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[Mpaktuyeckoe 3anstue Nel. (OI1K-2, [1K-2)

Lens 3anarus: [IpuBoautek BeipakeHus K HopMaibHOU 1 C3H® B cucteme
PEAYyKUUN A - UCYUCIICHUS, OTINYATh OHATHS YHCTOTO M PACIIMPEHHOTO
A - HCUUCIICHUS.

1. IlpencraBieHne BBIPAXKEHHUI B A - UICYUCIICHHH.

OyHKIMOHANBHBIE S3BIKM MPOTPAMMHUPOBAHUS MOSIBIIIUCH B KaueCTBE
CpeICTBa JAJIsl HATMCAHUs POTpaMM, HE COJEPIKAINX B SIBHOM BHJIE MOHATHIA
s4eeK ~ maMATH I8 XpaHeHus  3HaueHWd  (IMepEeMEHHBIX) |
MOCJIEIOBAaTEIbHOCTA BBIYMCIICHUM Kak Ipoliecca M3MEHEHHUS COCTOSIHUS
MaMSATH.

OcHoBa J1s1 cO3JaHUs TAKUX SA3BIKOB Oblja MPEAIOKEHA €II€ B CEpEeIUHE
1930-x rr. Anon3o Yepuem u Credpanom Knunu. Teopus Uepua, Ha3BaHHAS UM A -
VCYHCIICHHE, PACCMATPUBAETCS B KAUECTBE TEOPETUUECKON OCHOBBI U
«MUHUMAJIBHOT0» (PYHKIIMOHAJIBHOTO SI3bIKa IporpaMMuUpoBanus. JIro0yro
porpaMMy, HalTMCaHHYIO Ha JTI000M (DYHKIITMOHATEHOM SI3BIKE
IPOrpaMMUPOBAHMS], MOKHO CBECTHU K (popMyJie A - HICUHCIICHUS.

Yepu u Knunu He co3naBanu A3bIK porpaMMupoBanusi. OHU 3aHUMAJKCh
dopManu3zanueil moHATHS BRIYUCIUMON (PYHKIIMM U CO3/1aHUS YHUBEPCAIBHOTO
MaTeMaTHYECKOTO afmapaTa Jijisl onpeneieHust U paboThl C BBIYUCIUMBIMH
bynkusmu. Uepd cymen moCTpOUTh TaKylt0 CUCTEMY, TIPH KOTOPOM 0a30BbIX
(GyHKUMIA HET, @ BMECTO CIIOCOOOB MOCTPOCHHUSI CIIOKHBIX (YHKUIUN U3 MPOCTHIX
UCIIOJIB3YIOTCS TTpaBmiia npeodpazoBanuii. B pesynprare Uepuy ynanoch co3aaTh
UCYHCIICHUE YUCTHIX (PYHKIIHIA, B KOTOPOM BCE MaTEMaTHUECKHE MOHSITHS, TAKHE
KaK 4ucia, apuMeTuKa u Jp., CBOJIATCSA K TOHATHIO (DYHKIIUH.

[Ipouecc npeoOpazoBanus GopMy B JIAM1a — UCUUCIIEHUH Yepua
(pedyKyuu) HaIOMUHACT TIPOIIECC BBIYUCICHHS (QYHKIIUH, TIPOUCXOISAIINN MTPH
UCIIOJTHEHUH MPOTPAMMBI.

OCHOBHBIM MIOHATHEM B A - HCUUCIICHUU SBJISICTCS MIOHSATUE BBIPAXKCHUS WIH
dbopmyibl. B popmynax nepemeHHbIe 00BIYHO 0003HAYAIOT ApTyMEHTHI YHKITUH,
3aJ1aBaeMbIX A - BBIPQXKEHUSIMH, OJTHAKO caMa 1o ceOe rnmepeMeHHas sBIIIeTCS
IPOCTEHIINM BUJIOM BBIPAKEHUSI.

A - BIpakKeHHE UMeeT BUI (AX . €), T1ie X — UMs IEPEMEHHOM, a € —
BhIpaxkeHrne. CeMaHTUUECKH TaKO€ BhIpaKeHHE 0003HAaYaeT (PYHKIIUIO C
apryMeHToM X u tesioM €. [Ipumenenue GyHkiuu 3anuceiBaeTcs B Buje (€le2), rue
el u e2 — Beipaxkenus (€1 —pyHkus, a €2 — e€ apryMeHr).

[Tpumepsr:

— AX . X —npocreimias QyHKIuUs, BBIIAONIAs CBOW apTyMEeHT;
CKOOKH OITYIIIE€HbI, TOCKOJIBKY 3TO HE BBI3bIBAET
HEOJTHO3HAYHOCTH;




— M. Ax . f X — dyHKIMSA ¢ IByMSI apryMEHTaMM, IPUMEHSIOIAs
CBOM IEpBBI apryMeHT Ko BTopoMy. CTporo roBops, Hajo ObLIO
OBbI pacCTaBUTh CKOOKH, YTOOBI BBIPAKEHUE TIPUHSIIO BUJT
Af. (Ax . (fx)). OmHaKO MPUHATO COTIAIIICHUE, IO KOTOPOMY
«omnepauus» NpuMeHeHUs! PYHKIIMU K apTyMEHTY UMeeT OoJiee
BBICOKHI IPUOPUTET, YEM «OIlepaus» 00pa3oBaHus A -
BbIpakeHHsI. OYHKIIUH MPU 3TOM NMPUMEHSIOTCS B IOPSIKE
cieBa HanpaBo. Beipakenne f x y monmmaercs kak (f x) y—
npuMeHeHue QyHkuuu f K apryMeHTy X v MpuMEHEHUe
MOJIyY€HHOI'O pe3yibTara K apryMenty y . O0pa3oBaHue xe
0€3BIMSHHOM (PYHKITHH (omeparius «J1aM0aa») Hao0opoT
IPUMEHSETCA CIIPaBa HAJIEBO, TAK YTO BBIPAXKEHUE AX . Ay . €
MOHUMAaeETCs Kak AX . (Ay . e).

Crnenyer y4uThBaTh, YTO NMPU NPUMEHEHUH CTAHAAPTHBIX (DYHKIIHUIMA
UCIIOJIb3YETCSI TOJIBKO NMPEePUKCHAsT 3aIUCh ONEpalHii, T. €. BMECTO NPUBBIYHOTO
3+5 3anuckiBaetcs BolpakeHue + 3 5. EctecTBeHHO, 0€CCMBICIIEHHBIM Oy1€T
BeIpakeHue / 3 0, MOCKOJBKY pe3ysIbTaT JAeACHHS Yrcia 3 Ha uncio 0 He
onpeneneH. beccmpicnennbim Oyaet Beipaxenne + TRUE 0, mockonbky
HEBO3MOHO BBIMIOJIHUTH CJIOXKEHUE JIorndeckoro 3HadeHus [ RUE ¢ yuciowm O.
VYcnosroe Boipakenue if B then E1 else E2 moxer ObITh peaCTaBICHO
npUMEHEeHHEM cTaHnapTHou ¢yHkiuu IF ¢ Tpems aprymentamu B, E1, u E2.
KopTexu npeacTaBistoTcs B BUA€ MPUMEHEHUS CTaHIAPTHBIX QYHKITUN
koptexxupoBanus TUPLE — n, rine N — mpou3BoiibHOE HAaTypalibHOE YnCiio. Takas
dbyHkuus OyAeT UMEeTh N apryMEeHTOB, W BbIJIAaBaTh B Pe3yJibTaTe pabOThI KOPTEK,
COZIEpIKAILMNA OTU apIryMEHTHI.

OOpartHast QyHKIMS U3BJICUCHUS DJIEMEHTA KOPTEXKa M0 3aJJaHHOMY HOMEPY
Oynet npencrasiena ctanaaptaoi ¢pyakuuen INDEX, aprymentamu KoTopoi
OyAeT HOMep AJIEMEHTa KOpTeXa U CaM ITOT KOPTEXK.

[Tpumep:

— Ecnu coctaButh kopTex u3 uncen 2,4 u 10, a 3arem u3BjiIedb U3
HETro BTOPOU AJIEMEHT, TO JOJDKHBI B PE3YJbTaTe MOTYYUTh YHCIIO
4. CoOTBEeTCTByIOIIasi KOHCTPYKIMS PACIIMPEHHOTO A -
MCYHCIICHUS OYy/IEeT BBITVISACTh TaK:
INDEX 1 (TUPLE- 3 2 4 10). Tak kak 3JI€MEHThl KOpTEkKa
HYMEpPYIOTCS C HYJS, TaK YTO BTOPOHM JJEMEHT KOpTexka Oymer
HMETh HOMEp 1.
B A - ucuucnenuu ompeneneHa cucreMa pedykyuii, T.e. Habop mpaBui
npeoOpa3zoBaHus BbipakeHU. C WX MOMOIIbIO MOXKHO MEPEXOIUTh OT OJHUX
BBIPKEHUM K IPYTUM, SIKBUBAJICHTHBIM HM.



