JlabopatopHas pa6ora Ned

1 ®DyHKOWHU BbICIIErO MOPSIKa

Paccmorpum nBe 3apauu. Ilycte 3apaH cnucok uucesn. Heobxonumo Ha-
nucaThb ABe (PYHKLMH, NepBasi U3 KOTOPbIX BO3BpalllaeT CIIMCOK KBaApaTHBIX
KOpHeH 3THX 4YMCeJs, a BTOpas — CIHUCOK HX JorapudmoB. DTH (PYHKUHUH
MOKHO OINpeNesIUTh TaK:

sqrtlist [] = []
sqrtlList (x:xs) = sqgrt x : sqrtList xs

logList [] = T[]
logList (x:xs) = log x : logList xs

MoXHO 3aMeTHUTb, YTO 3TH (PYHKLHH UCIIOb3YIOT OAHUH U TOT 2Ke MOAXO,
M BCe pas3/inyue MeXIy HUMHU 3aKJI04YaeTcs B TOM, YTO B OJHOH M3 HUX AJif
BBIUMCJIEHHS] 9JIeMeHTa HOBOTO CIIMCKa HCIOJIb3yeTcsl (PYHKLUS KBaJApPaTHOIO
KOpHS1, a B Apyroil — Jsorapudm. MoxkHO /i1 abCcTparupoBaThCsi OT KOHKpET-
HOM (byHKUIMM npeoOpas3oBaHus aneMeHTa? OkasbiBaeTcsi, MOXKHO. BernoMHuM,
uyto B Haskell ¢pyHKIMH ABASAIOTCS 3/71€MEHTAMU «IIEPBOTO KJacca»: UX MOXKHO
nepefaBaTh B Apyrue (yHKIHMH B KauecTBe mapameTpos. Ompeneaum (yHK-
uuio transformList, koTopasi MpUHUMaeT ABa napamerpa: (GYHKLHIO Npe-
o0pa3oBaHusl U NpeodpasdyeMblil CIHUCOK.

transformList £ [] = []
transformList £ (x:xs) = f x : transformlList f xs

Tenepp ¢pyHkuun sqrtlist v logList MOXHO ONpee/uTh TakK:

sqrtlList 1 = transformlList sqrt 1
loglList 1 = transformlList log 1

Wy, ¢ yyeToM KappUpOBaHUS:

sqgrtlList = transformList sqrt
logList = transformList log



1.1 ®Pyskuug map

B NEeUCTBUTEJbHOCTH (GpyHKLMS, [IOJTHOCTHIO aHaJIoTUYHad
transformList, yxXe omnpeneneHa B CTaHIAPTHOU OUOJIUOTEKE $SI3bIKa
¥ HasbiBaeTcss map (OT aHTJI. map — 0T06pa>KeHHe). Ona umeer CJIeLYIOLLUH
THII:

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

DTO 03HAYAET, UTO €€ MEPBbIM aPTYMEHTOM siBJsieTcs GyHKIMSA TUNa a —> b,
orobpazkarllas 3HayeHHs MPOU3BOJBHOTO THUIMA a B 3HayeHHs Tuna b (Bo-
o0lile TOBOPSl, 3TH THIBI MOT'YT COBMaAaTh). BTopbiM aprymeHTOM (yHKIHH
IBJISIeTCS] CIMUCOK 3HauUeHWH Tuna a. Torga pesysnbtatoM (PyHKUUU OyneT Cu-
COK 3HaueHHWH THIMA b.

DyHKIUH, TON0OHBIE Map, MPUHUMAIOIINE B KAYeCTBE apr'yMEHTOB JpyTHe
(byHKLMH, HA3BIBAOTCH QyHKUUAMU Bblculeeo nopadka. VIX oueHb LIMPOKO
UCIONb3YIOT MPU HaMUCaHUKU (PYHKIHOHAJBHBIX TMporpaMM. C MX MOMOLUIbIO
MO>KHO SIBHO OTHEJIUTh YacTHbIE NeTajd peasu3alid ajroputMa (Hampumep,
KOHKPETHYI0 (DYHKIMI0 MpeoOpa3oBaHHsi B map) OT €ro BbICOKOYPOBHEBOH
CTPYKTYPHI (M03JIeMeHTHOE TpeoOpa3oBaHue CIHUcKa). ANrOpUTMbI, TIPEACTaB-
JIEHHbIE C UCII0JIb30BaHUEM (DYHKLHMH BBICILEr0 MOPSAKa, KaK NpaBuJjo, OoJjee
KOMIIAaKTHbl M HarJIsiAHbl, YeM peasiM3allH, OPUeHTUPOBAHHbIE HA KOHKpeT-
Hble YaCTHOCTH.

