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JIabopaTopHas pa6ora Ne 3

DyHKIMU BbICHIEro nopsijka: map, filter, fold, currying

Ilesib paGoThI

OcBouTh  (YHKUMM  BBICIIEr0 TOpsAJKa — TNPUHUMAKOLIUE WU
BO3Bpalljarolliie Apyrue (QyHKUUM, — a TakKXke YaCTUYHOe TMpUMEHEHHhe WU
KOMITO3ULIUIO.

Teopernueckue cBeieHUsA

®yukiuu B Haskell — monHorpaBHble 3HaueHUsi: UX MOXKHO TepefiaBaTh
aprymMeHTaMH, BO3BpalljaTh U3 APYTUX (DYHKIMM U XpaHUTb B CTPYKTYpaX JaHHBIX.
@DyHKIMS, KOTOpasi 3TUM T0/Ib3yeTcsi, Ha3biBaeTCsl yHKIMeN BBICILIETO TOPSIKa;
THUITUYHBIE TIPeICTABUTEIN — OTOOparkeHHe CIHMCKa, (PUIbTpalys U CBEPTKA.

Kakgasi dyHKIMA HECKOMbKUX apryMeHTOB Ha /[iefie TIPUHHUMaeT OJuH
aprymMeHT U BO3BpalljaeT (PYHKI[MIO OT OCTaBIIMXCS — 3TO KappupoBaHue. OTcro/ia
yaCTUYHOe TIpUMeHeHMe: TiepeJlaB uaCTb apryMeHTOB, T[I0/lydaeM T'OTOBYHO
GyHKIMIO OT OCTa/qbHbIX. KoMIio3uius coefiuHsieT JBe (YHKIMA B OJHY,
TIpUMeHSISl UX CIIpaBa Ha/leBO, U BMeCTe C UYaCTUUHbIM TPUMeHeHHeM I103BOJISeT

onpefensTh PYHKLMHU, HE YIIOMUHAsA KX apTyMeHTOB.

CpEﬂCTBa U NMMOPAAOK BbIITO/ITHEHUSA

Kommunsitrop GHC 9.4.7, onepauyonHast cuctema Ubuntu 24.04. cxoaHblit
TEeKCT TporpaMMbl pa3melléH B (aiine Lab3.hs u npuBegéH mMomHOCTBIO B

nipusioykeHur A. CHopKa U 3aryck:

ghc -00 -Wall Lab3.hs -0 lab3
./1lab3

Kmtou -Wall BK/tO4aeT mMo/HbIM HaboOp TpeAynpeXxAeHud KOMITUISITOPA;
cbopka npoxoauT 6e3 3ameuaHuii. B mporpammy BcTpoeHO 28 mpoBepok: Kaxzjast
cBepsieT pe3y/bTaT (YHKLIUUA C OXKUJlJaéMbIM 3HaueHWeM M TeuyaTaeT OTMETKY B

MPOTOKO/Ie. BMeCTO 3KpaHHBIX CHUMKOB B OTYéTe MPUBE/EH TEKCTOBBIM TTPOTOKO



KOHCOJIBHOI'O BbIBOJld — OH BOCIIPOM3BOJUWTCs 3dIlyCKOM IIPOIPaMMbI U COAEPXKUT

Te Ke JJaHHbIe.
Xoj padboTbl

3.1 KappupoBaHue 1 yaCTUUHOEe IPMMEHEeHHue

IIporokonn GHCi 1moka3piBaeT KappyvpoBaHuMe [psIMO B TUIlaX: Yy
TPEXMECTHOI'O YMHOKeHUsI TPU CTPeJIKH, I0CJIe IMOJCTaHOBKU OZHOr0 aprymeHTa
ocTaércsl [Be, Mocje AByX — ofHa. Hukakoro oco0boro CHHTaKcuca 4aCTUUHOE
npUMeHeHWe He TpeOyeT: [0OCTaTOUHO Tiepe/iaTh MeHbIlle ApryMeHTOB, YeM B
CUTHaType.

ViMeHOBaHHblE UYaCTUUHO IIpUMEHEHHbIE BepcuM ompefesieHbl  0e3
YIIOMUHAHUSI OCTaBIIMXCS TapaMeTpoB. JIsmbJa-BbipakeHuWe [aéT TOT ke
pe3y/ibTaT, UTO U OOBIYHOE Oripejie/ieHre: 3aluch uepe3 JAMOAy U uepe3
ypaBHEeHHe C apryMmeHTaMU paBHOCUJIbHBI.

[TpakTrueckas 1oJib3a BHUJHA B IOC/TeJHed CTPOKe MPOTOKOJA: YaCTUUHO
npuMeHéHHass GYHKLYs TiepeflaéTcsi B OTOOpakeHHWe CIMCKA KakK TOTOBBIN
OZJHOMeCTHBIH rpeoOpa3oBaTeb.

ITporokosn ceanca GHCi:
ghci> :type multiply

multiply :: Num a => a ->a -> a -> a
ghci> :type multiply 10
multiply 10 :: Num a => a -> a -> a

ghci> :type multiply 10 2

multiply 10 2 :: Num a => a -> a

ghci> multiply 10 2 7

140

ghci> :type add3 1 2

add3 1 2 :: Num a => a -> a

ghci> add3 1 2 10

13

ghci> :type map

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

ghci> :type filter

filter :: (a -> Bool) -> [a] -> [a]

ghci> :type foldr

foldr :: Foldable t => (a -> b ->b) ->b ->t a ->b
ghci> :type foldl

foldl :: Foldable t => (b ->a ->b) ->b ->t a ->b
ghci> :type foldl1l

foldll :: Foldable t => (a ->a ->a) ->t a -> a
ghci> :type (.)