2. Hopmanbhas dopma.

BxoxmeHue mepeMeHHON B HEKOTOPOE BBIPAKEHUE OYICT C8AaHHLIM,
€CIM OHO HAXOJUTCS BHYTPH HEKOTOPOTO A - BBIPQKEHHS, B 3arojioBKE
KOTOpPOTO JTa TIIEpEMEHHAas YIOMsHyTa B KadecTBe aprymeHTa. Ecmm
NepeMeHHasl He SBJISIETCS CBSI3AHHOW B HEKOTOPOM BBIPQKEHUH, TO OHA B HEM
Oyner c600600HOII.

PaccmarpuBaroTcs 4eThipe BUIa PEAYKIMHA B A - HICUNCIICHUH.

[TepBoe Ha3BIBAETCS MTEPEUMEHOBAHUEM TTEPEMEHHBIX, WUITH

o.-TipeoOpa3oBaHUEM.
Ero cMbICI COCTOUT B TOM, 4TO CYyTh (DYHKITUU HE MEHSIETCS, €CJIM 3aMEHUTh UMS

e GopMabHOTO apryMEHTa.
[Tpumep:
B Beipakenuu AX . Af. f X Y MOXHO 3aMEHUTH MEPEMEHHYIO X Ha MEPEMEHHYIO
Z.

JIBa ciemyromux mpaBmiia peAYKIINH — 3TO «BBIYMCITHTEIILHEIC)
npeoOpa3oBaHus, KOTOPHIE IPUBOIAT K YIIPOIIEHUIO BRIPAKCHHUS.

[IpeoOpazoBanue O-peyKLIUs UMEET CAEAYIOIINA BU/I: IIyCTh UMEETCS
Beipaxkerue T el e2 ...ek, rae f — koHCTaHTa, IpeACTaBIISIONIEE UM
«BCcTpOoeHHON» (yHKIMHK ¢ K aprymeHnTamu, a el, e2, ... eK — 3HaYCHHSs, MOTYIIHE
CIIY’)KUTh apryMeHTaMu dTol pyHKkIuHu. Torma Takoe BEIpaKEHHE MOYKHO 3aMEHUTh
Ha DKBUBAJICHTHOE €My BBIpA)KEHUE.

[Ipumep:

Ecnu xoHCTaHTa + mpeacTaBiseT GYHKIHIO apu(PMETHICCKOTO CIOKEHUS
1enbix, a konctanta OR — gynkuto mornyeckoro «MJIM», To B pe3yabTaTe O-
peayKiuu BeipaxkeHue + 1 4 MoxeT ObITh TPeoOpa30BaHO K BEIPAKEHHUIO 5.

[IpeoOpazoBanue P - penyKiusi COOTBETCTBYET MPUMEHEHHIO (DYHKITUH,
NIPEJICTABICHHON A - BBIPQKCHHUEM, K apTyMECHTY.

[Tpumep:

Bripaxenue ((AX . + X X) 3) B pe3yJbTare NpUMEHEHHS [3 - PEIYKITUH
Oyznet mpeobpazoBaHo B (+ 3 3), KOTOpPoOE, B CBOIO OUYEPElb, MOXKET ObITh
npeoOpa3oBaHo B 6 C MOMOIIBIO TPUMEHEHUS - O-PEAYKIIUH.

Ecnu HexkoTopoe BhIpakeHUE COJIEPKUT B ce0e MOABBIPAXKEHUE, K KOTOPOMY
MO>KHO MIPUMEHUTH OJIHY U3 PEAYKIIH, TO TAKOE MOJBbIPAKEHNE HAa3bIBACTCS
peoyyupyembimM U COKPAIIEHHO pedekcom. Takum oOpa3om mpoiiece



npeo0pa30BaHus BHIPAXKEHUSI CBOJAUTCS K IPUMEHEHUIO 3 U O-peayKIui K
pedekcam, COJIEPKAIIUMCS B UICXOAHOM BBIPAKEHUU.

1 - mpeoOpa3oBaHue BhIpaXaeT TOT (PAKT, YTO ABE PYHKIINH, KOTOPBIE MTPH
NPUMEHEHUU K OJJHOMY M TOMY )K€ apryMEHTY Jal0T OJHUH U TOT K€ PE3YJIbTaT,
HKBUBAJICHTHBHI.

OcHOBHOE Ha3HAYEHUE A - UCUMCIIEHUSI COCTOUT B TOM, YTOOBI IIOKA3aTh, YTO
Tr00ast BEIYUCIUMas PYHKITUS MOYKET ObITh MPECTABIICHA B BUJE A - BRIPAKEHUS.

[Tpumep:

Oynkuus (AX . * X X) npeacrabiseT coO00H (QYyHKIHIO
BO3BEJICHUA B KBaJpar. OyHKIUS JEHCTBUTEIBHO BBIIACT
pe3ynbrar 36, eCiu NPUMEHUTH €€ K apryMeHTy 6. Jlns 3Toro
cocTaBuM BbipaxkeHue ((Ax . * X X) 6) u BBIIIOJIHUM T€
PENYKUIHH, KOTOPBIE MOXXHO MPUMEHUTH K 3TOMY BBIPAXKEHUIO.
CHavasa B pe3ynpTare NpUMEHEHHUs [3 - peIyKLIHUH MOTYIUTCS
BbIpaxkeHue (* 6 6) K KOTOpOMY MOXKHO MPUMEHHUTH O-PEYKIIUIO
Y OKOHYATEIIbHO MOJIYYUTh 3HaUeHHE 36.

Penykiuu MOXHO IPUMEHATH /10 TE€X MOP, MOKA B BEIPAXKECHUU UMEETCS XOTS
Obl OIUH peieKkc. Eciii Hu 0THOTO peiekca B BBIPAXKEHUH HET, TO TOBOPSAT, YTO
BBIPAKEHHUE HAXOJIUTCS B HOPMAIbHOU (hopme.

3. Cnabas 3aronoBouHas HopMmasibHas Gopma (C3HD).

B pesyaprare mnocnenoBaTeNbHOIO NpPUMEHEHUS [ U O-peayKiui
MOKHO HE TIOJIYYUTh HOPMAJILHON (POPMBI BHIPAXKECHHUSI, @ TIOTYYUM JIOBOJIBHO
OMM3Kkui €€ DSKBUBAJCHT — TaK Ha3bIBaEMYyH CJIa0yl0 3arojOBOYHYIO
HopManeHyt0 hopmy (C3HOD).

Bripaxkenne naxoaurcs B C3H®, eciii 0HO MMEET OJUH U3 CIIEIYIOMINX
BUJIOB:

— KOHCTaHTa ¢ (B TOM YHUCJI€ — OJTHA U3 BCTPOSHHBIX (DYHKIIHIA);
— TMepeMeHHas X;
— A - BBIpOXEHUE AX . €, TJe € — BBIpaXCHHE, HAXOJIIIeeCs B
HOpMaJIbHOU opMme;
— f el e2... ek, rme f — BctpoenHas QyHKIUS C # apryMEHTaMH,
el,e2, ... ek — mpou3BoIbHBIE BRIpAXKEHUS, MPUUYEM k<n.
Ecnu 3anucate nocnennee BbpaK€HUE B SKBUBAJICHTHOM BHUJIE A -

BBIPQKEHMUSI, TO MOKHO BUJIETh, UTO HOpMaibHas ¢hopma otiandaercs ot C3HD



TOJIBKO TeM, uTo B C3H® He mpou3BoauTCs IpUBEAEHNE K HOPMAIBHOU (hopme

BBIPXEHUM, HAXOSAIINXCS BHYTPH TeJa A - BEIPAKEHUS.

KoHTposbHBIE BOITPOCHI K BHIMOJHEHHIO MPAKTHUECKOTO 3aHATHS
[TpakTuaeckoe 3ansatue Ne.1 (OITK-2, T1K-2)

1. KeM u xorna Obl1a npeioKeHa MaTeMaTnyecKasi OCHOBA JIsl
co3manus PYHKITMOHABHBIX SI3BIKOB MMPOTPAMMHUPOBAHUS.

2. Kakyro cuctemy B A(JisMaa) —MCYUCIEHUHU TTOCTPOHIT AJIOH30

Yepu.

OcHoBHOE MOHATHE B A(JIsIMJ1a) — Ucuucienus Yepua.

[IpencrapneHue BIpakeHU B A(J15IM/1a)-UCUUCIICHUU.

Mecto u poiib pa3nTu4HbIX pedykyuti B A(JIsIMIQ)-UCYUCIICHUH .

[IpeoOpa3zoBaHuE NCXOTHOTO BBIPAKEHUS K €T0 HOPMAJIbHON

dbopwme.

Cnabas 3aroioBo4yHasi HopmajbHas (hopma Boipaxkenus (C3HD).

Pexypcust B A(J1IM/12)-UCUHUCIICHUU.

9. Yucroe A(1s1M/1a)-UCUUCICHNE.

ook ow

© ~

3aganue Nel: Onpenennuts, Kakue U3 MEPEMEHHBIX B 33ITaHHOM
BBIPAKEHUHU A - UICUHUCIICHUS CBA3aHbI, a KAKUE CBOOOIHBI?

X (Ax. Ay.y (Azx) z) (AX.y);

3aganue No2:

Ha si3pike Haskell nanbr onpenenenus cneayomux ABYX B3aUMHO —
PEKYPCUBHBIX (DYHKITHIA:

fx=x:g (2*x)

gy=y: f @yt

CocTaBUTh BRIpKEHUS I 3TUX (PYHKITUN B PaCIIUPEHHOM

A(asiM1a) —MCYMCIIEHUH.