1.2 ®ynkuusa filter

CrnenyomuM MpUMepoM LIMPOKO HCMOJb3yeMOH (DYHKLUHH BbICLIErO I0-
psanka siBasercs ¢yHkuus filter. Ilo samanHomy mpenukarty ((pyHKIHH,
BO3Bpalllaiolell OyJeBcKoe 3HauUeHHe) U CIIUCKY OHa BO3BpalllaeT CIIUCOK TeX
3JIEMEHTOB, KOTOpble yIOBJIETBOPSIOT 3alaHHOMY MpeNHKaTy:

filter :: (a -> Bool) -> [a] —-> [a]
filter p []1 = []
filter p (x:xs) | p x = x : filter xs

| otherwise = filter xs

HaanMep, q)YHKU,I/IH, noJqiyqyarmouiad M3 CIIKMCKa 4YHucCeJ €ro I0JI02KHUTEeJbHbIe
39JIEMEHTDHI, Olipeae/ideTCd TakK:

getPositive = filter isPositive
isPositive x = x > 0



1.3 Pynkuuu foldr u foldl

Bosee ciaoxubiM npuMepom sBasitotcs GyHKuMM foldr u foldl. Pac-
CMOTPUM (DYHKLHH, BO3BpALlAOLIMe CYMMY U IPOM3BeeHHUE 3JIEMEHTOB CIIUC-
Ka:

sumList [] = 0
sumList (x:xs) = x + sumList xs

multList [] =1
multlList (x:xs) = X * multList xs

31ech TakKe MOXKHO YBHIEThb OOLIMe 3JeMeHTH: HauasbHOoe 3HadeHHe (O
IJisl CyMMHpPOBaHHUs, | /i YMHOXKeHHs) U (DYHKIMsI, KOMOMHUpYoIlasi 3Ha-
yeHus mexay co6oil. Pyuxkuus foldr siBaseTcss o4eBUAHBIM 0000IlIeHHEM
TaKOH CXeMBl:

foldr :: (a -=> b -—>Db) >b -> [a] > Db
foldr £ z [] = z
foldr £ z (x:xs) f x (foldr £ z xs)

®yukuus foldr npuHUMaeT B KayecTBe MEPBOro apryMeHTa KOMOUHUPY-
OIyI0 (PYHKIHIO (3aMeTHM, YTO OHA MOXKET MPUHHUMATh apryMeHThl Pas3HbIX
THUIIOB, HO THIT pe3yJibTaTa JOJ/LKEeH COBMaAaTbh C THIIOM BTOPOTO apryMeHTa).
BropbiMm aprymeHToM (yHKUMM foldr sB/seTcs HayajbHOe 3HAuyeHUe AJA
KOMOWHHPOBaHUS. TpeTbUM apryMeHTOM repenaeTcs crnucok. DyHKUUs ocy-
LIECTBJISIET «CBEPTKY» CIIUCKA B COOTBETCTBHE C NepeJaHHbIMU NTapaMeTPaMH.

Jns Toro, yToObl Jyullle MOHATb, KaK padotaerT ¢pyHkuus foldr, sanu-
lIeM ee olpefeseHHe C UCIO0/1b30BAHHEM MH(UKCHOH HOTALUU:

foldr £ z [] = z
foldr £ z (x:xs) x Yf' (foldr £ z xs)

[IpencraBuMm cnucok ajemMeHToB [a,b,c, ..., 2] C HCIONB30BaHHEM Olle-
patopa :. [IpaBuso npumenenus gyHkuuu foldr TakoBO: BCe OMEPATOPHI :
3aMeHSII0TCSs Ha TpuMeHeHMe (GYHKUUK £ B HHUKCHOM Buze (‘£ '), a cHMBOJ
MyCTOro Crucka [] 3ameHsieTcss HA HadajbHOe 3HayeHHe KOMOMHHPOBAHHS.
[Tlaru npeo6pa3oBaHusi MOXKHO H300pa3UTh TaK (MpeanosaraeM, 4To Hadasb-
HOe 3HaueHWe paBHO init)

