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IIpenuciaosue

B 3T0if KHHATE ONUCAHH CTPYKTYPHI JAHHBIX W AJTOPUTMEI, KOTOPHE ABISIOTCA QyHAAMEH-
TOM COBPEMEHHOr0 KOMIBIOTEPHOro IpOorpaMMupoBaHHs. OCHOBY NAHHOH KHHUTH COCTAB-
JAI0T ImepBhle IIeCTh I'JIaB Hammeil paHee u3naHHOX KHuru The Design and Analysis of
Computer Algorithms'. Mul pacIupuiIn ee cofepXaHWe, BKJIIOUMB MATEDHAN 1O AJTODHT-
MaM BHEIIHEro XpaHEeHWA M YOpaBjieHWI0 NaMaTthio. Kak M mpeanigymias, sTa KHHUra MoO-
JKeT COCTaBHThb OCHOBY y4eGHOro Kypca IO CTPYKTYypaM JaHHHIM M ajropmrmMaM. Mul He
TpeGyeM OT UMTATENA CIEenUAILHOH IIOATOTOBKH, TOJBKO IIPEAMOJIATAEM €ro 3HAKOMCTBO
¢ KaKuMH-I160 A3HIKAMM [IPOrDAMMHPOBAHUSA BHICOKOI'O YPOBHSA, TAaKMMM Kak Pascal.

MEI DONBITANNCH OCBETUTH CTPYKTYPHI JAHHKIX M QJITOPUTMBI B Goslee IMMPOKOM KOHTEK-
CTe pelIeHUs 3844 C UCIOJb30BAHMEM BBIUMCIHTENHHOH TEeXHHMKH, 8 TAK)Ke MCIIOIb30BAJIU
a0CTpaKTHBIE THIB AAHHBIX A8 HehOPMAJBHOTO ONMMCAHUA ¥ peajnu3amuy aJropHUTMOB.
" xora cerogHs aGCTpPaKTHHIE TUNH AAHHBIX TOJBKO HAYMHAIOT IPUMEHATH B COBPEMEH-
HEIX $3BIKaX NPOrPAMMHMPOBAHHA, ABTOPH CUHMTAIOT, YTO OHM ABJSIOTCA IIOJE3HBIM HH-
CTPYMEHTOM HpPHM Da3paboTKe IpPOrpaMM HE3aBHCHMO OT IPMMEHAEMOro $3bIKa HPO-
rpaMMHUDOBAHMA.

Msl TakiKe IDOCTOAHHO HOAYEPKUBAEM M BHEADPSEM HAEI0 BRIUMCJICHUA U ONEHKU Bpe-
MEHW BBHINOJHEHHS AaJrOPUTMOB (BPEMEHHYIO CJIOXKHOCTh AJTOPUTMOB) KaK COCTaBHYIO
YacTh IOPOIECCA KOMIObIOTEPHOrO PeImeHUs 3afad. B 3TOM oTpakaeTca Hama HajgeXjAa Ha
TO, YTO IPOIPAMMHUCTHL OCO3HAIOT, YTO IIPM peINeHNH 3ajay Iporpeccupyiome Goapmux
pasMepoB ocofoe 3HAYEHNE MMEeT BPEMEHHAA CJIOXKHOCTh BHIGPAHHOIO ajJropHUTMa, a He BO3-
MOXKHOCTH HOBBIX IIOKOJIEHHH BBIUMCJIHTEIbHBIX CpenCcTB.

Hpenc'rameﬂne AJITOPUTMOB

Mul ucnonb3yeM A3blk Pascal fJs mpefcTaB/IeHUS OMMCHIBAEMBIX AJITOPUTMOB M CTPYK-
TYyp HAAaHHBIX IIPOCTO IIOTOMY, 9YTO 3TO INMPOKO M3BECTHHIA fA3LIK NPOrpaMMHAPOBAHMUA.
B Hayaje KHUI¥ AJrOPHUTMEL YacTo GyAyT IpeACTaBjeHB! KAK B aGCTpakTHOM (opme, Tak M
Ha siselKe Pascal. 310 cienaHo Ajasa Toro, 4ToGHl IOKA3aTh BeCh CHEKTP mpobjeM IpH pemie-
HHEH IPAKTHYECKHUX 3a[a4: OT IpobiaeMbl GopMaIH3anuy 3aJauu A0 mpobsieM, BOSHUKAIOMINX
BO BpeM#A BBHINOJHEHHS 3aKOHUEHHOM IIPOrpaMMBI. AJITOPMTMBI, KOTOPhIE MBI IPeICTaBIIAEM,
MOXKHO PeajIn30BaTh Ha JIOOBIX A3BIKAX NPOrPAMMHADPOBAHUA BEICOKOTO YPOBHA.

ConepxaHue KHUIH

B riase 1 cogepaxaTca BBOAHBIE 3aMedaHWA M OOCY)KJAIOTCA peasM3amyy Ipomecca Uc-
xo0nas 3adava — 20mo6as npozpamma M poab aGCTPAKTHHIX THUIOB ZAHHBIX B 3TOM IPO-
mecce. 3Iech TaK)Ke MOMKHO ITO3HAKOMHTHCS C MaTeMATHYECKHM AIIIapaToM, HeobXomu-
MBIM [JIS1 OLIEeHUBAHUA BPeMEeHH BHLINOJHEHUS aJrOPUTMOB.

B rnaBe 2 paccMaTpuBalOTCA TPAaZUIMOEHBEIE CTPYKTYPHI COMCKOB, CTEKOB M ouepepei,
a TaKe O0TOOpAaXKeHUsa, KOTOPhle ABJIAIOTCA aGCTPAaKTHHIM TMIOM NAaHHBIX, OCHOBAHHBIM HAa
MaTeMaTU4eCKOM HOHATHH GYHKLuH. B riaBe 3 BBOAATCA AepeBbA U OCHOBHEIE CTPYKTY-
PHI JaHHBIX, KOTOPHIe 3(h¢deKTNBHO MOAAEPKMBAIOT PAa3JUYHbIE OEPATOPHI, BHIITOJIHIEMbIE
Haj JePeBbAMH.

B ranaBax 4, 5 paccmoTrpeHo 6oiabimOe KOJNYECTBO AGCTPAKTHHIX THOOB JAHHBIX,
OCHOBAHHBIX HA MaTeMaTUYECKOH MOAeNTH MHOXKeCTB. JJoCTAaTOYHO riay6oKo MCCaeaoBa-
HBI CJIOBAPU M OYepegM C IpuopuTeTaMu. PaccMOTpeHBI CTAHAAPTHBHIE PEAH3ALUH THUX
a6CcTpPaKTHBIX TUIIOB JAHHBIX, TAKMe KAK Xem-TaGaMILl, JBOMYHEIE AepeBbs MMOMCKA,

! Cymecrsyer mepesox sTo#i KEMrH Ha PycCKMil A3HK: ITocmpoerue u GHAALS BLIXUCAUMELbHBLY
anzopummos. — M., “Mup”, 1979. — ITpum. ped.
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9aCTHUYHO YHOPAAOYEHHBIE AepeBbs, 2-3 AepeBbsa H Ap. BoJiee CI0XKHKIK MaTepHuaa mO-
MeIlleH B I'JIaBy 5.

Tnase1 6, 7 comepsxaT MaTepuay, OTHOCAIOWiica K rpadaM; opHeHTHPOBaHHEIE rpadnl
paccMOTpeHH B riase 6, a HEOPHMEHTHPOBAHHEIE — B IJIaBe 7. OTH IVIABHI HAYMHAIOT pas-
JeJl KEUTH, KOTOPHIH GoJbIlle HOCBAINEH ajJrOpUTMaM, YeM CTPYKTyPaM NaHHBIX, XOTHA MEI
IpoAoKaeM OOCYKAATh OCHOBHEIE CTPYKTYPH AAHHBIX, HOAXOAMAIONE JJIA HpeACTaBJeHHSA
rpadoB. B 3THX riaBax OpeACTaBJIeHO OOJBIIOE KOJWYECTBO AJITOPHUTMOB AJsA paboTh
¢ rpadamu, BKJIOYAA AJITOPUTMEI IIOMCKA B IJIyOHHY, HAXO0XKAEHUA MHHHMAJILHOTO OCTOB-
HOTO JepeBa, KpaTiafImux myTed M MaKCHMaJbHBIX IIapOCOUETAHMIA.

B riase 8 paccMoTpeHEI OCHOBHBIE AJITOPUTMBI BHYTPEHHEH COPTHPOBKM: GHICTpas COp-
THPOBKa, IMpaMHAAJbLHAS COPTHPOBKA, “KapMaHHasg” COPTMPOBKA, & TaKke Goiee IIpo-
cTeie (1 MeHee 3¢deKTUBHBIE) METOBI, HAIPMMED METOJ COPTHPOBKH BCTABKaMH. B KoHIle
TJIaBBI ONMMCAHLI AJMOPUTMEI C JMHEMHBIM BpeMeHeM BHINOJHEHUS /IS HAXOXKACHUS MeIu-
aH U APYTUX NOPAAKOBHIX CTATHUCTHK.

B riase 9 06CcyXAaI0TCA ACHMITOTHYECKHE METOABLI AHAJIN3a PEKYPCHBHHIX HPOIDaAMM.
3pech, KOHEYHO e, PACCMOTPEHBI METOABl PeHIeHUsA PEKYPPEHTHHIX COOTHOMMIEHHMIA.

B riase 10 cpaBHMTENBHO KPaTKO (03 riry0OKOro aHajamu3a) pacCMOTPEHBI METOAbI paspa-
60TKH aJIFOPUTMOB, BKJIOYAS METOAbI ACKOMIO3UIMM, JUHAMHYECKOE IIPOrpaMMHPOBAHME,
QITOPUTMEI JIOKAJILHOT'O IIOMCKA M pasjnyHble (JOPMBI OPraHU3aIUy JePeBbEeB MOMCKA.

Ilocnesaue pBe riaBBl MOCBAIIEHHI OPraHM3alUM BHEIIHETO XPAHEHUA M YIPABJIEHMIO
mamaTeio. ['1aBa 11 oxBaThiBaeT MeTOAbl BHEIIHEH COPTHPOBKK M OPraHHU3AILMI0 BHEIIHEro
XpaHEeHUA NAHHBIX, BKJII04Yafd B-nepeBba ¥ MHIEKCHBIE CTPYKTYDHI.

MaTepuas o ynpasjeHHIO HaMATHIO, COAEPIKAINUIICA B riaBe 12, yCIOBHO MOXKHO pas-
6MTHL Ha YeThIpe YacTH, B 3aBUCHMOCTH OT TOIO, ABJAIOTCA JH GJOKH MaMATH (PUKCHPO-
BaHHOM HMJM NepeMEeHHOM AJHHBEI, a TaKXKe OT TOro, ABHO HJM HEABHO OCYINECTBJIAETCH
OYHNCTKa NaMJATH.

Marepuan 310l KHUTH aBTOPhI MCIOJF30BAJM B IIPOrpaMMe JIEKIMOHHBIX KYPCOB IO CTPYK-
TypaM AaHHBIM 1 anropurmaMm B KosymOmiickoMm, Kopresickom u CrandopackoM yHHUBEDPCH-
TeTax KakK A CTYJeHTOB, TAK M JJA acnupanToB. Hampumep, npeiBapuTeJbHYIO BEPCHIO
3TOH KHHrd MCOoab30Baid B CraHdOpDACKOM yHUBepcHTeTe KakKk OCHOBY 10-HeZeJbHOro
Kypca OO CTPYKTYpaM [JAaHHBIX [JJf CTYAEHTOB IEPBOro roxa oOyd4eHHA. ITOT KyPC BKJIIO-
yayg marepuan riaas 1-4, 9, 10, 12 u yactuuso U3 riaaBs 5-7.

Yopaxnenus

B KoHNEe Kaxfoil riaaBkl OPUBEAEHO MHOIO YIPa)XHEHWH DA3JIMYHOM CTEIeHU CJIOMKHO-
ct. C DOMOMmBI0 MHOTHX M3 HHMX MOYHO OPOCTO IIPOBEPHUTH YCBOEHHE H3JIOXKEHHOI'0 Mare-
puana. HekoTopsie ympa)XHeHHs TPeGYIOT AONOJHUTENBHBIX YCHJIMI U DpasMBIOLIEHHI,
OHH IIOMeYeHBHI OJHOM 3Be3J0YKOH. YIpaKHeHHsd, INOMEUEeHHBIe [ABYMSA 3Be3JOYKaAMH,
PacCYMTAHEl HA CTYAEHTOB CTAPIIMX KYPCOB M acHUpaHTOB. BuOamorpadudeckue nmpume-
YaHUSA B KOHNOE KaXXAOM IJIaBel OpeAjaraioT CChIKM HA JONOJHUTEJbHYIO JIUTEPaTypy.
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I'NIABA 1

IlocTpoenue u anajiu3
AJITOPUTMOB

IIpomecc co3paHuMA KOMIOBIOTEPHOH IpPOrpaMMbl AJid pPemIeHNs KaKo-JIu60 mpakTuHye-
CKOil 3ajjadM COCTOMT M3 HECKOJBLKHX 3TamoB: ¢GopMaim3anusa M CO3JaHHNE TeXHHYe-
CKOro 3ajlaHNA Ha MCXOAHYIO 3a/auy; pa3paboTka ajJropuTMa pemeHHs 3afaud; HaOH-
caHMe, TeCTHpPOBaHUE, OTJajKa K [JOKYMEHTHDOBaHME OPOTPAMMEI; LOJydeHUe
pellleHNs MCXOXHOM 3aJa4YM OYyTeM BHINOJHEHHWS 3aKOHYEHHOM mporpaMMul. B namHoit
rjaBe MBI IIOKa)keM OOAXOAB K peaju3alMy¥ ITHX ITAIOB, a B MOCJHEAYIOMIUX pAac-
CMOTPHUM AQJTOPUTMBI M CTPYKTYDPHl JaHHBIX KaK CTPOMTeJbHBIE GJOKM co3faBaeMbIX
KOMIBIOTEDHLIX IPOTPAMM.

1.1. OT 3apaym K nporpamme

IlonoBuEHA fmena cpesaHa, ecjlM 3HATH, YTO MCXOZHAA 3ajJadya MMeeT pemeHue. B mep-
BOM HOpUOJMKeHNH GOJbIIMHCTBO 3aAad, BCTPEYAIOIMUXCA HA NMpPaKTHKe, He HUMEIOT YeT-
KOro ¥ OZHO3HAYHOro onmcaHus. OmpegeseHHHIe 3afauyM, TaKMe KakK pa3paboTka pe-
menTa BeYHOH MOJIOZOCTH MJH COXPaHeHHe MHUpa BO BCeM MHupe, Boo6Ime HEBO3MOMKHO
chopMyaIHUpOBaTh B TEPMUHAX, JONYCKAOIMMNUX KOMIbIOTEPHOE pemeHHe. Jla)ke ecam MEI
opeamojyiaraeM, YTO HAaIlla 3ajada MoOXKeT OBITH pellleHa Ha KoMIObloTepe, OOLIYHO AJISA
ee dopmManbHOro omMcaHEMA TpeOyeTcss OrpoMHOE KOJHYECTBO DPAa3HOOOpasHBIX mapa-
MeTpOB. Y 4acTo TOJBKO B X0Je AONOJHHUTEJbHBIX 3KCIEPHMMEHTOB MOXHO HaWTH HH-
TepBajbl U3MEHEHNUS 3THX IIapaMeTpPOB.