BrimonHeHne 3aaHuil MPaKTHIECKOTO 3aHATUS O(DOpMITSIETCS B BUIE
OT4ETA C OTBETAMH HAa KOHTPOJIBHBIE BOIIPOCHI U C MOSICHEHUSIMU BBITIOJTHCHUS

3aJaHUIl.



[TpakTraeckoe 3anstue Ne2 (OITK-2, T1K-2).

[enb 3anstus: Pemnth 3agaun Ha si3bike Java unu [lackans B UMIEepaTUBHOM
CTHUJIC ¥ C UCIIOJIb30BaHUEM (DYHKITMOHAIBLHOT'O CTUJIA.

OYHKIIMOHAIBHOE MTPOTPAMMHUPOBAHUE — 3TO BETBb IPOrPaMMUPOBAHMS,
IIPU KOTOPOM MPOTPaMMUPOBAHUE BENIETCS C TOMOIIBIO OIpeiesieHus (PyHKITUH.
ANTOPUTMBI, 3alICAaHHBIE C TTOMOIIBIO SI3bIKOB (DYHKIIMOHATEHOTO
IPOrpaMMHUPOBAHMS, BO- MIEPBBIX, JOMYCKAIOT CPABHUTEIHHO MPOCTON aHAIU3 U
dbopmanibHOE TIpeoOpazoBanue mporpamm. Bo — BTOpBIX, OTJEIbHBIC YACTH
pPOrpaMM MOTYT HUCIOJHATHCS HE3aBUCUMO JIPYT OT Apyra. Takumu
3aMeyaTeNIbHBIMHU CBOMCTBAMH M 00JIaaI0T SI3bIKK (DyHKIIMOHATILHOTO
IPOTrPaMMHUPOBAHMS.
Onucanne aaropuTMOB B (YHKIIMOHATHHOM CTHJIE COCPEIOTOUYEHO HE Ha
TOM, KaK JJOCTHYb HYKHOT'O pe3yJbTaTa ( B KaKoW MOCIe10BaTeIbHOCTH
BBITIOJTHSATD IIard aJITOPUTMA), a OOJIbIIIE HA TOM, YTO JIOJDKEH MPEACTaBIsATh CO00i
3TOT pe3yibTar.
OTIMYUTENHEHBIMU OCOOEHHOCTIIMHU (QYHKIIUN, OTPEEIIEMBIX JTHOOBIM
(GYHKIHOHATIBHBIM S3bIKOM IPOTPAMMHUPOBAHUS, SBJISIOTCS CIIEYIOLIUE:
— Kaxnaas (QyHKOMS B TporpaMMme BbIAAET OIMH M TOT JKE
pe3yipTaT Ha OJHOM M TOM e Habope BXOTHBIX IaHHBIX
(apryMeHTOB (YHKIMHU), T.€. Pe3ylabrar pabdoThl (QyHKIHUH
SIBTISIETCS] KTIOBTOPSIEMBIM;
— BBIUMCJICHUE (YHKIMM HE MOXET TOBIUATH Ha pe3yabTar
paboThI Apyrux (yHKIHH, T.€. PYHKIIUH SBISTIOTCS «YUCTBIMK.
Ecnu nporpamma nipencraBiset co6oii HA00Op YMCTHIX
JETEPMUHUPOBAHHBIX (DYHKIINI , TO OHA OyAeT (PYHKIIMOHAILHON HE3aBUCUMO
OT TOTO, HAITMCaHa JIM OHA Ha CIEIUATLHOM SI3bIKE (YHKITMOHAIBHOTO
nporpammupoBanust Haskell win Ha Tpaguimonnom Java.
[Tpumep: OyHKIMS BEIYUCICHUS CyMMBI JJIEMEHTOB YHCJIOBOTO CITHCKA.

double sumList (List<Double> list) {
double sum = 0;
for (Double element : list)  {
sum += element;

}

return sum,

Ota QyHKIIUS IeTEPMUHUPOBAHHAS U «YUCTas», OHA BBIJAET BCEraa
OIVH U TOT K€ pe3yJIbTaT Ha OJJMHAKOBBIX BXOJHBIX JAHHBIX U HE BIUSAET Ha
MOBEJIEHUE IPYTUX (QYyHKIIH.

OpnnHako BCE e C TOYKH 3peHust (PyHKIIMOHATBLHOTO CTUJISI UMEET OJHY



«HETPAaBWJIBHOCTHY. B QyHKIIMM ompeensieTcss U UCIOJIb3YETCs JOKaIbHAs
nepeMeHHasi sum, KOTopas Hy>KHa JIJIsl 3alIOMUHAHUST TTPOMEXKYTOUHBIX
3HAYEHUN CYMMBI.
B uncTo QyHKIMOHANBHBIX IpOrpaMMax NpUcBauBaHUN BOOOIIE HET,
KaK HEeT U MOHATUS [OCIEI0BaTEIbHOTO BhluncieHus. Kaxmas pyHkims
JIOJI’KHA TIPEJICTABISATH COOOM CYNeprno3ulinio OOpallleHUu K IpYyrum
GYHKIHSM.
[IpencraBuM IpUBEACHHYIO MPOTPAMMY B (DYHKITMOHATHLHOM CTHIIC.
double sumList (List<Double> list) {
final int size = list. size () ;
final int mid = size / 2;
return
size==0 ? list . get (0) :
sumList (list. subList (0, mid ) ) +
sumlList (list. subList (mid, size ) ) ;

BwmecTo nukna ucmonp3oBaHa peKypcHs, a BMECTO YCIOBHOTO
orepaTopa B 3TOH IporpamMme IPUMEHSIOTCS YCIIOBHBIC BEIPAKEHHUS, KOTOPHIC
COCIIMHSIOT YCIOBUSAMH HE OTACIBHBIC YACTH MOCICA0BATEIBHO
BEITIOJTHSTFOIICHCSI IIPOTPAMMBI, a OT/ICIBHBIE TIOABBIPAKEHUS. ITO SIBISICTCS
XapaKkTepHON 0COOCHHOCTHIO (PYHKIIMOHAIBHOTO CTUJISI IPOTPAMMHUPOBAHUS.

KOHTpOJ'H)HI)Ie BOIIPOCHI K BBIIIOJHCHHIO ITPAKTUYCCKOI'O 3aHATHA

1. OmnuurensHble  OCOOEHHOCTHM  (DYHKUUW,  ONpenensieMbIX
(YHKIIMOHATBHBIM S3bIKOM POTPaMMUPOBAHUSI.

2. OcoOeHHOCTH (DYHKIIMOHAJIBHOTO CTHJIS IPOTPAMMUPOBAHUSL.

3. Hemocratku wu mpeumymiectBa (YHKIIMOHAJIBHOTO CTHIIS TI0
OTHOUIEHUIO K UMIIEPAaTUBHOMY CTHJIXO IPOrPaMMHUPOBAHMUS.

4. «Yuctbie» U «HEUUCTbIE» QYHKIUU.

5. Urto mpeacrasnger coboil kaxaast GyHKIUS B PyHKIIMOHATIEHOM
IIPOrpaMMUPOBAHMH.

6. Uro wucnonb3dyercss BMECTO IMKJIa B  (YHKIHMOHAJIBLHON

MporpaMme.

3anganue: CocTaBUTh MPOrPaMMBbI PEIICHUS 3aJ1ad Ha sA3bIKe Java B
MPUBBIYHOM UMIIEPATUBHOM CTHJIE U B (DYHKIIMOHAJILHOM CTUJIC
IPOrpaMMHUPOBAHMUS

1. IlpubnmxeHHOE BBIYMCICHHE YHCIa e 1o dopmyne s



pasnoxenusi € B psia Teinopa.
2. Bprumcienue IpuOIMKEHHOTO 3HAYCHUS KOPHST yPABHEHUS

COS X = X METOIOM OHCEKIIHH.

BrimotHeHHE 3a1aHU MPAKTHYECKOTO 3aHATHS 0(OPMIIICTCS B BUJIC
OT4ETA C OTBETAMU Ha KOHTPOJIBHBIE BOIIPOCHI U C MOSCHEHUSIMU BBIITOJIHEHHBIX

3aJIaHAN.
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JlaboparopHas pabora Nel. (OIIK-2, I1K-2)
Llenb paboTel: ycranoBka cuctemsl Haskell Platform.

J11st TOro 4T00BI HA4aTh PA0OTY C PYHKIIMOHATIBHOM SI3BIKOM
POTrPaMMHUPOBAHUS, HY)KHO 3arpy3UTh Ha KOMITBIOTEP CUCTEMY
nporpaMMupoBaHus Ha si3bike Haskell, B cocTaB KoTOpoii BXOJAT, B 4aCTHOCTH,
KOMITIJISATOP W HHTEPIIPETATOP MPOrPaMM, HAITMCAHHBIX HA 3TOM SI3bIKE, a TAKIKE
npocTas 000J109Ka I onieparmonHoi cucreMbl Microsoft Windows. Cuctemy
Haskell Platform moxHo ycranoBuTh ¢ caiita https://www.haskell.org, nepeiins
no cceutke https://www.haskell.org/platform/.