[a,b,c,...,z]

a :b:c: ... 1]

a : (b: (c: (... (z = [1)...0))

a ‘f' (b ‘f' (¢ ‘£ (... (z ‘' init))))
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C nomomwbto ¢pyHKUMH foldr (yHKUMM CYyMMHPOBAHHUS U yMHOXKEHHS
3JIEMEHTOB CIIMCKa OINpefiesisieTcs TakK:

sumList = foldr (+) O
multList = foldr (*) 1

paCCMOTpI/IM, KaK BBIYHUCJ/IAIOTCA 3HAYEHHUSA 9TUX q)YHKU,I/IIjI Ha npuMmepe CriruckKa
[1,2,31]:

[1,2,3]

1 : 2 : 3 : []

1 : (2 : (3 : 1))
1+ (2 4+ (3 + 0))

Anasnoruyto OJI YMHO2XKE€HHW !

[1,2,3]

1 : 2 : 3 : []

1 : (2 : (3 :1[1))
1 * (2 * (3 * 0))

HasBaHue (QyHKIUM MPOUCXOAUT OT aHTJMUCKoro cjoBa fold — crubars,
CKJaAbpIBaTh (HampuMmep, JUCT Oymard). BykBa r B Ha3BaHUHM (YHKLHH TIPoO-
MCXOOUT OT cjoBa right (mpaBelii) W TMOKa3blBaeT acCOLUATHBHOCTh MpHMe-
HSIeMOW /1 CBepTKM (DYHKUMM. Tak, M3 NpHBeNeHHBIX NPUMEPOB BHUIHO
4TO NpUMeHeHHe (QYHKUMH rpynnupyercss BnpaBo. OnpenesneHue (pyHKUHH
foldl, rume | ykasbiBaeT Ha TO, YTO TPUMEHEHHE OIMEPALUH TPYIHPYETCS
BJIEBO, NPHUBEJEHO HHXKeE:

foldl :: (a > b > a) > a > [b] —> a
foldl £ z [] =z
foldl £ z (x:xs) foldl £ (f z x) xs

Jlns accouMaTHBHBIX oOMepalui, TaKUX Kak CJOXKEHHe W YMHOXKeHHe,
¢yHkuun foldr u foldl sKBUBa/NeHTHbI, OAHAKO €CJMU Olepalus He ac-
COLMAaTHUBHA, UX pe3yJbTaT OyaeT OTIHYaThCS:

Main>foldr (-) 0 [1,2,3]
2

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

JleficTBUTENIBHO, B IEPBOM CJlydyae BbIYMC/sieTcs BeqnunHa 1 —(2—(3—0)) =
2, a Bo BTOpoM — BesquuuHa ((0 — 1) —2) — 3 = —6.
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1.4 [dpyrue (pyHKUMH BbICHIEr0 MOpsaKa

B cranpaptHoi 6ubaHoTEKe onpeneneHa GyHKIUSA zip. OHa npeobpasyet
[IBa CIIMCKA B CIUCOK Map:

zip :: [a]l -> [b] -> [(a,b)]
zip (a:as) (b:bs) = (a,b):zip as bs
zip _ _ =[]

[Tpumep npumMeHeHUS:

Prelude>zip [1,2,3] [’'a’,
[(1,7a"),(2,’b"),(3,"c")]
Prelude>zip [1,2,3] ['a’,'b’,’'c’,’d"]
[((1,7a"),(2,"b"),(3,"c’)]

Ibl,lcl]

3ameTbTe, UTO AJHMHA Pe3ybTHPYIOILETr0 CIHUCKA PaBHA AJHHE CaMOro KOpOT-
KOr0 MCXOJIHOTO CIIHCKA.

