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Koptexu (tuples)

KopTexuTe ca HapegeHn N-TOpPKW OT JaHHU OT NPOW3BOJIEH TUM.

o Mpumepu: (1, 2), (3.5,’A’, False),
(("square", (-2)), 1.0)

Twun koptex ot n enementa: (t1, to, ..., tp)

o CroliHocTu: HapeneHu n-Topku oT Buaa (xi, X2, ..., Xp), KbAETO X;
e OoT Tun t;
o [NosBonseart “nakeTupaHe" Ha HAKONKO CTOMHOCTW B e4Ha

o Onepauun 3a HapeaeHn LBOWKU:
e (,) :: a ->Db -> (a,b) — KOHCTpynpaHe Ha HapegeHa ABOIiKa
e fst :: (a,b) -> a — nbpBa KOMMNOHEHTA Ha HapeAeHa fBoOlika
e snd :: (a,b) -> b — BTOpa KOMMOHEHTa Ha HapeaeHa ABOIiKa
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[NoTpebutencku Tunose

@ TwnsT (String, Int) mMoXe A3 o3Ha4aBa:
e nme n EMH Ha yosek
@ MNpPOAYKT C ONUCAHNE N KONNYECTBO
@ coHeT Ha Lllekcnnp n nopegHusTt my Homep

@ YaobHo e Aa MMeHyBaMe TUMOBETE, 33 Aa O3Ha4YaBaMe CMUCHAA UM

@ type <KOHCTpyKTOp> = <TUnN>
@ KOHCTPYKTOpWTe ca upeHTudnkaTopu, 3anoysally ¢ rnaeHa bykea
o Mpumepu:
e type Student = (String, Int, Double)
type Point = (Double, Double)
type Triangle = (Point, Point, Point)
type Transformation = Point -> Point
type Vector = Point
addVectors :: Vector -> Vector -> Vector
addVectors vl v2 = (fst vl + fst v2, snd vl + snd v2)
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OcobeHocTu Ha KopTeXNTE

fst (1,2,3) — [pewkal
o fst n snd paboTaT camo Hag HapeaeHU ABOWKM!

((a,b),c) # (a,(b,c)) # (a,b,c)

Hsma cneumaneH Tun KOPTEX OT €4UNH €NIEMEHT. . .

... HO uma Tun “npasex koptex' () c egnHcTeeH enemeHT ()

@ B Apyrn €3nun TakbB TN Ce€ Hapun4a unit
@ MN3MNON3Ba CE 3@ O3Ha4YaBaHE Ha JINNCa Ha Mchopmau,m
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Obpa3uy Ha KopTexn

Obpasey Ha KOPTEX € KOHCTPYKuUst oT Buga (p1, P2, ---» Pn)-
[MTacBa Ha BCekn KOPTEX OT TOYHO N enemeHTa (X1, X2, ..., Xp), 33 KOWTO
obpaseubT p; nacBa Ha eNemMeHTa X;.

addVectors (x1, yl1) (x2, y2) = (x1 + x2, yl + y2)
fst (x, ) = x

snd (_,y) =y

getFN :: Student -> Int

getFN (_, fn, _) = fn

obpasuuTe Ha KOPTEXM MOraT Aa ce M3MNoN3BaT 3a pasrnobsasaHe’ Ha
KOpTEXU npu aedbrHALMS

(x,y) = (3.5, 7.8)
let (_, fn, grade) = student in (fn, min (grade + 1) 6)

Tpudon Tpucporos (Pr-n 18/19) KopTexun n cnucsun 21.11-5.12.2018 r. 5/33



imeHyBaHn obpasun

@ HaMMpaHe Ha CTYAEHT C NO-BMCOKA OLEHKa

betterStudent (namel, fnl, gradel) (name2, fn2, grade2)
| gradel > grade2 = (namel, fnl, gradel)
| otherwise = (name2, fn2, grade2)

@ amu ako umaxme 10 noneta?
@ yaobHO e Aa u3nonseame nMeHyBaHu obpasuy
@ <ume>0<obpaseu>
betterStudent s1@(_, _, gradel) s2@(_, _, grade2)

| gradel > grade2 = sl
| otherwise = g2
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(LTSS [lechnHnums n cuHTakeuc

