpPaeT peasisauuto.

data Pair a = Pair a a
foldr :: (@ ->b ->b) ->b ->[a] -> b

foldr :: (@ -> b ->b) -> b -> Pair a -> b
foldr :: (a -> b ->b) -> b -> Maybe a -> b

CMMCOK napa

Maybe

Just

27



OaHa cBEPTKA AN1A pa3HbIX KONNEeKUNN

Foldable neperpyxaet CBEPTKY MO KOHCTPYKTOpPY Tuna t.

class Foldable t where
foldr :: (@ ->b ->b) ->b ->ta->b
foldMap :: Monoid m => (a ->m) -> t a ->m

t=Maybe

Just

28



foldMap: npeoGpasyem n o6 begNHAEM

foldMap :: (Foldable t, Monoid m) => (a ->m) -> t a ->m

[TpyMeHAeM f K KaXXQ0oMY 3/1eMEHTY U 06beanHsaeM pe3ynbtarthl Uepes (<>). s nycTon KoNekuum nonyvyaem
mempty.

data Pair a = Pair a a

instance Foldable Pair where
foldMap f (Pair x y) = f x <> f y

N YcTHOo: Yto BEpHET foldMap (\x -> [x,x]) (Pair 1 2)?

5 PeweHue.
[1,1] <> [2,2] == [1,1,2,2].
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Peanunisyem foldMap ansa cnucka

N 3aBepwinte foldMapList yepes foldr. LUar o6begmMHAET £ x C pe3y/bTaTtoM CBEPTKM XBOCTA.

foldMapList :: Monoid m => (a -> m) -> [a] -> m
foldMapList ¥ = foldr (\x rest ->

S5 PeweHue.

foldMapList f = foldr (\x rest -> f x <> rest) mempty
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[lepeBO — eLle oaAHA Konnekuua

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

sampleTree :: Tree Int
sampleTree =
Node 1
(Node 2 (Node 4 Leaf Leaf) Leaf)
(Node 3 Leaf Leaf)

B Kaokiom Node 0AuH 3/1IeEMEHT. Leaf — NycToe AepeBso.

[Leaf] [Leaf]

Kak c nomMmoulbio foldMap NOYYNTbL CNUCOK 3/1EMEHTOB aAepeBa?

[opsaoK BbiIbepeM TaKoii: KOPeHb, IeBOe NoAAePEBO LENNKOM, 3aTEM MPaBOE.
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CaMoOCTOATEe/IbHO: NOJIHbIVN MHCTAHC

N HanuwnTe nonHbIn MHCTaHC Foldable Tree: 3arofnoBoK 1 metoa foldMap. MopAaaoKk — KOPEHb, 1EBOE
NnoanepeBo LIeSINKOM, 3aTeM npaBoe; Leaf nycT. He ncnonb3ymnrte deriving Foldabtle.

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

S5 PeuweHue.

instance Foldable Tree where
foldMap _ Leaf = mempty
foldMap f (Node x left right) =
f X <> foldMap f left <> foldMap f right

CoeguHsiem pesynbTaThl /151 KOPHS, IEBOTO 1 NPaBOro NoAaepeBLEB B BbIOpaHHOM NOPSiAKeE.

foldMap (\x -> [x]) sampleTree
getSum (foldMap Sum sampleTree)

32



foldMap Ha pepeBe: npeodGpasyemM U 06 beANHAEM

[MPMMEHNM HanMCaHHbIN MHCTAHC K HalleMy epeBY.

foldMap (\x -> [x]) sampleTree MO HAMNCAHHOMY MHCTAHCY

f x = [x]: pesynbratom 6yaeTt CrUCOK.

Node 1

]
\[

33



foldMap Ha pepeBe: npeodGpasyemM U 06 beANHAEM

Kaxkabi aneMeHT AaéT OAHO3/IEMEHTHbIV CNUCOK; NyCToe AepeBo AaET [ ].

f x = [x]: mempty = [] MO HAMNCAHHOMY MHCTAHCY
f x = [x]:pe3synsrarom 6yaeT Cncok.
By3ne:f x <> foldMap f left <> foldMap f right.