(.) :: (b ->c) ->(a->b) ->a ->c
ghci> :type flip
flip :: (a ->b ->c¢c) ->b ->a ->c¢c

ghci> :type doublelist
doubleList :: [Int] -> [Int]



ghci> :type (> 0)
(> 0) :: (Ord a, Num a) => a -> Bool

JlucTuHr:

-- Bce ¢yHkumm B Haskell kappupoBaHbl: multiply npuHumaeT oAuH aprymeHT
-- 1 BO3BpawaeT QPYHKLMIO OT OCTaBWMUXCA ABYX.

multiply :: Num a => a -> a ->a -> a

multiply x y z=x *y * z

-- YacTMYHO NpUMEHEHHble Bepcun
mulBy1® :: Num a => a -> a -> a
mulByl® = multiply 10

mulBy10And2 :: Num a => a -> a
mulBy10And2 = multiply 10 2

-- Nlambpa-Bepcua TPEXMECTHOr o C/IOXKEHUA
add3 :: Numa =>a ->a ->a -> a
add3 = \xy z ->x +y + z

Pe3sysnbTaT paboThI:

multiply 2 3 4 = 24
mulByl0 3 4 = 120
mulBy10And2 7 = 140
add3 1 2 10 = 13

map (multiply 10 2) [1,2,3] = [20,40,60]
3.2 OToOpakeHHe CIHUCKA

OTobpakeHue MpUMeHsIeT PYHKLUIO K KaXKI0MY 37IeMeHTY, COXpaHss AJTUHY
U mopsfok. Bce Tpu QyHKUMU ompefesneHbl B 0OecToueyHOM CTWie — uepe3
YacTUUHOe TIpUMeHeHUe, 6e3 SBHOTO rapaMeTpa-CrucKa.

[TepeBos, CTPOK B BEPXHHUW PpErvMCTp WCHO/Ib3yeT [iBa BJIOXKEHHBIX
oToOpakeHUsI: BHeIlIHee HWAET TI0 CITUCKY CTPOK, BHYTPeHHee — TI0 CHMBOJIaM
KKJOM CTPOKW. ITO TMpsMOe C/e/iCTBUe TOr0, UYTO CTPOKA CaMa SBJISeTCs
CITUCKOM.

V3BneueHre TIepPBbIX KOMIIOHEHT Tap CBOAUTCA K OTOOpa)kKeHUIo
CTaH]JapTHOTO CeJjieKTopa ¥ paboTaeT /iJisi Tlap C KOMIIOHEeHTaMHU JIF0ObIX TUIIOB.

JlucTuur:

doubleList :: [Int] -> [Int]
doubleList = map (* 2)

-- BHewHuit map nAET NO CNUCKY CTPOK, BHYTPEHHWIA - MO CUMBOMAM CTPOKMU
toUpperAll :: [String] -> [String]
toUpperAll = map (map toUpper)

firsts :: [(a, b)] -> [a]
firsts = map fst

Pe3ynbTaT paboTHI:

doublelList [1..5] = [2,4,6,8,10]
toUpperAll = ["MAP", "FOLD", "CURRY"]
firsts = [1,2,3]



3.3 OunbTpanusa

@unbTpaLus  OCTaB/seT 3JIEMEHTHI, YJOBJIETBOPSIOLIUE  TpeJUKary.
[TpeavkaTel 3aflaHbl CEUEHUSIMU OMepaljiid CPaBHEHWS: CeUeHHWe — 3TO YaCTHUYHO
ripuMeHEéHHasi MH(MUKCHas orepaliysi, TOTOBbIN OJHOMEeCTHBIN MpeJuKar.

OT60Op AJMHHBIX C/JOB TIOKa3biBaeT KOMIIO3UIIUIO BHYTPU TIpeMKaTa:
CHayasla BbIUMC/IeTCs [JIMHA C/10Ba, 3aTeM pe3y/ibTaT CPaBHUBAETCS C IIOPOrOM.
DYHKLMY IPUMEHSIOTCS CIIpaBa HasleBo.

[TpoBepka TpOCTOTHI BbiHECEHA B OT/e/NbHYI (YHKIUIO: repeOuparoTcs
JeIATeNIM 0 KBaZpaTHOT'O KOPHS M3 UHMC/a, U Ha/lWuhe XOTs Obl OJHOTO fiesiaeT
YUCI0 COCTaBHBIM. UKc/ia MeHblIlle IBYX OTCeKaroTCsi cpa3y — 0e3 3Toro eguHUIIA
cuuTasnach Obl TIPOCTOM, TIOCKOJIbKY Je/iuTesieli B IyCTOM Juaria3oHe HeT.
IIpoBepka Ha wuwmciae 91, paBHOM TIpOM3BEJEHUIO CeMW W TPUHAALATH,

TIOJTBEPXK/IaeT, UTo repebop 0 KOPHS [0CTaTOUeH.

JINCTUHT:
positives :: [Int] -> [Int]
positives = filter (> 0)
longWords :: [String] -> [String]

longwWords = filter ((> 5) . length)

-- [lenuTenn nepebupanTcs 4O KOPHA M3 uucna

isPrime :: Int -> Bool
isPrime n
| n <2 = False
| otherwise = null [d | d <- [2 .. isqrt n], n "mod™ d == 0]

where
isqrt = floor . sqrt . (fromIntegral :: Int -> Double)

primeNumbers :: [Int] -> [Int]
primeNumbers = filter isPrime

Pe3ysbTar paboThI:

MCXOAHBI CANCOK [-5,3,0,7,-2,11,4,13]

positives = [3,7,11,4,13]

primeNumbers = [3,7,11,13]

longWords = ["dyHkTOpP", "pekypcua'"]
3.4 CBépTKH

CBépTKa 3aMeHsieT COMCOK OJHUM 3HaueHueM, I[10C/e0BaTe/IbHO
KOMOUHUPYS 3/1eMeHThbl ¢ HakomuTesieM. [IpaBasi CBEpTKa rpyIimupyeT orepainuu
CripaBa HaJIeBo, JieBasi — CJ/IeBa Harpaso.