Ecim onpenesieEEBIe ACHEKTHI PeIaeMOi 3aJadM MOXXHO BHIPa3HTh B TEPMHHAX Ka-
KOo#-1160 GpopMasbHON MOAEIH, TO 3TO, 6€3yCJIOBHO, HEOOXOAHNMO CAEIATh, TAK KaK B 9TOM
cay4ae B paMKax (OpPMAJIbHOH MOJEJH MBI MOYKEM Y3HATH, CYIIECTBYIOT JU METOABI
M AJITOPDUTMHBI pemIeHHs Halmeil sagadum. [la)ke eciu TaKue METOALI M AJICOPDHTMEBI HE Cy-
IEeCTBYIOT HA CerogHAIIHHI IeHb, TO IPHUBJIEYEHHE CPEACTB M CBOMCTB GOpPMaJbHOH MO-
JeJIN IOMOJKET B MOCTPOEHMH “IOAXOAAIIEro” permeHus MCXOZHOMN 3azauu.

IIpakTuueckn n06yi0 06sacTh MaTeMaTHKHU MJHM APYrHX HAYK MOYKHO HPHBJIEYD
K ODOCTPOEHHUIO MOJENH OIpeJeJIeHHOro Kpyra 3ajgad. Ias 3amay, YUCJIOBHIX IO CBoeit
OPHPOAE, MOXXHO IIOCTPOMTH MOJEJH Ha OCHOBe OOmMIMX MATeMATHYE€CKHX KOHCTDYK-
Ouil, TAKNX KaK CHCTeMhl JHHEAHHIX ypaBHeHHMH (Hampumep, AJA 3ajady pacdeTa
3JIEKTPUYECKHMX Liemed UIM HampsAKeHMH B 3aKpemeHHBIX Gankax), auddepeHnumannb-
Hble YPaBHEHUA (3aJauyd ODPOrHO3a POCTa HONYJAALMUMN HJIHM pacdeTa CKOPOCTHM IIPOTEKa-
HUA XUMHUYEeCKHX peakuumii). Iaa 3agad ¢ CHMBOJBHEIMM HMJIH TEKCTOBBIMM AAaHHBIMH
MOXXHO ODMMEHHUTh MOJEJH CHMBOJBHBIX IHOCJENOBATEJBHOCTEH HMIM (GOpPMAaJIbHBIX
rpaMMaTHK. PemeHne TAKHMX 3aJad COAEPXKHUT 3TANbl KOMIOMJIAOUH (IpeoOpasoBaHME
nporpaMM, HAaOMCAHHBIX HA fA3BIKe BLICOKOrO YPOBHS, B IPOrpaMMbl Ha MAUIMHHO-
OPHEHTHPOBAHHEIX A3BIKAX) U MHGPOPMAIMOHHOIO moucKa (paclmo3HABaHHME ONpejeseH-
HBIX CJIOB B COMCKAX 3aroJIOBKOB KaKuXx-iub6o 6ubamorek u T.1m.).



AnropATMBI

Koraa mocrpoeHna (mogo0paHa) noagxoAAmas MoAelb MCXOAHOH 3aJayvl, TO €CTECTBEH-
HO MCKATh pemieHHe B TepMHHaX 3Toil Mozenu. Ha 3ToM 3Tame ocHOBHAasA Liedb 3aKJII0Ya-
eTcs B IIOCTPOEHHH pemeHHsA B dhopMe anzopumma, COCTOAMIEr0 M3 KOHEYHOH mociexmo-
BaTeJIbHOCTH MHCTDYKIMM, KaXJas M3 KOTOPHIX MMeeT YeTKHil CMBICI M MOXeT OHITh
BHIIOJIHEHA ¢ KOHEYHLIMY BRIYKCJIHUTEJLHBIMHU 3aTPATAMM 3a KOHeuHoe BpeMs. Ilenounc-
JIeHHH# omepaTop NPHCBAMBAHMA X := Y + 2 — IpUMep MHCTPYKIUM, KoTopas Oyner
BHIOJIHEHA C KOHEYHHIMH BHIYMCINTEIBHBIMM 3aTparaMu. WHCTPYKIMM MOTYT BBIIOJI-
HATHCA B AJITOPHUTMe JI060e YHCJIO pa3, IPU 3TOM OHM CAMHM ONpPEAEeNAI0T YKCJIO IOBTO-
peamit. OgHako MHI TpebyeM, 4TOGH OpHM JIOOBIX BXOAHBIX NAHHEIX AJTODHUTM 3aBep-
IIHJICS IOCJIe BRINOJHEHUA KOHEYHOro YHucja MHCTpYKuuit. TakuM o6pazoM, mporpamma,
HanucaHHAA HA OCHOBe pa3paGoTAHHOrO ajIropuTMa, OPH JIOOBIX HAYaJbHBIX AAaHHBIX
HUKOIZIa He JOJIXKHA IPHBOAHATHL K 6€CKOHEUHBIM NUKJINYECKNM BBIYMCICHUAM.

EcTb eme oauH acueKkT ompeAejieHHS AJIrOPATMOB, 0 KOTOPOM Heo0XOAMMO CKasaTh.
Brime MBI 'OBOPHJIM, YTO AJTOPUTMHUUECKHE MHCTPYKUMHE AOKHBI HMETh “4eTKHHM cMbIca”
M BHIOOJHATHCHA C “KOHEUHLIMM BHIYMCJIUTENBHHIMH 3arpaTaMu”. EcrecTBeHHO, TO, 4UTO
OOHATHO ONHOMY 4YeJIOBeKY M MMeeT I Hero “4deTKmil CMBICI”, MOXKET COBEPIIEHHO
MHaUYe OpPeACTABJATHCA Apyromy. To ke caMoe MOXKHO CKasdaTh O HNOHATHUM “KOHEUHBIX
3aTpar”’: Ha NpAKTHKE 4acTO TPYAHO AOKA3aTh, YTO IPM JIOOBIX MCXOZHBIX NAHHBIX BBI-
NOJHEHHE IOCJEeNOBATENbHOCTH HHCTPYKOUIl 3aBepmIUTCHA, AAaKe €CJAH MBI YeTKO IO-
HHUMAaeM CMBICJ KaXJA0H MHCTPYKUUHU. B 9TOH cUTyanmuu, YUUTHIBAA BCe apryMeHTH! 3a
¥ OPOTHUB, OBIIO GBI MOJIE3HO MONBITATHCA LOCTHTHYTH COIVIANIEHHMA O “KOHEYHHIX 3aTpa-
Tax” B OTHONIEHHMH MOCJEA0BATEIbHOCTH MHCTPYKIMHA, COCTABAAIOOMX ajroputMm. OxHa-
KO KaXXyIIasfcsd CJIOKHOCTh MOAOOGHBIX AOKAa3aTeIbhCTB MOKeT OnITh o6MaHuuMBOii. B pas-
pgene 1.5 ME oOmneHMM BpeMs BHIDOJHEHHMS OCHOBHHIX CTDYKTYp  fA3SBIKOB
IpPOrpaMMHUPOBAHKASA, UTO JOKAYXKeT KOHEUYHOCTh BPeMEHH HX BEINOJHEHUA M COOTBETCT-
BE€HHO KOHEYHOCTh BBIYMCJIHNTEJLHBIX 3aTpar.

Kpome nporpamm Ha siseike Pascal, Mbp1 yacTo OyieM IpeCTABIATDH AJITOPUTMBI ¢ IIOMOINBLIO
nce6édos3bika MPOrPaMMUPOBAHUA, KOTOPBINI KOMOMHUDYyeT OGLIYHBIE KOHCTPYKLUH S3BI-
KOB IPOrPAMMMpPOBAHHA C BHIDAKEHHAMU Ha ‘“desioBe4eCKOM” fA3biKe. MBI HCHOJB3yeM
Pascal kak A3BIK DporpaMMHMpPOBaHUA, HO IPAKTHYECKH JI000H APYroii A3KIK OPOrpaMMu-
POBaHMS MOKeT OBITh HCIOOJIH30BAH BMECTO HEro A IPEACTABJICHHUA aJI'OPUTMOB, pac-
CMATpHUBaE€MbIX B 3TOM KHUTeE.

Ciaenyiomue OpuMephl HJJIIOCTPHUPYIOT OCHOBHBIE 3Talbl CO3JAaHMA KOMIIBLIOTEPHOM
IIPOrPaMMBI.

IIpumep 1.1. PaccMOTpHM MaTeMaTUYECKYIO MOJENb, MCIOJL3YEeMYIO IJIA YIOpPaBIeHUA
cBeTopopaMy Ha CJIOKHOM IepeKpecTKe Aopor. MEI AO/KHEI CO3AaTh IPOrpPaMMYy, KOTopas
B KayeCTBe BXOAHAIX AAHHBIX MCIOJIL3YeT MHOXKECTBO BCEX AOIMYCTHMBIX IIOBOPOTOB HA Iepe-
KpecTKe (IIpOAOJKEeHHe OPAMOM AOPOrW, HNPOXOAAmIed 4Yepe3 IEPEKPECTOK, TakKike OyaeM
CUHTaTh “IOBOPOTOM”) M pa30MBaeT 3TO MHOKECTBO HA HECKOJIbKO I'PYII TakK, YTOOHI BCce IO-
BOPOTHI B I'DyIIle MOIVIM BHIIOJHATHCA OJHOBDEMEHHO, He cOo3faBasd mpobieM APYT AAA APY-
ra. 3aTeM MEI COIOCTABHMM C KaXKJ0il Irpynmoil mOBOPOTOB COOTBETCTBYIOIIMI PeXHM pabOThI
cBeTO()OPOB HA INepeKpecTKe. JlesaTeJJbHO MUHUMHUSHPOBATH YMCJIO Pa3GHeHM HCXOAHOIO
MHOKECTBa IOBOPOTOB, MOCKOJIBKY HPH 3TOM MMHHMH3HMPYETCA KOJMYECTBO DPEXXKMMOB pabo-
ThI CBETO(OPOB Ha IIEPEKPECTKe.

Jnsa npumMepa Ha puc. 1.1 moxkasan mepeKpecToK Boaje IIpHHCTOHCKOrO YHHBEPCHTETA,
HM3BECTHBHIH CIOXKHOCTBHIO ero npeogosnenuda. O6parure BEuMaHue, uto goporu C u E ofgHo-
CTOPOHHME, OCT&JIbHbIe — JABYXCTOPOHHHE. Bcero Ha aToOM mepexpecTKe BO3MOXKHO 13 mo-
BopoToB. HeKkoTOpEIe U3 3TMX IIOBOPOTOB, Takue Kak AB (mosopor ¢ aoporu A Ha popory B)
u EC, Moryr BHNOJTHATHCA OAHOBpeMeHHO. TpaccH ApPyrux IOBOPOTOB, Hampumep AD
u EB, nepecekaioTcsi, MO3TOMY MX HeJlIb3s BHINOJHATH OAHOBpPeMeHHO. PexuMbl paboThI cBe-
TO(GOPOB JOJKHBI YIUTHIBATH 3TH OOCTOATENHCTBA ¥ HE JOIYCKATH OJHOBPEMEHHOI'O BHIIOJI-
HeHUA TaKUX IIOBOPOTOB, Kak AD u EB, HO MOTryT pa3pemaTh COBMECTHOE BBLINOJHEHHE
MOBOPOTOB, Noxo6HLIX AB u EC.
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Puc. 1.1. CroxcHuiil nepexpecmorx

JInA MOCTPOEHHMA MOAENM 3TO 3afKa9M MOYKHO IPHMEHUTh MATEMATHYECKYIO CTPYKTYPY,
HU3BECTHYIO KakK rpad. I'pagh COCTONT M3 MHOXKECTBA TOYEK, KOTOphle HAa3HIBAIOTCH 8epUlUHA-
MU, U COBOKYIHOCTH JHMHME (pebep), COEAVHAIONIMX BT TOYKH. [1A pemeHUA 3ama4u
YOpaBJIeHENs ABHYKEHMEM II0 NepeKPecTKYy MOXKHO HApHCOBATH rpad, rie BepHmIMHH OyAyT
NpPeACTaBIATh IOBOPOTHI, & pefpa COEJUHAT Ty YacTh BEPIIHH-IIOBOPOTOB, KOTOPBIE HEJIL3S
BHINOJIHUTEL OAHOBpeMeHHO. [lnA Hamero mepekpecTka (puc. 1.1) coorBercTByrommii rpad
mokasaH Ha pmc. 1.2, a B Tabx. 1.1 gaHo apyroe mpeacraBieHne rpada — B BHAe TaGIHIEL,
I'fie Ba IepeceYeHNN CTPOKH i M cToadma j cromT 1 Toraa M TOJNBKO TOrZa, KOrAa CYIIECTBYET
pebpo Mexay BepmMHAMM i H j.

Puc. 1.2. I'pad, nokasvieawwuil Heco-
émecmumbie nNOBOPOMbL

Mogens B BHAe rpada IOMOMKET B PeIIeHHM HCXOLHON 3aJauM yIpaBjeHus cBeTodopa-
Mu. B pamMkax 3Toif Momeay MOXKHO MCIOJL30BATh pEmIeHHEe, KOTOPOe JAeT MaTeMaTHde-
cKas 3afauya packpacku zpaga: Kaxaod BepmuHe rpada HaJo TaKk 3a7aTh IBET, YTOGHI
HUKAaKHe [Be COeANHEeHHbIe pe6pOM BepIIMHBEI He UMeJIH OAWHAKOBHIHA IOBET, ¥ IIPH 3TOM IIO
BO3MOYXHOCTH HCIOJb30BATh MHHHMAJbHOE KOJHYECTBO IBeTOB. HeTpyaHO BHAETH, UTO
IpyM Takoi pacKpacke rpaga HECOBMECTHMBIM IOBOPOTAM GYAYT COOTBETCTBOBATHL BepIIH-
HBl, OKpaIleHHbIe B Pa3HbIe I[BEeTa.

