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JIabopaTopHas pa6ora Ne 2

CnucKHM ¥ peKypcusi

Ilesib paGoThI

OcBouTh paboTy CO CrMCKaMH — OCHOBHOM CTPYKTypo# AaHHbIX Haskell — u

HAYUYUTBHCS TIMCATh PeKyPCHBHBIE (DYHKIMU WX 00pabOTKU.

Teopernueckue cBeieHUs

Crmcok B Haskell omHOpo/ieH: Bce 3/1eMeHThbI UMEIOT OJIUH TUM. Y CTPOEH OH
PEKYPCUBHO — 3TO MO0 IMyCTOH CIUCOK, MO0 To/0Ba, MPHUCOeJUHEHHAS K XBOCTY
oreparyeii cons. OTcioza U croco6 o6paboTKU: /[Ba ypaBHEHUS, OJHO Ha ITyCTOU
CIUCOK, JIPyToe Ha Tlapy rojIOBbI U XBOCTA.

Pekypcusi 3ameHsieT LuK/Ibl. ba3oBelM Cjiyyall 3afaéT OTBeT Ha
MUHUMa/JbHOM BXOZle, PEKYPCUBHBIM CBOAUT 3aJauy K TOM >Ke 3ajaue Ha Oosee
KOPOTKOM CITHCKe. BbIuMc/ieHHsl JIeHUBBI: JIEMEHT CITMCKa He BBIUHC/ISIETCS, TIOKa
32 HUM He O00paTW/INCh, TI03TOMY KODpPEKTHbI U OecKOHeuHble CITUCKA —

HOTpE6HT€J’IL Pa3BOpA4YHBAET POBHO CTOJILKO, CKOJIBKO €My HY>XHO.

CPEACTBH U NMMOPAAOK BbIIIO/THEHUA

Komnunstop GHC 9.4.7, onepaijvonHas cucteMa Ubuntu 24.04. cxogHbIi
TEeKCT TporpamMMel pa3melléH B (aue Lab2.hs v mnpuBeéH MONHOCTBIO B

nipuioykeHuu A. COopka U 3aryck:

ghc -00 -wall -main-is Lab2 Lab2.hs -0 lab2
./lab2

Kimrou -Wall Bk/touaeT TMofHBIM HabOp TIpeAyTIpeXxkAeHUd KOMITUISATOPA;
cbopka nmpoxoauT 6e3 3ameuaHuii. B mporpammy BCTpoeHO 24 TIPOBEPOK: KaXkzaast
CBepsieT pe3y/bTaT (PYHKUMKA C OXKMaeMbIM 3HaueHWeM W TieuaTaeT OTMETKY B
TIPOTOKO/Ie. BMeCTO 3KpaHHBIX CHUMKOB B OTUéTe MPUBE/IEH TEKCTOBBIM TTPOTOKO
KOHCOJIbHOT'O BBIBOJIa — OH BOCIIPOU3BOJUTCS 3aITyCKOM TPOTPaMMbI U COJI€PXKUT

Te Xe JdHHEbIe.



Xop padoThI

2.1 ba3oBble onepainyy €O CIIUCKaMH

Omnepanust cons MPUCOeAUHSIET 3/IEeMEHT K Hayva/ly CIMCKa 3a MOCTOSTHHOE
BpeMsi, TOT/la KaK KOHKaTeHalusi KOMUPYeT JIeBbI apryMeHT U MOTOMY JIMHeiHa

Mo ero JAauHe. OJTO pas3/vuve ofpefesisieT CTOUMOCTb BCeX TMOC/IeLYHOIIUX
GYyHKIMI.

dynkuyu head u tail He ompeje/nieHbl Ha TyCTOM CIMCKe: MX THIT He
OTpa)kaeT BO3MOXKHOCTb OTKa3a, M BbI30B 3aBepillaeTcsi OIIMOKON BpeMeHU
BbinosiHeHus. B mporokone GHCi BuaHO, uto curHatypa head Hecér uiib
TIOMETKY O CTeKe BbI30BOB, HO He 00s13bIBaeT 00paboTaTh MyCTOM C/Tydail.

ApudmeTrueckre MoC/Ie[0BaTeIbHOCTA 3aJal0T CHUCKU Tepeyrc/ieHueM
TPaHUI]; IIar OIpeje/sieTCss BTOPbIM 3/IeMEeHTOM. B3siTie TMATA 3/1eMeHTOB
OeckoHeUYHOM TOocC/eZloBaTeTbHOCTH TOKAa3bIBaeT JIEHUBOCTb: CIIUCOK CTPOUTCS TI0
TpeOOBaHMIO.

