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CkaHupoBaHMe cnucka



CkaHMpoBaHM1e cnucKa

foldl

scanl

foldr ::

sCanr ::

:: Foldable t

(b ->a ->

:: (b ->a ->

Foldable t
(a ->b ->
(a ->b ->

=>
b) ->b ->t a ->b
b) -> b -> [a] -> [b]

=>
b) ->b ->t a ->b
b) -> b -> [a] -> [b]

ghci> scanl (+) 0 [3,5,2,1]
[0,3,8,10,11]
ghci> scanr (+) 0 [3,5,2,1]
[11,8,3,1,0]
ghci> scanl (flip (:)) [] [3,2,1]
[C1.031.02,3],[1,2,3]]
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o CKaHMpOBaHWE — 3TO CBEPTKA C COXPAHEHMEM
MPOMEXYTOYHbIX 3HAYEHUI

e Nmetotca Bepcun scanll u scanrl 6e3 HavyanbHOro

3HaYeHus:
scanll :: (a -> a -> a) -> [a] -> [a]
scanrl :: (a -> a -> a) -> [a] -> [a]
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3apaua

OI'Ipe,EI,EJ'II/ITb Hanbonbluee KoIMYECTBO NOCeA0BaTENIbHbIX

HaTypanbHbIX YMCEN, CyMMa KBAAPATHbIX KOPHEW KOTOpbIX He
npesocxogut 1000.
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3apaua
OnpenennTb HaMbonbluee KOMMYECTBO MOC/IEL0BATENbHbIX

HaTypanbHbIX YMCEN, CyMMa KBAAPATHbIX KOPHEW KOTOpbIX He
npesocxogut 1000.

answer = length $ takeWhile (<= 1000)
$ scanll (+) $ map sqgrt [1..]

ghci> answer

130

ghci> sum (map sqrt [1..1307])

993.6486803921487

ghci> sum (map sqrt [1..1317)

1005.0942035344083 I



CkaHupoBaHMe cnucka

Mpumep: nyTb B TpeyroibHuKe



MocTaHoOBKa 3agauu

MNMeeTcs UNCIOBOM TPEYroNbHMK:

8 5 9 3

Heo6x0a1MMO BbIUMCIUTE MAaKCUMaNbHYKO CYMMY A9 MyTH
OT BEpPLUMHbI K 0CHOBaHMK. JonycTtum cnyck Mbo BneBo,
nmbo BNpaeo.
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MNMeeTcs UNCIOBOM TPEYroNbHMK:

8 5 9 3

Heo6x0a1MMO BbIUMCIUTE MAaKCUMaNbHYKO CYMMY A9 MyTH
OT BEpPLUMHbI K 0CHOBaHMK. JonycTtum cnyck Mbo BneBo,
nmbo BNpaeo.
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10 7
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10 7

2+10 4 +10 6+7
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10 7

12 14 13
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10 7

12 14 13

8+12 5+14 9+ 14 3+13
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10 7

12 14 13

20 19 23 16
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KoMnoHeHTbl peweHus

e Kaxkablh ypoBEHb — CMMCOK YMCen.
e TpeyrofbHWK B LLeIOM — CMUCOK YPOBHEMN.

« CBOpaunBaeM BCE YPOBHU B OAMH YPOBEHb
C MaKCMMasbHbIMU MYTAMM.

e Haxoaum MaKCUMYM.
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MepexoA oT 0AHOrO YPOBHSA K ApYroMy

12 14 13

12 14 13
8+12 5+max{12,14} 9+max{14,13} 3+13
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MepexoA oT 0AHOrO YPOBHSA K ApYroMy

12 14 13

12 14 13
8+max{0,12} S+max{12,14} 9+max{14,13} 3+max{13,0}
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MepexoA oT 0AHOrO YPOBHSA K ApYroMy

12 14 13

8 5 9 3
12 14 13
8+max{0,12} 5+max{12,14} 9+max{14,13} 3+max{13,0}
0 12 14 13
12 14 13 0
max

12 14 14 13
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MepexoA oT 0AHOrO YPOBHSA K ApYroMy

downstep :: [Int] -> [Int] -> [Int]
downstep upper lower =
zipWith (+)
Lower
(zipWith max (@:upper) (upper ++ [0]))
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BbluucneHue orTeeTa

answer :: [[Int]] -> Int
answer = maximum . foldll downstep
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MonHoe peweHne

downstep :: [Int] -> [Int] -> [Int]
downstep upper lower =
zipWith (+)
Lower
(zipWith max (@:upper) (upper ++ [0]))

answer :: [[Int]] -> Int
answer = maximum . foldll downstep

ghci> answer [[3],[7.,4],[2,4,6]1,[8,5,9,3]]
23
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CUHOHUMbBI TUNOB



CHMHOHMMBI TUMOB

evalSmth :: (Double, Double) -> (Double, Double)
-> Double
evalSmth =
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CHMHOHMMBI TUMOB

evalSmth :: (Double, Double) -> (Double, Double)