IIpo6aemMa packpacky rpada mayyaeTca MaTeMaTHKaMH yiKe HECKOJBKO JAecATHe-
TH#, HO TEOPUA AJrOPUTMOB MAaJI0 YTO MOJKET CKa3aTh O PemieHUH 3TOH HpOGJEeMEI.
K coxanenuio, 3afaga pacKpacKd OPOM3BOJHHOrO rpada MAHHMAJIBHBEIM KOJHYECTBOM
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IBETOB NPHUHAAJIEXKHUT KJACCy 3ajad, KOTOpble HA3HBalOTCA NP-noninvimu 3adavamu
¥ IS KOTOPBHIX BCe M3BECTHHIE PEIIeHUA OTHOCATCA K TUIOY “IpoBeph Bce BO3MOYKHOCTH”
i “mepebepn Bce BapmaHTHI”. [[1s packpackm rpacda aTo o3HaUYaeT, YTO CHadajaa JJId
3aKpacKy BepIIMH HCIOOJIL3YeTCA OJUH IIBET, 3aTeM — J[Ba IBeTa, IOTOM — TPH H T.X.,
moka He OyAeT moay4YeHA IIOAXOAAMIAs PACKPACKA BepMUH. B HEKOTOPHIX YacCTHBIX CIYy-
4asgxX MOKHO MPEJJIOKUTEL Gojiee 6nlcTpOoe pemeHHe, HO B 06IIeM ciaydae He CYINeCTBYET
6osee 3deKTUBHOrO (B 3HAYHUTEJLHOM CTeNeHH) ajiTOPHTMA PEeHIeHUs 3afauyd pacKpac-
KH, YeM aJITOPUTM IOJHOro mepebopa BO3MOYKHBIX BapHaHTOB.

Ta6muma 1.1. Ta0/Mna BecoBMECTHMBIX IOBOPOTOB

AB AC AD BA BC BD DA DB DC EA EB EC ED
AB 1 1 1 1
AC 1 1 1 1 1
AD 1 1 1
BA
BC 1 1 1
BD 1 1 1 1 1
DA 1 1 1 1 1
DB 1 1 1
DC
EA 1 1 1
EB 1 1 1 1 1
EC 1 1 1 1
ED

TakuM 06pa3oM, MOMCK ONTHMAJBLHOTO PEIMEHHUsA 3afaud pacKpacKu rpada Tpebyer
GOJBIINX BHIYACJHHTEJLHBIX 3aTPaT. B 3TO# CHTyanuMm MOYXHO BOCIIOJIB30BATHCA OZHUM
U3 cJefylomuX Tpex mnoaxofoB. Ecaum rpad HeGonbmoil, MOXXHO NHONBITATHCA HANTH
ONTHMAaJbHOE pelneHHe, mepebpaB Bce BO3MOXKHEIe BADHAHTH pacKpacku. OgHAKO 3TOT
IOAXOA He ImpHeMJyeM AaA Goabmux rpadoB, Tak Kak IPOrpaMMHO TPYAHO OPraHHM30-
BaTh 3 deKTUBHLIN mepeGop Bcex BapmaHTOB. BTopoil moaxona mpeamoJsiaraeT MCHOJb-
30BaHHE JOMOJHHUTEJIbHOH MH(popManmuu o6 McxomHOR 3amadve. MlerareabHO HAUTH Ka-
KHue-To oco0nle cBoiicTBa rpada, KOTOpPhle HCKJIIYadu Obl HeoOXOAMMOCTH MOJIHOIrO
nmepebopa BceX BapMAHTOB PAaCKPAaCKM A HAXOXKACGHMA ONTHMAJbHOIO peILIeHUS.
B TpeTrheM moaxoae MEI HEMHOrO0 M3MEHseM IOOCTAHOBKY 3aJauyd M HINEeM He OITH-
MaJbHOE pelneHHe, a 6JM3Koe K onTMMaJbHOMY. EciaM MBI OTKa)keMcs OT TpeGoBaHUSA
MMHMMAJIBHOIO KOJHMYECTBA I[BETOB PACKPACKH rpada, TO MOMHO IIOCTPOMTH AJTOPUTMBI
PacKpacKH, KOTOphle paboTaroT 3HAUUTEIbHO OBICTDEEe, YeM AJIrOPUTMEBI HOJHOrO mepebopa.
AJITOpUTMEI, KOTOPHIE OBICTPO HAXOAAT “mogxopsimee”, HO He OINTHMAaJbHOE pPeIleHHe,
Ha3BIBAIOTCH I6PUCTMUYECKUMU.

IIpuMepoM panMOHAJLHOIO 3BPMCTHYECKOIO AJTOPHTMA MOMKET CJIYMHTh CJIeAYION[Ui
‘“OKagHBIA” aJIropuTM pacKpacku rpada. B aToM ajaropumrme cHayaja MBI IBITAEMCA pac-
KPacuTh KaK MOXKHO 0OJibllle BEPINMH B OAWH I[BET, 3aTe€M 3aKpall¥BaeM BO BTOPOIl OBET
TaKKe II0 BOSMOXHOCTH MaKCHMAaJIbHOE YHCJIO OCTABIIMXCSA BepINMH, U T.A. IIpK 3akpacke
BepPIIXH B HOBHII IBET MBI BHIDOJIHAEM CJeAYIOIHe NeACTBUA.

1. BribupaeM IpOM3BOJILHYIO HE3aKPALIeHHYIO BEPIUMHY M Ha3HAYAEM €il HOBBIH IIBET.

2. IlpocmarpuBaeM CIMCOK HE3aKpAalOEHHBIX BEPIOIMH M JJIA KaXKA0H M3 HUX Oompezaess-
eM, COeMHEeHAa JX OHAa peOpOM C BepINMHOM, YK€ 3aKPAlleHHOM B HOBBIH mser. Ecim
He COeAMHEHAa, TO K 3TOM BepIIMHE TaK)Ke IPUMEHAETCHA HOBHIA I[BET.
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OTOT aJropMTM Ha3BaH ‘“KafHRIM” H3-3a TOro, 4YTO KAXAHM IBEeT NPUMEHAETCH
K MaKCHMaJIbHO GOJIBOIOMY YHCJHY BepIOWH, (€3 BO3MOXKHOCTHM HIPONYCKAa HEKOTODPHIX
U3 HUX NJIM DePeKpPacK¥ paHee 3aKpalleHHHIX. BO3MOXHBI CHTyanmuu, Korga, 6yab aj-
TOPUTM MeHee “KafHBHIM” ¥ MPONYCTHJ OB HEKOTOPHIE BePINMHHEI IPU 3aKpacKe HO-
BEIM IBETOM, MBI HOJYYMJM 6B pacKpacKy rpada MeHBIINM KOJHUYECTBOM IBETOB.
Hanpumep, gaa packpacku rpada Ha puc. 1.3 MoKHO OB1JI0 GBI IPDHMEHHTH JBa IBe-
Ta, 3aKpacuMB BepmuHY 1 B KpacHEBIIl IBeT, a 3aTeM, IPOOYCTHB BepmMHY 2, 3aKpa-
CHUTh B KDACHBIH LiBeT BepmuHH 3 1 4. Ho “;kagHBIA” ajJropuTM, OCHOBHIBAsICh HA IO-
PAZKOBOM OYepeJHOCTHM BEePINNH, 3aKPACHT B KDACHBIA OBeT BepmHuHH 1 u 2, nias
3aKPacKH OCTAJBHBIX BepPIINH NOTpebGyIOTCA elie ABa I(BETAa.

IlppMeEMM ONKMCAHHBIY AaJaropuTM fAJsd 3aKpacK¥ BepmuH rpada Hameil 3agauu
(puc.1.2), npu aToM mepBoit 3aKpacuM BepmIEY AB B cuEMit nper. Tak)ke MOXKHO 3aKpa-
cuTh B cMEMA nper BepmuHbI AC, AD u BA, NOCKOJbKY HHKaKHe M3 3THX UeTHIPEX Bep-
muH He uMeloT o6mux pebep. Bepmuuny BC Helb3A 3aKpacUTh B 3TOT I[BET, TAK KaK Cy-
mecTByeT pebpo Mexay BepmuHaMu AB um BC. Ilo aToi#f e IpUUYMHE MLl HE MOXKEM
3aKPACHTh B CHEHEM mBer BepmuHH BD, DA u DB — Bce OHM MMEIOT XOTHA OBI IO OXHOMY
pebpy, CBA3HIBAIOIMEMY HX C Y»Ke 3aKpalllecEHRIMH B CUHHI LIBeT BepmuHaMu. Ilpogosxas
nepebop BepmuH, 3akpamuBaeM BepmuHE DC u ED B cuHMA uBeT, a BepimnHsl EA, EB
u EC ocTaBiseM He3aKpallleHHLIMH.

Teneps OIpMEeEHM BTOPOil mBeT, HAIPMMeD KPACHBIHA. 3aKPACKy 3THM IIBETOM HaYHEM
¢ BepmuHbl BC. Bepmuey BD MOXXHO 3aKPacHUTh KPaCHBIM IBETOM, BepmiuHy DA — Hejb-
31, TAK KakK ecTh pebpo mMexxay BepmmuaaMu BD u DA. Ilpogomkaem mepeGop BepIIMH:
BepmuHy DB Hejb3s 3aKPACHTh KPACHBIM IBeTOM, BepmuHA DC y)Xe 3aKpameHa CHHHUM
nBeToM, a BepmuBy EA MOXXHO 3aKpacuTh KpacHBIM. OcTajlbHEIe He3aKpalleHHbIe BepIIu-
HBl HMeloT ofmue pe6pa ¢ BepIIMHAMM, OKpAaIIeHHBIMM B KPaCHBIH LBET, IO3TOMY K HUM
HeJb3A MPUMEHUTDH 3TOT IBET.

PaccMoTpum HesakpameHHble BepmuBEn DA, DB, EB u EC. Ecan Bepmuny DA MH
3aKpacUM B 3eJIeHBIH I[BET, TO B 3TOT I[BET TaK)Ke MOXXHO 3aKpacuUTh M Bepmuny DB,
Ho BepmuHe EB u EC B 3eJeHHIH IOBeT 3aKPACHTh HeJlb3dA. K mocjegHMM ABYM Bep-
mUHAM OPEMEHHM 4YeTBEePTHI# IBeT, CKa)keM, KeaThlii. HasHaueHHBle BepmuHaM IjBe-
Ta mpuBefeHsl B Tabia. 1.2. B aroil Tabanue “momonEMTEeNbHEIE” IOBOPOTH COBMECTH-
MBI C COOTBETCTBYIOIIMMH IHoBopoTaMu H3 cToiabma “IIoBOPOTH”, XOTA aJrOPHTMOM
OHM OKpaIleHHl B pasHmle IBera. IIpy 3agaHuMm peKMMOB paboThl ¢cBeTOdHOPOB, OCHO-
BaHHBIX Ha OLHOM M3 LIBETOB PACKPACKH, BIOJHe 6e300aCHO BKJIOYUTH B 3TH PEXKUMBI
U AOHOOJHHATEJbHBIE IOBOPOTHI.

JaEHELIA aJrOpUTM He BCerga MCOOJB3YeT MHHHMAJHLHO BO3MOMKHOE YMCJIO IIBETOB.
MoxxHO HCHOJMIB30BATH PE3yJbTATHI B3 00Iell TeopHHu rpadoB AJA ONEHKHM KadecTBa IIOIY-
YeHHOI'o pemeHNA. B Teopuu rpados k-xaukoli Ha3bIBAETCA MHOXKECTBO M3 kB BepImHUH,
B KOTOpOM Ka)XJasf mapa BepIIMH coeauHeHa pe6poM. OueBMAHO, 9TO s 3aKpacKu k-
KJINKA HeoOXO0AHMO R mMBETOB, IOCKOJbKY B KJINKEe HAKAKHE JBe BePIIMHEI He MOI'yT HMETh
OZMHAKOBHII IBET.

Puc. 1.3. I'pagp
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Ta6aunua 1.2. Packpacka rpada, mpeacraBieHnHEoro €Ha puc. 1.2

IBer IToBopoThI JlonoJENTEeNbHBIE IOBOPOTHI
Cunnit AB, AC, AD, BA, DC, ED -
KpacHriit BC,BD, EA BA, DC, ED
BeseHBIH DA, DB AD, BA, DC, ED
Henrrrit EB, EC BA, DC, EA, ED

B rpade puc. 1.2 muOxecTBO M3 uyeThipex BepmuH AC, DA, BD u EB saBaserca 4-
kankoit. IloaToMy He cymiecTByeT pacKpacKu 3Toro rpada TpemMa M MeHee I[BETaAMH, H,
cJleloBaTeJbHO, pellleHue, IpeAcTaBjeHHOe B Tabi. 1.2, ABJAeTCA ONTHMAJBLHHEIM B TOM
CMEICJIE, YTO HMCHOOJb3yeT MHHHMMAJbHO BO3MOXKHOE KOJHYECTBO IBETOB AJS DacKpacKu
rpada. B TepMHHAX HCXOLHON 3afayM 3TO O3HAYAET, YTO AJIA YIPaBJIEHHUSA IePEKPECTKOM,
moxkasaHHEIM Ha puc. 1.1, Heo6XoauMO He MeHee JeThHIpeX PeXKHMOB paGoThl cBeTOGOPOB.

HUrak, Aas ynpaBleHUsS MEePEKPecTKOM IIOCTPOEHBI YeThIpe peskuma paGoThl cBeTodo-
PaMH, KOTOPhle COOTBETCTBYIOT UeTHIPEM I[BETaM pacKpacku rpada (raéma. 1.2). O

IIceBOoA3BIK M MOIIAroBasA “KPMCTAJLIN3AIHUA” aJITOPUTMOB

IloCKONBKY ANA pemieHUs HCXOLHOM 3aJayd MBI NPUMEHSEM HEKYI0 MaTeMaTH4ecKyIo
MOZeJb, TO TEM CAMBIM MOXKHO (hOpMAaIM30BaTh AJITOPHATM pelleHHA B TEPMUHAX ITOH MO-
genu. B HayaJbHBIX BepPCHUSX AJTOPUTMA YacTO IPUMEHAIOTCA 0600ImIeHHBIE OmepaTopHI,
KOTOpHIE 3aTeM IepeonpenesdioTcs B BuAe 0ojiee MEJKUX, YeTKO OIpeAeeHHbIX MHCTPYK-
nuii. HannpuMep, OpH omMcaHWM PacCMOTPEHHOTO BBIIIE AJIMOPHUTMA PAacKpackKy rpacda MuI
HMCIOOJIb30BAIH TAKHE BHIPpAXKEHMS, KaK “BhIOpATh OHPOM3BOJBLHYIO He3aKpalleHHYIO BepIIU-
Hy”. MBI HajgeeMcs, 9TO YMTATEJIO COBEPIIEHHO ACHO, KAK HAJO IOHMMATH TaKue HHCT-
pyxkouu. Ho pna mpeobpasoBaHMA TaKkuMX HedOpMaJbHBEIX JIrMOPMTMOB B KOMIBLIOTEDHEIE
IporpaMMhbl HeOGXOAMMO NMPOATH Yepe3 HECKOJBKO 3TANOB (hopMasm3anuy (3TOT HPOIECC
MOXXHO HA3BaTh NOW.Az080il. Kpucmallusayueil), IOKa MH He IOJYYAM IPOTPaMMYy, IIOJI-
HOCTBIO COCTOSAIIYIO U3 GOPMAJLHBIX ONEPATOPOB A3LIKA IIPOrPaMMUPOBAHUA.