34



foldMap Ha pepeBe: npeodGpasyemM U 06 beANHAEM

O6beanHsaemM pe3y/brarbl BHYTPW JIEBOFO U MPaBoro noaJepeBbLEB.

[1] <> ([2] <> [4] <> [1) <> [3] MO HAMNCAHHOMY MHCTAHCY
f x = [x]:pe3synsrarom 6yaeT Cncok.
By3sne:f x <> foldMap f left <> foldMap f right.
CneBa—[2,4],cnpaBa— [3].

[1]

| [2,4]

35



foldMap Ha pepeBe: npeodGpasyemM U 06 beANHAEM

B KOpHe coeauHsIeM ero CN1cok ¢ pesynktataMmy 0601xX NoAAEPEBLEB.

[1] <> [2,4] <> [3] = [1,2,4,3] MO HAMNCAHHOMY MHCTAHCY
f x = [x]:pe3synsrarom 6yaeT Cncok.

By3sne:f x <> foldMap f left <> foldMap f right.
CneBa— [2,4],cnpaBa— [3].

Ansa cnnckos (<>) — 3TO (++).

[ [1,2,4,3] ]
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PabdoTa c Konnekumamm



Co6upaem nporpamMmmy U3 yHMBepca/ibHbIX KUPNMUUYMNKOB

[Tpeobpa3oBartb 3/1eMEHTbI - 0TOOPaTh HYXHble > cobpaTbh pe3y/ibrar.

import Data.Function ((&))
data Student = Student String [Double]

average :: [Double] -> Double
awarded :: [Student] -> Map String String

x & f = f x:nepegaém AaHHble crieayowen yHKLNN.

average AaHa: cpegHee oLeHOK, 4719 NyCToro cnucka — 0.

38



PaboTta c Konnekumnamu: map - filter » foldMap

BX0o4 — CNNCOK CTYAEHTOB U X OLLEHOK.

1 awarded students = students

2 & map (\(Student name marks) ->

3 (name, average marks))

4 & filter ((> 3) . snd)

5 & foldMap (\(name, s) ->

6 Map.singleton name

7 ("clever cooky: " ++ show s))

Bxoa - [Student]
Ada: [2,4] - Bob: [0]

Cat: [4,6]

map - [ (String, Double)]

filter- [(String, Double)]

foldMap -Map String String

39
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PaboTta c Konnekumnamu: map - filter » foldMap

map NpeodbpasyeT KaxXaoro CTyaeHTa B napy MMeHN 1N cpeiHeEN OLIEHKM.

1 awarded students = students

2 & map (\(Student name marks) ->

3 (name, average marks))

4 & filter ((> 3) . snd)

5 & foldMap (\(name, s) ->

6 Map.singleton name

7 ("clever cooky: " ++ show s))

Bxopa - [Student]

Ada: [2,4] - Bob: [0]
Cat: [4,6]

map - [ (String, Double)]
[("Ada",3.0),

L("BOb"’O'O)’ ("Cat",5.0)]

filter- [(String, Double)]