-> Double
evalSmth =
type Point = (Double, Double)
evalSmth :: Point -> Point -> Double

evalSmth =
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CHMHOHMMBI TUMOB

evalSmth :: (Double, Double) -> (Double, Double)

-> Double
evalSmth =
type Point = (Double, Double)
evalSmth :: Point -> Point -> Double

evalSmth =

ghci> evalSmth (0,0) (3,4)
5.0
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Tun String Kak CUHOHUM

ghci> :info String
type String = [Char] -- Defined in ‘GHC.Base'
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Al'leGpaM‘-IECKMe TUMbl AAdHHbIX



Anrebpanyeckue TMNbl JAHHbIX

Tunbi-nepeuncneHuns



Mpumepbl TUNOB-NEpPEYUCIEHUN

[OHW Hepenu, Mecaubl.

Jlornyeckme 3HauyeHums.

Mon (MyXCKOM/KEeHCKN).

MacTb 1 3HayeHue B KapTax.

XKanp.
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Tun ansa nona (My>XCKOM —>KEHCKUIA)

data Sex = Male | Female

pensionAge :: Sex -> Int
pensionAge Male = 60
pensionAge Female = 55

ghci> pensionAge Male

60

ghci> pensionAge Female

55

ghci> map pensionAge [Male, Male, Female, Male]
[60,60,55,60]
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Tunbl U KOHCTPYKTOPbI 3HAYEHUIA

data Sex = Male | Female

o Sex — TMN

e Male, Female — KOHCTpYKTOPbI 3HAYEHUN
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MNpob6nema: 06paboTka 3HaUEHMI

ghci> Male
No instance for (Show Sex)
arising from a use of ‘print'
Possible fix: add an instance
declaration for (Show Sex)
In a stmt of an interactive GHCi command: print it

ghci> Female == Female
No instance for (Eq Sex)
arising from a use of ‘'=='
Possible fix: add an instance declaration for (Eq Sex)
In the expression: Female == Female
In an equation for ‘it': it = Female == Female
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ABTOMaTuueckoe nopoXXAeHne 3K3eMniaapoB K/1aCCOB

data Sex = Male | Female deriving (Show, Eq)

ghci> Male

Male

ghci> [Male, Male, Female, Male]
[Male, Male, Female, Male]

ghci> Female == Female

True
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Mpumep: urpanbHbie KapThl

data Suit = Spades | Clubs | Diamonds | Hearts
deriving (Show, Eq, Ord)

data Value = Seven | Eight | Nine | Ten
| Jack | Queen | King | Ace
deriving (Show, Eq, Ord)

type Card
type Pack

(Value, Suit)
[Card]

mpack :: Pack
mpack = [(Eight, Clubs), (Ten, Spades),
(Ace, Diamonds)]
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CpaBHeHHe 3Ha4YeHUi

ghci> Nine < Ace

True

ghci> (Nine, Spades) < (Ace, Clubs)
True

ghci> (Queen, Spades) < (Queen, Hearts)
True
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Mpumepbl hyHKUMIA

isRed :: Suit -> Bool
isRed Diamonds = True
isRed Hearts = True

isRed _ = False
isPicture :: Value -> Bool
isPicture v

| v >= Jack = True

| otherwise = False
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Mpumep ucnonbsoBaHuUs

ghci> mpack

[(Eight, Clubs), (Ten, Spades), (Ace, Diamonds)]
ghci> all (isPicture.fst) mpack

False

ghci> any (isRed.snd) mpack

True
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CranpaptHbiit Tun Ordering

data Ordering = LT | EQ | GT

compare :: Ord a => a -> a-> Ordering
[na cpaBHeHus: B a3bike C Mcnonb3yotcs 3HaveHus -1, 0, 1.

ghci> compare 5 8

LT

ghci> compare "abc'" "aba"

GT

ghci> compare (Queen, Spades) (Queen, Spades)
EQ

ghci> compare (1,2) (5, 1)

LT
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®yHkuma Data.Ord.comparing

Tun

comparing :: Ord a =>
(b ->a) ->b ->b -> Ordering
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®yHkuma Data.Ord.comparing

Tun

comparing :: Ord a =>
(b ->a) ->b ->b -> Ordering

ghci> compare (1,2) (5, 1)

LT

ghci> import Data.Ord

ghci> comparing snd (1,2) (5, 1)
GT
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®yHkuum sortBy u maximumBy (Data.List)

sortBy :: (a -> a -> Ordering) -> [a] -> [a]
maximumBy :: Foldable t =>
(a -> a -> Ordering) -> t a -> a
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®yHkuum sortBy u maximumBy (Data.List)

sortBy :: (a -> a -> Ordering) -> [a] -> [a]
maximumBy :: Foldable t =>
(a -> a -> Ordering) -> t a -> a

ghci> xs = [(1,'x"'), (2, '¢'), (3, 'a')]
ghci> sort xs

[C1,'x'),(2,'c"),(3,"a")]

ghci> :m +Data.List Data.Ord

ghci> sortBy (comparing snd) xs
[(3,'a'),(2,'c"),(1,"'x" )]

ghci> maximumBy (comparing snd) Xxs

(1,'x")
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Anrebpanyeckue TMNbl JAHHbIX