ITpotokon ceanca GHCi:

ghci> 1 : [2, 3, 4]
[1121314]

ghci> [1, 2] ++ [3, 4]
[1121314]

ghci> head [1, 2, 3]

1

ghci> tail [1, 2, 3]
[2,3]

ghci> length [1, 2, 3]

3

ghci> reverse [1, 2, 3]
[3,2,1]

ghci> take 2 [1, 2, 3, 4]
[1,2]

ghci> drop 2 [1, 2, 3, 4]
[3,4]

ghci> [1..10]
[1,2,3,4,5,6,7,8,9,10]
ghci> [1,3..10]
[113151719]

ghci> [2,4..20]
[2,4,6,8,10,12,14,16,18,20]
ghci> take 5 [1..]
[112131415]

ghci> :type (:)

(:) :: a->[a] -> [a]
ghci> :type head

head :: GHC.Stack.Types.HasCallStack => [a] -> a

JIUCTUHT:
listOperations :: [(String, String)]
listOperations =
[ ("1 : [2, 38, 41", show (1 : [2, 3, 4 :: Int]))
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("[1, 2] ++ [3, 4]",  show ([1, 2] ++ [3, 4 :: Int]))

("head [1, 2, 3]", show (head [1, 2, 3 :: Int]))
("tail [2, 2, 3]", show (tail [1, 2, 3 :: Int]))
("length [1, 2, 3]", show (length [1, 2, 3 :: Int]))
("reverse [1, 2, 3]", show (reverse [1, 2, 3 :: Int])

)
("take 2 [1,2,3,4]", show (take 2 [1, 2, 3, 4 :: Int]))
("drop 2 [1,2,3,4]", show (drop 2 [1, 2, 3, 4 :: Int]))

("[1..10]", show [1 .. 10 :: Int])
("[1,3..10]", show [1, 3 .. 10 :: Int])
("[2,4..20]", show [2, 4 .. 20 :: Int])

I~ N N SN SN SN SN SN S~ N

Pe3ynbTar paboThI:

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

[1, 2] ++ [3, 4] = [1,2,3,4]

head [1, 2, 3] =1

tail [1, 2, 3] = [2,3]

length [1, 2, 3] =3

reverse [1, 2, 3] = [3,2,1]

take 2 [1,2,3,4] = [1,2]

drop 2 [1,2,3,4] = [3,4]

[1..10] = [1,2,3,4,5,6,7,8,9,10]
[1,3..10] = [1,83,5,7,9]

[2,4..20] = [2,4,6,8,10,12,14,16,18,20]

2.2 PekypcuBHas 00padoTKa CIIMCKOB

Bce nisiTh GyHKIHMIM HarvcaHbl Oe3 oOpaiijeHus K CTaHAapTHON OubmoTeke —
TOJILKO 00pasiibl U peKypcus. Kaxkzaas ycTpoeHa OJWHAKOBO: ypaBHEHHe [Jisl
ITyCTOTO CIHCKA 3aIaéT HeHTpabHOe 3HaueHWe, ypaBHEeHUe JIJist HEITyCTOTO CBOJIUT
3ajiauy K XBOCTY.

HeliTpasbHble 3HaueHUsT BLIOPaHbI He MPOU3BO/IBHO: CyMMa IyCTOrO CITMCKA
paBHa HYJIO, TIPOM3BeJeHWE — eAWHMIEe. ITO eAWHUIIBI COOTBETCTBYOINX
orepaiyii, U Osylarogaps UM pabOTalOT paBeHCTBA BpOJle CYMMbI OObeAUHEHUs
CITMCKOB.

Pa3BoporT crivcKa uepe3 KOHKaTeHalIO JOTMCHIBAET TI0 OZHOMY 3JIEMEHTY B
KOHeIl, © CTOMMOCTb TIO/Iy4aeTCsi KBafipaTUUHOM. PsimoM TpuBeiéH BaphaHT C
HAKOTIMTE/IEM: CITMCOK TIPOXOJUTCS OJWH pa3, 3JeMEeHTHI I1ePeK/a/[bIBaf0TCs
oriepaiiieii cons, CTOMMOCTb JuHelHa. CoBrajieHue pe3y/ibTaToB 000Ux
BapUaHTOB U CO CTaHZAPTHOMN (YHKIIMEH MPOBEPSIeTCs B TIPOTOKOJIE.

JlucTuur:

-- [nuHa cnucka

myLength :: [a] -> Int

myLength [] 0]

myLength (_:xs) 1 + myLength xs

-- Pa3BopoT cnucka. Kaxaplii war AonucbiBaeT 3/1E€MEHT B KoHel 4yepe3 (++),
-- NO3TOMY CTOMMOCTb KBagpaTuyHa No A/IMHe Chnucka.

myReverse :: [a] -> [a]

myReverse [] = I1]



myReverse (x:Xxs) = myReverse xs ++ [X]

-- Pa3BOPOT C HaKoMWTesleM: CMWCOK MPOXOAUTCS OAMH pa3, CTOMMOCTb JiMHelHa

myReverseAcc :: [a] -> [a]
myReverseAcc = go []
where
go acc [] acc

go acc (X:xs) go (X : acc) xs
-- NpoBepka Ha naaMHApPOM

isPalindrome :: Eq a => [a] -> Bool
isPalindrome xs = XS == myReverse Xs

-- CyMMa 3/1EMEHTOB CMuUCKa
mySum :: Num a => [a] -> a
mySum [] 0

mySum (X:Xs) X + mySum Xxs

-- NpousBegeHne 31eMeHTOB Cnucka
myProduct :: Num a => [a] -> a
myProduct [] 1

myProduct (X:Xxs) X * myProduct xs

Pe3ynbTar paboThI:

