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Cnucku B a3bike Haskell

®parmeHT ucxoaHoro koaa (lists.hs)

xs = [1,3,9]
ys = 5 : xs
Zs = Xs ++ ys
Ceccua ghci

ghci> :load lists
ghci> xs

[1,3,9]

ghci> ys
[5,1,3,9]

ghci> zs
[1,3,9,5,1,3,9]
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Mpocreiiwme pyHKuMM anga 06paboTku
CNUCKOB



ﬂ,OCTyI'I K 3JIeEMEHTaM CMNMUCKa

head :: [a] -> a
tail :: [a] -> [a]
last :: [a] -> a
init :: [a] -> [a]

-- [lepBble N 31eMeHTOB
take :: Int -> [a] ->

-- ronoBa cnucka
-- XBOCT chnucka

-- MNoCNneaHun 3J1EMEHT ChnucKa
-- cnucok 6e3 mocnegHero

-- DJIEMEHTa

-- Bce snemMeHTbl KpoMe n nepBbix

drop :: Int -> [a] ->

splitAt :: Int -> [a]

[a]

-> ([al, [aD)
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MpocTeAwInit aHanu3 coaepXxMMoro CNMCKOB

length :: Foldable t => t a -> Int

-- NyCcT NX CNMcok?

null :: Foldable t => t a -> Bool

-- COLEPKUTCSH JIN DJIEMEHT B CMUcCkKe?

elem :: (Eq a, Foldable t) => a -> t a -> Bool

sum, product :: (Num a, Foldable t) => t a -> a
maximum :: (Ord a, Foldable t) => t a -> a
minimum :: (Ord a, Foldable t) => t a -> a

and, or :: Foldable t => t Bool -> Bool
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®opmupoBaH1e CNUCKOB

reverse :: [a] -> [a] -- oOpaweHune crnmucka
-- COeAMHeHWe CMNUCKOB B OAMWH

concat :: Foldable t => t [a] -> [a]

-- BOeckOHeYyHoe MOBTOPEHME 3JIEMEHTA

repeat :: a -> [a]

-- N-KpaTHOe MOBTOpPEHME 3JIEMEHTA

replicate :: Int -> a -> [a]

-- OeCcKOHe4YHOe MNOBTOpPEHME CnucKa
cycle :: [a] -> [a]

-- crnapvBaHMe 3/1IEMEHTOB CMUCKOB
zip :: [a] -> [b] -> [(a, b)]

-- pa3beauHeHue nap
unzip :: [(a, b)] -> ([a], [b])
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@DYHKUMU Ha CNMCKaX CMMBOJIOB (CTPOKaXx)

-- paspeneHne Ha cTpokm (no \n)
lines :: String -> [String]

--pa3bueHne Ha cnosa (No npobenam)
words :: String -> [String]

unlines :: [String] -> String
unwords :: [String] -> String
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®BI1 ansa paboTbl O cNUCKaMm




®dyHKuMa map: onpeaeneHne U npuMepbi

map :: (a -> b) -> [a] -> [b]
map _ [] = []

map £ (x:xs) = £ x : map £ xs

ghci> map (+3) [1,5,3,1,6]

[4,8,6,4,9]

ghci> map (++ "!") ["BYX", "BAX", "MA®"]
["BYX!","BAX!","MA®!"]

ghci> map fst [(1,2),(3,5),(6,3),(2,6),(2,5)]
[1,3,6,2,2]

ghci> map (map (*2)) [[1,2],[3,4,5,6],[7,8]]
[[1,4],[9,16,25,36],[49,64]]
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®dyHKums filter: onpepenenme n npumepol

filter :: (a -> Bool) -> [a] -> [a]
filter _ [] = []
filter p (x:xs)

| p x =x : filter p xs

| otherwise = filter p xs

ghci> filter (>3) [1,5,3,2,1,6,4,3,2,1]
[5,6,4]

ghci> filter (\x -> x ‘mod' 3 == 0) [1..10]
[3,6,9]

ghci> filter (<15) $ filter even [1..20]
[2,4,6,8,10,12,14]
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Mpumep: «6bicTpas» cOpTUPOBKa

quicksort
quicksort
quicksort
where
Lower
upper

: 0rd a => [a] -> [a]
[1=10[1

(x:xs) = lower ++ [x] ++ upper

quicksort $ filter (<= x) xs
quicksort $ filter (> x) xs
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MNpumep: cymMa KBagpaToB

3apaua

Havitn cymMy KBagpaToB uncen us amanasoHa ot 1 go 100,
Lengauwmnxcs Ha 3 unm 5.