Cnncbum

HedvHnyms
© [lpasHuaT cnncwbk [1 e cnucek ot Tun [al

© AkoheenementorTMn an t e cnucobk ot Tun [a] To (h : t) e
cnncbk oT Tun [a]
e h — rnaea Ha cnucbka
e t — onawka Ha Ccnucbka

@ CNUCHBKDBT € NOCNe[OoBaTENHOCT C NPON3BOJIHA ABbJIKUHA OT €JIEMEHTN
OT €0HaK®BB TN

@ (:) :: a -> [a]l -> [a] e gAcHoacoumnaTUBHA ABYMECTHA
onepauus

@ (1:(2:(3:(4:[1)))) = 1:2:3:4:[] # ((((1:2):3):4):[1)

e [a1, az, ..., ap] e no-ygobeH 3anuc 3a ay: (az:...(a,: [1)...)

e [1,2,3,4] =1:[2,3,4] =1:2:[3,4] =1:2:3:[4] =1:2:3:4:[]

Tpudon Tpucporos (Pr-v 18/19) KopTexun n cnucsun 21.11-5.12.2018 r. 7/33




Recpunnuinsn n canrarcue
[Mpumepn

[False] :: [Bool]

["VBau", 4.5] :: L

[11:2 :: L

[([1,21,[3],[4,5,6]] :: [[Int]]

([1,2],03]1,[4,5,6]1) :: ([Int], [Int], [Int])
[(1,2),(3),(4,5,6)] :: L

(1,2),(3),04,5,6)) :: ((Int,Int),Int,(Int,Int,Int))
([11 :: [[all

(1:00 :: [[al]l

[(11:[011 :: [[Int]]

(0:01] :: L

([1,2,3]1,01]1 :: [[Int]]

(01,2,31,0011] :: L

[1,2,3]1:[4,5,61:[[1]1 :: [[Int]]
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(LTSS [lechnHnums n cuHTakeuc

Hwnsose

o B Haskell HusoBeTe ca npeactaBeHmn kaTo cnucbLUM OT CUMBOIM
@ type String = [Char]

@ Bcuukn onepauun Hag cnucbum BaXkaT U Haj HU30BE

o [Mpumepu:

° [)H’, )e’, )1,’ )1” ,o’ ] e |lHellol|
e ’H?:%e?:217:71%:70%:[] == "Hello"

o 'H’:’e’:"1lo" == "Hello"

e "" == [] :: [Char]

o [[1,2,3],""] :: L

o ["12",[?3?1,[1] :: [String]
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(LTSS [lechnHnums n cuHTakeuc

OCHOBHN DYHKLUM 33 CNUCHLM

@ head :: [a] -> a — Bpblia rnaeata Ha (HenpaseH) cnUCbK

e head [[1,2],[3,4]] — [1,2]
e head [] — [pewkal

e tail :: [a] -> [a] — Bpblya onawkaTa Ha (HenpaseH) CAMCBK

o tail [[1,2],[3,4]1] — [I[3,4]]
o tail [] — [pewkal

@ null :: [a] -> Bool — npoBepsiBa fafin CMUCHK € NpaseH

@ length :: [a]l -> Int — AB/KMHA Ha CINCBK
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(LTSS [lechnHnums n cuHTakeuc

[eHepaTOpu Ha cnucbLU

MoxeM ga reHepupame CNUCHLUM OT NOCNELOBATENHIN eeMEHTH
e [a..b] — [a, a+1, a+2,...b]
e Mpumep: [1..5] — [1,2,3,4,5]
o lMpumep: [’a’..’e’] — "abcde"
°