UCXOAHbIA CNUCOK = [3,1,4,1,5,9,2,6]
myLength =8

myReverse = [6,2,9,5,1,4,1,3]
myReverseAcc = [6,2,9,5,1,4,1,3]
mySum = 31

myProduct = 6480
isPalindrome "wanaw" = True
isPalindrome "haskell" = False

2.3 ®unbTpanusa 1 npeodpa3oBaHne

Otbop UYETHBIX UMCeJ 3allMCaH OXPAHSIOIMIMMH YCJIOBUSIMU BHYTPHU
PEKYPCUBHOTO YPaBHEHUS: TIOJXOASIININ 3/IeMEHT TTPUCOEUHSETCS K pe3yJbTaTy
00paboTKK XBOCTA, HEMOXO/AIIUN MTPOMyCKaeTCsl. ITO py4yHast peau3aliys Toro,
YTO B CTaHjapTHOM bubmoTeke fAenaert filter.

YnaneHue BCex BXOXKIEHUH TpeOyeT KOHTeKcTa Eq: THIT 3/1eMeHTOB 00s13aH
T0/IIeP>KHUBaTh CpaBHeHHe. DYHKIMSA paboTaeT fi/ist 11000ro Takoro TUIIa, IO3TOMY
B TIPOTOKOJIe OHA TMPUMEHeHa W K UhC/aM, U K CTPOKe — CTPOKa 37eCh MPOCTO
CIHCOK CUMBOJIOB.

JlucTuHr:

-- OCcTaBUTb TO/ILKO YETHbHIE 4yucna
evens :: [Int] -> [Int]
evens [] = []
evens (X:Xxs)

| even x

| otherwise

X . evens Xs
evens Xs

-- YABOUTb Kaxaplii 31emMeHT

doubleAll :: Num a => [a] -> [a]
doubleAll [] [1

doubleAll (x:xs) (2 * x) : doubleAll xs

-- YpganuTb BCe BXOXAEHWS 3/leMeHTa



removeAll :: Eq a => a -> [a] -> [a]
removeAll _ [] = []
removeAll y (X:Xxs)

| x ==y = removeAll y xs

| otherwise = x : removeAll y xs

Pe3ynbTar paboThI:

evens [3,1,4,1,5,9,2,6] = [4,2,6]

doubleAll [3,1,4,1,5,9,2,6] = [6,2,8,2,10,18,4,12]
removeAll 1 [3,1,4,1,5,9,2,6] = [3,4,5,9,2,6]
removeAll 'o' "monoko" = "mnk"

2.4 CopTUpoOBKa

BbricTpasi COpTHMPOBKAa BBIPA)KAeTCs TPEMSI CTPOKAMM: OIIOPHBIM OepéTcs
TIePBBIN 3/IEMEHT, BbIIe/IeHHs] CITUCKAa COOMPal0T MeHbIIe U 00JIbiie, pe3y/IbTaT
CK/IEMBAeTCsd PEKYPCUBHBIMHM BbI30BaMH. Takas 3ammch O/iM3Ka K C/IOBECHOMY
OMMCaHUIO aJITOPUTMa.

Y KpaTKoCTH eCTh 1jeHa. XBOCT MPOCMaTPUBAETCS ABaXKbl — OT/IE/IbHO AJIsi
MEHBIIUX W A1 OOJIBIIIMX 3/IEMEHTOB, — a CK/IeMKa pe3y/bTaTOB KOHKAaTeHaleu
nobapsisieT KornupoBaHue. Ha y)ke OTCOPTMPOBAHHOM CITHCKe BbIOOp I1€PBOTO
3jleMeHTa OMOPHbIM [AAéT XYAIIMM CJlydyad C KBaJIpaTUUHOM CTOUMOCTBIO, B
OTJIMUME OT K/IaCCUUYeCKOM BePCHH C 0OMeHaMH Ha MecTe.

YcnoBue B epBOM BbIZIeJIEHUM HECTPOTOe, BO BTOPOM CTPOTO€: 3JIeMEeHTHI,
paBHble OIMOPHOMY, IIOMA/lal0T B JIeBYI0 YacTh POBHO OJIMH pa3, TaK YTO [JIMHA
pe3y/bTaTa COBIa/laeT C AJMHOW MUCXOAHOTO CIHMCKa. JTO MPOBepseTCsl OT/ie/IbHO,
BMECTe C UJ€MITIOTEHTHOCTbI) COPTUPOBKM.