foldMap -Map String String

40


file:///home/penguin/Projs/teaching/fp-course/fp-2024/fp2026/slides/out/fp1/p07/p07-publish.html?print-pdf
file:///home/penguin/Projs/teaching/fp-course/fp-2024/fp2026/slides/out/fp1/p07/p07-publish.html?print-pdf
file:///home/penguin/Projs/teaching/fp-course/fp-2024/fp2026/slides/out/fp1/p07/p07-publish.html?print-pdf
file:///home/penguin/Projs/teaching/fp-course/fp-2024/fp2026/slides/out/fp1/p07/p07-publish.html?print-pdf
file:///home/penguin/Projs/teaching/fp-course/fp-2024/fp2026/slides/out/fp1/p07/p07-publish.html?print-pdf
file:///home/penguin/Projs/teaching/fp-course/fp-2024/fp2026/slides/out/fp1/p07/p07-publish.html?print-pdf
file:///home/penguin/Projs/teaching/fp-course/fp-2024/fp2026/slides/out/fp1/p07/p07-publish.html?print-pdf
file:///home/penguin/Projs/teaching/fp-course/fp-2024/fp2026/slides/out/fp1/p07/p07-publish.html?print-pdf
file:///home/penguin/Projs/teaching/fp-course/fp-2024/fp2026/slides/out/fp1/p07/p07-publish.html?print-pdf
file:///home/penguin/Projs/teaching/fp-course/fp-2024/fp2026/slides/out/fp1/p07/p07-publish.html?print-pdf
file:///home/penguin/Projs/teaching/fp-course/fp-2024/fp2026/slides/out/fp1/p07/p07-publish.html?print-pdf
file:///home/penguin/Projs/teaching/fp-course/fp-2024/fp2026/slides/out/fp1/p07/p07-publish.html?print-pdf
file:///home/penguin/Projs/teaching/fp-course/fp-2024/fp2026/slides/out/fp1/p07/p07-publish.html?print-pdf
file:///home/penguin/Projs/teaching/fp-course/fp-2024/fp2026/slides/out/fp1/p07/p07-publish.html?print-pdf
file:///home/penguin/Projs/teaching/fp-course/fp-2024/fp2026/slides/out/fp1/p07/p07-publish.html?print-pdf
file:///home/penguin/Projs/teaching/fp-course/fp-2024/fp2026/slides/out/fp1/p07/p07-publish.html?print-pdf
file:///home/penguin/Projs/teaching/fp-course/fp-2024/fp2026/slides/out/fp1/p07/p07-publish.html?print-pdf
file:///home/penguin/Projs/teaching/fp-course/fp-2024/fp2026/slides/out/fp1/p07/p07-publish.html?print-pdf
file:///home/penguin/Projs/teaching/fp-course/fp-2024/fp2026/slides/out/fp1/p07/p07-publish.html?print-pdf
file:///home/penguin/Projs/teaching/fp-course/fp-2024/fp2026/slides/out/fp1/p07/p07-publish.html?print-pdf
file:///home/penguin/Projs/teaching/fp-course/fp-2024/fp2026/slides/out/fp1/p07/p07-publish.html?print-pdf

PaboTta c Konnekumnamu: map - filter » foldMap

filter ocTaBnsAeT Napbl CO CpeaHen OLUeHKOW CTPOoro 6onbLue 3.

1 awarded students = students Bxog - [Student]

2 & map (\(Student name marks) -> Ada: [2,4] - Bob: [0]
Cat: [4,6]

3 (name, average marks))

4 & filter ((> 3) . snd) map - [(String, Double)]

5 & foldMap (\(name, s) -> [("Ada",3.0),

, ("Bob",0.8), ("Cat",5.0)]

6 Map.singleton name ,

7 ("clever cooky: " ++ show s)) filter- [(String, Double)]
[("Cat",5.0)]

foldMap -Map String String
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PaboTta c Konnekumnamu: map - filter » foldMap

foldMap cobupaeT crioBapb Harpaj 13 o4HO3/IEMEHTHbIX C/IOBapPEii.

1 awarded students = students Bxog - [Student]

2 & map (\(Student name marks) -> Ada: [2,4] - Bob: [0]
Cat: [4,6]

3 (name, average marks))

4 & filter ((> 3) . snd) map - [(String, Double)]

5 & foldMap (\(name, s) -> [("Ada",3.0),

, ("Bob",0.8), ("Cat",5.0)]

6 Map.singleton name

7 ("clever cooky: " ++ show s)) filter- [(String, Double)]
[("Cat",5.0)]

foldMap - Map String String

Cat » clever cooky: 5.0
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J1IeHNBOCTb N BbIOOP CBEPTKMU



J1IeHNBOCTb: BbIUNC/IAAEM MO NOTPEOHOCTI

xs = [1..] :: [Integer] 3agaéTt 6€CKOHEYHbIN CMNCOK; MOKa HUKTO HEe 3anpoCcu/ ero 3/IEMEHTHI.

XS UTO NMOTPEBOBAJ/IOCb

Bbluuc/ieHne CNUCKa MOXXHO OT/IOXUTD.