CuHTakTuyHa 3axap 3a enumFromTo from to

o [a,a+Ax .. bl — [a, a+ Ax, a+2Ax, ..., b'], kbpeto b’ e
Hali-ronsiMoTo yncno < b, 3a koeto b’ = a + kAx

o Mpumep: [1,4..15] — [1,4,7,10,13]
o MNpumep: [’a’,’e’..’2’] — "aeimquy"

o CuHTakTuyHa 3axap 3a enumFromThenTo from then to

Tpudon Tpucporos (Pr-n 18/19) KopTexun n cnucsun 21.11-5.12.2018 r. 11/33



PekypcrBHN dbyHKUMM Hag CNCHLN

o (#+) :: [a]l -> [a] -> [a] — cnenBa ABa cnucCHKa

e [1..3] ++ [5..7] — [1,2,3,5,6,7]
@ a ++ b = if null a then b else head a : tail a ++ b
@ reverse :: [a] -> [a] — obpwblua cnucsbk

e reverse [1..5] — [5,4,3,2,1]

reverse a

| null a = a
| otherwise = reverse (tail a) ++ [head a]
e (1) :: [al -> Int -> a — enemeHT c nopeaeH Homep (ot 0)
o "Haskell" 11 2 — ?g?
@ elem :: Eq a => a -> [a] -> Bool — npoeepka 3a

NPUHAANIEXHOCT HA €NeMEHT KbM CMNCHK
e 3 ‘elem‘ [1..5] — True
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Obpasum n cnucsLm

Muoro ynobHo e aa nanonssame obpasum Ha CNUCHLM:
@ pp:pr — MaCBa Ha BCEKWN HeMpaseH CnncbK /, 3a KoWTo:
e obpaseubT p, NMacea Ha rnasata Ha /
o obpaseybT p; nacea Ha onawkaTa Ha |
@ BHumanune: obukHoseHo cnarame ckobu (h:t), noHexe onepauusTa :
€ C MHOFO HUCHK MpUOpuUTET

@ [p1, p2, ..., Pn] — Nacea Ha BCEKU CMUCHK OT TOYHO N €NIEMEHTA
[x1, X2, ..., Xp), 32 KOWTO ODpa3eLbT p; NaCBa Ha eNeMEHTa X;

o [Mpumepu:

head (h:_) =h

tail (_:t) =t

null [] = True

null _ = False

length []

length (_:t)
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Cnyuau no obpasum (case)

@ case <wu3pas> of { <obpaseu> -> <uspasz> }+
@ case <u3pa3> of <obpaseu;> -> <uspas;>

<obpaseu,> -> <uspas,>

ako <m3pa3> nacea Ha <obpaszel;>, Bpbla <WU3pas;>, UHaYe:

ako <um3pa3> nacsa Ha <obpaseu,>, Bpblya <M3pas,>, NHAYE:

Ipewkal

N3nonseaHeTo Ha 0bpa3um B AehUHNLMN BCBLULHOCT € CUHTaKTU4YHa
3axap 3a KOHCTpyKuusTa case!

@ case MOX€ Oa Ce€ M3N0aA3Ba HAaBCAKDBAE, KBAETO CE OYaKBa U3pa3
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1T
MonnmopdHu dyHKLUN

®yHkunnTe head, tail, null, length, reverse n onepayuunte ++ n !! ca
nonumopdHu

@ paboTAT Hafg CMCBUW C eNeMeHTr OT npoussosieH Tun [t]
t ce Hapn4a TMNOBa NPOMEHNBA
CBOIICTBOTO Ce Hapuya NapamMeTpuyeH TUNOB NOAUMOPU3bM

nogobHo Ha wabnonute 8 C++

Ja He ce bbpka ¢ NOATUNOB NOAMMOPAU3BM, peannsmpan ¢
BUPTYanHu yHkuun!

o [] e nonmmopdHa KoHCTaHTa
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Knacose ot tunose (typeclasses)

®yHKyMATa elem UMa cneumanHn U3NCKBAHMS KbM TUMA Ha eNleMeHTUTe
Ha cnucbka: TpsibBa ga MoraT Aa bbaaT cpaBHsiBaHU € == uan /=