Tunbl-KOHTEUHEPDI



Tun ¢ nepcoHanbHoO MHOpMaumei

type Name = String

type Age = Int

data Person = Person Name Age
deriving (Show)

name :: Person -> String
name (Person nm _) = nm

ghci> pl = Person "Openou Kpworep" 43
ghci> pl

Person "Opepnan Kpwrep" 43

ghci> name pl

"Openan Kprorep"

26/78



CuHTaKcUC 3anucei

data Person = Person {
firstName :: String
, LastName :: String
, age :: Int
, height :: Float
phoneNumber :: String
} deriving (Show)

freddy :: Person

freddy = Person {firstName="Opepan",
LastName="Kpwrep", age=43, height=190,
phoneNumber="22223232"%
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Ucnonb3oBaHue

ghci> :t height

height :: Person -> Float
ghci> :t firstName
firstName :: Person -> String
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Ucnonb3oBaHue

ghci> :t height

height :: Person -> Float
ghci> :t firstName
firstName :: Person -> String

ghci> phoneNumber freddy
"122223232"

ghci> firstName freddy

"Opepon"

ghci> age freddy

43

ghci> freddy' = freddy {age=44}
ghci> age freddy'

44
28/78



ConocTtaBneHue ¢ 06pasLoM Vs PyHKLMU-AKCECCOPbI

process :: Person ->

process (Person n a) = ... n ... a
process :: Person ->

process p = ... name p ... age p
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ConocTtaBneHue ¢ 06pasLoM Vs PyHKLMU-AKCECCOPbI

process :: Person ->

process (Person n a) = ... n ... a
process :: Person ->

process p = ... name p ... age p

e A 4TO ecnin CTPYKTypa 3HAYEHUS TUMA MOMEHSAETCS, Hanpumep,
[obaBuTCa HOBOE nosne?
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Mpumep: UHAEKC Maccbl Tena

data Person = Person {name :: String, age :: Int,
weight :: Double, height :: Double}

bmil :: Person -> Double
bmil p = weight p / (height p)*2

bmi2 :: Person -> Double
bmi2 (Person _ _ wh) =w / h " 2
bmi3 :: Person -> Double

bmi3 Person {weight=w, height=h} =w / h N 2
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MNpuMep: cNUCOK NOKEMOHOB

MocTaHoBKa 3apauu
[aHa cTpoka cnegyowero Buaa ¢ MHGopMauuen o MOKEMOHAX U
nx CP:

Hypno 152
Eevee 300
Pidgey 10

Pazpabotatb AT/l o119 XpaHeHUs MHPOPMALLMM O MOKEMOHE U
npeobpa3oBaTh 3a4aHHYH CTPOKY B CMMCOK 3HAYEHMM 3TOro TUNa.
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PeweHue

data Pokemon = Pokemon String Int
deriving Show
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PeweHue

data Pokemon = Pokemon String Int
deriving Show

parsePokemon :: String -> Pokemon

parsePokemon s = case words s of
[ty, cp] -> Pokemon ty (read cp)
_ -> error 'HeBepHbn dopmaT"
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PelwieHue

data Pokemon = Pokemon String Int
deriving Show

parsePokemon :: String -> Pokemon

parsePokemon s = case words s of
[ty, cp] -> Pokemon ty (read cp)
_ -> error 'HeBepHbn dopmaT"

®yHKuusa read

ghci> :t read
read :: Read a => String -> a
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PelwieHue

data Pokemon = Pokemon String Int
deriving Show

parsePokemon :: String -> Pokemon

parsePokemon s = case words s of
[ty, cp] -> Pokemon ty (read cp)
_ -> error 'HeBepHbn dopmaT"

®yHKuusa read

ghci> :t read
read :: Read a => String -> a

parseInfo :: String -> [Pokemon]

parseInfo = map parsePokemon . lines
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ghci> parseInfo "Hypno 152\nEevee 300\nPidgey 10"
[Pokemon "Hypno" 152,Pokemon "Eevee" 300,
Pokemon "Pidgey" 10]
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MpuMep: nouck nokemMoHa ¢ MakcumanbHbiM CP

import Data.List
import Data.Ord

maxCP :: [Pokemon] -> Pokemon
maxCP = maximumBy
(comparing $ \ (Pokemon _ cp) -> cp)
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Anrebpanueckue TMnbl AaHHbIX

06wwmit cnyyait



Mpumep: reometpuueckas purypa

data Point = Point Double Double
deriving (Show)

type Radius = Double
data Shape = Circle Point Radius

| Rectangle Point Point
deriving (Show)
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Mpumep: reometpuueckas purypa

area :: Shape -> Double
area (Circle _r) =pi ¥ r N 2
area (Rectangle (Point x1 yl1) (Point x2 y2))
= (abs $ x2 - x1) *¥ (abs $ y2 - y1)

ghci> area (Rectangle (Point @ ©) (Point 100 100))
10000.0

ghci> area (Circle (Point @ ©0) 24)