*ﬁ*7777#######*****#######77777!*!*!*!*!*!*!*77777#######****########777/

OT/10)KEHHOE BblpaXeHune
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J1IeHNBOCTb: BbIUNC/IAAEM MO NOTPEOHOCTI

UTo6bl Haneyararb take 1 xs, HYXHbl NePBbIN (:) 1N ero anemMeHT. XBOCT HE HYXXEH.

take 1 xs = [1] 4YTO MOTPEBOBA/IOCH
BbluMcCieHME Crcka MOXHO OT/IOXUTb.

Monyuunu [1]; ocTasiIbHOW CMNCOK HE NOTPEeOOBaH.

I'IOTpe6OBaHHOe 3Ha4YeHne XBOCT He 3alrpalinBasin
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UTO0 HY)XHO PYHKUUM length?

YuebHoe onpeaeneHne AsMHbl Crmcka:

length [] = 0
length (_:xs) = 1 + length xs

ys = [repeat 1, repeat 2] :: [[Int]]

N YcTHO: YTOo BEPHET length ys? HY>XXHO /M BbIYUCIATL 3M1IEMEHTbI y'S, KaXAbIN N3 KOTOPbIX — 6ECKOHEUHbIN
CNNCOK?



length: TpebyeTca chopma BHELLHEro cnucka

ys = [repeat 1, repeat 2] — KOHEYHbIN CMINCOK AIBYX OECKOHEYHbIX CMNCKOB.

length ys UTO MOTPEBOBA/IOCH

3anpalwnBaeM NepBblii KOHCTPYKTOP.

------------------------------------------------------------------

------------------------------------------------------------------

a7



length: TpebyeTca chopma BHELLHEro cnucka

[MepBbin (:) gobaBnaeT eanHULY. DnemMeHT repeat 1 He NnoTpeboBaH.

1 + length [repeat 2] YTO MNMOTPEBOBAJIOCb
3anpaluvBaem nepsblii KOHCTPYKTOP.

MepBbIA (:); Npoao/mKaeM No XBOCTY.

------------------------------------------------------------------

------------------------------------------------------------------
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length: TpeGyeTca dhbopma BHELLUHEro cnUcka

Bropon (:) nobaBnseT ewe eqnHnLy. drneMeHT repeat 2 ToXe He noTpeboBaH.

3anpaluvBaeM nepBblii KOHCTPYKTOP.

[MepBblin (:); npoao/KaemM no XBOCTY.

Btopoun (:); 3anpawimBaemM KOHeL, CIUCKa.

o m a a EaaEm

ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ
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length: TpeGyeTca dhbopma BHELLUHEro cnUcka

Hownwn go [ ]: pesynestart 2. BHyTpeHHne 6eCKOHeYHble CNUCKN He BbIYNCAANUCD.

1+ (1 +0) =2

ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ

ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ

pe3yneTar length

YTO MOTPEBEOBA/IOCH
3anpallumBaem NepBblit KOHCTPYKTOP.

[MepBblin (:); npoao/KaemM no XBOCTY.

Bropoi (:); 3anpalumBaem KOHeL, crimcka.

[ ]: ocTaHaBNMBaemcs, A/1MHA paBHa 2.
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AnnHa TpeodyeT KOHLUAa cCnuckKa

length [undefined, undefined]
length (1 : undefined)
length ([1..] :: [Integer])

length TpebyeT Bce BHewWwHMe (:) U KOHEYHbIN [ ], HO He 3HaYeHUs 3N1eMEHTOB.
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BeCcKOHeUHbIU CNNCOK: KasieHAapb pacCbi/IOK

[TnaHupyem naTb 6/ivdKanLLnX Ppacchbi/IOK No 6yaAHAM, HauMHasA ¢ 23 OKTA0ps 2026 roga.