@ elem :: Eq t => t -> [t] -> Bool
@ Eq e knac ot Tunose
@ Eq e k/1lacbT Ha Te3M TMMOBE, 32 KOUTO UMa onepauun == n /=
@ MOXEM [a CU MUCAUM 3a KJIaCOBETE OT TUMOBE KaTo 3a 'uHTepdelicn”
e Eq t Hapmuyame knacoso orpavuyeHne 3a Tuna t (class constraint)
@ MHOXECTBOTO OT BCUYKMN KJIACOBW OTrPaHNYEHUNs1 Hapniame KOHTEKCT
@ VHCTaHLMs Ha KJ1ac OT TUMOBE HapM4ame BCEKW TWM, 3a KOWTO ca
peasn3upaHu onepauunTe 3afafeHn B Kaca
@ nHCTaHuum Ha Eq ca:

e Bool, Char, Bcuukn H4uciosm Tunose (Int, Integer, Float, Double)
e crnucb4HUTe TUNoBe [t], 3a KOMTO t € MHCTaHuMsa Ha Eq
o KopTexHuTe Tunose (ti, ..., t,), 32 KONTO t; Ca UHCTaHUUK Ha Eq
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CraHmapTHU Knacose

Hskon oT no-yecto nanonssaHuTe knacoee Ha Haskell:

@ Eq — Tunose c paBeHCTBO
@ Ord — Tunose c (NMHeliHa) Hapeaba
e onepauuute ==, /=, >=, <=, <, >
e creuuanHaTa PyHKUMs compare, KOSTO CPaBHSIBA [Ba €/1eMEHTA 1
epbwa LT, GT wan EQ B 3aBNCMMOCT OT pe3yaTaTa
o byHKuMUTe min n max
@ Show — TUMNOBE, YNNTO €IEMEHTM MOoraT a bbAaT U3BEXAaHU B HU3
o (yHkumsi show :: a -> String

Read — Tunose, YNNTO eNl€EMEHTI MOraT Aa 6baaT BbBEXAAHN OT HU3
e yHKkumsi read :: String -> a

@ Num — 4ucnosu Tunose
@ Integral — UeNO4YUCAEHN TUNOBE
@ Floating — Tunose C nniaBauwa 3aneras
@ uucnata B Haskell ca nonumopdHn koHctanTu!
21115122018 r.  17/33



OTgensite Ha cnncbun (list comprehension)

OTgensHeTo Ha cnucbuwn e yaobeH HaunH 3a gedbuHMpaHe Ha HOBU
cnncbuuUn 4pe3 N3noa3BaHeE Ha Aa[E€HU TaKUBa
o [ <uspa3> | <remepatop> {, <renepatop>} {, <ycnosue>} ]
@ <reHepaTop> e oT Buga <obpasey> <- <n3pas>, KbAETO

@ <u3pas> e oT Tun cnucek [al
e <obpaseu> nacBa Ha eJIEMEHTN OT Tun a

@ <ycJsioBme> e NpousBoaeH nspas oT Tnn Bool

@ 3a BCEKN OT e/IeMEHTUTE reHepupaH OT <reHepaTop>, KOUTO
YOOBNETBOPSIBAT BCUYKN <YC/IOBME>>, NpecMsaTa <M3pa3> U HaTpynea

pe3ynTaTnTe B CNNCHK
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[Mpymepn 3a oTAeNsiHE HA CNUCHLM

[2*x | x < [1..5] ] — [2,4,6,8,10]
[ x*2 | x <- [1..10], odd x] — [1,9,25,49,81]
[ fn | (_, fn, grade) <- students, grade >= 2 ]
[ x2 +y2 | (x, y) <- vectors, x >= 0, y >= 0]

AKO nMame noseve OT eAunH reHepaTop, Ce reHepupaT BCUYKM
Bb3MOXHU KOMBUHaLMM oT enemMeHTn (4eKapTOBO NPOU3BEAEHNE)

[ x++(C° ?:y) | x<-["green","blue"],y<-["sky","grass"]]
— ["green sky","green grass","blue sky","blue grass"]
[ x,y) | x<-[1,2,3], y <- [5,6,7], x +y <=8

— [(1,5),(1,6),(1,7),(2,5),(2,6),(3,5)]

3apaya. [a ce reHepupat Bcuukm [utaroposu Tpoiiku B fajeH
MHTepBan.
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DyHKUUN HaZ CNUCHLLUN

OTpsizBaHe Ha cNUCbHLM

@ init :: [a]l -> [a]l — cnucbka 6e3 nocnegHus My enemeHT
o init [1..5] — [1,2,3,4]