Ha cnoxennn o6e [alOT OAWH pe3yabTaT, I[IOCKOJIBKY —CJOKeHHe

dCCOMaTMBHO MW HOJIb HGﬁTp&J’IEH. Ha BbuMTaHuu pe3yJ/ibTaThl PaCXOAATCH:
)



rpaBasi CBEPTKA Ha CIIUCKe U3 TPEX 3/IeMeHTOB JAaéT 2, jeBas — MUHYC 6. ITO
BKJ/IFOYEHO B MPOBEPKU KakK MOATBEP)K/AeHKe pa3/inuus HarpaB/IeHU.

[lBa BapyaHTa pa3BOpOTa IOKAa3bIBAIOT PasHHULy B CTOMMOCTU. Bepcus Ha
MpaBOM CBEDPTKE MOMUCHIBAET 3JIEMEHT B KOHEL| HAKOIWTe/s1 KOHKaTeHaluen u
paboTaeT KBaJpaTU4YHO; BepPCHUsl Ha JiIeBOM CBEDPTKe MPUCOEAUHSIET 3/eMeHT K
Hauasy orepalieil cons C repecTaB/ieHHbBIMU apryMeHTaMy U paboTaeT JIMHEeNHO.
BTopoii BapuaHT — 3TO B TOUHOCTU HAKOIHTE/NbHBIA Pa3BOPOT M3 jabopaTOpHOM
pabotel Ne 2, 3anvcaHHbIN CBEPTKOM.

MakcumyM orpezie/iéH uepe3 CBEPTKY, Oepyliyl0 Haya/JbHBIM 3HaueHHEeM
MepBbIM 3/IEMEHT, MO3TOMY Ha IMYCTOM CIUMCKe (YHKLUWS He orpejesieHa — B
OTJIMYME OT CBEPTOK C SIBHBIM Hadya/IbHbIM 3HaUEHHEM.

[Tocnenuss GyHKIUs pa3zesa JeMOHCTPUPYeET JIEHUBOCThb TIPABOM CBEPTKMU:
KOMOUWHUPYOIasi orepaiiysi He TpeOyeT HAKOMUTeJIsl, eC/IU TIepBbIii apryMeHT yxKe
oripejiesisieT pe3y/bTaT, T[I03TOMY BbIUMC/IeHHe O0OpbIBaeTCsi Ha UYeTBEPTOM
y/ieMeHTe JAa)ke il OeCKOHeUHOro crucka. JleBass CBEpTKa Tak He yMeeT: OHa

o0s13aHa ZIOWTH /10 KOHIIA CITHCKA.

JINCTUHT:
-- Mpasaa ceépTtka: f x1 (f x2 (... (f xn z2)))
SumFR :: Num a => [a] -> a

sumFR = foldr (+) ©

-- NleBaa cBéptka: f (... (f (f z x1) x2)) xn
sumFL :: Num a => [a] -> a
sumFL = foldl (+) ©

lengthFR :: [a] -> Int
lengthFR = foldr (\_ acc -> acc + 1) 0

-- Pa3BOpOT npaBoOii CBEPTKOW: AONUCbiIBaHME B KOHel, AaéT KBagpaTUYHYKWw CTOUMOCTb
reverseFR :: [a] -> [a]
reverseFR = foldr (\x acc -> acc ++ [x]) []

-- Pa3BOpOT NeBOil CBEPTKOI: HAKONUTENb HapawuBaeTCs 3a NOCTOSHHOE Bpems
reverseFL :: [a] -> [a]
reverseFL = foldl (flip (:)) []

-- foldll GepéT nepBbi 3N1EMEHT 3a Haya/lbHOe 3Ha4yeHue, MO3TOMY Ha MyCTOM
-- cnucke ¢OyHKUMA He onpepgeneHa

myMaximum :: Ord a => [a] -> a

myMaximum = foldll max

-- NpaBaa cBEpTKa He 06s3aHa AOXOAMTb A0 KOHLA CNUCKa: €C/n KOoMOGUHupylwas
-- QYyHKUMSA He TpebyeT HaKonuTenb, BbHMMCNEHWEe obpbiBaeTcs. OTcloga paboTa

-- C GECKOHEYHbIMM CMUCKamu.

anyGreaterThan3 :: [Int] -> Bool

anyGreaterThan3 = foldr (\x acc -> x > 3 || acc) False

Pe3sysnbTaT paboThI:



[11 2,3,4, 5]
15

15

5

[51 4,3,2, 1]
[5,4,3,2,1]
5

CMUCOK
sumFR
sumFL
lengthFR
reverseFR
reverseFL
myMaximum
foldr (-) 0 [1,2,3] = 2

foldl (-) 0 [1,2,3] = -6

anyGreaterThan3 [1..] = True (Ha 6eCKOHEYHOM CMUCKe)

3.5 Komno3unus ¢pyHKIui

bectoueuHblii cTU/Ib OMUCHIBaeT (GYHKI[HMIO KaK KOHBelep IpeoOpa30BaHuM,
He Ha3biBast oOpabaTbiBaeMoe 3HaueHre. KOMIIO3UIMsl UMTaeTCs CTipaBa HajieBo: B
MO/ICYéTe YETHBIX CHayasia BBIO/HSAETCS (UIbTpALiUs, 3aTeM U3MepseTCs [IrHA
pe3yJibTaTa.