IIpumep 1.2. PaccmorpuM mpomecc mpeo6pa3oBaHUA ‘““KafHOr0” aJropuTMa pPacKpacKy
rpada B mporpamMMmy Ha ssbike Pascal. Mul mpeamonaraeM, 4ro ecth rpag G, BepIIMHBEI KOTO-
poro HeoGXoguMO packpacuThb. Ilporpamma greedy (sKagHBIN) ompefesisieT MHOXKECTBO Bep-
IIWH, Ha3BaHHOe newclr (HOBHIA IBeT), Bce BEPIIMHHI KOTOPOIO MOYKHO OKPACHTH B HOBBIM
nBeT. JTa mporpaMma OyAeT BHIBHIBATHCA HA DOBTOPHOE BHIMOJHEHHE CTOJBKO Pas, CKOJBKO
HeoOXOAMMO [JIA 3aKPACKH BCeX BEPIOIHMH HCXoAHoOro rpaga. B camoM mepsoM rpyGoM Ipu-
6mKeHUHN mporpaMMa greedy Ha ICEBAOA3BIKE MOKA3aHA B CJIEAYIOMEM JIMCTHHTE.

JIncruar 1.1. IlepBoe npuéauxenne nporpaMmsl greedy

procedure greedy ( var G: GRAPH; var newclr: SET );P
{ greedy npucpamBaeT nepemeHnHO}t newclr MHOXeCTBO BepUmMH
rpada G, KOTOpHIE MOXHO OKPaCUTh B OIOUH Luae'r}

begin
(1) newclr:= @*;
(2) for nmna kaxmoyi HesaKpaWeHHOM BepUMHH V 3 G do
(3) if v He coemuHeHa Cc BepumHaMu M3 newclr then begin
(4) MOMETUTL V LBETOM;
(5) nobaBuTh V B newclr

end
end; { greedy }

! Cuwmson & — CTaHAAPTHOE o6o3HageHNE mycTOoro MHOXXeCTBa.
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B nuctuHre 1.1 BH JIErKO BHIAEAHTE CPEACTBA HAINErO ICEBAOA3LIKA. MBI NpUMeHseM
HOJIyKMPHOEe HauepTaHWe AJIA 3ape3epBHUPOBAHHBIX KJIOUEBHIX CJOB #A3mKa Pascal, xoro-
pbie HMEIOT TOT K€ CMBICJI, UYTO ¥ B cTaHJapTHOM #a3biKe Pascal. Hanucarme cTpounERIMH
GyxBamu Takmx cios, kak GRAPH (I'pad) u SET! (MHokecTBO), yKa3sIBaeT Ha MMeHA al-
cmpakmHublx munoé 0aHHbix. X MOMKHO OHpeeNUTh C HOOMOILIO OOGBABICHHS THIOB
sa3pika Pascal ¥ omepaTopoB, COOTBETCTBYIOIIMX a0CTPAKTHHIM THMIIAM AAHHBIX, KOTODEHIE
3aJ]al0TCA IIOCPEACTBOM IpoIeAyp #A3biKa Pascal (aTM mnponeAyphl [AOJKHBL BXOAHUTH
B OKOHYATEJbHEIII BAPMAHT IporpaMMmsel). BoJsiee JeTaJbHO a0CTpPaKTHBIE THUIIBI JAHHBIX MEI
PaCcCMOTPHM B CJIEAYIOIIUX ABYX paspesiaX 9TOil IVIaBHI.

Yopasasomue KOBCTPYKIMHU A3mIKa Pascal, Takmue kaxk if, for u while, Mmoryr npume-
HATBHCA B OollepaTopax ICEBAOA3BIKA, HO YCJIOBHBIE BhHIpDAXKEeHHs B HHX (KakKk B cTpoke (3))
MOryT 6bITh HeOpPMAJBHBIMH, B OTJIHMYHE OT CTPOTHX JOIMMYECKHMX BhIpa)keHuil Pascal.
Taxyxe ¥ B cTpoke (1) B mpaBoif YacTH omepaTopa NPHUCBAMBAaHHA HOpPHUMeHAETCA Hedop-
MaJIBHBIA cHMBoJI. Eme oTMeTnM, uTo omepaTop uukJja for B cTpoke (2) IPOBOAMT IOBTOP-
HBI€ BBIYMCJIEHHUS IO 3JIEMEHTAM MHOKeCTBa.

YT0oGHI CTATh MCIOJHAEMOM, IporpaMMa Ha NCEBAOA3LIKE AOKHA OBITH npeobpasoBaHa
B IIporpaMMy Ha sa3bsike Pascal. B fannom ciyyae MBI He 6yZeM IPHBOANTEL BCe 3TAIBI TAKOIO
npeoOpa3oBaHMs, & IOKa)KeM TOJbKO IpHMep mOpeoOpa3oBaHMs omepaTtopa if (crpoka (3))
B 6oJiee TPagMIMOHHEIN KO,

YToOBI OIpeneaHTh, MMEET JM BEepHIMHA U COeAMHEHME C KaKoi-1u00 BepIMHOH H3
newclr, MBI PacCCMOTPHM KaXKALIH 3JieMeHT w U3 newclr u no rpadpy G OpoBepHUM, CYIIIECTBY-
eT i peGpo MeXAYy BepIIMHAMH U X w. I{Ja 3TOro MCmoab3yeM HOBYIO GyjeBy mepeMeHHYIO
found (uomck), Koropaa 6yAeT npmHUMATL 3HaYeHHE true (MCTHHA), eCJM Takoe pebpo cymme-
crByeT. JlucTuHr 1.2 okassBaeT 9aCTMYHO NpeoOpa3oBaHHYIO mporpaMMmy Jmactunra 1.1.

JIucrunr 1.2, YacTHaeo npeoGpa3oBanHas nporpaMma greedy

procedure greedy ( var G: GRAPH; var newclr: SET );

begin
(1) newclr:= J;
(2) for nna kaxnoil He3aKpalWeHHON BepumHe V M3 G do begin
(3.1) found:= false;
(3.2) for nna xaxmoi BepumHuH W 13 newclr do
(3.3) if cymecrByer pebpo Mexny VvV # w then
(3.4) found:= true;
(3.5) if found = false then begin
{ v He coemmuena Hu c ognHOM BepumHOi U3 newclr }
(4) NOMETUTE V LBETOM;
(5) nobBaBuTe V B newclr
end
end

end; { greedy )}

OOpaTuTe BHAMaHHE, YTO HAII AJrOPUTM paboTaeT ¢ ABYMA MHOXKECTBAMM BepIOHH.
Bremunmit ouka (ctpoxu (2) — (5)) BuilONHSETCA HAJ MHOXKECTBOM He3aKpalleHHBEIX Bep-
muH rpada G. Bryrpensuit nukia (ctpokm (3.2) — (3.4)) paboTaeT ¢ TEKYIIMM MHOKECT-
BOM BepmHuH newclr. OmepaTop cTpokm (5) Jo6aBiIsieT HOBEIE BEPIIMHBI B 3TO MHOXKECTBO.

CymmecTByIOT pasjIMuHbIe CIOCOOHI IIPEACTABICHAA MHOXKECTB B SSHIKAX IPOrpaMMHDPOBA-
HuA. B riaBax 4 m 5 MBI H3yYMM HECKOJIPKO TAKMX IpeACTaBJIeHWi. B 5ToM mpummepe MhI
MOKeM IpPEJCTABHUTh Ka)KJ0e MHOXKECTBO BEPIIMH OOCpeACTBOM abcrpakTHOro tmma LIST
(CucoK), KOTOPBIH MOKHO BRIIIOJHUTHL B BHAE OOLIYHOTO COMCKA IEJLIX UHCe), OrpaHWdYeH-
HOTO CHEmMANLHBEIM 3HaUeHHWeM null (xisi o6o3HayeHHUs KOTOPOTO MbI OyAeM HCIOJIb30BATHL
umciao 0). ITH mesble YUCIa MOTYT XPAHUTHCA, HAIPDAMEP, B MacCHBe, HO €CTh M JDPYTHe CIO-
co0kl mpeacTaBieHua faHHBIX Tuna LIST, koTopelie MBI pacCMOTPHM B riase 2.

! Ms1 orimuaem ab6crpakTHHE THn gaEEEIX SET oT BCcTpoeHHOro THIoa AaHHKIX Set ssnika Pascal.
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Teneps MoxHO 3anucaTs oneparop for B cTpoke (3.2) B BMie CTaHAAPTHOTO HUKJA IIO
YCIOBMIO, I'le IepeMeHHas W HHUOUAJUSAPYETCA KAK NEepBHI 3JIEeMEeHT cOmcka newclr
¥ 3aTeM NPH KaXXJ0M BLINOJHEHNH OUKJa NPUHUMAaeT 3HaueHHe CJEAYIOIEro 3JeMeHTa H3
newclr. Mu Takxe mpeoGpasyeMm omepatop for crpokm (2) nucturra 1.1. M3smeHeHBas
mponexypa greedy npeacrasieHa B JucThHre 1.3. B 5TOM JHCTHHIe ecTh elie OIepPaTOPHI,
KOoTopnle Heo6XoamMo Ipeo6pasoBaTh B CTAHAAPTHHIN Kof A3nika Pascal, Ho MBI moka or-
paHHYUMCA caenaHEbIM. [J

JInctuar 1.3. HamenenHas nporpamma greedy

procedure greedy ( var G: GRAPH; var newclr: LIST );
{ greedy nmpuceampBaeT nepeMeHHOM newclr MHOXECTBO BEpUIMH
rpada G, KOTOpPHIE MOXHO OKPacCuUTh B OOVH LBET }
var
found: boolean;
v, w: integer;
begin
newclr:= J;
V:= nepBas He3aKpalleHHas BepumMHa u3 G;
while v <> null do begin
found:= false;
w:= [epBas BepumMHa U3 newclr
while w <> null do begin
if cymecTByeT pebpo Mexay Vv u w then
found:= true;
w:= cJlegyomas BepumMHa u3 newclr;
end;
if found = false then begin
[IOMETUTE V LIBETOM;
nobaBuTe Vv B newclr
end
V:= Cjenyollas Hes3aKpalleHHas BepumHa u3 G;
end;
end; { greedy }

Pezome

Ha pmc. 1.4 cxemaTuyecKH HpeACTABJEH IpOIECC IPOrPAMMUPOBAHMS TaK, KaK OH
TpaKTyeTcs B 3Toi KHure. Ha mepBoM arame co3gaeTcd MOZeJb MCXOLHOM 3ajzavy, AJA 4de-
ro OPHBJEKAIOTCS COOTBETCTBYIOIHE IIOAXOAAINMAE MaTeMATHYeCKHe MOAeaH (Takue Kak
Teopua rpadoB B mpeamagymieM npumepe). Ha sToM asrTame ansd HAXOMXKAEHHWS peIIeHUA
TaKKe CTPOHUTCA HedopMaJbHEIH aJIrOpUTM.

Ha ciaexyiomeM 3sTame ajaropuTM 3aOMCHIBA€TCS HA ICEBAOA3BIKE — KOMIIO3UIIHK
(cMecu) KOHCTPYKOMii A3nika Pascal u MeHee GopMaJbHEIX M 0600MIEHHEIX OIEPATOPOB HA
IopocToM ‘“‘gejioBedecKoM” s3blke. IIpomoyKeHWEM 3TOro 3Tala sBJAAEeTCA 3aMeHa Hedop-
MaJIbHBEIX OINEPATOPOB MOCJIEAOBATEJILHOCTHIO 00jiee AETAILHBIX KM (POPMAJbHBIX OIEpPATO-
poB. C 3Toit TOUKM 3peHHA mporpaMMa Ha IICEBAOA3BIKE AOJKHA OBITH AOCTATOYHO IOADPOO-
HOM, TaKk Kak B Hell GUKCHDPYIOTCA (ONpeAesiAIOTCsa) PasiudyHble TUIOHI AAaHHBIX, HAJX KOTO-
PHIMM BHINOJHSAIOTCA ONEPaTOPH. 3aTeM CO3AAIOTCA aOCTpaKTHBIE THNH AAaHHBIX AJS
KaXJoro 3a(MKCHPOBAHHOr0 THIA NAHHBIX (3a HCKJIOUYEHHEM 3JIeMEeHTAPHBIX THUIIOB JAaH-
HBIX, TAKAX KaK IeJible ¥ AeHCTBHTeJbHBIE YKCJIA UM CHMBOJBLHBIE CTPOKH) IIyTEeM 3aja-
HHA UMEH IPOIeAyPaM QA KaXXJOro omepaTopa, BHIIIOJNHAEMOro HaJ NAHHBIMHM aGCTpakKT-
HOT'O THIa, U 3aMeHHI UX (0IepaTopoB) BHI3OBOM COOTBETCTBYIOIUX IIPOLEAYDP.

TpeTuii sTam mpolecca OpPOrpaMMUPOBaHUS 00eCOEeYMBAET pealH3amuio Kaxkgoro aGer-
PaKTHOrO THIA JaHHBIX M CO3JaHUe NMPOLEAYP AJIA BHIMOJHEHHMA Pa3JMYHBIX ONepaToOpoB HAaK
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JaHHBIMH 3THX THOOB. Ha aToM arame Taxike 3aMeHAIOTCA Bce HedOPMAJbHEIE ONEPATOPhI
IceBAOA3KLIKA Ha KOJ sA3bIKa Pascal. PeayibraToM 3TOro srama AoJKHA OBITH BHIMOJHAEMAS
oporpamMma. Ilocie ee oTiagku BHI HOJNyunTe DPaGOTAIOIIYI0 IPOrpaMMy, M MEI HajJeeMcH,
YTO, MCHOJB3YA MOIIATOBHI# IMOAXO0Z NpM pa3paGoTKe HpOrpaMM, cXeMa KOTOPOTO ITOKasaHa
Ha puc. 1.4, opomecc OTAaAKM KOHEUHOH OporpaMMel GyaeT HeGoabmuM 1 6e36oIe3HeEHbBIM.

Maremarnyeckas AbBcTpakTHble CTpyKkTypbl
mogenb TUNbI BAaHHbIX OaHHbIX
- -
HedopmansHbin Mporpamma Ha Mporpamma Ha
anropuTtm nceeaos3bike A3blke Pascal

Puc. 1.4. Cxema npoyecca cozdanus npozpamm OAA peuleHus
npukaadrbix 3aday

1.2. AGcTpaKkTHbIE THIBI JAHHBIX

BonsnimHECTBO NOHATH, BBeleHHLIX B IpeALIAYINEM pasfese, 0OLIYHO U3JAaraloTca B Ha-
YaJIbHOM Kypce IIPDOrpAMMHKPOBAHHMS M JOJKHBI GBITH 3HAKOMBI yuTaTenl0. HoBbIMu MoryT
OBITH TOJNIBKO aGCTPAaKTHEIE THNHI AaHHBEIX, IO3TOMY CHadaja oGCYAMM MX POJb B IpoOIEcce
paspaborku mporpammM. IIpeskze Bcero cpaBHMM aGCTPaKTHHIM THI JAHHBIX C TAKUM 3HA-
KOMBIM NIOHATHEM, KaK Ipoueaypa.