@ last :: [a]l -> a — nocnefHus efeMeHT Ha CNuchbkKa
o last "Haskell" — 1

@ take :: Int -> [a] -> [a]l — nbpBUTE N eNleMeHTa Ha CNUCHK
o take 4 "Hello, world!" — "Hell"

@ drop :: Int -> [a] -> [a] — cnucbka be3 nbpBUTE N enemeHTa
e drop 2 [1,3..10] — [5,7,9]

@ splitAt :: Int -> [a] -> ([al,[al)

o splitAt n 1 = (take n 1, drop n 1)
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Arpernpawy yHKLN

@ maximum :: Ord a => [a] -> a — MakcumasneH efemeHT

@ minimum :: Ord a => [a] -> a — MUHUMaseH enemMeHT

@ sum :: Num a => [a] -> a — cyma Ha CNWUCBK OT 4ucna

@ product :: Num a => [a] -> a — npousBeAeHMe Ha CAUCHK OT YKUCAA
@ and :: [Bool] -> Bool — KOHIOHKLMS Ha Bynesu CTOHOCTU

@ or :: [Bool] -> Bool — An3IOHKUWUS Ha DyneBu CTORHOCTU

@ concat :: [[al] -> [a] — koHKaTeHaUUsA Ha CMIUCBHK OT CNNCHLM

@ lMpumepn:

o [(sum 1, product 1)| 1 <- 11, maximum 1 == 2*minimum 1]
oand [ or [ mod x k == 0 | x <- row] | row <- matrix]
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T G T
A-DYHKLUY

\{ <napametnp> }* -> <Tano>

\ <napameTbpi> ...<napamerbp,> -> <TAN0>
aHOHMMHA PyHKUMA C N NapaMeTbpa

BCekM <MapameTbp;> BCHLIHOCT e obpasey

napaMmeTpuTe ca BUAMMU CaMO B paMKuUTe Ha <Ta10>
Mpumepu:
id = \x -> x
const = \x y -> x
\x >2*x+1) 3—7
A\x 1 ->1++ [x]) 4 [1..3] — [1,2,3,4]
A\ (x,y) ->x"2 +7y) (3,6) — 14
o (\f x ->f (f x)) (x3) 4 — 36
@ OTCMYAHETO Ha onepauun MOXe fa ce U3pasu Ype3 A-pyHKLMu:
o (<onepauma> <unspas>) = \x -> x <onepauus> <uspas>
o (<mn3paz> <onepauus>) = \x -> <uspas> <onepauns> x
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CACTUUTATEYL WG TISSTTEN  DyHKLMM OT No-BUCOK pes

CeoiicTBa Ha A\-dbyHKUMUTE

° \X{ X2 ... Xp => <TA10>
= \x1 -> \ xo ->...\x, -> <Ta00>
° f x = <Tano>
<— f = \x -> <Tan0>
° f xy=<tano>
< f x =\y -> <tano>
<— f =\xy -><Ta00>
° f x1...xp = <T9n00>
<— fx1...Xp—1 = \X, -> <T50>
<— f =\x...x, -> <tan0>
° \xy ->fxy
<— \x > f x
<~ f
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®ywKumn o7 no-sucox pea
Tpancdopmauus (map)

map :: (a -> b) -> [a] -> [b]
map £f1=1[fx | x<-11]
map _ [1 = []

map f (x:xs) = f x : map f xs

Mpumepu:

map (~2) [1,2,3] — [1,4,9]

map (!'1) [[1,2,3],[4,5,6],[7,8,911] — [2,5,8]
map sum [[1,2,3],[4,5,6],[7,8,9]1] — [6,15,24]
map ("a "++) ["cat","dog","pig"]