[Toka3aTesib CTereHU B KBajpaTe [JIMHbI CTPOKM aHHOTUPOBaH TUIIOM Int —

vHaue K/itou -Wall coobiijaeT 0 He0JHO3HAUHOCTU THTIa JIUTepaJia.

JIMCTUHT:
squareLen :: String -> Int
squareLen = (A (2 :: Int)) . length
totalLen :: [String] -> Int

totalLen = sum . map length

countEvens :: [Int] -> Int
countEvens = length . filter even

Pe3ynbTar paboThI:

squareLen "haskell" = 49
totalLen = 10
countEvens =3

3.6 Co0cTBeHHBIe (PYHKIIMH BBICIIIETO MOPAJKA

Tpu cTaHgapTHble (QYHKLMU peasr30BaHbl BPYUHYI0, UTOOBI yBUAETb WX
ycrpoiictBo. OTtobOpakeHne U (UIbTpaL[Usi — TIpsMasi pPeKypCUsl TI0 CIIHUCKY,
pa3uuue JIMIIb B TOM, 4YTO (UIbTpalds pelllaeT, BK/IKOYATb JIA 3J€MEHT,
OXPaHSIOLM yCJIOBUEM.

CobOcTBeHHasi TipaBasi CBEpPTKa TOKa3bIBaeT, OTKyJa OepéTcsi HampaB/ieHue:
KOMOWHUpYoIIass (yHKLHs TIPUMEHsIeTCsI K TOJoBe U K pe3y/bTaTy CBEPTKU
XBOCTa, TIO3TOMY CHauasa pacKpbIBaeTCsl BeCh CIUCOK, a COOUpaeTCsi pe3yibTar C
KOHLIA.

[TocnenHsis CTpOKa MPOTOKOJIA WIIIOCTPUPYET CBSI3b  CBEPTKUA  CO
CTPYKTYPOW CITMCKA: CBEPTKA C Omeparjer cons U MyCTbIM CITMCKOM B KaueCTBe
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HA4a/IbHOT'O 3HA4Y€HHA BOCCTdHABJ/IMBAET HCXOAHbﬁi CITUCOK.

TipaBasi CBEPTKa caMoro ceosi.

JIMCTUHT:
myMap :: (a -> b) -> [a] -> [b]
myMap _ [] =[]
myMap f (x:xs) = f x : myMap f xs

myFilter ::
myFilter _ [] = []
myFilter p (Xx:xs)
| p x
| otherwise

myFoldr ::
myFoldr _
myFoldr f z (x:xs)

Pe3ynbrat paboThI:

z [] =z

myMap (*3) [1..5] = [3,6,9
myFilter odd [1..10] = [1,3
myFoldr (+) 0 [1..5] = 15
myFoldr (:) [] [1..5] = [1

(a -> Bool) -> [a]

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

-> [a]

X : myFilter p xs
myFilter p xs

-> b

= f x (myFoldr f z xs)

,12,15]
,5,7,9]

12,3,4,5]

CImMcok " ecCTb



TecTupoBaHue

[TonHbIV BBIBOA, MPOrpaMMBbI 3a OJIMH 3aMyCK, BK/IKOUYasi BCTPOEHHbIe TIPOBEPKH:

3.1. KappupoBaHue ¥ 4acTUYHOE MpPUMEHEHUe

multiply 2 3 4 = 24
mulByl0 3 4 = 120
mulByl10And2 7 = 140
add3 1 2 10 = 13

map (multiply 10 2) [1,2,3] = [20,40,60]

=== 3.2. map ===
doubleList [1..5] = [2,4,6,8,10]
toUpperAll = ["MAP","FOLD", "CURRY"]
firsts = [1,2,3]
=== 3.3. filter ===
NCXOA4HbIA CNNCOK =[-5,3,0,7,-2,11,4,13]
positives = [3,7,11,4,13]
primeNumbers = [3,7,11,13]
longwWords = ["¢yHKTOpP", "pekypcua']
=== 3.4. foldr u foldl ===
CMNCOK = [1,2,3,4,5]
SUmFR = 15
sumFL = 15
lengthFR =5
reverseFR = [5,4,3,2,1]
reverseFL = [5,4,3,2,1]
myMaximum =5
foldr (-) 0 [1,2,3] =2
foldl (-) 0 [1,2,3] = -6
anyGreaterThan3 [1..] =

True (Ha 6eCKOHEYHOM CMUCKeE)

=== 3.5. Komno3uumsa PyHKUMA ===

squareLen "haskell" = 49
totalLen = 10
countEvens =3

3.6. CBOM QyHKLMM BbiCWEro nopsgka
myMap (*3) [1..5] = [3,6,9,12,15]
myFilter odd [1..10] [1,3,5,7,9]
myFoldr (+) 0 [1..5] 15

myFoldr (:) [] [1..5] = [1,2,3,4,5]