Haskell: neHnBbIN cNNCOK Python: uteparopbi

dates = iterate (addDays 1) start from datetime import date, timedelta
from 1tertools import count, 1islice

weekdays = filter isWeekday dates
start = date(2026, 10, 23)
mailings = take 5 weekdays dates = (start + timedelta(days=n)
, y for n in count())
HaHbl start :: DaywuisWeekday, UCKTHOYAKOLLUN weekdays = (d for d in dates
cyb660TY 1 BOCKpeceHbe. addDays — n3 Data. Time. if d.weekday() < 5)

mailings = list(islice(weekdays, 5))

[Monyunm 23, 26, 27, 28 1 29 oKTA0pPSA. NMpoBepnM ceMb AaT; Aas/ibHENLUUI KasleHaapb He NoTpeobyeTcs.
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foldr: XBOCT MOXXHO He NoTpeboBaTb

foldr (&&) True (True : False : undefined)

True && (False && foldr (&&) True undefined)

------------------------------

------------------------------

[ HyXeH BTOpPOW apryMeHT ]

UTO TPEBYETCH
True && rest TpeoyerT rest.
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foldr: XBOCT MOXXHO He NoTpeboBaTb

False && rest BO3BpallaeT False, He BblUUCIAA rest.

True && False

------------------------------

------------------------------

[ XBOCT He HYXeH ]

UTO TPEBYETCH
True && rest TpebyeT rest.

MepBblii apryMmeHT False onpegensier pesynbrar.
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foldr: XBOCT MOXHO He NOTpeboBaTb

Pe3ynbrar — False. OWKMB0OYHbIN XBOCT OCTas1CS HEBOCTPEOOBAHHbIM.

False UTO TPEBYETCH
True && rest TpebyeT rest.
[epBbI aprymeHT False onpenenser pe3y/brar.

foldr 3aBepLUM/ICA HA KOHEUHOM npediuKce.

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

[ True ] [ False ] i undefined

e
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foldl u foldl’: UTO XpaHUT aKKyMynaTop?

Cymmupyem [1,2,3]: 06a pesynbrata paBHbl 6.
foldl (+) 0 [1,2,3] / foldl' (+) 0 [1,2,3]

foldl foldl’

------------------------------------------

T

------------------------------------------

BblIPpaXXEHNE MOXXHO OT/TOXUTb HOBbI akkymynsaTop A0 WHNF

PA3NTNMYNE

XBOCTOBasA peKkypcusi cama no ceée He chopcupyer
aKKyMynsTop.
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foldl u foldl’: UTO XpaHUT aKKyMynaTop?

Be3 NPUHYXAEeHUs BbIpaXKeHNE MOXET pacTii BMECTE CO CMUCKOM,
foldl (+) 0 [1,2,3] / foldl' (+) 0 [1,2,3]

foldl foldl’

@+ 1) +2) 45 [ 6 ]

OTJ/10XKEHHbIE C/TOXXEHUA HNCJ10 Y>XXe BbIHNC/TIEHO

PA3NTNMYNE

XBOCTOBas peKkypcus cama no cebe He hopcupyet
akKyMynaTop.

[ONA KOHEYHOro YNCTIOBOro HAKOMNJ/1eHNA OObIYHO 6epéEm
foldl"'.

WHNF He 03HauaeT BbIUUC/IUTb BCE MO/ B/IOXXEHHOIA
CTPYKTYpbl.
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Kakylo CBEPTKY BblOpaTh?

3agava Bbi160Op UTo TpebyeTcH

HanTn OTBET B KOHEYHOM foldr C Larom, KOTOpbIN MOXET HE  TOJIbKO HY>XHbIN Nnpedonke
npedonkce 6€CKOHEeYHOro crnmcka notpeboBaTb rest

[TOCTPOUTL JIEHNBbIN BbIXOAHOW foldr C Warom, KOTOpPbIA BbIAAET Cnepytoulas yacTb BXoaia no
CMNCOK NO YacCTAM o4yepeIHON KOHCTPYKTOP NnoTPEeOHOCTHU

HakonuTtb uncnoBou pesynstarno  foldl' u3Data.List Becb CNNCOK; HOBbIV aKKyMYIATOP
BCEMY KOHEUYHOMY CMUCKY NMPUHYXOaeTcH

OO6e neBble CBEPTKM — foldl n foldl' — BO3BpaLLAOT UTOTOBbI akKyMyNsTOp Tosibko nocne [ ].
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[TPOrHo3: 3aBepLUnNTCA /1IN BblUUC/IeHne?