1809.5574
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Mouemy oHu anrebpanueckune???
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MouyemMy oHu anrebpanyeckne???

e Tunbl-nepeyncneHns — Tmnbl-CyMmbl (X € Tq + T5).
e TUNbl-KOHTEMHEPbl — TUNbI-Npon3BeaeHus (x € T X Ty).

e O6wWwmi cnyya — cyMMa NpOM3BEOEHUN.
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Anrebpanyeckue TMNbl JAHHbIX

MapameTpusoBaHHble TUNbI



Tun Maybe a

®yHkuusa Data.List.find
find :: (a -> Bool) -> [a] -> Maybe a
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Tun Maybe a

®yHkuusa Data.List.find
find :: (a -> Bool) -> [a] -> Maybe a

Bo3MoXHble pe3ynbTaThl: MO0 31EeMEHT HalAeH, MO0 HeT.
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Tun Maybe a

®yHkuusa Data.List.find
find :: (a -> Bool) -> [a] -> Maybe a

Bo3MoXHble pe3ynbTaThl: MO0 31EeMEHT HalAeH, MO0 HeT.

ghci> find (0) [5, 10, -3, 3, -4]
Just (-3)

ghci> find (<@) [5, 10, 3]

Nothing
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Tun Maybe a

®yHkuusa Data.List.find
find :: (a -> Bool) -> [a] -> Maybe a

Bo3MoXHble pe3ynbTaThl: MO0 31EeMEHT HalAeH, MO0 HeT.

ghci> find (0) [5, 10, -3, 3, -4]
Just (-3)

ghci> find (<@) [5, 10, 3]

Nothing

data Maybe a = Nothing | Just a
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Mpumep: peanusauma ¢pyHkumm elem yepes find

elem' a xs = case find (==a) xs of
Just _ -> True
Nothing -> False
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3HaueHus Tuna Maybe a

ghci> :t Nothing
Nothing :: Maybe a
ghci> :t Just 3

Just 3 :: Num a => Maybe a
ghci> :t Just 'a'
Just 'a' :: Maybe Char
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Tun, KOHCTPYKTOP TMNA, KOHCTPYKTOP 3HA4YEHUA

data Maybe a = Nothing | Just a

» Maybe Integer — tvn.

e Maybe — koOHCTpyKTOp TMNA (bDYHKLUMS, apryMEHTOM U
3HaYeHMeM KOTOPOK SBNAKOTCS TUMb).

e Just, Nothing — KOHCTpPYKTOpbI 3HAYEHUA.
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Ananorusa mexay Maybe a u [a]

» Nothing — nycrton cnmcok [ ].

e Just 5 — oHO3NEMEHTHbIN CNUCOK [5].

42/78



HekoTtopblie ¢pyHKunn us moaynsa Data.Maybe

maybe :: b -> (a -> b) -> Maybe a -> b
isJust :: Maybe a -> Bool

isNothing :: Maybe a -> Bool

fromJust :: Maybe a -> a

fromMaybe :: a -> Maybe a -> a
LlistToMaybe :: [a] -> Maybe a
maybeToList :: Maybe a -> [a]

catMaybes :: [Maybe a] -> [a]

mapMaybe :: (a -> Maybe b) -> [a] -> [b]
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HekoTtopblie ¢pyHKunn us moaynsa Data.Maybe

maybe :: b -> (a -> b) -> Maybe a -> b
isJust :: Maybe a -> Bool

isNothing :: Maybe a -> Bool

fromJust :: Maybe a -> a

fromMaybe :: a -> Maybe a -> a
LlistToMaybe :: [a] -> Maybe a
maybeToList :: Maybe a -> [a]

catMaybes :: [Maybe a] -> [a]

mapMaybe :: (a -> Maybe b) -> [a] -> [b]

e [1o TMNY QYHKLMM MOXKHO MOHATb O HEM BCE MM NOYTH BCE!
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MNpumeHenne Maybe: pyHkumsa Data.List.unfoldr

unfoldr :: (b -> Maybe (a, b)) -> b -> [a]
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MNpumeHenne Maybe: pyHkumsa Data.List.unfoldr

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

arith a d n = unfoldr next (a, 9)
where
next (a, k)
| k <n = Just (a, (atd, k+1))
| otherwise = Nothing
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MNpumeHenne Maybe: pyHkumsa Data.List.unfoldr

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

arith a d n = unfoldr next (a, 9)
where
next (a, k)
| k <n = Just (a, (atd, k+1))
| otherwise = Nothing

fibs = @:1:unfoldr next (0,1)
where
next (f1, £f2) = let f3 = f1 + f2
in Just (f3, (f2, £3))
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Tun Eithera b

data Either a b = Left a | Right b

ghci> Right 20

Right 20

ghci> Left "xxx"

Left "xxx"

ghci> :t Right 'a'