=== CamonpoBepKa ===
[OK ] multiply 2 3 4 == 24
[OK ] yacTuyHoe nNpuMeHeHWe SKBUBASIEHTHO MOJIHOMY
[OK ] mulByl1@And2 7 == 140
[OK ] doubleList coBnagaeT C MO3/1IEMEHTHbLIM YABOEHWEM
[OK ] toUpperAll nepeBoguT B BEPXHWIA perucTp
[OK ] firsts coBnagaetT c map fst
[OK ] positives ocTaBnseT CTPOro noAOXUTEeNbHble
[OK ] longWords oTbupaeT cnoBa AJ/INHHEE MNATU
[OK ] isPrime 13
[OK ] not (isPrime 1)
[OK ] not (isPrime 91)
[OK ] primeNumbers oT6bupaeT npocTble
[OK ] sumFR coBnagaeT c sum
[OK ] sumFL coBnagaeT c sum
[OK ] sumFR »n sumFL coBnagfawT Ha C/I0XeHuu
[OK ] foldr m foldl pacxogaTca Ha BblUYMTaHUK
[OK ] lengthFR cosnagaeTt ¢ length
[OK ] reverseFR coBnagaeT c reverse
[OK ] reverseFL coBnagaeT C reverse
[OK ] myMaximum coBnagaeT c maximum
[OK ] npaBas cBé&pTka ob6pbiBaeTCss Ha GECKOHEYHOM CrUCKe
[OK ] squareLen "haskell" == 49
[OK ] totalLen cuuTaeT cyMmapHyw AAUHY
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[OK ] countEvens cuunTaeT 4YETHble

[OK ] myMap coBnagaeT c map

[OK ] myFilter cosnagaet c¢ filter

[OK ] myFoldr cosnagaet c foldr

[OK ] myFoldr (:) [] BoccTaHaBnuBaeT CMUCOK

MpoligeHo 28 M3 28 NpPOBEPOK.
Bce 28 mpoBepok mipoizieHbl (28 u3 28), pacXxoXKAeHWM C OXKUAaeMbIMH

3HAYeHUsAMHU HeT.
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OTBeTbI HAa KOHTPOJIbHbIE BONPOCHI

1. B uém pa3HuIja MeXXAy NMpaBou | jieBoM cBépTKoi? Korga nyumie

HCII0/IB30BATH KH)KI[YIO?

Pasnuune B mopsake rpynnupoBKU. [IpaBas CBEpTKa pacKpbIBaeT CIIUCOK OT
r0JIOBbI Y IPUMEHSIeT OIepalivio K 37IeMeHTY U pe3y/bTaTy CBEPTKU XBOCTA; JieBast
HakariMBaeT 3HAueHWe CJieBa HarpaBO, IiepeflaBasi HAKOIUTE/Ib TePBbIM
aprymMeHToM. Ha accoupatMBHOM oOrepauyMd C HEWTpaabHbIM 3JIeMEHTOM
pe3y/bTaThl COBMAZAIOT, HAa HEACCOL[MaTHUBHOM — HET: B MPOTOKOJe BbIUUTAHUE
Jlaét 2 U MUHYC 6.

[TpaBasi CBEpTKa JieHMBA 10 HAKOIUTEJII0: eC/Ii KOMOWHMPYIOLLasi orepaLiys
He CMOTPUT Ha BTOPOM apryMeHT, BbluncieHWe oOpwiBaercs. Ilo3ToMy oOHa
TOAUTCS [jisi OeCKOHEUHBIX CITMUCKOB U [I/Is1 [IOCTPOEHUs] CTPYKTYDP — OTOOpakeHue
CIMCKA eCTeCTBEHHO BbIPa’KaeTCsi UMEHHO €lO.

JleBass cBépTKa 00si3aHa [JOWTH [0 KOHIlA, 3aTO He HapalliBaeT CTeK
peKypcuu Mo pAjauHe crucka. Eé OepyT g arperpoBaHusi B HaKOMUTEb
(UKCHMpDOBAaHHOIO pa3Mepa: CyMMa, MakCHMyM, pa3BopoT. Ha mpakTuke
WCMOJIb3YIOT CTPOTWM BapUaHT J1I€BOU CBEPTKH, BBIUUC/SIOIIMM HAKOIWTE/b Ha
KaKZOM I1are, — OObIYHasi JieBasg CBEpPTKA CTPOUT LIeMOYKY OT/I0XKeHHbIX

BBLIUMC/IEHUN U Ha AJIMHHBIX CITUCKAX pACXOAYyeT IMaMSATh.

2. Yto Takoe 6ecToOUeUHBIH CTWIH? B Kakux c/Iydyasix OH yXy/AIlaeT

YUTAEMOCTL?

BecroueuHblii CTHUIb — ompefeneHde (yHKIUA 06e3 yIOMHHAHUS —eé
apryMeHTOB, TOJbKO 4Yepe3 KOMIIO3MLMI0 M YacTAUYHOe mpuMeHeHHe. OH
MoTUEPKUBAET, UTO (YHKIMS eCTb KOHBekep IpeoOpa3oBaHMii, U u30aB/iseT OT
WMEH, KOTOpble HUUero He J00aB/IsIOT.

YuTaeMOCTb CTPa/laeT, KOT/ia apryMeHTOB OoJibliie OJJHOTO U UX TIPUXOUTCS
TIepecTaB/IsATh WM Pa3MHOKaTh BCIIOMOTaTe/bHBIMM KOMOWHATOpaMH: 3aluCh
repecTaéT 4YMTaThCsl JIMHENWHO, U BOCCTAHOBUTH TOPSIOK BBIUMC/IEHUN MOJKHO

TOJILKO I10 Tunam. I1710X0 oH Be,E[éT ceba u Ipu FHY6OKOﬁ BJ/I0KEHHOCTH, KOI'Jd
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O/lHAa KOMITO3ULIUSI Tiepe/laéTCs apryMeHTOM Apyrou. IlpakThueckoe TMpaBW/IO:
MOKa KOHBeWep OJHOMECTHBbIM W UWTaeTCs CJieBa HalpaBO KakK IepeuyrciieHue
IIIaroB — CTWIb yMeCTeH; KaK TOMbKO TpebyeTcss KOMOWHATOP IepecTaHOBKH

apryMeHTOB, sICHee BbIIUCAThb apr'yMeHT SIBHO.