ANroputMm pelueHus

1. ®opmupyeM CNUCOK Ymncern.
2. OcTtaBngeMm uncna, genawmecs Ha 3 unm 5.
3. Bo3BoauM Kaxpoe uncno B KBaLpaT.

4. Bbluncnsgem cymmy.

ghci> xs [1..100]
ghci> ys = filter (\n -> (mod n 3) *¥ (mod n 5) == 0) xs
ghci> sum $ map (*2) ys

164036
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Hotauusa ana ¢popMupoBaHUs CNUCKOB

ghci> xs = [1..100]

ghci> ys filter (\n -> (mod n 3) * (mod n 5) == @) xs
ghci> sum $ map (*2) ys

164036

leHepaTtopbl cnuckoB (list comprehensions)

ghci> sum [ n*2 | n <- [1..100],
(mod n 3) * (mod n 5) == 0]
164036

{n? | n €[1..100],n nenutcs Ha 3 uamn 5}
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Mpumep: nomuck uncna

3apaya

Hantn Hanbonbwee ymncno, MeHbwee 100000, koTopoe aenuTcs
Ha 3829.

AnrOpMTM peweHna

1. ®opMuMpyeM CNUCOK KaHAMAATOB (B MOpsAKe yObIBaHMS).

2. OunbTpyeM CNMCoK, OCTaBAAS TONbKO Te, KOTOPbIe AeNgTCs Ha
38209.

3. bepéM nepBbilt aneMeHT nony4ymsluerocsi cnucka (head).
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Mpumep: nomuck uncna

PewweHue

largestDivisible :: Integer -> Integer
-> Integer
largestDivisible divisor lim =
head $§ filter (\x -> mod x divisor == 0)
[lim, lim-1..]

ghci> largestDivisible 3829 100000
99554
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Mpumep: nomuck uncna

Bepcml peweHna C UCnosib3oBaHMeEM CEeYEeHUI U KOMMO3UL MUK

largestDivisible divisor lim =
head $ filter ((==0).(‘mod' divisor))
[Lim,lim-1..]

M ewé onHa Bepcusa

largestDivisible divisor =
head . filter ((==0).(‘mod' divisor))
iterate (subtract 1)
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DyHkuus iterate

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

ghci> take 6 $ iterate (*2) 2
[2,4,16,256,65536,4294967296]]
ghci> take 7 $ iterate ('x':) ""

[Il " , IIXII , IIXXII , IIXXXII , IIXXXXII , IIXXXXXII , IIXXXXXXII]
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MeTtop HbloTOHa: pelleHne Ha cnUcKax

O6wme npen metoaa HototoHa

e HavanbHoe npubamxeHue.

e MmeeTca cnocob ynyylwaTe npubnunxeHue (improve) —
CMUCOK MpUBAMXKEHUH, BOOOLLLE rOBOPS HECKOHEYUHBIMN.

* MMeeTca cnocob HaxoauTb noaxoadiiee NpubaunxeHue
(goodEnough).

newton improve check eps y =
findFirst goodEnough (guesses 1)

where
findFirst pred xs = ... -- HaWTK MNEpPBbIN DNEMEHT,
-- VYOOBNETBOPAWWMA NpeankaTy
goodEnough x = ... -- nmoaxoouT nu nNpubnmnxeHue?
guesses X = ... -- CMNUCOK NpuUBAMKeHnn
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MeTtop HbloTOHa: pelleHne Ha cnUcKax

O6wue ngeu metoaa HorotoHa

e HavanbHoe npubnumxeHue.

e MmeeTca cnocob ynyylwaTe npubanxkeHue (improve) —
CNUCOK NpUBAMXKEHUI, BOOOLLLE rOBOPS HECKOHEYUHBIMN.