IIpouenypy, HeoT'heMJEMBIl MHCTPYMEHRT IPOrPaMMHDOBAHHS, MOMKHO pPacCMATPHUBATH
KakK 0000leHHOe IOHATHE oIepaTopa. B oT/imuMe OT OrpaHMYEHHBIX II0 CBOMM BO3MOXKHO-
CTAM BCTPOEHHLIX ONEPATOPOB A3LIKA IIPOrPAMMHUPOBAHUSA (CI0XKEHMS, YMHOMKEHHAA M T.I.),
C DOMOIILIO NIPOLEAYP HIPOrPAMMHKCT MOXKET CO34aBaTh COGCTBEHHBIE OIEPATOPHI M IIPHMe-
HATH KX K ONEPAHJAM PAa3JMYHBIX THUIOB, HE TOJbKO 6azoBeiM. IIpmMepoM Takoii mpomexmy-
PHI-OIEPATOPA MOXKET CAYKUTh CTAHAAPTHAA MOAIPOrpaMMAa IIePEMHOXMKEHHUS MATPHII,.

JpyruM npeuMyInecTsoM npoueayp (KpoMe CnoCOGHOCTH CO3ZABATH HOBEIE OINEPATOPHI)
ABJAETCH BO3MOXKXHOCTb MCIIOJIL30BAHUA HX [IJIA UHKANCYAUPOBAHUSA dACTeH ajropurma
OyTeM I[IOMEIEeHHA B OTAEJbHBIA Da3fes IPOrpAMMEI BCEX OIEPATOPOB, OTBEYAIOIMX 3a
OIpefieJIeHHBIH AacHeKT (YHKOUOHMPOBAHMS IporpaMMul. IIpuMep HMHKANCYNAOMHU: HC-
mOJIb30BaHMe OLHOM IpOUEeAYPH AJIs YTEeHHMS BXOAHBIX NAHHBIX JIOOOr0 THMIA M IPOBEPKH
MX KOpPpeKTHOCTH. IIpeMMyInecTBO MHKANCYJAOMU 3aKJIIOYAETCHA B TOM, YTO MbI 3HAEM,
KaKHe MHKAICYJUPOBAHHBEIE OINEPATOPHI HEOGXOAMMO M3MEHHTHh B CJIyuyae BO3HMKHOBEHHS
npo6seM B hyHKOIUOHHPOBAHMY nporpamMmel. Hanpumep, eciu Heo6XOAUMO OPraHHM30BATh
NPOBEPKY BXOAHEIX AAHHHIX HA IIOJOXXMTEJIbHOCTH 3HAYEHHUH, CleAyeT M3MEHHUTHb TOJBKO
HECKOJIBKO CTPOK KOJAa, X MbI TOYHO 3HAEM, I'ieé 3TH CTPOKH HAXOLATCH.

Onpenenenne a0CTPAKTHOTO THNA JAHHBIX

Mmu ompezenseM abcmpaxmHtuiii mun dannbix (ATJI) kak MaTeMaTUYECKYIO MOZENb
C COBOKYIHOCTBHIO OIIEPATOPOB, OIpEeAeNeHHBIX B paMKax 3Toil Mojenu. IIpocThiM mpume-
poMm AT]I MOryT Cay»XHTh MHOKECTBA IeJBbIX YHCEeJ ¢ OllepaTopaMy o0'beAMHEHMs, Imepece-
YeHHA M PasHOCTH MHOXKecTB. B mogenu ATJ]l omepaTophl MOryT MMeTh ONEpaHLaMU He
TOJBKO AaHHLIE, onpeaeieHEne ATJ], HO M JaHHBEIe APYTMX TUIOB: CTaHZAPTHHIX THIIOB
A3KIKA IPOrPAMMHPOBAHMA WM ompegeneHHEIX B Apyrux ATJI. PeayabraT geiicTBHA ome-
paTopa Tak)ke MOXKeT MMeTh THI, OTJIMIHHIN OT ompefejieHHHIX B AaHHOK mogenu AT/I.
Ho M npepnosaraeM, 4To o0 KpaiiHe#l MeHe OAMH OmepaHA WJIM pe3yJbTaT J0Goro omepa-
TOpa MMeeT THI JaHHBLIX, ONpPeJeJeHHBIA B paccMarpuBaeMoii mogenu AT/I.

JiBe xapaxkTepHBIe 0COOEHHOCTH OpomeAyp — o0oOmeHne M MHKANCYJAOUs, — O KOTO-
PHIX FOBOPHJIOCH BbilIe, OTJIMYHO XapaKTepPH3yIOT a0CTpPaKTHBIe THMOH AaHHRIX. AT Mox-
HO paccMaTpMBaTh Kak 0000ImeHMe IPOCTHIX THIIOB AAHHBIX (LEJBIX M AeHCTBUTEIBHBIX
4@ces U T.4.), TOYHO TaK Ke, KaK OpomeAypa ABJjisAeTcA 0600IeHreM IPOCTHIX ONEepPaTopoB
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(+, — 1 1.1n.). AT[] uEKancyaupyeT THOBI JAHHBIX B TOM CMBICJI€, UTO OHmpefesieHHe THIA
U BCe OIepaTOphl, BBLIIOJHAEMBIE HAJ NAHHBIMM 3TOr0 THUIA, NIOMEIIAIOTCA B OAWH paszen
nporpaMmmel. Eciix Heo6XongmMo m3MeHNTH peanusanuio AT, Mul 3HaeM, rae HaliTH M 4YTO
HM3MEHUTH B OAHOM HeGOJLIIOM pa3fesie IPOrPAMMEI, U MOKeM GbITh YBEPEHHBIMH, YTO 3TO
He IpHBeZeT K omubGKaM rae-1ubo B mporpaMMe mpu pabore ¢ 3TMM THIIOM AaHHEIX. Boiee
TOTO, BHE pasfgesia ¢ ompefeieHHMeM omepaTropoB AT/l MBI Mo)XKeM pacCMATPpMBATH THIBL
AT]l xax nmepBHYHBIE THIHI, TAK KaK O00BABJIE€HHE THIOOB (HopMaibHO He CBA3AHO C UX pea-
ausanueir. Ho B 9ToM ciayduae MOryT BO3HMKHYTH CJIOXKHOCTH, TAK KaK HEKOTOpPHIE omepa-
TOPHI MOI'YyT MEMOUKUPOBAThHCA Ais Gosee ogEOro ATJI M CCHIIKK HA 3TH ONEPATODHI AOJIK-
HH OBITH B pasfienax Heckoabkux ATII.

Jnsa uinocTpay OCHOBHBIX MAel, MpuBoAainux K cosgaguio ATJl, paccMorpuM mpo-
uenypy greedy u3 mpegbigymero pasgena (uctuHr 1.3), KOTOpasi HCHOOJb3yeT IPOCTHIE
ommepaTopsl HajA AaHHBRIMH aGcTpaxTHOro Tmma LIST (cmmcox menwIx uuces). DT OIepaTo-
PH JOJPKHEI BEITDOJHHUTEL HaJ mepeMeHHo# newclr Tuna LIST cnexyromue peitcTsus.

1. CpenaTh COMCOK IIYCTHIM.

2. BrifpaTh nepBHIH 5J€MEHT CIIMCKA M, €CJIU CHUCOK IYCTOH, BO3BPATUTh 3HadeHUe null.

3. BmiOpaTh ciaexgyommuil 3JJleMeHT CIMCKa M BO3BDATHTH 3HaueHHe null, ecam ciemyiomnie-
TO 3JIEMEHTa HeT.

4. BcraBuTh I1eJioe 9MCJIO B CITMCOK.

Bo3MOXHO IpHMeHeHNe PA3JHYHLIX CTPYKTYP AAHHBIX, C IMOMOIILI0 KOTOPHEIX MOYKHO
3dGheKTUBHO BBIIOJHUTH onucanakie geitcTBUA. (IIogpo6HO CTPYKTYPH GaHHHX GYyAyT pac-
cMmoTpeHEI B riaBe 2.) Ecin B auctunre 1.3 3aMEeHHTh COOTBETCTBYIOI[HME ONEPATOPHI BHI-
PaXKEHUAMU

MAKENULL(newclr);
w := FIRST(newclr);
w := NEXT(newclr);
INSERT(v, newclr);
TOo GyfeT MOHATEH OAMH M3 OCHOBHBIX 4CIHEKTOB (M IPEeMMYIIECTB) aGCTPAKTHHIX THIOB
JaHHBIX. MOXKHO peaJM30BaTh THI JAaHHKX JIOOHM cmoco6oM, a IPOrpaMMEI, HCIIOJIb3YIO-
mue o6beKTH 3TOr0 THUOA, HE 3aBHCAT OT CIOoco0a peaJM3allMy THUIIA — 3a 3TO OTBEYAIOT
IPOLEAYPHI, PEATH3YIOMYEe OIIEPATOPHI A 9TOrO THIA AAHHBIX.

BepueMca k a6ecrpakTHomMy Tuny maEEBIX GRAPH (I'pad). as 00BeKTOB 3TOr0 THIIA
HeoOXOLMMEI OIE€PaTOPh, KOTOPHIE BHIMIOJHAIOT CAEAYIOIIUE AeiCTBUA.
1. BriGmpaloT mepByl0 He3aKpalleHHYIO BePHINHY.
2. IlIpoBepsioT, cymecTByeT Ju peGpo MeXAy ABYMs BepIIMHAMHM.
3. IloMeuaioT BepIIMHY IIBETOM.
4. BpIOHpaoOT CIEAYIOMYI0 HE3aKPAINIEHHYIO BEPIIKHY.

OueBUAHO, YTO BHE IIOJA 3PEHUS HPOUEAYPHI greedy OCTAIOTCS M APYrHe OIMEPATOPHI,
TaKde KaK BCTABKA BepPIIMH M pebep B rpad miam moMedalomuye BCe BEPIIMHH rpada Kak
He3aKpallleHHBIe. PasjiYHbIe CTPYKTYPHl AAHHHIX, MOAAEP KHBAIOI[ME 3TOT THO AAHHKEIX,
6ynyT paccMoTpeHHI B riaBax 6 u 7.

Heo6xoxmMo 0c060 MOAUEPKHYTH, YTO KOJHMYECTBO ONEPATOPOB, NPUMEHAEMBIX K 00BEK-
TaM JaHHON MaTeMaTHM4ecKOHd Mogenu, He orpanmdeHo. Kaxarnrii mabop onepaTopos ompe-
peasetr oraenbHbI ATJl. Bor mpuMephl OmepaTopoB, KOTOPEIE MOYKHO OIpeAeaUTs Nasa ab-
crpakTHOrO THNAa ZaHHEX SET (Muo)xecTBO).

1. MAKENULIL{(A). Sra npomeaypa AejlaeT MHOMXKECTBO A IYCTHIM MHOYKECTBOM.

2. UNION(4, B, C). 3ra npoueaypa mMeeT ABa “BXOAHEIX” apryMeHTa, MHOXKecTBa A U B,
¥ OpHucBauBaeT o0’beJUHEHNE ITHX MHOXKECTB “BBIXOTHOMY” apryMeHTy — MHOMXKecTBY C.

3. SIZE(A). 9Ta dyHKIUA HMeeT apryMeHT-MHOXXeCTBO A M Bo3BpamaeT o6beKT HeJIoro
THIa, PAaBHBIM KOJHYECTBY 3JI€MEHTOB MHOXKECTBa A.

24 TJIABA 1. IIOCTPOEHUE 1 AHAJIV3 AJITOPUTMOB



Tepmun peaauszayua ATJ] moppasyMeBaeT ciefyioliee: IEPeBOA B OINEPATOPHI SA3LIKA
OpOrpaMMMPOBAHHA O00BbABIIEHNI, ompeAesdlolque IepeMeHHbIe 3TOro aGCTpaKTHOroO THIA
JaHHBIX, IUTIOC IPOOEAYPH AJIS Ka)XAOT0 OImepaTropa, BHIIIOJHAeMoro Hax obbextamu ATII.
Peanuszanms 3aBUCUT OT cmpykmypybt dannbix, npeactapaaomux ATHO. Kaxaasa cTpykry-
pPa AaHHBIX CTPOMTCA HA OCHOBe 0A30BHIX THHOB JaHHKIX IPUMEHAEMOrO A3BIKA IPOrPaM-
MHMDOBaHMHA, MCHOJIb3Ys AOCTYIHLEIE B 3TOM f3bIKE CPEACTBA CTPYKTYPMPOBAHMA JAHHBIX.
CTPYKTYpH MAacCHBOB M 3amMceil — JBa Ba)XKHBIX CPeJCTBA CTPYKTYPMPOBAaHHS AAHHHIX,
BO3MOKHEIX B a3bike Pascal. Hanpumep, ofHOi M3 BO3MOXXHBIX peaId3alliil IepeMeHHOMK
S tuna SET MoeT CAyKHUTh MacCHB, COAEpPKaInuil 3IeMeHThl MHOXKecTBa S.

OpnHO# M3 OCHOBHBIX NPHYMH ompeAeseHUA ABYX padnudHEIX ATl B paMKax ogHOH MO-
Jeau ABJISETCA TO, YTO HaX obbekTaMu 3TMX AT/l HeoOXOZMMO BHINOJHATH Pa3JIUYHEIE
RefCTBHA, T.e. ONpeAeJATh OmepaTOPH DasHLIX THIOB. B 3TOil KHHre paccMaTpHBaETCH
TOJIBKO HECKOJBKO OCHOBHEIX MAaTeMATHYECKHX Mojesie, TAKMX KaK TeOPHA MHOXKECTB H
Teopud rpadoB, HO IPKM PA3JIMYHBLIX PeATH3aNUAX HA OCHOBE 3THX MOJeJeil ompeaeleHHBIX
AT]l 6yayT cTPOMTHCA pasjiMdEbie HAGOPEI ONEepaTOpPOB.

B npease xenatesbHO MNCATH OPOTPAaMMEI HA A3BIKE, 6A30BBIX THIOB AAHHBIX M omepa-
TOPOB KOTOPOro AocTaTo4HO A peanmsaunum ATJII. C aroii Touku 3peHHA A3HK Pascal He
O4YeHb HOAXOAAIMI SA3HIK AasA peanmsanum pasaudabix ATJ[, HO, ¢ ApPyroil CTOpPOHHI,
TPYAHO HAMTH MHOI A3BIK IIPOrpaMMHMPOBAHHS, B KOTOPOM MOXKHO Ob110 OB TaK Hemocpez-
crBeEHO AekJapupoBaTh ATM. domosBuUTENBHYI0 HHGOPMAIMIO O TAKMX SA3BIKAX MOPO-
rpaMMHUDOBAaHUA CM. B OHGIHOrpa@UYeCKUX NPMMEYaHUAX B KOHIIE I'VIABHI.