O6o61ieHreM 3ToH (YHKUUM siBJAseTcsl (DYHKLMS BBICLIETO MOPsiAKa
zipWith, «coennHsOmasgs» ABa CIIHCKA C MOMOIbIO YKAa3aHHOH (PYHKLHH:

zipWith :: (a—>b->c) > [a]l->[bl->[c]
zipWith z (a:as) (b:bs) =z a b : zipWith z as bs
zipWith _ = []

C nomouibio 3ToH (DYHKLHH JIErKO ONpeleNrThb, HanpuMep, QyHKLHIO 103Je-
MEHTHOTO CYMMHPOBAHH$ IBYX CIIMCKOB:

sumList xs ys = zipWith (+) xs ys

WJIA, C YUeTOM KappPUPOBAHHUS:

sumList = zipWith (+)

2 JlamOpa-abcTpakuumn

[Ipu ucrnosb3oBaHWM (PYHKIME BBICIIErO MOPsiAKa 3a4acTylo HeoOXOmHu-
MO OmpenessiTb MHOrO HebosbliuX (yHKUWH. Hanpumep, mpu ompemneJe-
HUU (PYHKUIHMU getPositive HaM NPHUIIIOCH ONPENessiTh AOTOJHUTEbHYIO
¢yHkuuio isPositive, KoTopasi Hy»KHa TOJbKO MJisi TOTO, UTOOBI TpOBe-
PUTb apryMeHT Ha MOJIOXKHUTesJbHOCTb. C pocToM 0O6bema MporpaMMbl HeoO-
XOIUMOCTb TPUIYMbIBaThb UM€HA JJis BCIIOMOTaTesbHBIX (DYHKIHH Bce 60Jb-
me Memaer. Onuako B s3bike Haskell, kak u B JsexalieM B ero 0OCHOBe



JIMOJa-UCUHCJIEHUH, MOXKHO Orpene/siTb 6e3bIMsHHble (PDYHKIIUH C TOMOLIbIO
KOHCTPYKUHUHU JAMOAa-a0CTPaKLIUH.

Hanpuwmep, 6e3piMsiHHBle (DYHKLHH, BO3BOASIIAsS CBOH apryMeHT B KBal-
pat, npubaBJsOLIMe eIUHULY U YMHOXalollMe Ha [Ba, 3alHCbiBaeTCs CJe-
LyIOLHUM 00pasoMm:

\X -> x * x
\x > x + 1
\x —> 2 * x

VX Tenepb MOXKHO MCIIOJIb30BATh B apryMeHTaX (PYHKUHH BBICIIKMX MOPSAKOB.
Hanpumep, ¢pyHKUHIO 17151 BO3BEleHUS 3J€eMEHTOB CIHCKA B KBaApaT MOXKHO
3anucaTb Tak:

squarelList 1 = map (\x > x * x) 1

Oyukuus getPositive MoxeT ObITh OmpeseseHa cjaefyOLUIUM 00pa3oM:
getPositive = filter (\x -> x > 0)

MozxHo onpenesiTe AAM61a-a0CTPaKUKUU [/ HECKONBKHUX TepeMeHHbIX:
\x y > 2 * x +y

JIambna-abcTpakiMd MOXKHO HCII0/Ib30BaThb HapaBHe € OOBIYHBIMU (PyHK-
LUSIMH, HallpuMep, MPUMEHATb K apryMeHTaM:

Main>(\x -> x + 1) 2

3

Main>(\x -> x * x) 5

25

Main>(\x -> 2 * x + y) 1 2
4

C nomotibto JsiMOna-abCTPaKLUE MOXKHO omnpenensTb (pyHKIUU. Hanpuwmep,
3aMuch

square = \x -> x * x
MOJIHOCThIO 3KBHBaJIEHTHA

square x = x * X



3 Cekuun

DyHKIMU MOXHO MPUMEHSATh YaCTHYHO, T. €. He 33/1aBaTh 3HaUeHHe BCcexX
aprymenTtoB. Hanpumep, ecan @yHkuus add onpeneseHa Kak

add x y = x +y

TO MOXHO ONpelesUTb (DYHKIHIO inc, yBeJUUHUBAIOLLYI0 CBOH apryMeHT Ha
|l crenyromum o6pasom:

inc = add 1

OxkasbiBaercst, GMHapHbIE OMEpPaTOpPbl, KaK BCTPOEHHBIE B S3bIK, TaK HU
OTpefie/IeHHble N0JIb30BATeNsIM, TaKXKe MOKHO IPUMEHSTh JIMILIb K YaCTH CBO-
UX apryMeHTOB (MTOCKOJbKY KOJHUECTBO apryMeHTOB Y GHHAPHBIX OMepPaTOpOB
pPaBHO IBYM, 3Ta YaCTb COCTOMT M3 OJHOTO apryMmeHTa). buHapHas onepauus,
NPUMEHEHHas K OJHOMY apryMeHTy, Ha3blBaeTcsl cekyueti. [Ipumep:

(x+) = \y —> x+y
(+y) \X —-> x+y
(+) = \x vy —> x+y

Cko6ku 31ech o6s13aTenbHbl. TakuMm o6paszom, GyHKIMHM add U inc MOXKHO
OMpenesuTh TaK:

add = (+)
inc (+1)

CeKLlI/II/I 0COOEHHO II0JIE3HHI [IpA HCIOJb30BAHUH HUX B Ka4e€CTBE apry-
MEHTOB (py'HKLLI/Iﬁ BbICIIEro TopsaKa. Bcnomuum orpeneJseHue qJYHKU,I/II/I JJ1d
[NOJIYUYEHHS MOJOKUTEJBbHBIX 3JEMEHTOB CIIMCKa:

getPositive = filter (\x -> x > 0)

C ncrosb30BaHHEM CEKIIMH OHa 3alHMChiBaeTCsl 60Jiee KOMIIAKTHO:
getPositive = filter (>0)

DyHKUMS AJ5 YIBOEHUS 3J€MEHTOB CIIHUCKA

doublelist = map (*2)



4 3apanus

1. Onpenenute caenywoiine GyHKIUU C UCMONb30BaHHEM (DYHKIHUH BBIC-
1Iero NnopsifKa:

1)

2)

3)

4)

@DyHKIHUS BBIUNACAEHUS apU(PpMeTHUUECKOTO CpPeIHEero 3JeMeHTOB
CIIACKA BeIEeCTBEHHbIX YHUCeJ C HCINOJb30BAHUEM (DPYHKUHHU
foldr. OyHKIUHUA NOMKHA OCYIIECTBJSATH TOJBKO ONHH TMPOXOI
MO CITUCKY.

DyHKILHSA, BBIUKUCSIOUIAS CKAJISIPHOE NTPOU3BEeHHE IBYX CIHCKOB
(ucnosbayiite pyHkuuu foldr u zipWith).

CDYHKLII/IH countEven, BO3Bpallarwiiasd KOJNYEeCTBO YETHBIX 3J€-
MEHTOB B CIIHMCKeE.

®ynkuus quicksort, ocyulecTBisonlas ObICTPYI0 COPTUPOBKY
CMHUCKA M0 CJeAyIolleMy peKypcuBHOMY aJjroputmy. as Toro,
4TOObl OTCOPTHUPOBATH CIHCOK XS, M3 HEro BBIOWPAETCS MepBbIH
asieMeHT (0603HauuM ero x). OcTajJbHOH CIHUCOK AEJUTCS Ha ABe
YaCcTH: CIIUCOK, COCTOSIIMU U3 3JEMEHTOB XS, MEHbIIUX X W CIH-
COK 3JIeMEeHTOB, OOJBIIMX X. DTH CIIHUCKH COpPTHUpYyIOTCs (31ech
MPOSIBJISIETCS PEKYPCHS, MOCKOJbKY OHH COPTHUPYIOTCS 3THM XKe
aJTOPUTMOB), a 3aTeM M3 HHUX COCTaBJSETCS Pe3yJbTUPYIOLIHH
CIIMCOK BHUIa as ++ [x] ++ bs, roe as u bs — orcoprupo-
BaHHbIE CITUCKH MEHBILIKX K OOJbIINX 3JI€MEHTOB COOTBETCTBEHHO.

OmnpenenenHass B TpenblaylieM MyHKTe (yHKUMS quicksort
COPTHpYeT CIIMCOK B Nopsiike Bo3pacTaHus. O6obuuTe ee: mycTb
OHa NMPUHUMAaET ellle OfNH apryMeHT — (DYHKIIMIO CPaBHEHUS THIa
a -> a —> Bool U COpTHpYyeT CIIHUCOK B COOTBETCTBHE C HEIO.

2. BepHurech K 3agaHusM M3 JabopaTopHoH pabdoTbl Ned u peanusyiite
MX C MOMOLLbI (PYHKUMH BbicLIero nopsigka. [locrapaditech noJsHOCTHIO
HCKJIOYUTD U3 OlpefesieHHH (PYyHKUHUH SBHBIH MPOXOM MO CITUCKY.