[Tocse ycTaHOBKH CHCTEMBI MOXHO Cpa3y e 3allyCTHTh HHTEPIPETaTop
BhIpa)KCHUH, 3anrcaHHbIX Ha s3bike Haskell, GHCi (uaTepriperaTop KOMaHIHO#M
crpokn) mwin (B cucreme Windows) WinGHCIi.GHC (Glasgow Haskell Compiler)
— 9TO MOMYJIIPHBIA KOMITWIIATOP TIporpamm Ha si3bike Haskell.

Bce npumepst paboThl UHTEpIIpeTaTOpa OYIyT IPUBOAUTHCS HEMOCPEICTBEHHO
B TekcTe. Eciu B nHTEepnperarope HaOpaTh BhIpakeHUe 2*2, TO OH BBIBEACT
pe3ynbTaT BerunciaeHus — 4. B Tekcte 310 OyAeT Mmoka3zaHo CIETYIONIIM 00pa3oM:

>> 2*2
4

Komanzpl, mogaBaemble HHTEPIPETATOPY, - 3TO BBIPAKEHUS JIJIS1 BBIYMCIICHUS
WM COOCTBEHHO KOMaH/Ibl, C TOMOIIBIO KOTOPBIX MOKHO YNPABIATh pabOTOMN
MHTEPHPETATOPA, a TAKXKE MOIydaTh BCEBO3ZMOKHYIO HH(DOPMAIUIO O TEKYIIEM
KOHTEKCTE BBIYUCIICHH, MOTyYaTh OTIAJ0YHYI0 HH(OPMAIUIO, YCTAHABIUBATh
PEXUMBI pabOThI, 3arpyKaTh MPOrpaMMbl U IPOTPaMMHbBIE MOJTYJIU U T.[.

[TonHBIN CIUCOK KOMaH]I MOKHO TIOJIyYUTh, HAOpaB KOMaHy: “: 2 ¢

Kommusnsitop GHC ymeeT BBIUMCISATH TUT TTOJIAHHOTO €MY BBIPAXKEHUS C
MTOMOIIBIO KOMaHABI : type, KOTOpYIO MOKHO 33/1aBaTh B COKPAIIEHHOM BHU/IE -
t:

[TocMOTpeTh Ha KOHKPETHBIN TUIT BBIYUCIEHHOTO BBIPAKEHUS MOYKHO,
BKJIFOUMB OIIINIO0 KOMITHJISITOpa ¢ TOMOIIBIO KOMaH bl ““: Sset + 7. [locme
BKJIFOUCHHUS DTON OMIIMU HHTEPIIPETATOP MOCIIE KAKIOTO BIYUCIECHUS Oy 1eT
MMOKa3bIBaTh TUII BEIYHMCIIEHHOI'O 3HAUECHHUS

3aaHus K BBITIOJIHCHHIO JJa00paTOPHOI pabOTHI.
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https://www.haskell.org/
https://www.haskell.org/platform/

1. Cucrema nporpammupoBanus Haskell Platform:

2. YcranoBka cuctemsl mporpammupoBanus Haskell Platform;

3. 3anmyck wuHTeprpeTaropa BbipakeHHii Ha s3bike Haskell —
GHCi (uaTEpIIpeTaTrop KOMaHAHOW CTPOKH)

4. TlomyuyeHue U IPOCMOTP MOJTHOTO CIIMCKA KOMaH];

5. YcraHomneHnue Pa3IMYHBIX PEXHUMOB paboThI

UHTEpIpEeTaTopa.

Brinonnenue 3aganuii 1abopatopHoi padboTel opopmitsieTcs: B BUIE
OTu€Ta C OTBETaMHU Ha KOHTPOJILHBIE BOMPOCHI U C MOSICHEHUSIMHU
BBITIOJTHEHHBIX 3aJIJaHUM.
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JIaGopatopnas padora Ne2. (OIIK-2, I[TIK-2)

[lens pabothl: TTOATOTOBUTH, 3aIPy3HUTh M UCIIOJIHUTH IPOTPAMMBbI Ha SI3bIKE
Haskell ¢ moMoIipio ycTaHOBIIEHHOTO HHTEPIPETATOPA.

[Tporpamma Ha si3eike Haskell — 3to Habop onpenencHuii 3HaYCHUH U
¢yHKuuid. 3arpy3uB porpaMmy B HHTEPIPETATOP, MOXKHO 3aTEM BBIMOIHSTD
JEWCTBHSI IO BBIYMCIICHUIO PE3YIbTATOB, MIPOCTO BBI3bIBasK (DYHKIINH, OTIPEICIICHHS
KOTOPBIX 33JIaHbl B iporpamme. J{is mpuMepa, 4ToObl MoKas3ath, KaKMM 00pa3oM
MOXHO ITOJITOTOBUTb, 3arpy3UTh U HCIIOIHHUTH Mporpammy Ha si3eike Haskell ¢
TIOMOIIIBIO0 YCTAaHOBJICHHOTO HHTEPIIPETATOPA, ONPEACTNM (DYHKIIHIO C TPEMS
apryMEHTaMH, KOTOpasi BBIAACT PE3yJIbTaT BBIYMCICHHUI TI0 U3BECTHON (popMyIie
['epoHa.

Omnpenenum B iporpamme GyHKImio triangle ¢ aprymenramu a,b u ¢,
KOTOpas CHaJaia BBEAET 0003HAUCHNUE [ LIS 3HAUYCHUS MTOTyIepUMETpa
TPEYTOJIbHUKA, & 3aTE€M BBIYHCIIHUT €r0 IUIONIa/lb, HCIIOJIb3YS KaK BRIYUCICHHOE
3HAYEHHUE MOIYyIIepUMETPA, TAK U APTYMEHTHI — JIJTHHBI CTOPOH TPEYTOJIbHUKA.

triangleabc=letp=(a+b+c)/2in sqrt(p* (p-a) * (p-b) * (p-c))

3anuiem nporpamMmy B TeKCTOBBIN (aiin ¢ umeneM triangle.hs
(pacimpenue nMeHu ¢aitna .hS mcnonp3yeTcs s TEKCTOB MPOrpaMM Ha SI3bIKE
Haskell).

[Tycts, HanpuMep, noaHoe umMst (aiina B cucteme Windows Oynet

C:\ Haskell\triangle.hs

Teneps 3amycTiM HHTEPIIPETATOP U TIOIaTUM KOMaH]y Ha 3arpy3Ky U
IPOBEPKY MPOTPAMMBI:

>>: load C:\Haskell\triangle.hs

Ecnu ums daiina 3anucano mpaBUIBHO U HE COAEPKUT MTPOOETIOB U OYKB,
OTJIMYHBIX OT OYKB JIATUHCKOTO ayipaBUTa, TO IporpaMma OyJeT 3arpykeHa, u
MHTEPIIPETaTOp MPOBEPUT MPABUIHBHOCTh CHHTAKCHCA. EClii Bce mpaBUIIbHO, TO
Ha dKpaHe YBHIIUM PE3yJIbTaT paboThl HHTEPIIPETATOPA.

Teneps MOKHO MOMTPOOOBATH BHIYUCIIUTH ILIONIAIb KAKOTO-THOO0
TPEYTOJIbHUKA, 3aMMCaB BhIPAKCHUE!

>> triangle 34 5

YTO MPUBEIET K 3aMycKy (DYHKITUHU U BhIIaYe OKUaeMOTo pe3ynbrara 6.0.
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3amaHus K BBIMOJIHEHHIO JAOOPAaTOPHON PabOTHI.
1. CocraBneHue npocToi MporpaMMsl ( HapuMmep,

BBIUKCJICHHE IO TPEeyroibHuKa 1o popmyne I'epona).

2. 3anuck nporpaMMbl B TEKCTOBBIN (ailn ¢ umeneM triangle.hs
(momHOE nMs (paita B cucteme Windows Oymer C:\Haskell\
triangle.hs).

3. 3amyck WHTepIpeTaTopa W mojaya KOMaH/Ibl Ha 3arpy3Ky U
MIPOBEPKY MTPOTPAMMBI.

4. 3arpy3ka BeIpaXEHUS JJIs IPUMEHEHUs (PyHKIIUU.

5. IIpoBepuTh NpaBUIBHOCTH PAOOTHI (PYHKITUH (TIPOTPAMMBI)
IIPY HECKOJBKHUX BBIYMCIICHHUSIX.

6. s mOArOTOBKHM MPOrpaMM U3YUHUTH CJIETYIOIINE BOPOCHI:

— oneMeHTapHble Thnbl ganaeie Haskell;

3anaHus Ha BBIIOJIHEHHE JIa0OPAaTOPHON PabOTHI:

— TOATOTOBHUTH M HCHOJHUTH NMPOrpaMMy BBIYMCIEHUS ILIOIAAN
TPEYTOJIbHUKA MPU PA3JINYHBIX apTyMEHTAX;
— MOATOTOBUTH NMPOTrpaMMy HaxXoxKJaeHus yrcesn PuboHayyu.

Brinonnenue 3aganuii 1abopatopHoi paboTel 0hopMIIsIETCs B BUIE
0TuYéTa C OTBETAaMH Ha KOHTPOJBHBIC BOITPOCHI U C TIOSICHCHUSMU
BBITIOJTHCHHBIX 33 TaHHM.