* /mMeeTca cnocob HaxoaMTb Noaxoaswee npubnmkeHune
(goodEnough).

newton improve check eps y =
head $ filter goodEnough guesses
where
goodEnough x = abs (check x - y) < eps
guesses = iterate improve 1
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®yHkuun takeWhile u dropWhile

Onpepenenue takeWhile

takeWhile :: (a -> Bool) -> [a] -> [a]
takeWhile _ [] = []
takeWhile p (x:xs)

| p x = x : takeWhile p xs

| otherwise = []

Onpepenexue dropWhile

dropWhile :: (a -> Bool) -> [a] -> [a]
dropWhile _ [] = []
dropWhile p (x:xs)

| p x = dropWhile p xs

| otherwise = xs
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®yHkuun takeWhile u dropWhile: npumepbi

ghci> takeWhile (<10) [2,4..]

[2,4,6,8]

ghci> dropWhile (<10) [2,4..20]
[10,12,14,16,18,20]

ghci> takeWhile (/=' ') "hello world"

"hello"

ghci> dropWhile (‘elem' ['a'..'z']) "hello world"
" world"
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CpaBHeHue filter n takeWhile Ha 6ecKOHeYHbIX cnMcKax

ghci> takeWhile (<10) [2,4..]

[2,4,6,8]
ghci> filter (<10) [2,4..]
2?7727

ghci> filter (<10) [2,4..]
[2,4,6,8
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®yHkumsa zipWith

OnpepeneHue

zipWith :: (a -> b -> ¢c) -> [a] -> [b] -> [c]
zipWith _ [] _ = []

zipWith _ _ [] = []

zipWith £ (x:xs) (y:ys) = £ x y : zipWith f xs ys

21/35



®yHkumsa zipWith

ghci> zipWith (+) [4,2,5,6] [2,6,2,3]

[6,8,7,9]

ghci> zipWith max [6,3,2,1] [7,3,1,5]
[7,3,2,5]

ghci> zipWith (*) [2,2,2,2,2] [1..]
[2,4,6,8,10]

ghci> zipWith (++) ["Hypno ", "Flareon "]

["Psychic", "Fire"]
["Hypno Psychic","Flareon Fire'"]
ghci> zipWith (zipWith (*))
[[1,2,3],[3,5,6],[2,3,4]]
[[3,2,2],[3,4,5],[5,4,3]]
[[3,4,6],[9,20,30],[10,12,127]
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®yHkumsa zipWith

MNpumeHeHne

zip' :: [a] -> [b] -> [(a,b)]
zip' = zipWith (,)

sup :: Ord a => [a] -> [a] -> [a]
sup = zipWith max

Mpumepbl

ghci> zip' [1,2,3] [2,4..]
[(1,2),(2,4),(3,6)]

ghci> sup [10, 2, 5] [3, 5, 7]
[10,5,7]
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HekoTtopbie ¢pyHKUMM 06pabOTKM CNUCKOB

???7 :: (a -> Bool) -> [a] -> Bool
??? :: (a -> Bool) -> [a] -> ([a], [a])
???2 :: (a -> Bool) -> [a] -> [Int]

??? 11 (a -> a -> Bool) -> [a] -> [a]
??? 11 (a -> a -> Bool) -> [a] -> [[a]l]
??? 1t (a->b ->a) ->a ->[b] ->a
??? 1 (a ->b ->a) ->a ->[b] -> [a]

HoogAe — nouck no ¢pyHKumuam
URL: http://hoogle.haskell.org

MpuMepbl NOMCKOBbIX 3aMpPOCOB:
e map
e (a ->b) -> [a] -> [b]
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Pascal C#

(* arr - maccu¥) // numbers - IEnumerable
s = 0; s = 0;
for i:= 1 to 10 do foreach (n in numbers)

s := s + arr[i]; S += n;

OCHOBHble€ KOMMOHEHTbI KoAa

e [Ipoxon no CTPYKType AAHHbIX MW AMAMA30HY (LMKI).
e AKKyMynupyoLLas nepeMeHHas.
e TekylLee 3Ha4yeHue.

e BblumcneHue B Tene uMKna.
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CBEpPTKH