1.3. Tvmbl JaHHBIX, CTPYKTYPbI JAHHBIX
H a0CTpPaKTHbIE THIIbI JAHHBIX

XoTa TepMHHB mun daHKbix (WIX TIPOCTO Mmun), cmpykmypa 0aHHblXx B abcmpaxm-
Hblii mun OdaHHbLX 3BYy4AT IIOXO)Ke, HO MMEIOT OHM DAa3JMYHBIA CMEICI. B A3BIKax mpo-
rPAMMHDOBAHUA Mmun OAHHbLX OepeMeHHOH 0003HayaeT MHOXKECTBO 3HAYEHWII, KOTODBIE
MOJKeT OIPUHMMAThL 3Ta NepeMeHHas. HanpuMmep, nmepeMeHEHAas GyJeBOro (JIOrMYeCKOro) TH-
ma MOXKeT IPMHHUMATHL TOJLKO ABa 3HA4YeHMA: 3HaueHHe true (uMcTHMHA) M 3HaueHHWe false
(1oxp) M HEKakue Apyrue. Ha6op 6a30BHIX THUIIOB JaHHBIX OTJHYAETCA B PA3JMHUIHBIX A3BI-
Kax: B aAseIike Pascal 310 THnm menmx (integer) m gmeiictBurenbHHIX (real) umcesn, GyseB
(boolean) Tun m cumBoAbHEIM (char) Tun. IIpaBnia KOHCTPYMPOBAHMA COCTABHHIX THIIOB
JaHHHX (Ha ocHOBe 6a30BhHIX THIIOB) TaK)Ke pa3IMYalOTCA B PA3HBIX A3BIKAX MPOTPAMMH-
POBaHMA: KaK MH y)Ke ynoMHuHaau, Pascal jilerko u 6BICTPO CTPOUT TaKue THIIBI.

AOGCTpaKTHBIM THI JaHHHEIX — 3TO MaTeMATHYECKas MOJEJb IIJIIOC Pa3jIWYHEIE OIepa-
TOpEI, OOpejeJeHHRIe B paMKax 3Toi mogeau. Kak yke yKasnBajIoCh, MBI MOXKEM Das-
pabareiBaTh aaroputM B TepmMuHax AT, HO faA peaJM3anuy ajJropuTMa B KOHKPETHOM
#Ai3BIKe MPOrpaMMHMPOBAHUA Heob6xoxaumMo HaiiTu cmocob npexcrasaesus AT]I] B repMuHax
TUIOB AAHHBIX M OIEPATOPOB, HOAAEPKHUBAEMBIX NAHHBIM SA3HIKOM IPOrDAMMUPOBAHMS.
Hua opeacrasiaenua AT ucmoab3yooTcs cmpykmyps. 0aHHbLX, KOTOPBIE IPEACTaBIAIOT
co60ii Ha60op IepeMeHHEIX, BO3MOXXHO, PAa3JHMYHBIX THIOB AAHHHIX, 00beIMHEHHBIX ON-
pefeseHHBIM 06pasoMm.

Bas3oBEIM CTPOMTENbHHEIM OJIOKOM CTPYKTYPBHI AAHHBIX SBJIAETCHA Avellka, KOTOpaA
npeaHasHAYeHA AJf XPaHEHUs 3HAYECHHS ONpPEJeJeHHOro 6a3oBOro UM COCTABHOIO TUOA
naHHBIX. CTPYKTYypH MAAHHBRIX CO3JAIOTCA NyTeM 3aJaHUA HMMEH COBOKYIHOCTAM
(arperaram) siueex ¥ (Heo0f3aTeIbHO) MHTEPOPETANUY 3HAYEHMS HEKOTOPHIX AYEEeK KaK
npeacraBuTeseil (T.e. yKasareiaeil) IPYrUX sA4YeeK.

B kauecTBe mpocreiilmero MexaHHM3MAa arpermpoBaHus fyeek B Pascal m GoasmmHCTBE
APYTHX #A3BIKOB IPOrpaMMHPOBAaHHS MOXKHO IIPUMEHSATh (OZHOMEpPHBIl) MaccuB, T.e. IO-
CJIe0BATEJbHOCTh AYeeK OIpeaeNeHHOro tuma. MaccuB TaKXKe MOXKHO PacCMaTpUBAaTh Kak
oTo6pakeHHe MHOXKECTBA MHAEKCOB (TaKMX KakK mejnle uucjaa 1, 2, ..., n) B MHOXKECTBO
ayeek. CchlIKa HA A4YeHKY OOBIYHO COCTOMUT M3 MMEHM MACCHBA M 3HAUEHMHA U3 MHOXKECTBA
MHJEKCOB AaHHOro maccuBa. B Pascal MHOKeCTBO MHAEKCOB MOXKeT OhITh HEUMCJIOBOIO THIA,
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Hanmpumep (ceBep, BOCTOK, IOT, 3amaj), MJIM WHTepBajJbHOro Tmoa (xak 1..10). 3maueHns
BCeX siYe€eK MaCcCHBa AO/IKHBI MMETh OWHAKOBHIHM THN HaHHEIX. O0BABIEHUE

mvs: array [TunMunexcal] of Tumnflueexk;

3aNaeT UMA AJIA IOCTAENOBATEIbHOCTH A4eeK, THI JJIA 3JIEeMEHTOB MHOXKECTBA MHAEKCOB M THII
COAEPIKAMOr0 fYeeK.

Kcratu, Pascal meo6uraaitso GoraT Ha THIIBI MHAEKCOB. MHOrue A3BIKM IIPOrpaMMUpO-
BAHMUSA ITO3BOJIAIOT HCIOJIH30BATh B Ka4eCTBe MHAEKCOB TOJHBKO MHOXKECTBA IIOCJIeNOBATENb-
HBIX OeAslXx quceg. Hampmmep, 4uToOhl B siskike Fortran B KadecTBe MHIEKCOB MacCHBa
MOKHO GBIJIO MCIOJIL30BaTh GYKBHI, HAZO BCE PABHO HCHOJL30BATH NeJjhle HHAEKCHI, 3aMe-
Had “A” 5a 1, “B” Ha 2, u T.4.

JpyruM o6mM MEeXaHHM3MOM arperipoBaHMs siueeK B S3HIKAX IPOrPAMMHDPOBAHUSA fAB-
asfeTca cmpyxmypa 3anucu. 3anucb (record) MOXKHO pacCMaTPHMBATh KaK sd4eilKy, co-
CTOANIYIO M3 HECKOJBKHUX APYTHX siueeK (HA3HIBAEMBIX NOAAMU), 3HAYEHHA B KOTODHIX MO-
ryT OBIThb pAa3HHEIX THUIOOB. SaONCH YacTO TIPYONHPYIOTCA B MACCHBEI; THII JaHHBIX
oIpeAeaeTCs COBOKYIHOCTHIO THIOB moJeit sanncu. Hanpumep, B Pascal o0bsBierne

var
reclist: array[l..4] of record
data: real;
next: integer
end

3ajaerT uMa reclist (coucok sammceil) 4-3JIeMEHTHOrO MaccuBa, 3HAYEHUAMHU KOTOPOTO fAB-
JIAIOTCA B3aIKCH C JBYMs DOJIAMH: data (faHHBIE) U next (clexyromuii).

TpeTHii MeTOX arperupoBaHMA sT9eeK, KOTOPHIA Mo)HO HaiiTh B Pascal m HEKOTOPHIX
APYTHX A3BIKAX MPOTPAMMHPOBAHUA, — 3TO0 ¢aiin. Daill, KaK A OZHOMEPHLI MAaCcCHB, SAB-
JIAeTCA IOCJIeOBATEJbHOCTHIO 3HAUYEHHH ompeneseHHoro tuma. OxHako daitn He MMeeT MH-
JEKCOB: €ro 3J€MEHTH AOCTYIHHI TOJBKO B TOM IOPAAKEe, B KAKOM OHY OBLIM 3allMCAHHI
B daiin. B orsmaue ot ¢aiisa, MACCHBEL U 3aIIUCH ABJIAIOTCA CTPYKTYPAMH ¢ “IPOM3BOJIFHBIM
JocTymoM”, moApasyMeBas IOJ 3THM, UTO BpeMdA AOCTyIla K KOMIOHEHTAM MAacCUBa HJIM 3a-
IINCH He 3aBHCHUT OT 3HAYEHMA MHJAEKCA MacCHBA WIH yKasaTe]d mojA 3amucH. JJoCTOMHCTBO
arpervpoBaHUs ¢ NOMOIIbI0 (daiyia (YaCTHYHO KOMIIEHCHpPYIOIIee ONMCAHHBIN HETOCTATOK)
3aKJII0YAeTCsI B TOM, 4TO (daiiyl He MMeeT OrPAHMYEHUA HA KOJHMUYECTBO COCTABJIAIOLINX €ro
3JIEMEHTOB H 9TO KOJHMYECTBO MOYKET N3MEHATHCA BO BPEeM# BHINOJIHEHMSA IPOTPaMMBI.

YKa3zarte/ U Kypcopbl

B nomosEeEmMe K cpeAcTBaM arperupoBaHMsS s4YeeK B HA3BIKaX IPOrPaMMUPOBAHMNSA
MOKHO HCHOJB30BaTh yKasaTeJW M KYpcopwl. Yrkazamenv (pointer) — 3To sAueiika, 9ne
3HaUeHWe YKa3bIBaeT Ha APYTYI0 sdeiky. IIpu rpadudeckoM mpeacTaBJeHHH CTPYKTYPH
[aHHBIX B BUJE CXeMHI TOT (aKT, 4yTO AUeiika A ABJAETCA yKasarejeM Ha siueiiky B, mo-
Ka3bIBaeTCA ¢ MOMOIOBIO CTPEJIKM OT SYeikn A K Aueiike B.

B s3pike Pascal ¢ moMompbio ciaefyoomiero o0bABICHUS MOXKHO CO3JATh IepeMEeHHYIO-
yKasaTeab prt, YKasheBAlOMyI0 Ha SYEeHKYy ompeneseHHOro Tuna, Hanpumep TunAueiiku:

var
prt: T Tumslueitku

ITocrdukc B BMAe CTpeJIKH, HampaBJeHHOH BBepXx, B Pascal mcmosabsyeTrcss kKak omepaTop
Pa3bIMEHOBaHMSA, T.e. BhIpaXKeHHE prtT o6osnauaer spadenne (Tuma Tunflueiiku) B Aueit-
Ke, YKa3aHHOM prt.

Kypcop (cursor) — 3T0 s4yeiika C I[eJOYUCIEHHLIM 3HAUYEHUEM, UCIOJb3yeMas AJd yKa-
3aHMsA Ha MaccuB. B kauecTBe cmoco6a ykasaHMs Kypcop paboTaeT Tak ke, KaKk M yKasa-
TeJIb, HO KYPCOP MOXKHO HCIOJIB30BATh M B A3BIKaX (moxo6HBIX Fortran), Korophle He MMEIOT
ABHOTO THMIAa ykasaTeds. HTepnpeTMpoBaB HeJIOYUCIEHHYIO A4edKy KaK HHAEKCHOEe 3HAa-
YyeHWe AJIS MaccuBa, MOXKHO 3(h(eKTHBHO PeaJM30BaTh YKa3aHMA Ha S4eHKHM MaccHBa.
K coxamenuro, aToT mpueM HOAXOAUT TOJNBKO AJIA SYeeK MACCHBA M He MO3BOJAET OPTaHU-
30BaTh YKa3aHMe Ha AYeilKM, He ABIAIOIINECS YAaCTHIO MACCHBA.
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B cxeMax CTPYKTyp AaHHBIX MBI OyZeM DHCOBATH CTPEJKY M3 AYeHKH Kypcopa K sdeif-
Ke, Ha KOTOPYIO yKasbIBaeT Kypcop. MHorma MEI Takke GyAeM IOKASHIBATH IEJIO€ UMCJIO
B fAYeifKe Kypcopa, HAIOMUHAA TEM CaMEIM, YTO 3TO He HACTOSIMMII ykKasareab. Umraresn
MOJKET 3aMeTHTh, 9TO MeXaHM3M yKasaTensa Pascal paspemaeTr gueiikaM MacCHBa TOJLKO
“OBITh YKa3aHHBIMA” C IOMOmBIO Kypcopa, HO He GHITH MCTHHHBIM yKasaTeiaeM. llpyrue
A3BIKM OporpaMMupoBaHus, mogo6Hbe PL/1 mim C, mO3BOJAIOT KOMIOHEHTAM MAaCCHBOB
6LITH MCTMHHBIMHU yKAas3aTeJIAMH ¥, KOHEYHO, “ObIThb YKasaHHRIM” ¢ IIOMOINLI0 Kypcopa.
B oTamuue oT 3TUX A3BIKOB, B a3bikax Fortran m Algol, rae Her THma ykasaTeias, MOXXHO
HMCIOJb30BATH TOJHKO KYPCODHI.

IIpumep 1.3. Ha puc. 1.5 mokasaHa CTPYKTypa NaHHEIX, COCTOAMMAd M3 ABYX dacTeil.
OHa MMeeT OEemoYKy fAYeeK, COAepKamuX KYPCOPH AJIA MaccuBa reclist (coucok samuceii),
onpeaeneHHOro Brime. HasHaueHune moss next (caeayomuii) sakjodaeTcd B YKasaHUH Ha
ciaepylomylo 3anuchk B MaccuBe reclist. Hanpumep, reclist[4].next paBHO 1, moaTomy 3a-
nuchk 4 npeaurecTsyer 3anucu 1. Ilonaraa mepBoit 3anmuch 4, B COOTBETCTBUM CO 3HAYECHUA-
MH DOOJA next MOJYIUM CJIEAYIOMMI MOpaAoK 3anmceii: 4, 1, 3, 2. OrMernM, 4TO 3HaYEeHHE
moJas next B sanucy 2, pasHoe 0, yKaseIiBaeT Ha TO, YTO HeT cieayiomieil sanucu. Ilexeco-
o6pasHO IPUHATH corjameHme, UTo umciao 0 Gyzer o003HA4YaTH HY/lb-yKasameab NIPHU HC-
IOJIb30BAHUHU KYpCOpPoB M yKasarenei. Ho, uToOnl He BOZHUKAJIX IPOGJEMEI IIPH peasmnsa-
OUM 9TOr0 COIJIAINEHHS, HeoOXOAMMO TaKKe YCJIOBUTHCH, UYTO MACCHBHI, HA KOTOpDHIE
YKa3sIBAIOT KYpPCOpHl, HHAEKCUDPYIOTCSA HaynHask ¢ 1, a Be ¢ 0.

header »| 4 s e °

- ]

1.2 3 N
34 0 )
5.6 2 -
7.8 1
data next
reclist

Puc. 1.5. IIpumep cmpyrxmypv. daHHbLX

Sueitku B menouke Ha puc. 1.5 mMeioT TUIO
type
recordtype = record
cursor: integer;
prt: T recordtype
end

Ha 1uenoyky MOMKHO CCHIJIATHCA C IOMOIOBIO IePEeMEeHHOH header (3arojioBok), MMeIO-
meit tan T recordtype, header ykassiBaeT Ha aHOHMMHYIO samuch Tuma recordtype’.
9ra 3anMuch uMeeT 3HadyeHue 4 B moJie cursor. Mul paccMaTpuBaeM 4 Kak HHIEKC MAac-
cuBa reclist. 9ra 3anmuch AMeeT MCTUHHLBIN yKasaTeldb B IoJie ptr Ha APYryi0 aHOHUM-
HYI0O 3aIKCh, KOTOopas, B CBOIO OdYepelb, YKashiBaeT Ha WMHAEeKC 4 MaccuBa reclist
H EMeeT HYJb-yKa3aTeab B moje prt. O

! Banucs aHOHAMHA (He MMeeT UMeHH), TaK KaK CO3A€TCH C IOMOIbIO BhdoBa new(header), rae
header yxasniBaeT Ha BHOBL CO3[8BaeMyl0 3allECh. B maMATH KOMIbIOTepa, KOHEYHO, €CTh ajpec, IO
KOTOPOMY MOJKHO JIOK&JIM30BATh S4eiKy C 3aIIUCHIO.
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1.4. BpeMsi BbINOJIHEHHS NPOTPAMM

B mpomecce pelmeHMs OPUKJIAAHBIX 3a/a4 BHIOOD HOAXOAMINEro AJrOPUTMA BHI3HIBAET
onpeaeseHHEIe TPYAHOCTH. B caMoM Jene, Ha 4eM OCHOBBIBATHL CBOM BBHIGOp, €CIM AaJro-
PHTM AOJIKEH YAOBJIETBOPATH CJEAYIOIMM IIPOTUBOpPEYAMIMM APYT APYTY TpeGoBaHMAM.