[Tpaktuueckoe 3ansatue Ne3. (OITK-2, T1K-2)

LIGJIB 3aHATHA: I/IsyquHe THUIIOB U KJIACCOB B SA3BIKC ITPOTPAMMUPOBAHUA

Haskell.

Haskell — crporo Tunm3upoBaHHbIii S3bIK. TaKUMU 5K€ CBOWCTBAMHU
00JIaar0T OOJBIIMHCTBO COBPEMEHHBIX S3BIKOB MIPOTPAMMHPOBAHUS, TAKHE KaK
[Tackans, Java, C++ u mHOTHE npyrue. Jluch — s3Ik 6€3 CTPOroW THITU3AIHH.

OcnoBy cuctemsl TrroB Haskell cocraBmstror Tums: niensie (Integer u Int);
BemiectBennbie (Float u Double); mornueckue (Bool); cumBonsabie (Char). Bee
unentudukatopsl B Haskell uyBcTBUTENBHBI K perucTpy OyKB, Tak 4to Integer,
Integer, INTEGER — sTo Tpu pa3ubix ujaeHTHUdUKaTOpA.

Peructp nepBoit OykBbI HIeHTU(PHUKATOPA OTIPEIETSET BCTPOCHHBIN
(3aryiaBHast OykBa) WK OMpeIeIEHHBIN MPOrpaMMUCTOM THI Wik Kiacce. C
3arjaBHbBIX OyKB HAYMHAIOTCS TaKKe MMEHA MOJTyJIeH 1 MTaKeTOB.

I/II[GHTI/I(bI/IKaTOpBI 00BEKTOB — 3HAUCHUS IMPOCTBIX U CJIOKHBIX THUIIOB, B TOM YHUCJIC

(yHKUIMNA — HAUMHAIOTCS CO CTPOYHOM OYKBBI HJIM CUMBOJIA TIOTYEPKUBAHHS.
N nentudukatopsl cTposiTcs U3 OyKB, NOAYEPKUBAHUN U IUPP U CUMBOJIA
anoctpoda. Hu anoctpod, H1 nudpa He MOTYT OBITH IEPBBIM CUMBOJIOM
uaeHTH(puKaTOpa.

B nporpamMme MOKHO BBOJIUTH COOCTBEHHBIE HACHTU(DUKATOPHI AJIs
MMEIOLIMXCS 3HAYECHU .

Knaccer B si3pike  Haskell umeroT mprMepHO TOT 5Ke CMBICI, YTO U IPYTHUX
A3bIKaX MPOTPAMMHUPOBAHUS: OHU ONPEAEISIOT HAOOp onepauuii (GyHKUIUN),
KOTOPbIE MOKHO IIPOU3BOJIUTH HaJl 00BEKTAMH PA3HBIX TUIOB, MPUHAJIEKAIINX
TOMY KJ1accy. Hanpumep, mOJIHBII CMCOK pa3pelIeHHbIX onepanuil A1 Kiiacca
Num Mo>xHO TIOTyunTh, HAOpaB KoMaHay : INfo, B pe3ysbTare BHITOTHCHUS
KOTOPOU MOJIYyYUM MPUMEPHO CIEIYIOIIUN PE3YyJIbTAaT:

>> :info Num

Class Num a where

(+) ::a—>a—>a

(*) :: a—>a—>a

(-) :: a—>a—>a
negate :: a—>a
abs ::a—>a

signum :: a —> a
frominteger :: Integer —>a
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B nanHoM onucanuu yka3zaHbl Bce (QYHKLIUU U ONEPALUU, pa3pelIEHHbIE
JUIsL TUIIOB U3 3TOT'O KJIAacca, TaK 4TO, €CJIU BBIITOJHUTD ONIEPALUIO CIIOKEHUS HaJl
JIBYMs 3HAYCHUAMU, KOKJI0€ U3 KOTOPBIX UMEET TUII, IPUHAIIEKAIUN KIIacCy

Num, TO B PC3YJILTATC ITOJIYUYHUM 3HAYCHUC TOI'O K€ TUIIA, YTO U THUIIBI OIICPAHIOB.

3aI[aHI/I$I KOHTPOJIBHBIC BOITPOCHI K BBIITIOJIHCHHIO SaI[aHI/Iﬁ IMPaKTHUYCCKOI O
3aHATHA.

1. Paznmuue MCXKAY THUIIaMKX W KJIaCCaMU B  S3BIKC

nporpammupoBanust Haskell.

2. Ocobennoctu 6a3oBbix THMOB Haskell, HempuUBBIYHBIX TIO

JPYTUM SI3bIKaM MPOTpaMMHUPOBAHMUS.
3. O0beIMHEeHNE TPOU3BOJIBHBIX THUIIOB B KOPTEKH.

4. Ocobennoctu s3bika Haskell kacarommecss nzoOpaxeHus

YHCCII.

5.Omepauun ¥ CcTaHAapTHble  (QYHKIMH B A3BIKE

nporpammupoBanus Haskell.
6. JIBe 0cOOEHHOCTH 3aMUCH BBIPAKECHHIM.
7. O0beIMHEHNE TPOU3BOJIBHBIX TUIIOB B KOPTEKHU.

8. [lycToii kopTex

BrinonHeHnue 3ajaHuii MPaKTUYECKOTo 3aHATHS 0(hOPMIISIETCSI B BUJE OTUETA C

OTBCTAMM Ha KOHTPOJIBHBIC BOIIPOCHI U C ITOACHCHUAMMN BBbIIIOJTHCHUA BaﬂaHHﬁ.
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JlaboparopHas pabora Ne3(OIIK-2, I1K-2)

ens padoTei: Omnpenenenue QPyHKIMI ¢ MOMOIIBIO ypaBHeHUH. [10Ar0TOBUTS,
3arpy3uTh U UCTIOJIHUTH IporpaMMebl Ha si3bike Haskell ¢
MOMOIIBIO YCTAaHOBJIEHHOTO UHTEPIIPETaTOpA.

J51s TOr0, YTOOBI HAMUCATH CKOJB-HUOYAb MOJIE3HYIO IPOTPAMMY,
HE0OXOMMO TTOMUMO HOBBIX HICHTU(PUKATOPOB U MPABUILHOTO HAITUCAHUS
BBIPAKEHUN YMETh OMPEEsATh HOBbIEC (DYHKIUU.

Kaxnas ¢pynkuus B Haskell — 3o Toxxe HekoTOpoe 3HaueHue, 1J11 KOTOPOTO
onpenenéd tum. B tune QpyHKIMM yKa3bIBalOT TUIIBI €€ apTyMEHTOB U THUII
3HaueHUs (PYHKIIMH, IPU STOM TUIIBI ApTYMEHTOB U 3HAYCHUS QYyHKIIUU
OTIENAI0OTCS IPYT OT Apyra cuMBosiiamu ““ —>. Tak 4ro, Hanpumep, TUN GyHKIUN
OJIHOTO BEILIECTBEHHOI'O apTyMEHTa C BEUIECTBEHHBIM PE3yJIbTaTOM (TaKoi, Kak,
HarnpuMmep, QYHKIMS BRIUUCICHHUS CUHYCA) MOXKHO 3aIliCaTh B BUJIC

Double —> Double ,

a TUN (PYHKIIUU C ABYMsI IIEJIBIMU apTyMEHTaMU U OJIHUM JIOTUYECKUM
pe3ynbTaToM (TakoM, Kak, HalpuMep, orepalus CpaBHEHUS BYX 1IEJIbIX 3HAUCHUN
1o BenuumHe) — B Buae Int —>Int —>Bool.

Camy (yHKLHIO MOKHO ONPEJEIUTH C MOMOIIBIO «YPaBHEHUS», B KOTOPOM
BBISICHSIETCS, KaK (DYHKIIMS TOJKHA ce0sl BECTH, €CJIH €M 3a7aTh 3HaUEHUE
aprymenrta. Hanpumep, onpenenuM (QyHKIMIO YIBOCHUS, KOTOpas y/IBauBaeT
3HAQYEHHUE CBOETO BEUIECTBEHHOIO apTyYMEHTA U BBIAAET MOJyYUBIIEECS 3HAYCHHUE.
Jliis sToro 3amaércs unentudukarop GyHkuuu twice, 3agaércs e€ Tum u
3aMKChIBACTCS YpaBHEHUE, B KOTOPOM MOKA3bIBAETCSI, YTO BHI30B 3TOM (DYHKIIMH C
3aJJaHHBIM 3HAYEHUEM apTyMEHTa SKBUBAJICHTEH BBIPAXKEHUIO, B KOTOPOM 3TO
3HAYEHHUE YMHOXKAETCS Ha 2:

twice :: Double —> Double

twice x =2 * x

Teneps MOXKHO 3arpy3UTh U CKOMIMJIUPOBATH QYHKIIUIO JIJIs1 yIBOCHHUSI
BEILIECTBEHHBIX YHCEI.