Right 'a' :: Either a Char
ghci> :t Left True

Left True :: Either Bool b

O6bluHoe npuMeHeHue: Right (pesynstat) unm Left (Owmnbka).
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Mpumep: napameTpu30BaHHbIE BEKTOPbI

data Vector a = Vector a a a deriving (Show)

vplus :: Num a => Vector a -> Vector a -> Vector a
(Vector i j k) ‘vplus' (Vector 1L m n)
= Vector (i+l) (j+m) (k+n)

scalarProd :: Num a => Vector a -> Vector a -> a
(Vector i j k) ‘scalarProd' (Vector 1L m n)

= 1*L + j*m + k¥*n

vmult :: Num a => a -> Vector a -> Vector a
m ‘vmult' (Vector i j k) = Vector (m*i) (m*j) (m¥*k)
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Mpumep: napameTpu30BaHHbIE BEKTOPbI

ghci> Vector 3 5 8 ‘vplus' Vector 9 2 8
Vector 12 7 16
ghci> Vector 3 5 8 ‘vplus' Vector 9 2 8
‘vplus' Vector @ 2 3
Vector 12 9 19
ghci> 10 ‘vmult' Vector 3 9 7
Vector 30 90 70
ghci> (Vector 4 9 5 ‘scalarProd' Vector 9 2 4)
‘vmult' Vector 2 9 3
Vector 148 666 222
ghci> Vector 4 9 5 ‘scalarProd' Vector 9.0 2.0 4.0
74.0
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Anrebpanueckue TMnbl AaHHbIX

PekypcuBHbIe TUNbI



e Cnucok — 310 B0 NYCTOM CNMCOK, MO0 ronoBa U XBOCT
(Toxxe cnmcok).

G El/lHapHOE nepeBo — 3T0 nbo nycrToe nepeso, nmbo y3en c
ABYyM4A noaaepeBbaMn.

e ApudmeTnyeckoe BbipaxkeHne — 310 1Mb0o ymcno, 1Mbo cymma
BbIpXKEHUI, MO0 NPOM3BEAEHUE BblPAXKEHUN.

 PekypCHBHbIE TUMbl 0ObIYHO NAPAMETPU30BaAHbI.
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Cnucok

data List a = Nil | Cons a (List a)

Cons 1 (Cons 2 (Cons 3 Nil)) :: Num a => List a
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data List a = Nil | Cons a (List a)

Cons 1 (Cons 2 (Cons 3 Nil)) :: Num a => List a

UsBneueHue nepBoro 3a/iIieMeHTa

head' :: List a -> a
head' Nil = error "no such element"
head' (Cons a _) = a
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data Tree a = EmptyTree | Node a (Tree a) (Tree a)
deriving (Show)

: Tree Char
= Node 'g' (Node 'a' EmptyTree EmptyTree)
EmptyTree

t
t
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BcraBka B 6MHapHoe pepeBo nomcka

Co3paHne 0aHO31IEMEHTHOIO AepeBa

singleton :: a -> Tree a
singleton x = Node x EmptyTree EmptyTree
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BcraBka B 6MHapHoe pepeBo nomcka

Co3paHne 0aHO31IEMEHTHOIO AepeBa

singleton :: a -> Tree a
singleton x = Node x EmptyTree EmptyTree

BcraBka anemMeHTa

treeInsert :: (Ord a, Eq a) =>
a -> Tree a -> Tree a
treelnsert x EmptyTree = singleton X
treeInsert x (Node a left right) =
case compare x a of

EQ -> Node a left right

LT -> Node a (treeInsert x left) right

GT -> Node a left (treelInsert x right)
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Mouck s3nemeHTa B BAI

treeElem :: (Ord a, Eq a) => a -> Tree a -> Bool
treeElem x EmptyTree = False
treeElem x (Node a left right) =
case compare x a of
EQ -> True
LT -> treeElem x left
GT -> treeElem x right
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®opmuposanue b/l

nTree :: Tree Integer
nTree = foldr treeInsert EmptyTree [8,6,4,1,7,3,5]

ghci> nTree
Node 5
(Node 3
(Node 1 EmptyTree EmptyTree)
(Node 4 EmptyTree EmptyTree)
)
(Node 7
(Node 6 EmptyTree EmptyTree)
(Node 8 EmptyTree EmptyTree)
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®opmuposanue b/l

nTree :: Tree Integer
nTree = foldr treeInsert EmptyTree [8,6,4,1,7,3,5]

ghci> nTree
Node 5
(Node 3
(Node 1 EmptyTree EmptyTree)
(Node 4 EmptyTree EmptyTree)
)
(Node 7
(Node 6 EmptyTree EmptyTree)
(Node 8 EmptyTree EmptyTree)

)

e Tun treelInsert aiyyaiHo nopowén ang foldr. 53/78



MNpeacraBneHue apupMeTUUECKUX BbIPpAXKEHUH

Tun

data IntExpr
= I Int -- KOHCTaHTa
| Add IntExpr IntExpr -- cymma
| Mul IntExpr IntExpr -- npousBeneHue
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MNpeacraBneHue apupMeTUUECKUX BbIPpAXKEHUH