1. DBHITh OPOCTHIM AJ151 IOHAMAHMA, IIePeBoja B IPOrPaMMHEHIM KOJ M OTIAZKH.

2. OddeKTUBHO MCHONL30BATH KOMIBIOTEPHEIE PECYpPChl M BHINOJIHATHCA IO BO3MOXKHO-
cTH OBICTPO.

Ecnu HanucaEHAs mporpaMMa JOJKHA BBHITOJIHATHCA TOJBKO HECKOJBKO pa3, TO IepBoe
TpeGoBaHVe Hambosee BaxxHO. CTOMMOCTH, pabodero BpeMeHM IPOTPAMMMCTA OOGLIYHO 3HAYM-
TeJIbHO NPEBHIINAET CTOMMOCTHL MAIIMHHOTO BPEMEHH BBIIOJHEHHSA NIOPOrpaMMBI, IIO3TOMY
CTOHMOCTH IPOrPAMMEI OOTHMMH3HUPYETCA II0 CTOMMOCTHM HAIIMCAHMSA (a4 He BBHIITOJIHEHUA) IIPO-
rpaMMbl. Ecii MBI MMeeM [esio ¢ 3ajaueld, pemeHHe KOTOpoil TpeGyeT 3HAYUTENBHBIX BHI-
YNCJHTEJLHBIX 3aTPAT, TO CTOMMOCThL BBINOJHEHHS NIPOrPpaMMBI MOJKET MIPEBHICHTH CTOM-
MOCTh HAIHWCAHUA OPOTPAMMEI, OCOOEHHO ecJM InIporpaMMa MAOJKHA BBIDOJHATHCS
MHoroxkparHo. IloaTomy, ¢ GMHAHCOBOI TOYKH 3peHUA, Oojiee IIPEANOYTUTENHHBIM MOXKET
CTaTh CJIOYKHBIA KOMILIEKCHBIM ajirOpuTM (B HajexJe, 4YTO Pe3yabTHPYIOmasd IporpamMma Gy-
IeT BHINOJHATHLCA CYINECTBEHHO ObicTpee, 4eM OoJiee mpocras nporpamma). Ho um B aroit cm-
Tyanuu pasyMHee CHa4aja PeajJu30BAThH MPOCTOH AJrOPMTM, YTOOHI OMpeAeNTh, KaK JOJXKHA
cebs BecTu Gosee cioHasi nporpamMMa. IIpm DOCTPOEHHMH CJIOKHOM IPOrPAMMHOI CHCTEMBI
JKeJIaTeJILHO PeaM30BaTh €e IPOCTOI IPOTOTHI, Ha KOTOPOM MOYKHO IIPOBECTH HEOOXOAUNMEIE
HM3MEpEeHUs U CMOJEJHMPOBATH €€ HOBEAEeHNE B 1IEJIOM, IIPeX/Je YeM NPUCTYyHaTh K paspaboTke
OKOHYaTeJbHOro Bapuanra. Takum o6pa3soM, IPOrPAMMMCTEL AOJKHEI OBITH OCBEJOMJIEHBI HE
TOJIBKO O METOAAX MOCTPOEHHA GBICTPHIX IIPOrpPaMM, HO M 3HATH, KOT4a HX CJEAYeT IpHMe-
HUTH (KeaTeIbHO ¢ MUHMMAJIBHEIMHE IIPDOIPAMMUCTCKUMH YCHUIMAMHE).

H3mepenue BpeMeHH BbINOJHEHHSA MPOTPaMM
Ha BpeMs BBIIOJIHEHHS IPOIPAMMEI BIMAIOT CIeLYyIOmMe GaKTOpHI.

1. Bsoj ucxofHO# MHPOPMAUIMK B IPOrpaMmy.
2. KauecTBO CKOMIOMJIHPDOBAHHOI'O KOZAA MCIOJHAEMOH IMPOrpaMMEbl.

3. MamuHHbe MHCTPYKIMH (€CTeCTBEHHBIE X YCKOPAIONMME), HCIONb3yeMble AJA BBIIOJ-
HEHHUS OPOTPAMMBI.

4. BpeMmeHHAs CJI0XXHOCTH AJITOPATMA COOTBETCTBYIOMmE !IpOI‘paMMhI.l

ITockoNbKY BpeMs BHINOJIHEHHS IHPOrPAMMBHI 3aBMCHT OT BBOJA MCXOAHBIX AAaHHHIX, €T0
MOXKHO OIpPeJeJIUTh KaK QYHKIMIO OT MCXOAHHBIX HaHHBIX. Ho 3agacTyio BpeMsa BHINOJIHE-
HUS OPOrpaMMBbI 3aBUCHT He OT CAaMMX HCXOLHHIX KAaHHBIX, a OT X “pasmepa”. B aTom oT-
HOIIEHMHM XOPOIOIMM IPHMEPOM SBIAIOTCA 3aJadM COPMUPOBKU, KOTOPHE MEI IOAPOGHO
paccMoTpuM B IiiaBe 8. B 3afjayax COpTHPOBKHM B KayeCTBe BXOAHHIX AAHHBIX BRICTyIaeT
CIICOK 9JIEMEHTOB, IIOAJIEKAINUX COPTHPOBKE, a B KAYECTBEe BHIXOAHOI'O pe3yJabTaTa — Te
JKe caMble 3JIEMEHTHI, OTCOPTHPOBAHHLIE B IIOPAAKEe BO3PACTAHMSA MJIM yOmiBanusa. Hampu-
Mep, BXOAHOM coucok 2, 1, 3, 1, 5, 8 6yaer npeoOpa3oBaH B BRIXOAHOM cnucok 1, 1, 2, 3,
5, 8 (B maHHOM ciyuae CIMCOK OmMcopmupoéan 6 nopsadkxe eo3pacmanus). EcrecTBeHHOMK
Mepoii o6'beMa BXOZHOM MHGpOPMALMM A IPOrPAMMEI COPTHDPOBKM 6yZeT 4HCJIO 3JIeMEeH-

! Bnech aBTOpHI, He AKIEHTNPYsA Ha 3TOM BHUMAHHS ¥ He OIpEAENAs ero oco60, BBOAAT TePMUH
“BpeMeHHAA CJIOKHOCTL ajuroputMa”. Ilox epemenHoil caoxmHOCMbl0 anzopumma NoHHMaeTcs “Bpems”
BBHIIOJIHEHUSA aJrOPUTMA, H3MepseMoe B “marax” (MHCTPYKOHUAX aJrOPUTMA), KOTOphle HeOOXOAMMO BhI-
NONHUTH AJTOPUTMY AJIA NOCTHIXKEHMS 3allIAHUPOBAHHOTO pe3dyabTaTa. B KauecTBe CMHOHMMA AJIA
3TOr0 TePMHHA ABTOPHI YacCTO MCIOJB3YIOT BHIpa’Ke€HHE “BpeMfA BBINOJIHEHHS ajroputma”. OTMeTHM,
4YTO B MEPBOM YaCTW KHMTY (Z0 riaBul 6) aBTOpaMu dalie HCHOJB3YeTCHA mOCJIefHee BRIPAXKEHHE, & BO
BTOPOH — 4dame TePpMHH “BPeMEeHHAs CJI0XKHOCTH”. B 3Toil cBA3M 3aMeTHM, 4TO HEOGXOAUMO pas3iiu-
4yaTh “BpPeMs BHINOJHEHAS aJropuTMa” M “BpeMs BHIDONHEEMA OporpaMmsel”. — ITpum. ped.
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TOB, HOAJIEKAIQUX COPTUPOBKe, WJH, APYTMMH CJIOBAMH, JJMHA BXOZHOTO cIMCKa. B 006-
meM ciydae AJMHA BXONHEIX JaHHBIX — MOAXOAsINas Mepa o6beMa BXOmHOHM MHGOpPMa-
OHFH, ¥ ecJM He OYyAeT OroBOPEHO MHOe, TO B KayecTBe MepH 00'beMa BXOAHOM mHpOpManun
MBI fajee GyaeM MOHUMATH MMEHHO AJIUHY BXOAHBIX JAHHBIX.

OOBIYHO T'OBOPAT, YTO BPEMsI BBHINOJIHEHMA IPOrPAMMEI MMeeT mopAfok T'(n) oT BXOAHEIX
ZaHHBIX pasmepa n. Hampumep, Hekas mporpaMMa HmMeeT BpeMs Beimonsenus T(n) = cn?,
rge ¢ — KoHcTaHTa. Emnauna usMmeperus T(n) TouHo He ompefesieHa, HO MBI OyZeM NMOHUMATH
T(n) xax KOMMIECTBO MHCTPYKIMIA, BRIIOJIHAEMBIX Ha NACAJIMSUPOBAHHOM KOMILIOTEpE.

Jna MHOrMX OpOrpaMM BpeMs BHIDOJHEHUA AEHCTBUTENBHO ABJAAercsa GyHKUUeH BXOA-
HHIX NaHHBIX, 4 He MX pasMepa. B aToii curyanun Mbl ompegsensem T(n) Kak BpeMs BRINOJ-
HeHUA 8 Hauxydulem ciyyae, T.e. KAK MAKCHMYM BpPeMeHU BBINOJHEHHMS IO BCeM BXOAHLIM
JaHHEEIM pasMepa n. Mu Takske 6ynem paccmarpuBarh T (n) Kak cpemHee (B CTaTHCTHYECKOM
CMEICJIe) BpeMs BBINIOJIHEHWS II0 BceM BXOJHBIM NaHHBIM pasmepa n. Xora T,(n) aBiserca
JIOCTaTOYHO OO'HEKTUBHOM MepOil BpeMeHU BBIIIOJHEHMs, HO 9acTO HeJIb3f IpeAIoaraTh (’in
060CHOBATH) PABHOZHAYHOCTb BCEX BXOAHEIX MaHHBIX. Ha OpakTuke cpefHee BpeMs BBIIOJI-
HeHNA HaiTH CJOXKHee, YeM HaMXy/liee BpeMs BHIDOJHEHHS, TaK KaK MaTeMaTUYeCKH 3TO
TpyAHOpa3peInuMan 3ajada M, KpoMe TOIO, 3a4acTyi0 He MMeeT IPOCTOro OIpefAesieHHs II0-
HATHE “cpegHMX” BXOAHBIX JaHHBIX. IIodTOMYy B OCHOBHOM MB!I OyAeM MCHOJIL30BATH Ham-
XyJAlIee BpeMsA BHINOJMHEHMA KaK Mepy BPeMEHHOH CJIOXKHOCTH aJIrOPHTMOB, HO He GyaeM 3a-
6BIBATH U O CpeiHEM BPEMEHH BBLINOJHEHHUS TaM, IIe 3TO BO3MOXKHO.

Teneps cresaeM 3aMedYaHHE O BTOPOM M TpeTheM (aKTopax, BAMAIOIGUX HA BpeM:A BHI-
NOJHEHMs INporpaMM: O KOMIHISATOpPE, MCHOOJIb3yeMOM A KOMIWJIAIMK IPOrPaMMEI,
M Mall{He, Ha KOTOPOil BBINOJIHsETCA mporpaMma. 9TH (aKTOPHl BJIMAIOT Ha TO, YTO AJS
M3MepeHHs BpeMeHM BHIIOJHEeHUsa T(n) MH He MOXKeM IPMMEHHUTH CTAHZAPTHHIE eSUHUIILI
HM3MePeHHA, TaKNe KAK CeKYHAL MIHM MWUINCEeKYHABLI. II03TOMY MBI MOXKEM TOJIBKO JEJIATH
3aKJIOYeHNA, HOAOGHBIe “BpeMsA BBINOJHEHUsS TAaKOro-TO AJIFOPHTMA NPOIOPLUOHAJILHO
n?”. KoHCTAaHTH IPONOPIMOHAILHOCTH TAaKIKe HEAb3d TOYHO OIPENENHTh, MOCKOIBKY OHH
3aBHCAT OT KOMOMJIATOPA, KOMIBIOTEPA U APYTHX GHaKTOPOB.

AcCHMIITOTHYECKHE COOTHOLIEHUSA

Ona oumcaHMA CKOPOCTH pocTa GYHKOUI mcmoabsyercsa O-cuMmBoiauka. Hampumep, ko-
rga MLl TOBODHM, YTO BpeMA BHIIOJAHeHHUA T(n) HEKOTOPOH IpPOrpaMMbl KMeeT IOPALOK
O(n?) (umraerca “o-GosnpmIoe oT 7 B KBaApaTe” MM IPOCTO “O OT 1 B KBagpaTe”), TO IOA-
pasyMeBaeTcs, YTO CYMECTBYIOT IOJIOMKUTENbHBIe KOHCTAHTHI ¢ M My TaKHe, YTO JJIA BCeX
n, 60JBIIAX WIX PAaBHBIX Ng, BHIIOJHAETCSA HepaBeHCTBO T'(n) < cn?.

IIpamep 1.4. Ipexamonoxxum, uro T(0)=1, T(1)=4 u B obmem ciayuae T(n)=
(n + 1)%. Torga T(n) uMeeT NOPAAOK O(nz): €CJIA MOJIOXKHUTB Ng = 1 U ¢ = 4, TO JIeTKO mo-
KasaTb, YTO AJA n 2 1 OygeT BHINOJHATHCSA HepaBeHCTBO (n + 1)< 4n%. OrmernM, uTO
HeJIb3A IOJIOKHUTE ng = 0, Tak Kak T(0) = 1 u, cirexoBaTeJbHO, 3TO 3HAYEHHe IpH Ji00OLH
koHcTaHTe ¢ Goapme c0? = 0. O

TloguepkHeM: MBI IpeAIoJaraeM, 4To Bce GyHKIMKM BpeMeHU BHINOJHEHUA ONpefesIeHbl
HA MHOYKXECTBe HEOTPHUIATEJbHBIX MEJbIX YMCeJ M MX 3HAaUeHWUA TaKiKe HeOTPHIATeNbHHI,
HO HeoOAsaTesJbHO Lieable. Bynem rosoputs, uto T(n) umeer mopsgaok O(f(n)), ecau cyme-
CTBYIOT KOHCTAHTHI ¢ M Ny TaKHe, 4YTO AJASA BCeX N 2Ny BBHIDOJIHAETCA HEPaBEHCTBO
T(n) < c¢f(n). Ina oporpaMM, y KOTOPBIX BpeMs BEHINOJHEHWA MMeeT nopsagok O(f(n)), ro-
BOPAT, 9TO OHU HMeIOT nopaAdok (ux:| cmenendv) pocma f(n).