JIucTuHr:

-- BbicTpas copTupoBKa. OMOpHbIM BbibMpaeTCcs NepBbli 3/1EMEHT, CMUCOK
-- pasbuBaeTcsa ABYMSA BblAeNeHUAMM, MNOPALOK PaBHbIX 3/1EMEHTOB COXpaHsAeTCcs.
quicksort :: oOrd => [a] -> [a]
quicksort [] =
quicksort (p:xs) =

let smaller = [x | X <- xs, X <= p]

larger = [x | x <- xs, X > p]
in quicksort smaller ++ [p] ++ quicksort larger

Pe3ynbTar paboThI:

QO

quicksort [3,1,4,1,5,9,2,6] = [1,1,2,3,4,5,6,9]
quicksort cTpok = ["aliBa", "6aHaH", "rpywa", "a6noko"]
quicksort [] = []

2.5 I'eHepanus noc/jiej0BaTe/IbHOCTeHN

OTPEBOK Le/IbIX CTPOUTCA HpHMOﬁ peKprHEﬁ C ydJioBUEM OCTAdHOBKH, KOT'[ld

Hayasio MpeBbIllIaeT KOHel]; Ha ITyCTOM OTpe3Ke pe3yJbTar IyCT.
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Pemieto DparocdeHa 3amucaHO Kak peKypCHMBHOe MpOCerBaHUe: T0Ji0Ba
CIMCKa 3aBeJJOMO TIPpOCTa, a M3 XBOCTAa BbIOpachIBalOTCS €€ KpaTHbIe.
BcriomoraTenbHasi (yHKUMS BblHeceHa B where ¥ He BujHa CcHapyxu. [is
apryMeHTOB MeHbIlle IBYX UCXOZHbIA OTPe30K MYCT, U Pe3yJbTaT TOXe IyCT.

Yucna duboHayuy CTPOSITCS C Mapoid coceHUX 3HAUeHU B HaKOMUTeJe,
MO3TOMY CITMCOK TO/y4yaeTcs 3a JiMHeliHoe BpeMs. [lpsmas pekypcusi T0
oripefieJieHUIO TiepecuuThbiBaia Obl OJHUM W Te >Ke 3HaueHWsT MHOTOKDaTHO U
paborana Obl 3KCMOHEHLMaNbHO A0iro. KoppeKTHOCTh TpoBepsieTCsi He TOJIBKO
CBEPKOM C 3TaJIOHOM, HO U PeKYPPEHTHbIM COOTHOIIIEHUEM Ha /IBa/ILIaTU Urcax.

JIucTuHr:

-- CnMcok uenbix OT a Ao b BkwuuTenbHo
range :: Int -> Int -> [Int]
range a b

[]

| a>b
| otherwise a : range (a+ 1) b

-- MpocTble uncna Jo n peweToMm JpaTocheHa
primes :: Int -> [Int]

primes n = sieve [2 .. n]
where
sieve [] []

sieve (p:xs) p : sieve [Xx | X <- Xxs, X "mod’ p /= 0]
-- NepBble n 4yucen duboHay4ymM. MNapa cocegHUx 4Yucen nepegaéTcsa B HakonuTtene,
-- NO3TOMY CMNUCOK CTPOMTCH 3a /IMHEAHOe BpemMs, a He 3a 3KCMNOHeHuuanbHoe,
-- KaK npu npsMoii peKkypcuum no onpegeneHuio.
fibList :: Int -> [Int]
fibList n = gon 0 1
where
go kab
| k <=0
| otherwise

Pe3sysnbTaT paboThI:

[]
a:go (k -1) b (a+b)

range 3 12 = [3,4,5,6,7,8,9,10,11,12]

range 5 5 = [5]

range 7 2 = [1]

primes 50 = [2,3,5,7,11,13,17,19,23,29,31,37,41,43,47]
primes 1 = [1]

fibList 15 = [e,1,1,2,3,5,8,13,21,34,55,89,144,233,377]



TecTupoBaHue

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

=== 2.1. Ba30oBble onepayun CO CMUCKamMy ===

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

[1, 2] ++ [3, 4] = [1,2,3,4]

head [1, 2, 3] =1

tail [1, 2, 3] = [2,3]

length [1, 2, 3] =3

reverse [1, 2, 3] = [3,2,1]

take 2 [1,2,3,4] = [1,2]

drop 2 [1,2,3,4] = [3,4]

[1..10] = [1,2,3,4,5,6,7,8,9,10]

[1,3..10] = [1,3,5,7,9]

[2,4..20] = [2,4,6,8,10,12,14,16,18,20]
=== 2.2. PekypcuBHasa o06paboTKa CANCKOB ===

NCXOAHbIA CNMCOK = [3,1,4,1,5,9,2,6]

myLength =8

myReverse = [6,2,9,5,1,4,1,3]

myReverseAcc = [6,2,9,5,1,4,1,3]

mySum =31

myProduct = 6480

isPalindrome "wanaw" = True

isPalindrome "haskell" = False

=== 2.3. OounbTpauMs u npeobpaszoBaHue ===
evens [3,1,4,1,5,9,2,6] = [4,2,6]
doubleAll [3,1,4,1,5,9,2,6] = [6,2,8,2,10,18,4,12]
removeAll 1 [3,1,4,1,5,9,2,6] = [3,4,5,9,2,6]
removeAll 'o' "monoko" = "mnk"

=== 2.4, CopTupoBKa ===
quicksort [3,1,4,1,5,9,2,6] = [1,1,2,3,4,5,6,9]
gquicksort cTpok = ["a#Ba", "6aHaH", "rpywa", "s6noko"]
quicksort [] = []