— ["a cat","a dog","a pig"]

emap (\f -> £ 2) [("2),(1+),(*¥3)] — [4,3,6]
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ByHLUIN O fl-UCK pea
®untpupane (filter)

o filter :: (a -> Bool) -> [a] -> [a]
filter pl=[x | x<-1, px]

filter _ [1 =[]
filter p (x:xs)

| p x = x : rest

| otherwise = rest

where rest = filter p xs

o Mpumepu:

o filter odd [1..5] — [1,3,5]

o filter (\f -> f 2 > 3) [("2),(+1),(*3)] — [(~2),(*3)]

o map (filter even) [[1,2,3],[4,5,61,[7,8,9]]
— [[2],[4,6],[8]]

o map (\x -> map (\f -> filter f x) [(<0),(==0),(>0)1)
[([-2,1,01,[1,4,-11,[0,0,1]]
— [[[-21,([01,[111,C(-11,01,[1,411,[(1,[0,01,[111]
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CACTUUTATEYL WG TISSTTEN  DyHKLMM OT No-BUCOK pes

OtpensiHe Ha cnucbum c map un filter

OTpensiHeTO Ha CNUCHLUM € CUHTAKTMYHA 3axap 3a map u filter

[<uspas> | <obpazsey> <- <cnucbk>, <ycnosme>]
—
map (\<obpazey> -> <uspas>)

(filter (\<obpaseu> -> <ycnoeue>) <CNUCHK>)

[<obpaseu> | <obpaseu> <- <cnucwbk>, <ycnosue;>,<ycnosue;>]

—
filter (\<obpazey> -> <ycnosuey>)
(filter (\<obpasey> -> <ycnosue;>) <CNUCHK>)

[<u3paz> | <obpazeu; > <- <cnucbki>, <obpasely> <- <CNUCHbKy>]
—

concat (map (\<obpazeu;> ->
map (\ <obpaseup> -> <u3pas>) <CNUCHKy>)

<CNNCHK; >)
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CACTUUTATEYL WG TISSTTEN  DyHKLMM OT No-BUCOK pes

[sicHo ceuBare (foldr)

@ foldr :: (a ->b ->b) ->b -> [a]l] -> b
@ foldr op nv [xy, x2, ..., X5l =
x1 ‘op¢ (xo ‘op¢ ...(x, ‘op‘ nv) ...)

e foldr nv [] = nv

foldr op nv (x:xs) = x ‘op¢ foldr op nv xs

o [pumepn:

sum = foldr (+) O

product = foldr (*) 1

concat = foldr (++) []

and = foldr (&&) True

or = foldr (||) False

map f = foldr (\x r -> f x : r) []

filter p = foldr (\x r -> (if p x then (x:) else id) r) []
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By 0T 1o-BACOK P
JsBo ceuBane (foldl)

@ foldl :: (b ->a ->b) ->b -> [a] -> b
@ foldl op nv [x1, x2, ..., Xp] =

(...((av ‘op‘ x1) ‘op‘ x2) ...) ‘op‘ xp

@ foldl _ nv [] = nv
foldl op nv (x:xs) = foldl op (nv ‘op‘ x) xs

o Mpumep:
o flipfxy=fyx
e reverse = foldl (flip (:)) [I
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CACTUUTATEYL WG TISSTTEN  DyHKLMM OT No-BUCOK pes

CeunBaHe Ha HenpasHu cnucbun (foldrl n foldll)

@ foldrl :: (a -> a -> a) -> [a] -> a
@ foldrl op [x1, x0, ..., Xp] =
x1 ‘op¢ (o ‘op¢ ...(xp—1 ‘op° Xn) ...)

e foldril [x] = x

foldrl op (x:xs) = x ‘op‘ foldrl op xs
@ foldll :: (a -> a -> a) -> [a] -> a
@ foldll op [x1, X2, ..., Xp] =
(...((xg ‘op‘ x2) ...) ‘op‘ xp
@ foldll op (x:xs) = foldl op x xs
o [Mpumepu:

foldrl max
o minimum foldrl min
e last = foldll (\_ x -> x)
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CACTUUTATEYL WG TISSTTEN  DyHKLMM OT No-BUCOK pes

CkaHupate Ha cnucbun (scanl, scanr)

scanr n scanl BpbLAT UCTOPUATA Ha nNpecMsiTaHeTo HA foldr m foldl
@ scanr :: (a ->b ->Db) ->b -> [a]l -> [b]