Ecnu gynkius twice onpeeneHa, To BeIYUCICHHE Bhipakenus twice 5.5
MOXHO MPEACTaBUTH CleayomuUM oOpa3oM. CHavyana MpOUCXOIUT COTIOCTABICHUE
(dakTHUecKoro 3Ha4eHus: aprymeHTa 5.5 ¢ popMaibHbIM apryMEHTOM X. 3aTeM
BBI30B (DYHKIIMM 3aMEHSETCS MPABOM YaCThIO YPABHEHMSI, B KOTOPOU BMECTO
(GbopMalIbHOTO apTyMEHTa KCIOJIb3YETCs COMOCTABIEHHOE C HUM 3HAUCHHE

17



dakTryeckoro aprymenTa. Takum o0pa3om, MOcCiie COMOCTABICHUS U 3aMEHBI
BMECTO BBIpaKkeHHUs twice 5.5 mosyuaeM BeIpaxkeHue 2*5.5, koTopoe mocie
BbIuKciieHus naét 3nauenue 11.Ilpoiecc npeodpa3oBaHus BIpaKEHUS MOKHO
3anmcaTh CIACAYIOIIUM 00pa3oMm:

twice 5.5 -2 * 5.5 —11

[TpeoOpa3oBanue BbIpaX)eHH, T01I00HOE MPUBECHHOMY, Ha3bIBAIOT
DpeoyKyusmu.

Taxum o6pa3om, BerumciieHue Beipaxxenuit B Haskell (ucrmonmaenne

POrpaMMbl) OCYIIECTBISIETCS ¢ TOMOIIBIO MOCIEA0BATEIbHBIX PEAYKIUI
HCXOJHOTO BBIPAXKCHUSI.

B nienoM nponecc BBIYMCIEHUH MOYKHO MPEACTABUTH CIIEIYIOIIUM
oOpazom. CHayana UMeeTcsl HEKOTOPOE UCXOHOE BhIpakeHue. B atom
BBIPOKEHUU BHIOUPAETCS] HEKOTOPHIN BHI30B PyHKIIMU( OOJIEE TOUHO —
npuMeHeHue GyHKIUU K apryMeHTaMm). 3aTeM paccMaTpUBaeTCsl ypaBHEHUE,
onpezenstonee 3Ty (yHKIHIO, U OCYIIECTBIIAETCS COIIOCTABICHUE apTyMEHTA C
dbopmansHbIM napaMmeTpoM pyHkiuu. [Tocne 3Toro mpaBasi 4acTh ypaBHEHUS, B
KOTOpOM Bce (hopMasibHbIE MMapaMeTphl 3aMEHEHBI Ha (DAKTUYECKUN apTyMEHT,
ITOJCTABJISACTCS HA MECTO BbI30BA. TaK MPOJOJIKAETCS 10 TEX IOP, ITI0Ka B
BBIPKEHUU OOJIbIIIE HE OCTAHETCS MPUMEHEeHU PyHKINI K aprymenTam. Toraa
TOBOPST, YTO UCXOJHOE BBIpAKEHUE MPUBEICHO K HOPMaJIbHOU (hopme.

3ajaHue K BBIMIOJHEHHIO JJa00paTOpHOM pabOTHI.

CoctaBuTh  mporpaMMy  BBIYHCICHHS  (hakTOpHmaia
HaTypajJbHOTO YHCIIA:

— ONpeNeNUTh 3HaueHWe QYHKIOWH TIpU  3aJaHUAA
OTPUIIATEeILHOTO 3HAYCHUS apTyMEHTA;

— TpU BBIJJAY€ HMHTEPIPETATOPOM COOOIIeHUsT 00
aBapUITHOM 3aBEpIICHUU PAOOTHI IS OMPEACICHUS
(GYHKIIMM ~ 3amydcaTh ~ HECKOJNIBKO  YpaBHCHHI,
OTIPENCISIIONINX  TMOBeACHUE  (YHKIUH  TIPH
Pa3IMYHBIX 3HAYCHUSAX apIryMEHTA;

— ONpeNeNuTh Ty K€ (QYHKIHMIO, 3a7aB apryMEHTY
BBI30Ba HYJIEBOE 3HAUCHUC;

— TPOBEPUTH MPABUIBLHOCTH PAOOTHI (PYHKIMH TpU
HECKOJIbKUX BBIYUCIICHUSX.

Brinonnenwue 3aganuii 1abopatopHoi paboThl opopmIsieTcs: B BUE
oTuéTa C OTBETAaMH Ha KOHTPOJIHHBIC BOIIPOCHI U C TIOSICHCHUSIMU
BBITIOJTHCHHBIX 33 TaHHMH.
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[Tpaktuueckoe 3ansatue Ne4. (OITK-2, T1K-2)

Lens 3anatus: PekypcuBHOe orpesesieHne (GyHKIMM B SI3bIKE
nporpammupoBanus Haskell.

OYHKIMU «BCTPOCHHBIE» WU «IIPUMHUTHBHBIE», pab0Ta KOTOPHIX HE
ONPENEIAECTCS YPABHEHUAMHU, «BCTPOECHBD» B A3bIK. Hanmprumep, MpuMUTUBHBIMA
(GYHKIUSAMU SBISIIOTCS BCe apupMeTHUYecKre onepanuu. Peaykius BeIpakeHui,
coJiep KallluX TPUMHUTHBHBIE ONEpaliu, OCYILIECTBIIAIOTCS 3a OJMH IIar, 0e3
COIIOCTABJIEHUS U ITOJICTAHOBKHU.

Onpenenenre QyHKIMH MOXKET ObITh PEKYPCUBHBIM, T.€. B IPABOM YaCTH
YpaBHEHUSI MOXKET OBbITh BBI30B ompezenseMoil pyHknuu. B aTom cinyyae B
npolecce npeoOpa3zoBaHMsl BIPAXKEHUS, COJAEPIKAIIETO BbI30B PEKYPCUBHOM
(GYHKIIUHM, MOKET MOJTyYUTHCS BRIPAXKEHHE, TAKKE COEpHKAIllee BHI30OB TON XKe
camoit (pyHKIUU. /{7151 TOro 4ToObI Mpoliecc BEIYUCICHHS MOT 3aKOHUNTHCH,
HEOO0XOMMO MCIIOJIb30BaTh YCIOBHbBIE BBIPAXKEHUSI, KOTOPBIE IPUBOJSAT K BEIOOPY
OJIHOM M3 ABYX aJbTEPHATUB MPU BHIYUCICHUH CIIOKHBIX BBIPAXKEHUMN. Y CIIOBHOE
BBIPKEHHUE UMEET BU/L:

If <ycnoBue> then <swipaxkeHue — «To»> €lse <BbIpakeHUE — «MHAYCH>

3amanuM onpeeseHre MpOCTON peKypCUBHON (QyHKIIMU, TTPeTHA3HAYCHHON
JUTSL BRIUKCTIEHUS (hakTopHrasa 3aJaHHoro 1esoro yrcia. OnpeaeneHue 3Tou
(GYHKIIUU MOXKET BBITJISIICTH CJICAYIOIIUM 00pa3oMm:

factorial : : Integer — Integer

factorial n=if n== 0then lelse n * factorial (n-1)

Bmecto cumBoIa -, KOTOpBIfI HUCIIOJIB30BaJICA OJIA TOTO, I{T06BI I1I0Ka3aThb
OJWH mar pGJIYKI_[I/II/I, MO>KHO HpOCTO 3aIlIUChIBATh pGByJ'IBTaTBI IIOCJICO0BATCIIBbHBIX
PEAYKIIMHU B TTOCJIENOBATEIBHBIX CTPOKAX TEKCTA.

Factorial 3

if 3==0 then 1 else 3 * factorial 2

if False then 1 else 3 * factorial 2

3 * factorial 2

3 *if 2 == 0 then 1 else 2 * factorial 1

3 * 2 * factorial 1

3*2*if 1 == 0then 1 else 1 * factorial O
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3 *2* 1 * factorial 0

3*2*1*if 0 ==0 then 1 else 0 * factorial (n-1)

3*2*1*1

6

BmecTo npuMeHeHHs yCIOBHOTO BBIPAKEHHSI MOYKHO HCTIOIB30BaTh OoJee
HATJSITHYTO 3aliCh YPAaBHEHUS C «OXPAHSIONIMMH yCIOBHIMI (guards).

KoHTponpHBIE BOITPOCHI U 3aaHUS.

1. Peaykuust BeIpaxkeHHUi, paboTa KOTOPBIX HE ONpPEAEIAETCS
YPaBHEHUSIMH, COAEPKAIIUX NPUMUTHBHBIE BCTPOCHHBIE
ornepaiuu (apupMeTuIecKre oneparun).

2. Pekypcugnoe onpezeneHue QyHKINU.

3. BbluncneHnue ycioBHOTO BbIPaKEHUS.

4. Vcnonb30BaHUE 3alMCH YPABHEHUS C «OXPAHSIIOUIUMU
YCIIOBUSIMM» BMECTO IIPUMEHEHUS YCIIOBHOTO BBIPAKEHUS

5. Ilpouecc npeobpazoBaHus BbIpaKEHUS IIPU BHIYUCICHUU
(dakropuaia yucna.

BrimonHenue 3a1aHnii MpaKTHYECKOTO 3aHATHS 0(OPMIISICTCS B BUIC
OTYETA C OTBETAMHU HA KOHTPOJIbHBIE BOMPOCHI U C MOSICHEHUSIMU BBITIOJTHEHUS
3aJJaHuI
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JlaboparopHuas padota Ne4 (OINK-2, [1K-2)

Lens padotel: TexHuka paboThl CO CIUCKAMU.