Tun

data IntExpr

= I Int -- KOHCTaHTa
| Add IntExpr IntExpr -- cymma
| Mul IntExpr IntExpr -- npousBeneHue

(I5'Add' I 1) Mul' I 7 :: IntExpr
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MNpeacraBneHue apupMeTUUECKUX BbIPpAXKEHUH

Tun

data IntExpr

= I Int -- KOHCTaHTa
| Add IntExpr IntExpr -- cymma
| Mul IntExpr IntExpr -- npousBeneHue

(I5'Add' I 1) Mul' I 7 :: IntExpr
Bbluncnenue

eval :: IntExpr -> Int
eval (In) =n

eval (Add el e2)
eval (Mul el e2)

eval el + eval e2
eval el * eval e2

54/78



JInHeNHble CTPYKTYpbl AAHHbIX




JInHelHble CTPYKTYpbl AaHHbIX

Cnucok



Cnucok (Data.List)

Onpepenexue

Cnucok — 310 Habop 3neMeHTOB (KOHEYHbIN MM 6eCKOHEeYHbIN)
¢ 6bICcTpbIM AocTynoMm K Havany (O(1)) u NIMHENHO CNOXKHOCTbIO
60/bLUMHCTBA OMepaLLmi.

OCHOBHble NPUEMbI UCNOJIb30BAHUSA

o (DYHKLMM BbICLIErO NOPALKA.

 [eHepaTopbl CMUCKOB.
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Cnucok (Data.List)

Onpepenexue

Cnucok — 310 Habop 3neMeHTOB (KOHEYHbIN MM 6eCKOHEeYHbIN)
¢ 6bICcTpbIM AocTynoMm K Havany (O(1)) u NIMHENHO CNOXKHOCTbIO
60/bLUMHCTBA OMepaLLmi.

OCHOBHble NPUEMbI UCMOJIb30BAHUSA

o (DYHKLMM BbICLIErO NOPALKA.

 [eHepaTopbl CMUCKOB.

[ X2 + y2 | x <- x5, y <- Vs,
let x2 = x72, let y2 = y"2,
x2 ‘mod' y2 == 0 ]
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JInHelHble CTPYKTYpbl AaHHbIX

MocnepoBaTenbHOCTb



MocnepoBarenbHocTb (Data.Sequence)

OnpepeneHue
[NocnenoBaTenbHOCTb — 3TO KOHEYHbIM NMPOUHAEKCMPOBAHHbIM
Habop 3nemMeHTOB C HbICTPbIM AOCTYNOM K Havany u koHuy (0(1))

1 NorapudMmUYeckorn aMoOpTU3MPOBAHHOM CIOXKHOCTbHO MHOMMX
onepawmm.
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MocnepoBarenbHocTb (Data.Sequence)

OnpepeneHue

[NocnenoBaTenbHOCTb — 3TO KOHEYHbIM NMPOUHAEKCMPOBAHHbIM
Habop 3nemMeHTOB C HbICTPbIM AOCTYNOM K Havany u koHuy (0(1))
n norapudmMmuyeckor aMopTU3MPOBAHHOM CIOXKHOCTbI0 MHOTUX
onepawmm.

Tunbl onepauuit

e KoHcTpynpoBsaHue.
e ObpaleHune K COaepKMMOMY.

* [lpeobpazoBaHue.

MNocnepoBatenbHOCTM 0606LLAKOT OYepesm 1 AeKku (ABYCTOPOHHME
ouepenm). B ocHoBe peanusauum «2-3 finger trees»,

dHHOTUPOBAHHbIE pa3MepaMu.
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KoHcTpyupoBaHMe M npocTbie 3anpochbl

empty :: Seq a -- 0(D)
singleton :: a -> Seq a -- 0(D)
replicate :: Int -> a -> Seq a -- 0O(log n)
(<]) :: a ->8eq a -> Seq a -- 0(D
(1>) :: Seq a -> a -> Seq a -- 0(D

(><) :: Seq a -> Seq a -> Seq a
-- O(log(min(nl, n2)))

fromList :: [a] -> Seq a -- 0(n)
null :: Seq a -> Bool -- 0(D)
length :: Seq a -> Int -- 0(D)
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MpuMep KOHCTPYMpOBaHMSA M 0OpaLLEeHMUEe K KOHLAM

ghci> let s = (4 <| 5 <| singleton 6)
>< (empty [|[> 7 |> 8)

ghci> s

fromList [4,5,6,7,8]

ghci> let (x :< xs) = viewl s

ghci> x

4

ghci> xs

fromList [5,6,7,8]

ghci> let (ys :> y) = viewr s

ghci> vy

8

ghci> ys

fromList [4,5,6,7] 58/78



O6palueHue K KOHUAM: TUMbI

data ViewlL a
data ViewR a

viewl

viewr ::