=== 2.5. leHepauusi nocfiegoBaTefbHOCTeN ===

range 3 12 = [3,4,5,6,7,8,9,10,11,12]

range 5 5 = [5]

range 7 2 =[]

primes 50 = [2,3,5,7,11,13,17,19,23,29,31,37,41,43,47]

primes 1 =[]

fibList 15 = [0,1,1,2,3,5,8,13,21,34,55,89,144,233,377]
=== CamonpoBepka ===

[OK ] myLength cosnagaeTt c length

[OK ] myLength [] ==

[OK ] myReverse coBnagaeT C reverse

[OK ] myReverseAcc gaéT TOT xe pe3ynbTtaT

[OK ] ABOWHOV pa3BOpPOT BO3BpawaeT WCXOAHbIA CMUCOK

[OK ] isPalindrome "wanaw"

[OK ] not (isPalindrome "haskell")

[OK ] mySum coBnagaeT C sum

[OK ] myProduct cosnagaeT c product

[OK ] myProduct [] ==

[OK ] evens ocTaBnseT TO/bKO YETHblE

[OK ] evens coBnagaeTt ¢ filter even

[OK ] doubleAll yaBawuBaeT

[OK ] removeAll y6upaeT BCe BXOXAeHWA

[OK ] removeAll coxpaHsaeT oCTaJ/ibHble

[OK ] quicksort copTupyeTt

[OK ] quicksort coxpaHseT AnuHy

[OK ] quicksort maemnoTeHTeH

[OK ] range 3 12 3apaéT 0OTpe30K

[OK ] range Ha nycTom oTpe3ke

[OK ] primes 50 coBnagaeT C 3Ta/lOHOM

[OK ] primes 1 nycT



[OK ] fibList 10 coBnagaeT C 3Ta/lOHOM
[OK ] Kaxgoe umcno ®u6oHaYuUM - cymma LABYX Npesblaywmnx

NpolifeHo 24 n3 24 NpoBeEpPOK.
Bce 24 mpoBepok mnpouzeHbl (24 u3 24), pacXoXAeHUH C OKWaeMbIMU

3HAYeHHWAMHU HeT.



OTBeTbI HAa KOHTPOJIbHbIE BONPOCHI

1. ITouemy pa3BopoOT CIMCKa yepe3 KOHKATEeHAI[UI0 UMeeT KBafAPaTUYHYI0

C/10)XKHOCTBH? Kak ero onTuMusupoBaTh?

KonkareHanus KOIupyeT JIeBbIY apryMeHT: eé CTOMMOCTH
TIPOIOPL{MOHAJIbHA [I/IMHEe 1epBOro CIIMCKa. B peKypCHBHOM pa3BopoTe Ha KaXKoM
mare y»ke pa3BEPHYTbIM XBOCT CTAaHOBUTCA JIEBBIM apryMeHTOM, a CIpaBa
[IOTIMChIBAeTCS OAMUH dJIeMeHT. [l crvcKa [/IMHbI I XBOCTHI MMeroT [ivHel 0, 1,
..., =1, ¥ cymMmmapHasi CTOUMOCTb cocTassieT n(n—1)/2 onepauuii, TO €CTb PacTET
KBa/IpaTUUHO.

OnTumu3aLus — HaKONUTesb. Pe3y/ibTaT MepeHOCUTCsl BO BTOPOW apryMeHT
BCIIOMOTaTe/IbHOM (DYHKLMW, U OYepeHOU 3JIeMeHT MNPUCOEeJUHSIETCS K HeMy
oreparnuer cons 3a MocTosiHHoe Bpemsi. CIMCOK NPOXOAUTCSI OAUH Pa3, CTOUMOCTD
nuHeliHa. B paboTe Takoll BapvaHT peasM30BaH PSiZIOM C MUCXOJHBIM, W TIPOBepKa
MO/ATBEPKJAeT COBMaZileHWe pe3yabTaToB. Ta ke unJes BbIpaXkaeTcsl JIeBOU
CBEPTKOM C orepaijyieil Cons C repecTaB/ieHHbIMUA apryMeHTaMU — 3T0 pa3brpaercs

B aboparopHo# pabote Ne 3.

2. Yto Takoe JiIeHUBbIE BHIYUC/IEHNS U KaK OHH B/IMSAIOT Ha padoTy ¢

0eCKOHEeYHBIMH CIIMCKAMM?

JIeHUBOCTh 03HauaeT, UTO BbIDA)KEHWE He BBIUMC/ISETCS B MOMEHT
CBSI3bIBAHUSI C MMeHeM, a OTK/a/blIBaeTcsi [0 MOMeHTa, Korja pe3y/abTaT
MoHaI00uTCs TIOTpebuTet0. BoiuncieHre UaET 10 ¢1aboit TOJTOBHOM HOpMabHOM
¢bopMBI — pOBHO HACTOJILKO, UTOOBI CTanm W3BECTEH BHEILIHHWN KOHCTPYKTOP
3HaUyeHMUsl.