B TpanuiimoHHBIX S3bIKaX MPOrPaMMHUPOBAHUS JIs TOCTPOCHUS 0OBEKTOB,
0o0J1ee CI0XKHBIX, YEM JIEMEHTAPHBIC YUCIIA WIH JIOTUICCKHIE 3HAUCHUS,
UCTIONB3YIOT Pa3IUYHbIC BCTPOSCHHBIE MEXAHU3MBI JIJISI TOCTPOCHUS CIIOKHBIX
00BEKTOB 13 00JIeE MPOCTHIX.

B si3p1ke Haskell umeercst cioco0, mo3BONISIONIHIA CTPOUTH CTPYKTYPHI
JTAHHBIX TPOU3BOJIBHOMN CTETIEHH CIIOKHOCTH U3 00JIee IPOCTHIX 00HEKTOB —
crucku. CIIUCKH HAIIOMUHAIOT M CIIMUCKOBBIE CTPYKTYPHI TPATUITHOHHBIX S3BIKOB
IPOrPaMMHUPOBAHUS, U OOBIYHBIC MACCHBHI.

CIucoK - 3TO MOCIEeI0BATEIbHOCTh OOBEKTOB OJHOTO M TOTO YK€ THUIIA,
COCTOSIIAs U3 MTPOU3BOJILHOTO YKCIia 00bEKTOB (BO3MOYKHO, HM OJTHOTO - CIIUCOK
Ha3bIBACTCS IyCTHIM). THIT CIIICKa ONPEACTISETCS TUTIOM €r0 KOMIIOHEHT U
obo3nauaercs [T]. Takum oOpasom, [Integer] — THIm KOMITOHEHTOB IICJIbIC YUCIIA,
[([Char], Double)]-kommioHeHTaMU ABISIOTCSA KOPTEKHU M3 JABYX IMOJICH, IPHIEM
NIEPBBIM IOJIEM B KaXKIOM KOPTeKe OyJIeT CIIMCOK CUMBOJIOB, @ BTOPBIM TOJIEM
BelIecTBEHHOE Ynciio. CaMu 00BEKTHI CIIUCKU 33a0TCS EPEUUCICHUEM CBOUX
KOMITOHEHTOB B KB3/IPAaTHBIX CKOOKaxX yepes 3aIsTylo.

CrucoK, COCTOSIINI U3 CHMBOJIOB, MOYKHO 3aITUCAaTh B BUJE CTPOKH,
3aKITIOYHMB COCTABJISIONINE €T0 CUMBOJIBI B IBOWHBIC KaBbIUuku. Hampumep, cTpoka
«Haskell» o6o3HavaeT B mporpamMme CIHUCOK U3 CEMHU CHMBOJILHBIX 3HAYCHUMN. J[71s1
CIIMCKOB CMBOJIOB MOYKHO MCIIOJIB30BaTh HieHTH(GUKaTop Trma String BMecTo
[Char].

Bropoe cpencTBo NOCTpOSHHS CIIMCKOB - ATO 33J]aHUEe CIHCKA YHCET,
oOpasyrommux apupmeTndeckyro nporpeccuto. Korga mar nporpeccuu paBeH
CIMHUIIC, TO YKA3bIBACTCSI TOJIBKO MEPBBIN U TIOCIICIHUIN JIEMEHTHI CITUCKA
[1..10]. Ecnu miar mporpeccuu HE paBeH SIMHHUIIBI, TO YKa3bIBAIOTCS J1BA TIEPBBIX
9JIEMEHTA U MOCJIeIHUI 3eMeHT. [3, 5..11].

Jjist TOrO , 4TOOBI MUCATH MPOTrpaMMbl 0OPAOOTKU CIIUCKOB, HYKHO
HAYYHMTHCS U3BJICKATh OTJICIBHBIC YJIEMEHTHI CIIUCKA. DTO MOXHO JeJaTh C
TIOMOIIIBI0 BCTPOCHHBIX OTEPANii, IO3BOJISIONINX U3BJICUb OTACIbHBIE COCTABHBIC
YacTH CITHCKA, JINOO TTOCPEICTBOM ariiapara COMOCTaBICHHS C 00pasioM.

Baxneiinme BcTpoeHHbIE oniepalui 00pabOTKH CIIMCKOB:

— head, last — QyHkuH, KOTOpBIE MO 3aJaHHOMY apryMEHTY-
CIHUCKY BBIJAIOT €ro TEpBbIA W TOCICAHHA SJIEMEHTHI
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COOTBETCTBEHHO;

— taill — QyskuMs, BbAIONIAS OCTATOK CIKCKA, MOJYYCHHBIN
0TOpachIBAaHHEM MEPBOTO AIIEMEHTA;

— Il — omepauus, xkoropas MO CHUCKY M 3aJaHHOMY HOMEpPY
AJIEMEHTA BBIJAET COOTBETCTBYIOUIMM 3J€MEHT cnucka. Crnucok
JOJKEH OBITh HEMYyCThIM, a HOMEp JOJDKEH JIeKaTh B Mpeaenax
OT Hyns (HEpBBIA 3JIEMEHT CHUCKA HMMEET HOMEpP HOJb) [0
KOJIMYECTBAa DJJIEMEHTOB chnucka 0Oe3 eguHuusl. Hampumep
BbIUMCIIEHUE KOHCTpYyKuuu [1, 2, 3, 4] !! 2 npuBeaér k Bhiaye B
Ka4eCTBE pE3yJibTaTa 4Yuciia 3 — BJIEMEHTA CIIUCKA, WUMEIOIIETO
HOMED 2;

— null — ¢pynkums npoBepku myctoThl cnucka. Eciu B kauecTBe
apryMeHTa 3TOM omepanuu OyneT 3aJaH IYCTOW CIIHMCOK, TO
(¢yHKIUs BbIAACT 3HaUYeHue True, B IpoTUBHOM citydae — False;

— length — dyHKUMS, BBIYUCHASIONIAS KOJWYECTBO JJIEMEHTOB B
CITUCKE;

— - onepanusa COCTUHEHUS IBYX CIIHCKOB.

3aaHus K BBIIOJIHEHUIO TJAOOPaTOpHOU paboThI:
1. OnpenenuTh (QyHKLIMIO (COCTaBUTh NpPOrpamMmy), KOTOpas [0

3aIaHHBIM HaTypajbHBIM YHCJIaM OMNpeAeaseT WX HauOOJbIIUNA OO
JIEIIATENb COTTIaCHO anroputmy EBKInza.

2. Bb3Barh cranmaptHyro GyHKuuio g ¢ d Ul TIPOBEPKHU
pe3ymbrara.
3. OmnpenenuTs (QYHKUUIO I8 MPOBEPKH TOTO, SBISETCA JIU

3aJIaHHOE HaTypaJbHOE YUCJIO MPOCTHIM:

- KpOM€ OCHOBHOM (DYHKLIMHU p ¥ [ m e TPUMEHUTh
BCIIOMOTaTeNIbHYIO (DYHKIUIO p 7 i m e’, TaK KaK PEKypCHIO 10 OCHOBHOMY
aprymeHnTy (GyHKUUU (IPOBEPSIEMOMY YUCITY) OPraHU30BaTh TPYIHO.;

- UCIOJIb30BaTh HUJICHTU(PUKATOP otherwise B KaueCTBE YCIOBHS
NpY HAMMCAaHUM YpaBHEHUs 11 QYHKIUU prime’;

- POBEPUTh MPABUIBHOCTH PA0OThl (PYHKIMH TPU HECKOIBKUX
BBIYMCIICHUSIX.

4, [ToaroroBuTh IpOrpamMmy CYMMHpPOBaHUS AJIEMEHTOB
LEJIOYMCIIEHHOTO CITUCKA.

Brinonnenue 3ananuii 1a00patopHoit padoThl 0OpMITSIETCSI B BUJIE OTUETA C

OTBCTAMM Ha KOHTPOJIbHBIC BOIIPOCHI U C ITOACHCHUAMM BBIIIOJIHCHHBIX SaﬂaHHﬁ.
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[TpakTrdeckoe 3ansTue Ne5 (OITK-2, T1K-2)

Lenp 3aHATHA: YMETh NOIB30BATHCS CTAHIAPTHBIMU (DYHKITHSIMH BBICIITHX
MOPSZIKOB JJII MaccOBOM 00paOOTKH TaHHBIX.