JleBas u npaBas cBEPTKHU



CBEpTkM — 370 cemeicTBo MBI, 06pabaTbiBatOLMX BCE
KOMMOHEHTbl PEKYPCUBHOWM CTPYKTYPbl AAHHbIX U BbIYMCASIOWMX B
pe3ynibTaTte HeKoTopoe 3HavyeHune (akkymynatop). OBbI4HO CBEPTKA
3a438TCa KOMOUHMPYOLWeN dyHKUMEN, CTPYKTYPOM AAHHBIX U,
BO3MOXHO, Ha4YaNlbHbIM 3HAYEHWEM aKKYMynsTopa.

foldl :: Foldable t => (b -> a ->b) ->b ->t a ->b
foldl z [] =z
foldl z (x:xs) foldl £ (f z x) xs

ol

foldr :: Foldable t => (a -=> b ->b) ->b ->t a ->b
foldr z [] =z
foldr z (x:xs) = £ x (foldr £ z xs)

ol
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Hopnnoxcsopaqusauuncnucxa

JleBas cBépTKa

foldl g z [3,4,5,6] === g (g (g (g z 3) 4) 5) 6

MNpaBas cBEpTKa

foldr £ z [3,4,5,6] === £ 3 (£ 4 (£ 5 (£ 6 2)))
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MpocTeiume npumepbl

sum' :: Num a => [a] -> a
sum' xs = foldl (+) @ xs

sum'' :: Num a => [a] -> a
sum'' = foldl (+) ©
product' :: Num a => [a] -> a

product' = foldl (*) 1

elem' :: EqQ a => a -> [a] -> Bool
elem' y ys =
foldl (\acc x -> if x == y then True else acc)
False
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KonnuyecTBo NonoX1TenbHbIX 3/1IEMEHTOB CMCKA
countPositive =

foldl (\¢ x -> c + if x > O then 1 else 0) 0
CymMma v npousBefeHue 31eMEeHTOB CnNUcKa

sumprod = foldl (\(s,p) x =-> (stx, p*x)) (9, 1)

CpeanHee apupMeTHUECKOE 31EMEHTOB CNMCKa

mean xs = sum / len
where
step (s, 1) x = (s+x, l+1)
(sum, len) = foldl step (@, @) xs
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MocTpoeHune CNUCKOB CBEPTKaAMM

map' :: (a -> b) -> [a] -> [b]
map' £ xs = foldr (\x acc -> £ x : acc) [] xs

map'' :: (a -> b) -> [a] -> [b]
map'' £ xs = foldr ((:).£) [] xs

filter' :: (a -> Bool) -> [a] -> [a]
filter' p = foldr step []
where

step X acc
| p X = x : acc
| otherwise = acc
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MocTpoeHune CNUCKOB CBEPTKaAMMU: reverse

reverse' :: [a] -> [a]

reverse' = foldl (\acc x -> x : acc) []
reverse'' :: [a] -> [a]

reverse'' = foldl (flip (:)) []

-- flip :: (a ->b ->¢c) ->b ->a ->c
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®yHkuum foldll m foldrl

OnpepeneHue

foldll :: Foldable t => (a -> a -> a) ->t a -> a
foldl1l (x:xs) = foldl £ x xs
foldl1l [] = error "foldll: empty list"

H

foldrl :: Foldable t => (a -> a ->a) ->t a -> a
foldrl [x] = x

foldrl (x:xs) = £ x (foldrl £ xs)

foldril [] = error "foldrl: empty list"

Hhol
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MpocTeiume npumepbl

maximum' :: (Ord a) => [a] -> a
maximum' = foldll max
last' :: [a] -> a

last' = foldll (\ _ x -> x)

33/35



CBépTKa 6€CKOHEYHbIX CMUCKOB

®yHKuma and’
and' :: [Bool] -> Bool
and' xs = foldr (&&) True xs

MopspoK BbluMCIEHUA

and' [True,False,True]
=== True && (False && (True && True))

Cnyyaii 6€CKOHEYHOro cnucka

and' (repeat False)
=== False && (False && (False && (False ...
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Kak 3anoMHuUTb?

e «(CeBepHbIVi BETEp AYET C CeBEpa»

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