IIIs1 CTIMCKOB 3TO 3HAUYMT, UTO XBOCT OCTaéTCs HEBBIUMC/EHHBIM, TIOKa K
HeMy He o0Opatwinch. [lo3ToMy OeCKOHEeUHBIH CITMCOK — 3aKOHHOe 3HaueHHe:
B3SITWe TIepBbIX IISAITU 3/€MEHTOB T[10C/e/J0BaTe/IbHOCTU HaTypadbHbIX UHCes
3aBeplllaeTcsl 3a TSATh IIaroB, Kak moka3aHo B mnpoTokose GHCi. I[To Toil ke
IIpUUMHe pabOTaIOT KOPOTKHE 3aMbIKaHUS JIOTHUECKUX OTepalvii ¥ 0OpbIB ITPaBOM

CBEPTKH, pa300paHHbIl B ciiefyroliieli pabore.
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Ob6paTHasi CTOpOHA — OT/IO)KEHHbBIE BBIUMC/IEHHUS 3aHUMAOT MaMsATh U MOTYT
HakarmBaThbcs. Kiaccuueckuil ripumep — jieBasi CBEpPTKa 0e3 MPUHYAUTETHLHOTO
BBIYMC/IEHWSI HAKOMUTE/SI: K KOHITY CIKCKA BbICTPAMBAETCS LeM0YKA OT/IOXKEHHBIX

ornepaLyy JJIMHOM BO BECh CIMCOK.

3. Kak pa6oTaet Bbl/je/IeHHe CIIUCKA B peaju3anyuy ObICTPOil COPTUPOBKH?

BbiflesieHne CIMcKa COCTOUT W3 BbIPaKEHHUsI-pe3yJibTaTa, OJHOT0 WU
HECKOJIbLKMX TeHepaTopoB M OXpaHHbIX yc/ioBUi. ['eHepaTop mepebupaeT
3/IeMeHTbl UCTOYHMKA, CBSI3bIBasi K&XK/bIM C UMeHeM, OXpaHHOe YCJIOBUe OTCeUBaeT
HeTo/XO0/slilIYe, a BbIpa)KeHHe C/ieBa CTPOUT 3JIeMeHT pe3yJ/ibTaTa.

B ObiCTpOii COPTUPOBKE WCIIOMB3YIOTCS [JBa BbIJje/ieHUs C  OAHUM
reHepaTopoM W OJHUM YC/JIOBHeM KaKfoe: TepBoe CoOWpaeT 3/71eMeHThI, He
TIPeBOCXO/SIINe OMOPHOro, BTOpoe — CTporo Oosbiiie. Takoe BbifiesieHHe
PaBHOCK/IBHO BbI30BY filter ¢ COOTBETCTBYIOIIUM MpeAUKaTOM, a 6ojiee C/I0XKHbIE
¢opMBI C HECKOJbKMMH TeHepaTopaMU DPAaBHOCH/BbHBI LIEOYKe CBSI3bIBAHUM B

MOHa/le CITKCKa — 3TO IMOKa3aHo B 1abopaTtopHoii paboTe Ne 5.
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BbiBoabI

OcBoeHa peKypcuBHasi 00paboTKa CITMCKOB: eBATh (DYHKIIMM HarMcaHbl Oe3
obpaitleHrsi K CTaHAApTHOW OuOIMOTEKe, TOMBLKO uepe3 COMOCTaB/IeHUE C
00pasIjoM 1 PeKypPCHI0, U CBepeHbI ¢ OOMMOTeUHBIMM aHAIOTaMH.

Ha pa3BopoTe crmcka MOKa3aHO, Kak BbIOOp criocoba 3amvcu MeHsieT
ACUMIITOTHKY: BepCHsi C KOHKaTeHallWel KBaJ[paTWUHa, BepCHsl C HAKOIWATeIeM
NUHeHa TIPU TOM >Ke pe3yJsibTaTe. AHa/JIOTUYHO yKcsia PuboHauuu ¢ HaKOMUTeeM
CTPOATCS TMHEMHO, TOT[ja KakK TpsiMasi peKypCHsi TI0 oripejiesieHuto pabotana Obl
9KCTIOHEHIIMabHO.

Moayne Ha3BaH Lab2 u He 0OBsIB/SET CIMCOK 3KCIIOPTa, MMO3TOMY €ro
GYHKIMM JOCTYMHBI JAPYTAM MOJYJIsSM; B JiabopaTopHoii pabore Ne 6 oHHM
WCTIONB3YIOTCS [I/I1 pacuyéTa CTaTUCTUKU 1o daiiny. [Iporpamma cobupaercs 6e3

npeAynpexeHui npu Kiatoue -Wall v mpoxoguT Bce 24 BCTpOEHHbIE TIPOBEPKU.
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IMPUJIOKEHMUE A. Iloanbii aucTuHr nporpammsl (Lab2.hs)

-- JlabopaTopHaa pa6oTa N 2. CnuCKM M pekypcus
-- Pe3aHko A. A., NMUM-61

-- Mogynb 00bSIB/IeH C uUMeHem Lab2, 4T06bl QYHKUMM MOXHO OblIO MCMO/b30BaTb
-- B nab6opaTopHoli paboTe N 6 (3agaHue 6.5).