B si3p1ke Haskell umeercst 60sbIoe KoIM4ecTBO CTaHIAPTHBIX PYHKIIUH,
KOTOpBIE UMEIOT (DYHKIIMOHATIBbHBIE apTyMEHTHI M pe3yJbTaThl. PaccMoTpum
CTaHJapTHYIO QYHKIIMIO 00pabOTKU cMCKOB Map (oToOpa)keHue), Kotopas,
MOJTyYHB B KAUECTBE apTyMEHTOB CIHCOK U (DYHKITUIO TPE0Opa30BaHus HIIEMEHTOB
ATOTO CITUCKA, BBIIAET B KAUECTBE pe3yJIbTaTa CIIMCOK U3 MPeoO0pa30BaHHbIX
AJIEMEHTOB, MMOJIYYCHHBIX TPUMEHEHUEM (DYHKITMOHAILHOTO IMapamMeTpa K KaKIoMy
aJIeMEHTy cniucka. Ecnu, Hanpumep, GyHKUIHS SQI BO3BOJUT CBOM apryMEHT B
KBaJIpaT, TO ¢ MOMOIIBIO GYHKITUH MAP MOXKHO , IMEsI CIIMCOK I[EJIBIX YHCel,
MOJTyYUTh CIIMCOK MX KBajpaToB: map sqr [1, 2, 5, -2] — [1, 4, 25, 4].

dyHKIMSA, TO00HAs Map, KOTopas B KA4eCTBE apryMEHTa IMOTy4JaeT
IpYTyI0 GYHKIIAIO WK BBRIAAET APYTyI0 (DYHKIMIO B KA4eCTBE pe3ybTaTa,
HA3bIBACTCS (YYyHKUUell 6bicuieco NOpAOKa, N (hYHKYUOHATIOM.

B crannaptHoii Oubnuoreke s3bika Haskell umerores ase GyHkium
BBICIIETO TOPSIKA, OJHA U3 KOTOPBIX MPUMEHSET 3a/IaHHYI0 OMHAPHYIO OTEePaIIUIO
K dJIEMEHTaM CITUCKA OT Hadajia CIUCKA K ero KOHITY, a BTOpasi HAaUMHAET
00pabOTKy AJIEMEHTOB C KOHIIA CIMCKA, IPUMEHSIS 3aJJaHHYIO B KQUeCTBE
apryMEHTa OIEepaITrIO MTOCIIEI0BATEIBLHO, IBUTASCH 110 HAIIPABJICHUIO K HaYaTy
ciucka [lepBas u3 atux onepanuii HaspiBaeTcs foldl, Bropas — foldr. O6Giee
Ha3BaHUE JJIS OTUX OTEpaIuii - omnepanuu CBEPTKH CIHCKA.

MomuHbIM CpecTBOM 00paOOTKH CITUCKOB SBJISIETCS coueTaHue QyHKIIUN
oToOpaxkeHus u cBEPTKH. VX mocienoBaTeIbHOE MPUMEHEHHE MTO3BOJISIET CHAYaIIa
MOATOTOBHUTH DJIEMEHTHI CIHCKA K MOCJIeI0BaTeIbHON 00paboTke, MpUIEM dTa
MOATOTOBKA OY/IET IPOU3BOIUTHCS MAPAJUICIBLHO, a 3aTEM yKe OyIeT MOJIy4eH
OKOHYATEJILHBIN pe3yJIbTarT.

Hampumep, mycts uMeeTcs Tabnuia, B KOTOPO HEKOTOPBIM CUMBOJIAM
npunrcad HoMmep (kiaacc cumBoiia). K pa3nmudaHbIM KitaccaMm OTHECEM TIIacHBIS
OYKBBI, cOTJIaCHBIE OYKBBI, ITU(PHI, 3HAKU TPETUHAHUS U BCE TPOUYUE CUMBOJIBI.
Tabnuia qo/DKHA MPEACTaBISITh COOOH CIMCOK CTPOK, B KOTOPOU B KaXKJIOH CTPOKE
coOpaHbl CUMBOJIBI OJTHOTO Kjacca. [IporpamMmma cOopa CTaTUCTUKH 110 TEKCTY
MIPEICTABIICHA CICAYIOMIUM 00pa3oM.

-- Tabauia Kj1accoB CUMBOJIOB

classTable :: [ [Char] ]

classTable = [“aeiouy”, “bedfghjklmnpqrstvwxz”, “0123456789”, *

0, >
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-- OyHKIUS ONPEAEIIEHUS Kilacca CUMBOJIA

getClass :: Char — [[Char]] —> Int

getClassc [] =0

getClass c (s:rest) | ¢ ‘elem’ s =l |restClass== 0 =0
| otherwise =restClass + 1

Where restClass = getClass ¢ rest

KOHTpOJILHBIE? BOIIPOCHI U 3aJaHU.

1. Tlonatusa QyHKIMI BBICIIETO MOPSIKA .
2. TlonsTre A-BbIpaskeHMH U METOJIBI UX
MCIIOJIb30BaHMS B (DYHKIHMAX BBICIIUX MOPSIKOB.
3. OObeanHEHNE HECKOIbKUX YpPaBHEHUH B OJHO
BBIPA)KEHHE  C  TIOMOUIBIO  CIELHAIbHOU
KOHCTPYKLIHMH ISl BBIOOpaA 10 00pa3iam.
Onepauuu cBéptku ciicka foldl u foldr.
VYpaBHeHus PyHKIMIA CBEPTKH CIIHCKOB.

PexypcuBHbie BbI30BbI BHYTpHU GyHKIUU fo ldl.

N o g &

OO6paboTka CIUCKOB C TMOMOIIbIO (QYHKIIUN
BBICIIIUX ITOPSIJIKOB.
8. Mommcars mporpaMmy CTaTUCTHKHA CHUMBOJIOB ITO

3aJaHHOMY TE€KCTY

BrimonHnenue 3a1annii MpakKTHYECKOTo 3aHATHS 0(OPMIISICTCS B BUIC
OTYETA C OTBETAMHU HA KOHTPOJIbHBIE BOIPOCHI U C MOSICHEHUSIMUA BBITIOJIHEHUS
3aJIaHUM.
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JlaboparopHuas pabota Ne5 (OINK-2, I1K-2)

[enb paboTer: McImorb30BaTh HABBIKK IPUMEHEHUS (DYHKITUI BBICIIIHX
HIOPSIZIKOB B TIpOrpaMMUpOBaHny Ha si3bike Haskell.

Kouctpykrop s hpopMupoBaHusl CIIUCKOB UMEET 0003HAUEHUE —
nBoetoune. KoHCTpyKTOpHI U (PYHKIIMU UMEIOT MHOTO 001X uepT. 1
KOHCTPYKTOp, U PYHKIHS CIyXaT 151 00pa30BaHMs HOBBIX 3HAUCHUI U3
umeronmxcs. Pa3Huiia coctouT B ToM, 4To (GyHKIUS 111 00pa30BaHUS HOBOTO
3Ha4YeHUs TPEOYIOTCS MIPaBUJIa, C IOMOIIBI0 KOTOPBIX 3TO 3HAYEHHUE U 00pa3yercs,
a KOHCTPYKTOPY HUKAaKHX MPaBUJI HE HY)KHO — apryMEHTBI COOMPAIOTCS
KOHCTPYKTOPOM B €IMHBI 0OBEKT HOBOT'O TUIIA MEXaHUYECKHU.

B kxauecTBe npocToro npumepa GyHKIMH 00paOOTKH JBOUYHBIX JIEPEBHEB
paccMOTpuUM (PYHKITUIO BHIYUCIICHHS BBICOTHI JIepeBa:

-- (bYHKI_[I/ISI AJIA OIIPpCACIICHUS BBICOTHI 3aJaHHOT'O IBOMYHOT'O ACPCBA

Height :: Tree a —> Int

height Null

height (Tree _t1 tr) =1 + max (height t1) (height tr)

UYro kacaercst CBEPTKHU, TO IS A€PEBA MOKHO OIPEEIIUTh MHOI'O BAPUAHTOB
npoxoaa 1o €ro ysjiamM, COOTBETCTBCHHO, MOKHO 6y):[eT HCCKOJIBKO BAPHUAaHTOB
(GyHKUMU CBEPTKH JIEpEBA COTIIACHO AJITOPUTMAM €ro npoxoxaeHus. Mmes takyro
(YHKLHIO, MOYXHO JIETKO BBIUUCIUTH CYMMY 3HAUEHHMM Y3JI0B, XpaHSALIUXCS B
ACPCBC, NN OIIPECACIINTD MAaKCUMAJIbHOC 3HAYCHUC Yy3JIa JJIA HCITYCTOIO ACPCBa:

tsum :: Num a =>Tree a —> a

tsum t = tfoldr (+) O t

tmax :: Ord a =>Tree a — a

tmax t@ ( Tree root ) =tfoldr max root t

KoHTpoJsibHbIE BOMPOCHI U 3a1aHMs 17151 BBITIOJIHEHHUS JIA0OpaTOpHON pabOThI

1. CocrtaBuTh MaTPUIlBl CMEXHOCTH JIJIS 33JTaHHOTO Tpada.

2. IlpeactaButh 00xo0a Tpada B MIMPUHY, MOCTPOUB JIEPEBO
obxoza.

3. IIporpammupoBats 06xo7 rpada.

4. CoctraButh (QyHKIHIO (IpOrpaMMy) TOCTPOCHHSI MYyTH

MEXIy JBYMs 3aJlaHHBIMU BepLIMHAMU B rpade.
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5. IIpoBeputh NpaBUIBLHOCTH PaOOTHI GYHKIMU (TIPOTPAMMBI)

BrimonHeHne 3amanuii 1abopaTtopHOit paboThl 0hOPMITIETCS
B BHJIC OTU€Ta C OTBETAMH Ha KOHTPOJIbHBIE BOTIPOCHI M C
MOSICHEHUSIMU BBITIOJTHEHHBIX 33/ IaHHM.
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