N Ykakunte pesynsrar, «olnbdKa» Un «He 3aBEPLUUTCA». XS =
Data.Llist.

foldr (&%) True Xxs
foldl' (&%) True xs
foldr (\x rest -> x == 4 || rest) False [1..]

5 PeweHue.

foldr (&%) True xs
foldl' (&&) True xs
foldr (\Xx rest -> x == 4 || rest) False [1..]

True :

False :

undefined, foldl' — 13
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UTO Bbl TENEpPb YMeeTe

e [lncaTb MHCTAHCbLI Semigroup U Monoid U UCcNonb3oBaTh UX AN 06beAVHEHUA pe3y/ibTaToB
e BblOnpaTh War n HayasibHoe 3Ha4YeHne CBEPTKM CNncKa

e [Nucartb Foldable Aaa cBOen Konaekuum

e Cobuparb 06paboTKy Konekuun n3 map, filter n foldMap

e OnpenensaTtb, Kakad YacTb J/IEHMBOTIO Crncka notTpebyeTcs BbIYUCNEHNIO

e Bblbupartb mexay foldr, foldl un foldl' no 3apayve
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MaTtepuanbl



CTtporum war uesimkom

foldlStrict :: (b -> a ->b) ->b -> [a] -> b
foldlStrict _ acc [] = acc
foldlStrict f acc (x:xs) =

let acc' = f acc x

in acc' seq foldlStrict f acc' xs

B nporpamme ncnosb3yem Data.List.foldl"'.
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PyHKUMOHA/IbHAA CTpesika: nonyrpynna n MoOHoua,

N dakynbTatMBHO: HanuwmnTe nosHble MHCTaHCbl Semigroup M Monoid Ans Func: oyHKUMM NOMyYaroT OANH
aprymeHT 1 o6beAnHAIT pe3ynbTaThl. BbibepuTte orpaHnyeHmnst Ha a u b.

newtype Func a b = Func { runFunc :: a -> b }

S5 PeuweHue.

instance Semigroup b => Semigroup (Func a b) where
Func f <> Func g = Func (\x -> f x <> g x)

instance Monoid b => Monoid (Func a b) where
mempty = Func (const mempty)
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CneunannsnpoBaHHas CBEPTKa

data Nat = Z | S Nat

foldNat :: r -> (r -> r) -> Nat -> r
foldNat z . = 2

foldNat z s (S n) = s (foldNat z s n)
Ha MecTo KaxkK10ro KOHCTPYKTOpa CTaBUM 006paboTumnk: s Z — 3Ha4YeHue, aasa S — PyHKUMIO.

toInt :: Nat -> Int
toInt = foldNat 0 (+1)

64



leHnBoCTb B GHCi

ghci> let xs = [1..] :: [Integer]
ghci> :sprint xs
XS =

ghci> take 1 xs

[1]

ghci> :sprint xs

xs =1 : _

ghci> let ys = [repeat 1, repeat 2]
ghci> length ys

2

ghci> :sprint ys

ys = [_,_]

[[Int]]
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WHNF y cocTaBHOro akkymynsiropa

snd (foldl' (\_ x -> (undefined, x)) (0,0) [1..3])

CTtporocTb A0 WHNF He aenaeT Bce Nnoss CTPYKTYPbl CTPOTUMM.
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DFS 1 BFS: pa3Hbie nopsaaKn

OpaHo aepeBo: DFS [1,2,4,3]1,BFS[1,2,3,4].

O

CymMa Ta e; Nopsiiok 3/IEMEHTOB pas/INyaeTcs.
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CcbIlNnKn

e Jlekumns 7: «CBEPTKU N pa3BEPTKU», onpeaesieHnNs U 3aKoHbI.
e Knacchbl CBEPTOK B Haskell.

e foldr, foldl n foldl’.

e CBEPTKM KakK cnncok Yepua.

e KOHBeWepbl 1 MOAENMV HaKoM/1eHUS.


https://wiki.haskell.org/Foldable_and_Traversable
https://wiki.haskell.org/Foldr_Foldl_Foldl%27
https://themonadreader.files.wordpress.com/2014/04/fizzbuzz.pdf
https://www.willamette.edu/~fruehr/haskell/evolution.html