-- C6opka: ghc -00 -Wall -main-is Lab2 Lab2.hs -o lab2
-- 3anyck: ./lab2

module Lab2 where

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

-- CTaHgapTHas @yHKUMA show 3KpaHuMpyeT KUPUIIULY YUCNOBbBIMU KOZamu
-- (\1072 BMecTO OYyKBbl), MO3TOMY CMUCKW CTPOK MeyaTawTCsA CBOEW ¢yHKUMENR.
showStrings :: [String] -> String
showStrings xs = "[" ++ intercalate ", " (map quote xs) ++ "]"
where quote w = "\"" ++ w ++ "\""

-- 2.1. Ba3oBble onepauunm CO cnnckamu

listOperations :: [(String, String)]

listOperations =
[ ("2 : [2, 3, 4]", show (1 : [2, 3, 4 :: Int]))
("[1, 2] ++ [3, 4]", show ([1, 2] ++ [3, 4 :: Int]))
("head [1, 2, 3]", show (head [1, 2, 3 :: Int]))
("tail [2, 2, 3]", show (tail [1, 2, 3 :: Int]))
("length [1, 2, 3]", show (length [1, 2, 3 :: Int]))
("reverse [1, 2, 3]", show (reverse [1, 2, 3 :: Int])

)
("take 2 [1,2,3,4]", show (take 2 [1, 2, 3, 4 :: Int])
1)

)
("drop 2 [1,2,3,4]", show (drop 2 [1, 2, 3, 4 :: Int]))

("[1..10]", show [1 .. 10 :: Int])
("[1,3..10]", show [1, 3 .. 10 :: Int])
("[2,4..20]", show [2, 4 .. 20 :: Int])

I~ N N SN SN SN SN SN SN N

-- 2.2. PekypcuBHaa o6paboTkKa CNUCKOB

-- [nuHa cnucka

myLength :: [a] -> Int

myLength [] 0]

myLength (_:xs) 1 + myLength xs

-- Pa3BopoT cnucka. Kaxaplii war gonucbiBaeT 3/1EMEHT B KOHel, yepe3 (++),
-- MO3TOMY CTOMMOCTb KBajpaTuyHa Mo AJ/IMHE ChnucKa.

myReverse :: [a] -> [a]

myReverse [] =[]

myReverse (x:Xs) = myReverse xs ++ [X]

-- Pa3BOPOT C HaKoMWTesleM: CMWCOK MPOXOAUTCS OAMH pa3, CTOWMOCTb JIMHelHa

myReverseAcc :: [a] -> [a]
myReverseAcc = go []
where
go acc [] acc

go acc (X:xs) go (X : acc) xs
-- [poBepka Ha naanHApPOM

isPalindrome :: Eq a => [a] -> Bool
isPalindrome xs = xs == myReverse Xs

-- CyMmMa 3/1eMEHTOB CNuUCKa
mySum :: Num a => [a] -> a
mySum [] 0

mySum (X:Xs) X + mySum Xxs

-- pomn3BegeHue 3/1EMEHTOB CHNUCKa
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myProduct :: Num a => [a] -> a
myProduct [] 1
myProduct (Xx:xs) X * myProduct xs

-- 2.3. ounbTpauna n npeobpasoBaHue

-- OCTaBUTb TO/IbKO YE€THblE yucna
evens :: [Int] -> [Int]
evens [] = []
evens (XxX:Xxs)
| even x
| otherwise

X . evens Xs
evens Xs

-- YABOUTb Kaxaplii anemeHT

doubleAll :: Num => [a] -> [a]
doubleAll [] [1

doubleAll (x:xs) (2 * x) : doubleAll xs

[o}]

-- YpanuTb BCe BXOXAEHUA 3/MeMeHTa
removeAll :: Eq a => a -> [a] -> [a]
removeAll _ [] = []
removeAll y (X:Xxs)

| Xx ==y = removeAll y xs

| otherwise = x : removeAll y xs

-- 2.4. CopTupoBKa

-- BbicTpas copTupoBKa. OMOpHbIM BbibMpaeTCs NepBbli 3/1EMEHT, CMNUCOK
-- pasbuBaeTcsa ABYMSA BblAeNeHUAMM, MNOPALOK PaBHbIX 3/1EMEHTOB COXpaHAeTCcs.
quicksort :: Ord a => [a] -> [a]
quicksort [] [1]
quicksort (p:xs)
let smaller = [x | X <- xs, X <= p]
larger = [x | x <- xs, X > p]
in quicksort smaller ++ [p] ++ quicksort larger

-- 2.5. leHepauusi nocnegosBaTeNbHOCTEN

-- CnucoK Uuenbix OT a A0 b BKAWYMTENbHO
range :: Int -> Int -> [Int]

range a b
| a>b =[]
| otherwise = a : range (a + 1) b

-- MNpocTble yncna Ao n peweToMm JpaTtocheHa
primes :: Int -> [Int]

primes n = sieve [2 .. n]
where
sieve [] [1]

sieve (p:xs) p : sieve [x | X <- x5, X "mod” p /= 0]

-- Nepsble n yucen ®duboHayym. MNapa cocegHUx 4yucen nepegaérTcsa B HakonuTene,
-- MO3TOMY CMUCOK CTPOUTCH 3a /IMHEeiHOe BpemMs, a He 3a 3KCNOHeHuuanbHoe,
-- KakK npu npsMoil peKkypcuum no onpegeneHuio.