3. O0BbsiCHUTE THII OTlePal{id KOMIT0O3UL[UH

Omnepaiysi KOMITO3ULIMM WMeeT TWIl, NPUHUMAIOIMK (QYHKIUIO U3
MIPOME)XYTOUHOTO TUIMA B WTOTOBbIM, (QYHKLUIO W3 MCXOAHOTO TWUIMA B
MPOMEXXYTOUHbIM, 3HaueHWe WCXOAHOTO THWIA, W BO3BpAIAOL[AA UTOTOBBIN.
[Tporokon GHCIi nogTBepXaaeT 3Ty CUTHATYPYy.

Yuratb eé ciaefyeT Tak: /Be (DYHKLMMU CTHIKYHOTCS MO MPOMEKYTOYHOMY
THUITY — BBIXO/] MPaBOM 00s13aH COBMACTb CO BXOZOM JieBOH. [TopsAj0K TpUMeHeHMs]
oOpaTeH MOPSAKY 3amMcH: CHauajga paboTaeT mpaBas (YHKIUS, e€ pe3y/bTaT
MOCTymnaeT B JieBYHO. bnarojjapsi KappupoBaHHIO TpPeTHW apryMeHT MOJKHO He
repe/iaBaTh, U TOTZla KOMIIO3UIMSI BO3BpalljaeT rOTOBYI0 (DYHKIIMIO — Ha 3TOM U

CTPOUTCSI OeCTOUEUHBIN CTU/Tb.

4. Kak paboTaer nepecraHoBKa apryMeHTOB M 3aueM OHa Hy)KHa?

KomOuHaTop T1epecTaHOBKM TPUHUMAaeT [BYXMECTHYIO (YHKIWIO W
BO3BpalliaeT (GyHKIMIO ¢ 0OMeHsIHHbIMHA MeCTaMU TepBbIMU ABYMsI apryMeHTaMu;
ero Turl BuzieH B ripotokosie GHCI.

OH Hy>KeH, KOT/Jla YaCTUUHO TIPUMEeHUTb TpeOyeTcsi He TIepPBhI apryMeHT, a
BTOPOM, WM KOT/a uy»Kasi GYHKLUSI 0XKU/laeT apryMeHThbl B Hey/J0OHOM Mopsifike.
[TokasaTesbHBIA Cydyald — pa3BOPOT CIMCKA JIeBOM CBEPTKOU: CBEPTKA IepefaéT
HaKOIHWTe/b TIePBbIM apryMeHTOM, a Orepalusi CONS OXKWUJAaeT ero BTOPbIM, U

repecTaHOBKa YCTPaHSIeT 3TO HeCOOTBETCTBHe Oe3 HarmcaHust JISMO/BI.
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BbiBoabI

OcBoeHbl (PYHKIIMM BBICIIIET0 TMOpsiiKa: oToOpa)keHWe, GuibTpalus u obe
CBEPTKU NPUMEHEHbI K TUIIOBBIM 3a/lauaM, a 3aTeéM peajii30BaHbl BDyUHYIO uepe3
PEKYPCHIO, UTO MOKAa3a10 UX BHYTPEHHee YCTPOMCTBO.

Pa3o6paHo kappupoBaHue: Tun GyHKIMU B TpoTtokose GHCi mnpsmo
TOKa3biBaeT, UTO MO/CTaHOBKA apryMeHTa IpeBpalljaeT TPEXMeCTHYO (DYHKIIUIO B
ABYXMeCTHYI0. YacTuyHoe NpuUMeHeHWe U KOMIIO3MLIUS [03BOJIW/IM 3arucaTh
yacTh (HyHKI[MI O6e3 yIIOMUHAHUS apryMeHTOB.

Ha pa3BopoTe crvcka ¥ Ha CBEPTKe OECKOHEUHOro CIHMCKAa T0Ka3aHo, UTo
BLIOOpD MeKIy TIPAaBOM W JIeBOM CBEPTKOM — 3TO He CTWIMCTHKA, a PellleHue O
CTOMMOCTA ¥ O TIPUMEHMMOCTH: OfiHa paboTaeT ¢ OeCKOHeUHBIMU [JAHHBIMH,
Apyrasi He HapailliBaeT cTeK. [IporpamMma cobuvpaetcst 6e3 rpeayripesxaeHuil mpu

krode -Wall u npoxoaut Bce 28 BCTpOEHHBIX TIPOBEPOK.
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IMPUJIOKEHMUE A. Iloanbii aucTuHr nporpammsl (Lab3.hs)

-- JlabopaTopHasa pab6boTa No 3. dyHKUMM Bbicwero nopsgaka: map, filter, fold, currying
-- Pe3aHko A. A., MNMMM-61

-- C6opka: ghc -00 -wall Lab3.hs -o labh3

-- 3anyck: ./lab3

module Main where

import Data.Char (toUpper)

import Data.List (intercalate)

import System.IO (hSetEncoding, stdout, utf8)
import Text.Printf (printf)

-- CTtaHgapTHasa QyHKUMA show aKpaHWpyeT KUpUAAuLy YUCNOBLIMA KOZamu,
-- NO3TOMY CMUCKW CTPOK neyaTawTcs CcBOeill dyHKuUuen.

showStrings :: [String] -> String
showStrings xs = "[" ++ intercalate ", " (map quote xs) ++ "]"
where quote w = "\"" ++ w ++ "\""