Seq
Seq

L oo

EmptyL | a :< Seq a
EmptyR | Seq a :> a

-> Viewl a -- 0(D
-> ViewR a -- 0(D)
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endsWith Eq
endsWith s x =

sameEnds Eq
sameknds s = 1
where
(L :<x ) =
(_ :>1) =
ghci> endsWith
True
ghci> sameEnds
False

a => Seq a -> a -> Bool

let (_ :> x') = viewr s
in x == x'

a => Seq a -> Bool

==r

viewl s

viewr s

(1 <| 2<| 3<| empty) 3
(1 <| 2 <] 3 <| empty)
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PasHble onepauuu C nocsnenoBaTesibHOCTAMU

Onepauuu ¢ uHpeKcamu (norapupmMmyeckas CNoXKHOCTb)

index :: Seq a -> Int -> a
adjust :: (a -> a) -> Int -> Seq a -> Seq a
update :: Int -> a -> Seq a -> Seq a

take :: Int -> Seq a -> Seq a
drop :: Int -> Seq a -> Seq a
splitAt :: Int -> Seq a -> (Seq a, Seq a)

O6pawieHne nocneposarensHoctu (O(n))

reverse :: Seq a -> Seq a

MmMetoTcs Takxke onepaunn, aHanornm4yHble onepaumnam
CO CNUCKaMu.
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MHoxecTBa M oTo6paXkeHuUs




MHoxecTBa U oTo6paXkeHus

MHoxecTBa



MHoXxecTBO

Onpepenexue

MHOXeCTBO — TWUM AaHHbIX, NOALEPXKMBAOLWMIA SDDEKTMUBHbIE
onepaumu BCTaBKK, yAANEHMS U NPOBEPKM NPUHAONEXHOCTU NS
OaHHbIX HEKOTOPOro TuMa.

e Moaynb Data.Set.

e Peanusauus — cbanaHcMpoBaHHble BUHAPHbIE AepeBbs
nowmcka.

e OrpaHuyeHune ong anemeHToB — knacc Tmnos Ord.
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Mmnopt moayns Data.Set u co3paHue MHOXecTBa

Mmnopt moayns

import qualified Data.Set as Set

Co3paHue MHOXecTBa

empty :: Set a

singleton :: a -> Set a

fromList :: Ord a => [a] -> Set a
fromAscList :: Eq a => [a] -> Set a
fromDistinctAscList :: [a] -> Set a

 [lpenycnoBus He npoepstoTcs!
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OcHoOBHbIe onepauuun ¢ MHOXeCTBaMu

null :: Set a -> Bool

size :: Set a -> Int

member :: Ord a => a -> Set a -> Bool
notMember :: Ord a => a -> Set a -> Bool

isSubsetOf :: Ord a => Set a -> Set a -> Bool
isProperSubsetOf :: Ord a => Set a -> Set a -> Bool

insert :: Ord a => a -> Set a -> Set a

delete :: Ord a => a -> Set a -> Set a

union :: Ord a => Set a -> Set a -> Set a

unions :: Ord a => [Set a] -> Set a

difference :: Ord a => Set a -> Set a -> Set a
intersection :: Oxrd a => Set a -> Set a -> Set a
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06paboTka 3neMeHTOB MHOXXeCTBa

filter :: (a -> Bool) -> Set a -> Set a
partition :: (a -> Bool) -> Set a
-> (Set a, Set a)
split :: Ord a => a -> Set a -> (Set a, Set a)
splitMember :: Ord a => a -> Set a
-> (Set a, Bool, Set a)
map :: Oed b => (a -> b) -> Set a -> Set b

B monyne Data.Set onpenenéH aksemnnsgp knacca tunos Foldable,
TO €CTb MOXHO MCMOb30BaTh N0ObIE ero onepaumu (foldl,
foldr,...).
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[pyrue BO3MOXXHOCTU

MHoKecTBO Kak oyepeab C NpUOPUTETOM

findMin :: Set a -> a

findMax :: Set a -> a

deleteMin :: Set a -> Set a
deleteMax :: Set a -> Set a
deleteFindMin :: Set a -> (a, Set a)
deleteFindMax :: Set a -> (a, Set a)

Mpeo6pazoBaHne MHOXECTBA B CMUCOK

elems :: Set a -> [a]
toAscList :: Set a -> [a]
toDescList :: Set a -> [a]
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Mpumep: npoBepKa NPUHAANEXXHOCTU MHOXKECTBY

3apaua
OnpenennTb, CKOJIbKO C/I0B M3 JAHHOIr0 Habopa SIBASHTCS
KEHCKMMU UMEHAMMU.
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Mpumep: npoBepka NPUHAANEKHOCTU MHOXKECTBY

3apaua
OnpenennTb, CKOJIbKO C/I0B M3 JAHHOIr0 Habopa SIBASHTCS
KEHCKMMU UMEHAMMU.