fibList :: Int -> [Int]

fibList n = gon 0 1

where
go kab
| k<=0 =[]
| otherwise = a : go (k - 1) b (a + b)
-- NPOTOKON BbINOAHEHUSA
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
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main :: I0 ()
main = do
hSetEncoding stdout utfs8

section "2.1. BazoBble onepauunm co cnuckamm'"
mapM_ (\(e, v) -> printf " %-22s = %s\n" e v) listOperations

section "2.2. PekypcuBHas obpaboTka cnmckos"

printf " mySum %d\n" (mySum Xxs)

printf " myProduct %d\n" (myProduct xs)

printf " isPalindrome \"wanauw\" = %s\n" (show (isPalindrome "wanaw"))
printf " isPalindrome \"haskell\" = %s\n" (show (isPalindrome "haskell"))

let xs = [3, 1, 4, 1, 5, 9, 2, 6] :: [Int]

printf " wucxogHbIn CANCOK = %s\n" (show xs)

printf " myLength = %d\n" (myLength xs)

printf " myReverse = %s\n" (show (myReverse Xs))
printf " myReverseAcc = %s\n" (show (myReverseAcc xs))

section "2.3. ounbTpayms n npeobpazoBaHue"

printf " evens %s = %s\n" (show xs) (show (evens xs))

printf " doubleAll %s = %s\n" (show xs) (show (doubleAll xs))

printf " removeAll 1 %s = %s\n" (show xs) (show (removeAll 1 xs))

printf " removeAll 'o' \'"monoko\" = \"%s\"\n" (removeAll 'o' "monoko")

section "2.4. CopTupoBka"

printf " quicksort %s = %s\n" (show xs) (show (quicksort xs))
printf " quicksort cTpok = %s\n"

(showStrings (quicksort ["rpywa", "s6noko", "6aHaH", "anBa"]))
printf " quicksort [] = %s\n" (show (quicksort ([] :: [Int])))

section "2.5. leHepauua nocnegoBaTenbHocTen"
printf " range 3 12 %s\n" (show (range 3 12))
printf " range 5 5 %s\n" (show (range 5 5))
printf " range 7 2 %s\n" (show (range 7 2))
printf " primes 50 %s\n" (show (primes 50))
printf " primes 1 %s\n" (show (primes 1))
printf " fibList 15 %s\n" (show (fibList 15))

section "CamonpoBepka'"
results <- sequence
[ check "myLength coBnagaet c¢ length" (myLength xs == length xs)
check "myLength [] == 0" (myLength ([] :: [Int]) == 0)

’
, check "myReverse coBnagaeT c reverse" (myReverse Xs == reverse Xs)
, check "myReverseAcc faéT TOT xe pe3ynbTtaTt" (myReverseAcc XS == myReverse XS)
, check "pgBOWHOWA pa3BOpPOT BO3BpaWaeT WMCXOAHLIA CANCOK"
myReverse (myReverse xS) == XS
R R

check "isPalindrome \"wanaw\"" (isPalindrome "wanaw")
check "not (isPalindrome \"haskell\")" (not (isPalindrome "haskell"))

check "mySum coBnagaet ¢ sum" (mySum XS == sum XS)

check "myProduct cosnagaeT c¢ product" (myProduct xs == product Xxs)
check "myProduct [] == 1" (myProduct ([] :: [Int]) == 1)

check "evens ocTaBnseT Tonbko 4€THbe" (all even (evens Xs))

check "evens coBnagaet c filter even" (evens xs == filter even xs)

check "doubleAll yasausaeT" (doubleAll xs == map (2 *) Xxs)
check "removeAll yb6upaeT Bce BxoxgeHus" (notElem 1 (removeAll 1 xs))
check "removeAll coxpaHsieT ocTabHble"

(myLength (removeAll 1 xs) == myLength xs - 2)

N SN SN SN SN S S S S~ S~

check "quicksort copTtupyet" (quicksort xs == [1, 1, 2, 3, 4, 5, 6, 9])
check "quicksort coxpaHseT gnumHy" (myLength (quicksort xs) == myLength xs)
check "quicksort ugemnoTeHTeH" (quicksort (quicksort xs) == quicksort xs)

check "range 3 12 3apaét oTpe3ok" (range 3 12 == [3 .. 12])
check "range Ha nycTtom oTpe3ke" (null (range 7 2))
check "primes 50 coBnagaeT C 3TasiOHOM"
(primes 50 == [2, 3, 5, 7, 11, 13, 17, 19, 23, 29, 31, 37, 41, 43, 47])
, check "primes 1 nyct" (null (primes 1))
, check "fibList 10 coBnagaeT c 3TasOHOM"
(fibList 10 == [0, 1, 1, 2, 3, 5, 8, 13, 21, 34])
, check "kaxgoe uucno ouboHauyum - cymma ABYX npegbiaywmx"
(let f = fibList 20
in and (zipwith3 (\a b c ->a + b ==c¢) f (drop 1 f) (drop 2 f)))

N N S SN S~ 0~
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printf "\nMpoigeHo %d n3 %d npoBepok.\n"
(length (filter id results)) (length results)
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