-- 3.1. KappupoBaHue

-- Bce ¢yHKummn B Haskell kappupoBaHbl: multiply npuHMMaeT OAWH aprymMeHT
-- 1 BO3BpawaeT QyHKLMI OT OCTaBWMUXCHA ABYX.

multiply :: Num a => a ->a -> a -> a

multiply x y z = x *vy * z

-- YacTMYHO NpUMEHEHHble Bepcuu
mulByl® :: Num a => a -> a -> a
mulBy10 = multiply 10

mulBy10And2 :: Num a => a -> a
mulByl0And2 = multiply 10 2

-- NIam6aa-Bepcus TPEXMECTHOIr0 C/IOXEHUSN
add3 :: Numa =>a ->a ->a -> a
add3 = \x y z ->x +y + z

-- 3.2. map

doubleList :: [Int] -> [Int]
doubleList = map (* 2)

-- BHewHuin map nAET NO CNUCKY CTPOK, BHYTPEHHWA - MO CUMBOSAM CTPOKMU
toUpperAll :: [String] -> [String]
toUpperAll = map (map toUpper)

firsts :: [(a, b)] -> [a]
firsts = map fst

-- 3.3. filter

positives :: [Int] -> [Int]
positives filter (> 0)

longwWords :: [String] -> [String]
longwWords = filter ((> 5) . length)

-- [JenuTenun nepebupanTcs 4O KOPHSA M3 yucna

isPrime :: Int -> Bool
isPrime n
| n<2 = False
| otherwise = null [d | d <- [2 .. isqrt n], n "mod’ d == 0]

where
isqrt = floor . sqrt . (fromIntegral :: Int -> Double)

primeNumbers :: [Int] -> [Int]
primeNumbers = filter isPrime

14



-- 3.4. foldr n foldl

-- Npaas ceéptka: f x1 (f x2 (... (f xn z)))
SUmFR :: Num a => [a] -> a

sumFR = foldr (+) ©

-- JleBaa cBépTtka: f (... (f (f z x1) x2)) xn
sumFL :: Num a => [a] -> a

sumFL = foldl (+) ©

lengthFR :: [a] -> Int
lengthFR = foldr (\_ acc -> acc + 1) 0

-- Pa3BOpOT npaBoOil CBEPTKO: AONUCbiIBAHME B KOHel, AaéT KBagpaTUyHYylw CTOUMOCTb
reverseFR :: [a] -> [a]
reverseFR = foldr (\x acc -> acc ++ [x]) []

-- Pa3BOpOT NeBO CBEPTKO: HaKONMTENb HapawuBaeTCs 3a NOCTOAHHOE Bpems
reverseFL :: [a] -> [a]
reverseFL = foldl (flip (:)) []

-- foldll 6epéT nepBbil 3/1EMEHT 3a Havas/lbHOe 3Ha4yeHue, MO3TOMY Ha MyCTOM
-- Cnucke QyHKUMA He onpejeneHa

myMaximum :: Ord a => [a] -> a

myMaximum = foldll max

-- MpaBas cBépTka He o0b6sA3aHa AOXOANTb A0 KOHLA CAUCKa: ecnn KOMOuHMpylowas
-- OyHKuMa He TpebyeT HakKonuTenb, BblUMC/EHWE ob6GpbiBaeTcs. OTciwpa paboTa

-- C GECKOHeYHbIMM ChucKamu.

anyGreaterThan3 :: [Int] -> Bool

anyGreaterThan3 = foldr (\x acc -> x > 3 || acc) False

-- 3.5. Komnosuuusa ¢yHKumii

squareLen :: String -> Int
squareLen = (A (2 :: Int)) . length

totalLen :: [String] -> Int
totalLen = sum . map length

countEvens :: [Int] -> Int
countEvens = length . filter even

-- 3.6. CBOM QYHKLMU BhiCWEro nopsiaka

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

myMap _ [] =[]
myMap f (x:xs) = f x : myMap f xs

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

| p x X : myFilter p xs

| otherwise myFilter p xs

myFoldr :: (a -> b ->b) ->b ->[a] -> b
myFoldr _ z [] z
myFoldr f z (x:xs) f x (myFoldr f z xs)

-- [IPOTOKON BbLINO/IHEHUA

section :: String -> IO ()
section t = printf "\n=== %s ===\n" t

check :: String -> Bool -> IO Bool

check label ok = do
printf " [%s] %s\n" (if ok then "OK " else "FAIL" :: String) label
return ok

main :: I0 ()
main = do

15



hSetEncoding stdout utfs8

section "3.1. KappupoBaHue M 4YacTUYHOE MNpUMEHEHMue"