import qualified Data.Set as Set

names = ["aHHa", "nma'", "onbra'", "mapua',
"papbsa", '"anekcaHgpa', "wpuHa', "HaTanba',
"okcaHa'", "ranuHa'", "BukTopusa', '"nwbosb'",
"Bepa", "anuca", "TaTbaHa"]

names' = Set.fromList female names

some_words = take 10000000 $
cycle ["aHHa", "neto", "pBop", "Bepa"]
67/78



UcnbiTaHua

answer = length $

filter (‘elem' female_names) some_words
answer' = length §$

filter (‘'Set.member' female_names') some_words
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UcnbiTaHua

answer = length $

filter (‘elem' female_names) some_words
answer' = length §$

filter (‘'Set.member' female_names') some_words

ghci> length some_words
10000000

(0.28 secs, 561475440 bytes)
ghci> answer

5000000

(3.86 secs, 280926888 bytes)
ghci> answer'

5000000

(2.12 secs, 520981296 bytes)
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MHOXecTBO LenbiX umcen

import qualified Data.IntSet as IntSet

primes = IntSet.fromAscList [2,3,5,7,11,13]

ghci> 5 ‘IntSet.member' primes
True

ghci> 4 ‘IntSet.member' primes
False
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MHoxecTBa U oTobpaXkeHus

OTOo6paXkeHUn: cO3AaHME U OCHOBHbIE
onepauuu



OnpepeneHue

OTobpaxkeHune (CI0Bapb) — TUN AAHHbIX, MO3BONSIOLMIA XPAHUTb
napbl BUAA (KNOY,3Ha4YeHME) M NOAAEPKMBAIOLLMIM OnepaLmm
[06aBneHns napebl, a TakKe NOMCKA M yAaNeHWs napbl MO KIOYYy.
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Mopaynb Data.Map — oto6pakeHus

import qualified Data.Map as Map

type Name = String
type PhoneNumber = String

phoneBook :: Map.Map Name PhoneNumber

phoneBook = Map.fromList
[("ona","555-29-38")
,("xeHa","452-29-28")
,("kaTa","493-29-28")
,("mMawa","205-29-28")
,("Hapa","939-82-82")
,("tona","853-24-92")
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Mouck 3anucu no Kauy

Lookup :: Ord k => k -> Map k a -> Maybe a

ghci> Map.lookup "ona" phoneBook

Just "555-29-38"

ghci> Map.lookup "Hans" phoneBook
Just "939-82-82"

ghci> Map.lookup "TaHs" phoneBook
Nothing
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Lo6aeneHune 3anucu u onpeaeneHue pasmepa

insert :: Ord k => k -> a -> Map k a -> Map k a
size :: Map k a -> Int

ghci> Map.lookup "TaHs" phoneBook
Nothing
ghci> let newBook = Map.insert
"TaHa" "341-90-21" phoneBook
ghci> Map.lookup "TaHsa" newBook
Just "341-90-21"
ghci> Map.size phoneBook
6
ghci> Map.size newBook
7
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HekoTopble ¢pyHKuun us moayna Data.Map

member :: Ord k => k -> Map k a -> Bool
map :: (a ->b) ->Map k a -> Map k b
delete :: Ord k => k -> Map k a -> Map k a

update :: Ord k => (a -> Maybe a) -> k -> Map k a
-> Map k a

elems :: Map k a -> [a]
keys :: Map k a -> [k]
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HekoTopbie ¢pyHKuuu us moaynsa Data.Map (2)

insertWith :: Ord k =>
(a ->a ->a) ->k -=>a ->Map k a -> Map k a

insertWithKey :: Ord k =>
(k =>a ->a ->a) -=>k ->a ->Map k a
-> Map k a

insertLookupWithKey :: Ord k =>
(k =>a -=>a ->a) ->k ->a ->Map k a
-> (Maybe a, Map k a)
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MHoxecTBa M oTo6paXkeHuUs

Mpumep: wKadumku ana xpaHeHuUs



Tunbl AaHHbIX

import qualified Data.Map as Map

data LockerState = Taken | Free
deriving (Show, Eq)

type Code = String

type LockerMap = Map.Map Int (LockerState, Code)
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Mounck wkagumka

LockerLookup :: Int -> LockerMap
-> Either String Code
LockerLookup lockerNumber lockers =
case Map.lookup lockerNumber lockers of
Nothing -> Left $ locker ++ " orcyrcTByeT"
Just (Taken, _ ) -> Left § locker
++ " 3aHaT"
Just (Free, code) -> Right code
where
Locker = "llkabumk #" ++ show LockerNumber
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UcnbiTaHua

Llockers :: LockerMap ghci> lockerLookup 101 lockers
lockers = Map.fromlList Right "JAH3I"
[(100,(Taken, "ZD39I")) ghci> lockerLookup 100 lockers
,(101, (Free, "JAH3I")) Left "llkapumk #1000 zaHaT"
,(103, (Free, "IQSA9")) ghci> lockerLookup 102 lockers
, (105, (Free, "QOTSA")) Left "llkapumk #1002 oTcyTcTByeET'
, (109, (Taken, "8933JJ")) ghci> lockerLookup 110 lockers
,(110,(Taken,"99292")) Left "llkadunk #110 3aHsT"
] ghci> lockerLookup 105 lockers
Right "QOTSA"
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