@ scanr op nv [x1, X2, ..., Xp] =
[x1 ‘op¢ (x2 ‘op¢ ...(x, ‘op¢ mv) ...),
xp ‘op¢ (...(x, ‘op® mv) ...),

Xp ‘op¢ nv,
nv]
@ scanl :: (b ->a ->b) ->b -> [a] -> [b]

@ scanl op nv [x1, X2, ..., Xp] =
[nv,
nv ‘op¢ xi,
(nv ‘op‘ x1) ‘op¢ x2,

(...((av ‘op‘ x1) ‘op‘ x2) ...) ‘op‘ X,]
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CACTUUTATEYL WG TISSTTEN  DyHKLMM OT No-BUCOK pes

CowueaHe Ha cnucbuy (zip, zipWith)

e zip :: [a]l -> [b] -> [(a,b)]
o zip [x1, X2, s Xod [y1s Y2, -5 Yol — [(xa, y1)s (x2s y2),

o Xy ya)l
@ aKO €ANHNAT CNUCHK € MO-KBC, cr||/|pa KOrato CBBpLUVI TOVI

@ unzip :: [(a,b)] -> ([al,[bl)
@ pasfenst CNUCHK OT [BOWMKMN Ha ABa CMUCHbKA C paBHA AbJKUHA
o unzip [(x1,y1), (x2,¥2), ..., (ayn)l — (Ix, x2, ..., Xpl,
Dyis Y2, -5 ¥ad)
e zipWith :: (a -> b -> ¢) -> [a] -> [b] -> [c]
e ‘cblwmBa” ABa CNuUCbKa C AafieHa 4BYMECTHA onepauust
e zipWith op [x1, x0, ..., Xol [v1, Y2, --.s Yal — [x1 ‘op¢ w1,
X2 ‘OpP° Yo, ...y Xn ‘OP° Vil
o [Mpumepu:
zip [1..3] [5..10] — [(1,5),(2,6),(3,7)]
zipWith (%) [1..3] [5..10] — [5,12,21]
zip = zipWith (,)
unzip = foldr (\(x,y) (xs,ys) -> (x:xs,y:ys)) ([1,[])
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CACTUUTATEYL WG TISSTTEN  DyHKLMM OT No-BUCOK pes

PasbueaHus Ha cnucbuy

@ takeWhile :: (a -> Bool) -> [a] -> [a]
e BpbLUA MbPBUTE €/IEMEHTU Ha CMKCHKA, 32 KOUTO € BSPHO YC/IOBUETO
e takeWhile p = foldr (\x r -> if p x then x:r else []) []
o takeWhile (<0) [-3..3] — [-3,-2,-1]
@ dropWhile :: (a -> Bool) -> [a] -> [a]
@ rnpemaxBa NbpBUTE €JIEMEHTU HA CMUCHKA, 33 KOUTO € BSIPHO YC/IOBMETO
e dropWhile (<0) [-3..3] — [0,1,2,3]
@ span :: (a -> Bool) -> [a] -> ([al, [al)
e span p 1 = (takeWhile p 1, dropWhile p 1)
e span (<0) [-3..3] — ([-3,-2,-1]1,[0,1,2,3])
@ break :: (a -> Bool) -> [a] -> ([al,[al)
e break p 1 = (takeWhile q 1, dropWhile q 1)
where q x = not (p x)
e break (>0) [-3..3] — ([-3,-2,-1,0],[1,2,3])
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CACTUUTATEYL WG TISSTTEN  DyHKLMM OT No-BUCOK pes

JNoruyeckn kBaHTopu (any, all)

@ any :: (a -> Bool) -> [a] -> Bool
o NpoBepsiBa AaNN NPEANKaTHT € U3MbJHEH 33 HAKOW €N1eMEHT OT
crmcbKa

e any p 1 = or (map p 1)
o elem x = any (==x)
@ all :: (a -> Bool) -> [a] -> Bool
@ MpoBepsiBa Ja/iM MPEANKATHT € U3NbJHEH 33 BCUYKU €1EMEHTU Ha
cnucbka
@all pl = and (map p 1)
e sorted 1 = all (\(x,y) -> x <= y) (zip 1 (tail 1))
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