printf " multiply 2 3 4 = %d\n" (multiply (2 :: Int) 3 4)
printf " mulByl10 3 4 = %d\n" (mulBy10 (3 :: Int) 4)
printf " mulBy10And2 7 = %d\n" (mulBy1@And2 (7 :: Int))
printf " add3 1 2 10 = %d\n" (add3 (1 :: Int) 2 10)
printf " map (multiply 10 2) [1,2,3] = %s\n"
(show (map (multiply 10 2) [1, 2, 3 :: Int]))
section "3.2. map"
printf " doubleList [1..5] = %s\n" (show (doubleList [1 .. 5]))
printf " toUpperAll = %s\n" (show (toUpperAll ["map", "fold", "curry"]))
printf " firsts = %s\n"
(show (firsts [(21 :: Int, 'a'), (2, 'b"), (3, 'c")]))
section "3.3. filter"
let nums = [-5, 3, 0, 7, -2, 11, 4, 13] [Int]
printf " wucxogHbIn CANCOK = %s\n" (show nums)
printf " positives = %s\n" (show (positives nums))
printf " primeNumbers = %s\n" (show (primeNumbers nums))
printf " TlongWords = %s\n"
(showStrings (longWords ["fold", "¢yHkTop", "map", "pekypcua", "tun"]))
section "3.4. foldr n foldl"
let ys = [1, 2, 3, 4, 5] [Int]
printf " cnucok = %s\n" (show ys)
printf " sumFR = %d\n" (sumFR ys)
printf " sumFL = %d\n" (sumFL ys)
printf " 1lengthFR = %d\n" (lengthFR ys)
printf " reverseFR = %s\n" (show (reverseFR ys))
printf " reverseFL = %s\n" (show (reverseFL ys))
printf " myMaximum = %d\n" (myMaximum ys)
printf " foldr (-) 0 [1,2,3] = %d\n" (foldr (-) 0 [1, 2, 3 :: Int])
printf " foldl (-) 0 [1,2,3] = %d\n" (foldl (-) © [1, 2, 3 :: Int])
printf " anyGreaterThan3 [1..] = %s (Ha 6eckoHeuHom cnucke)\n"
(show (anyGreaterThan3 [1 ..]))
section "3.5. Komnoaunuyms QyHKUMA"
printf " squareLen \"haskell\" = %d\n" (squareLen "haskell")
printf " totalLen = %d\n" (totalLen ["ogun", "pgBa", "Tpu"l)
printf " countEvens = %d\n" (countEvens nums)
section "3.6. CBOM ¢GYyHKUMM Bbicwero nopsgka'
printf " myMap (*3) [1..5] = %s\n" (show (myMap (* 3) [1 .. 5 :: Int]))
printf " myFilter odd [1..10] = %s\n" (show (myFilter odd [1 .. 10 :: Int]))
printf " myFoldr (+) 0 [1..5] = %d\n" (myFoldr (+) @ [1 .. 5 :: Int])
printf " myFoldr (:) [] [1..5] = %s\n" (show (myFoldr (:) [] [1 .. 5 :: Int]))
section "CamonpoBepka'"
results <- sequence
[ check "multiply 2 3 4 == 24" (multiply (2 :: Int) 3 4 == 24)
, check "yacTu4yHoe NpMMEHEHMe 3KBUBANEHTHO MNosHOMY"
(mulBy10 (3 :: Int) 4 == multiply 10 3 4)
, check "mulByl10And2 7 == 140" (mulByl0And2 (7 :: Int) == 140)

check "doublelList cosnagaeT c
(doubleList [1 .. 5] == [2,
check "toUpperAll nepeBoguT B
(toUpperAll ["map", "fold"]
check "firsts coBnagaeT c map

NO3NEeMEHTHbIM yaBOeHueMm"
4, 6, 8, 10])

BepXHuh peructp"

== ["MAP", IIFOLDH])
fst"

(firsts [(2 :: Int, 'a'), (2, 'b")] == [1, 2])
check "positives ocTaBnsfeT cTporo nosoxutenbHele" (all (>
check "longWords oTbupaeT cnoBa pgAnHHee naATu"

(longwWords ["fold", "¢yHkTOp", "Tun"] == ["dyHKTOP"])
check "isPrime 13" (isPrime 13)
check "not (isPrime 1)" (not (isPrime 1))
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’

, check "not (isPrime 91)" (not (isPrime 91))

, check "primeNumbers oT6upaeT npocTtbie" (primeNumbers nums
, check "sumFR coBnagaeT ¢ sum" (SumFR ys == sum ys)

, check "sumFL coBnagaeT ¢ sum" (sumFL ys == sum ys)

14

check "sumFR u sumFL coBnagawT Ha cnoxeHun" (SumFR ys
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0) (positives nums))

== [3, 7, 11, 13])

sumFL ys)



, check "foldr n foldl pacxogsaTcs Ha Bbl4MTaHUKN"
(foldr (-) © [1, 2, 3 :: Int] /= foldl (-) © [1, 2, 3 :: Int])
check "lengthFR coBnagaet ¢ length" (lengthFR ys == length ys)

14
, check "reverseFR coBnagaeT c reverse" (reverseFR ys == reverse ys)
, check "reverseFL coBnagaeT c reverse" (reverseFL ys == reverse ys)
, check "myMaximum coBnagaeT ¢ maximum" (myMaximum ys == maximum ys)
14

check "npaBasi cBépTka obpbiBaeTCcA Ha 6ecKOHeyHoM cnucke"
(anyGreaterThan3 [1 ..])

, check "squareLen \"haskell\" == 49" (squareLen "haskell" == 49)
, check "totalLen cuuTaeT cyMmapHyw AnuHy"

(totalLen ["oguH", "gBa", "Tpu"] == 10)
, check "countEvens cunTaeT 4éTHble" (countEvens nums == 3)
, check "myMap coBnagaeT c map"

(myMap (* 3) [1 .. 5 :: Int] ==map (* 3) [1 .. 5])
, check "myFilter coBnagaet c¢ filter"

(myFilter odd [1 .. 10 :: Int] == filter odd [1 .. 10])
, check "myFoldr coBnagaeT c foldr"

(myFoldr (+) © [1 .. 5 :: Int] == foldr (+) @ [1 .. 5])
, check "myFoldr (:) [] BoccTaHaBnuBaeT cnumcok"
(myFoldr (:) []J [2 .. 5 :: Int] == [1 .. 5])

printf "\nMpoWhgeHo %d n3 %d nposepok.\n"
(length (filter id results)) (length results)
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