IIpumep 1.5. Pyuxuusa T(n) = 3n® + 2n? umeer cremerms pocra O(n®). UTo6El aT0 mOKa-
3aTh, HAZO MOJIOKUTE Nng = 0 U ¢ = 5, TaK KaK JIeTKO BUAETh, YTO AJs BCeX HeJnIX n > 0 BHI-
nosnHsAercsa Hepasenctso 3n® + 2n? < 5n®. MoxkHO, KOHeuHO, ckasarh, uTo T(n) MMeeT mopsd-
1ok O(n*), HO 31O Gosee caboe yTBepKAEHUE, YeM To, uTo T(n) uMeer mopsamok pocra O(n°).

B xauecTBe cieAyomero npuMepa AOKa)keM, 4To GYHKIusS 3" He MOKeT UMeTh IIOps-
mox O(2"). IIpeAmoNIOKHM, UTO CYIIECTBYIOT KOHCTAHTHL ¢ B g TAKHe, YTO AJA BCEX N 2 Ny
BHIIIOJIESAETCA HepaBeHcTBo 3" < ¢2", Torga ¢ > (3/2)" zna Bcex n 2 ng. Ho (3/2)" upunn-
Maer Jiro6oe, Kak yrogHo 6ojpmioe, 3HaYeHHME OPH JOCTATOYHO GOJBIIOM 71, IIOITOMY He
CyIIecTBYyeT TaKoi KOHCTAHTEI ¢, KOTOpAsA MorJa 661 Makopuposats (3/2)" ansa scex n. [
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Korpa Msl roBopumM, gro T(n) mmeer crenesb pocra O(f(n)), To noxpasymeBaercs, ¥to f(n)
ABJAETCS BepXHell rpaHdAneil ckopocTd pocTa T(n). YTobnl yKasaTh HMMKHIOIO I'DAHHUIY CKOpPO-
cra pocra T(n), ncnomssyercsa oboznagenme: T(n) ects £(g(n)) (uuraercsa “omera-Gosbimoe OT
g(n)” wm npocro “omera or g(n)’), 3To mOAPa3yMeBaeT CYIIECTBOBAHME TAKON KOHCTAHTHI C,
qro GeckoHeYHO dacTo (mas 6GecKOHeYHOro uymcia 3HA4YeHWH n) BRIDOJHAETCH HEPABEHCTBO
T(n) > cg(n).

Ilpumep 1.6. [ns nposepk: Toro, uro T(n) = n® + 2n? ects Q(n®), mocraTouno mouo-
suth ¢ = 1. Torga T(n) 2 en® gna n =0, 1,... .

Hna apyroro mpumepa IOJOXXKHM, UTO T'(n) = n ana HederHHX n21 u T(n) = nz/ 100 —
Aas ueTHBIX n 2 0. I[1a nokasaTenscrBa Toro, aro T(n) ects Q(n?), AoCTATOYHO HOIOKATH
¢ = 1/100 n paccMoTpeTh MHOXKECTBO YeTHHIX uncea n = 0, 2, 4, 6,... . OJ

Orpammennocn MNOKa3aTejid CTENCHH poCTa

Hrak, MBI OpexamosaraeM, YTO MPOrpaMMBI MOXKHO OIEHHTh C IOMOINbIO QYHKIMIT Bpe-
MeHM BHINOJHEHMdA, NpeHeOperad OpHM 3TOM KOHCTAHTAMH IpomopmuoHajgbHocTH. C 3TOH
TOYKH 3PEHUSA IporpamMma C Bgemeﬂem BhIONIHeHNA O(n?), HanpuMep, Jydlle TIPOrPAMMBI
¢ BpeMeHeM BoINoJHeHNs O(n°). KoHCTaHTH IPOIOPLIUOHAJIBHOCTH 38BUCAT HE TOJBKO OT
WMCIOJb3YEMBIX KOMIHJIATOPA M KOMOBLIOTEPa, HO M OT CBOMCTB camoif mporpamMmsi. Ilycrs
IIPY onpejesieHHOA KOMOMHAOMN KOMIOHMJISATOP—KOMMIbIOTED OAHA IIPOrpaMMa BBIMOJIHAETCS
3a 100n? MHWJUIMCEKYHA, a BTOpad — 3a 5n3 MUIIUCeKYHA. MoskeT Jim BTOpada mporpamMma
OBITH IPEANOYTHTELHEE, YeM mepBaA?

OTBeT Ha TOT BONPOC 3aBHCHUT OT pasMepa BXOLHBIX JAHHBIX ngorpaMM. IIpm pasmepe
BXOAHBIX AaHHHKX n < 20 mporpaMma ¢ BpeMeHEM BRIIIOJIHEHMS 5n° 3aBeplmuTca OnICTpee,
YeM IIporpaMMa C BpeMeHEM BBIIIOJHEHUSA 100n?. IoaToMy, eCaM IIPOrpaMMEL B OCHOBHOM
BHINOJIHAIOTCA C BXOAHBIMHM AAHHLIMHM He0OJBIIOrO pasMepa, NpPeAIIoOYTeHHe Heo6GXOAMMO
OTHATBH IIporpaMMe ¢ BpeMeHeM BhmoxHeEns O(n’). OmEAKO NpH BO3pacTaHHHM 7 OTHOIIeE-
Hue BpeMeHM BhImoiHeHus 5n3/100n? = n/20 Tak:xe pacrer. IlosToMy IpH GOXBIIHX Nt
OporpaMMa ¢ BpeMeHeM BHINONHeHMs O(n?) cTaHOBATCA OpeANOYTHTENbHEE MPOTPAMMBI
C BpeMeHeM BBINOJHEHUA O(na). Ecnu paxe mpu cpaBHHTeNbHO HeOOJBIIHX 7, KOTAA Bpe-
M#A BBIDOJHEHMA o0eHMX OpOrpaMM NOPHUMEDPHO OAWHAKOBO, BHIOOp Jyumel IpOrpaMMBI
TIpeACTaBISAET OIpefeJeHHbIe 3aTPYAHEHHUHA, TO €CTEeCTBEHHO AJsA GoJsblmeidl HaIeKHOCTH
cAesaTh BHIGOP B MOJIB3Y NPOTPAMMEI C MEHBIIEH CTENEHBIO POCTA.

Jpyraa npu4ynHa, 3aCTABAAIOIIAS OTAABATh IPEANIOYTEHME MPOrPaMMaM C HauMeHbImei
CTeNeHbI0 POCT& BPEMEHM BHIIOJHEHNA, 3aKJIIOYaeTCsI B TOM, UTO 4YeM MeHbIIe CTeneHb
pocta, TeM GoJsbIle pasMep 3a4adH, KOTOPYI0O MOXKHO PEIIUTh HA KoMmnbloTepe. JpyruMu
CJIOBaMM, €CJHM YBEJINYHUBAETCSI CKOPOCTHh BHIYMCJIEHMH KOMOBIOTEpPA, TO DACTET TaKKe
¥ pa3Mep 3aja4, pemaeMblX Ha KomubioTepe. OQHAKO He3HAUNTEJbHOE yBeJIMYeHUe CKOPO-
CTH BBHIYMCJIEHMH KOMIBIOTEPA HPHUBOAMUT TOJABLKO K HEGOJBIIOMY YBeJMYEHHIO pasMepa 3a-
a4, pellaeMbIX B Te4eHHMe (UKCHPOBAHHOIO IPOMEIXKYTKA BPEMEHH, HCK/IIOYEHNEM U3 3TO-
ro mpaBMJIa ABJAAIOTCS IPOrPAMMBI ¢ HU3KOMH CTeNeHbIo pocta, kak O(n) u O(n logn).

IIpumep 1.7. Ha puc. 1.6 moxasamsl GyHKOHM BpPEeMEHHM BHINOJHEHHA (M3MepeHHEIe
B CEKYHJaX) AJs YeThIpEeX IPOrpaMM C Pa3jJNYHON BPEMEHHOH CJIOXKHOCTBHIO AJIS OZHOI'O
M TOTO K€ COYEeTAaHUA KOMIUIAATOP—KOMIbIoTep. IIpeAnososuM, YTO MOKHO HCIOJIL30BATH
1 000 cexkysa (mpumepHO 17 MHMHYT) MAIOMHHOIO BPEMEHM AJSA ?ememm sagaun. Kakoit
MaKCHMaJbHBIA pasMep 3afaud, peimnaeMoil 3a aro BpeMaA? 3a 10° ceKyHx KaxKALIA U3 ue-
THIpEX QJITOPUTMOB MOJKET PEIIMTDH 3aJa4UM MIPHUMEPHO OAMHAKOBOIO pasMepa, KaK MOKAa3a-
HO BO BTOPOM cToJiOue Tab6a. 1.3.

! Ormernm acMMMeTpHMIO B onmpexeneHnsax O- u Q-cumMmBoauku. Taxkas acuMmeTrpus ObIBaeT mo-
JIe3HOM, KOrJa aJIrOPUTM paboTaeT GHICTPO HA AOCTATOYHO 6OJMBIIOM MOAMHOMKECTBe, HO He HA BCEM
MHO)XeCTBe BXOAHBIX AaHHhIX. Hampumep, eCTh aJIropUTMbI, KOTOPEIe pPaGOTAIOT 3HAYUTEJBHO OBI-
CTpee, €CIH JJINHA BXOAHBIX AaHHBIX ABJAETCH IPOCTHIM IHCJIOM, & He (K mNpUMepy) 4YeTHHIM 4MC-
aoM. B aToM ciydae HeBO3MOYKHO HOJYYHUTh XOPOIIYI0 HMIKHIOI I'PAaHMIY BPEMEHH BLINOJIHEHHU,
cnpaBeJINBYIO AJIS BCeX n 2 ng.
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IIpeamono:xuM, YTO MOJydYeH HOBHIH KoMIbioTep (63 KODOJIHMTENbHEIX (DMHAHCOBHIX
3arpat), paboralomuit B AecATh pa3 GuicTpee. Temeph 3a Ty Ke IeHY MOXKHO HCIOJB30-
Bath 10* CeKyH/i MalIMEHOrO BpeMeHM — panee 10° cexyma. MaxcuMainHBIHR pasamep
3a/jla4yi, KOTOPYIO MOKeT PEeIIUTh 3a 3TO BpeMs KaKAas M3 YeThIpeX MpOorpaMM, IIOKa3aH
B TpeTheM croabue Taba. 1.3. OTHonIeHUs 3HAUEHUH TPETHEro ¥ BTOPOro CTOJAGLOB IpH-
BefieHBI B JeTBepTOM cToj6ue aToil Tabiaunb. 3aech MBI BUAUM, YTO YBEJIHYEHHE CKOPO-
ctu KomuneioTepa Ha 1 000% npuBoAUT K yBeaWdeHHIO TOJbKO Ha 30% pasmepa 3ajgaum,
peImaeMoii ¢ IOMOINbI0 IPOrpaMMBI ¢ BpeMeHeM BuimoaHeHus O(2"). Takum obpasom, 10-
KpaTHOe yBeJNUYeHHe IIPOUBBOAUTEILHOCTH KOMIOBIOTEPA AAEeT B IIPOLEHTHOM OTHOLIEHUH
3HAYUTEJbHO MeHbIIMHA 3}pdekT yBeamueHUsA pasMepa pemaemoil sazauu. B geiicTBu-
TeJbHOCTH, HE3aBHCHMO OT GHICTPOAEHCTBMA KOMIILIOTEPA, IPOTpPaMMa C BPEMEHEM BHI-
mosHeHUA O(2") MOKeT pemaTh TOJILKO OUeHb HeGOJIbIINE 3afauyu.

Ty t 4

3000

2000

1000

5 10 15 20 n

Puc. 1.6. Pynryuu 6pemeHu 8biNOIHEHUA YeMbLpEX NPOZPDAMM

Tab6mna 1.3. Ddderr ot 10-KpaTHOrO YBeIHUCHAA OLICTPOACHCTBHA KOMIBIOTEPA

Bpems MaxkcuMaabpEbl paaMep MakcumaapHBIN pa3zMep YBeJIHYeHHe MaKCHMAaJHHOIO
seinosHeEusd T(n) 3agaum aasa 10 cexynn samaum mus 10* cexynn pa3Mepa 3agaum
100n 10 100 10.0
5n? 14 45 3.2
n3/2 12 27 2.3
2" 10 13 1.3

N3 Tperwero cronboa Taba. 1.3 ACHO BHAHO MPEeHMYINECTBO MPOrPaMM C BpeMeHeM BHI-
noareHna O(n): 10-kpaTHoe yBeaudeHHe pa3Mepa pemaeMoil 3agaym Ipu 10-kpaTHOM
yBeJIWYeHUN NPOM3BOAUTENBHOCTH KoMIbioTepa. IIporpaMMbl ¢ BpeMeHeM BHINOJHEHHSA
0O(n®) u O(n?) npu ysenuuennu GricTpofeificTBua KoMmbioTepa Ha 1 000% gaioT yBesamde-
HHUe pasMepa 3agaum cooTBeTcTBeHHO Ha 230% # 320% . DTH COOTHOIIEHMA COXPAHATCH U
OpH JajbHeilIIeM yBeJIHYEeHUH IPOM3BOAUTENbHOCTH KOMIbIoTepa.
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ITocKoabKY CymiecTByeT HeoOXOAUMOCTh PelleHHs 3agad Bce 6ojiee yBeINUMBAIOMIErOCH
pasMepa, Mbl IPHMXOXHM K NOYTH IapajOKCAJLHOMY BEIBOZY. Tak Kax MaIIMHHOE BpeMs
BCe BpEeMA fellleBeeT, A KOMIBIOTEPHE! CTAHOBATCA 6osiee GHICTPOAEHACTBYIOIIUMM, MBI Haje-
eMc#, YTO CMOX{eM pemaTh Bce Goabmme IO pasMepy X Gosee ciaoxkHble 3agaud. Ho Bmecre
C TeM BO3PACTaeT 3HAYMMOCTH Pa3paGOTKHM M MCIOOJb30BAHMA 3GGEKTHBHHIX 4JITrOPHTMOB
MMEHHO C HU3KO} CTeneHbIo POoCTa GYHKIIUY BpeMEeHH! BLIIOJHEHUA.

Hemuoro coam

MmuI XOTHMM emle pa3 NOAYEPKHYTH, 9TO CTEIEHb POCTa HAMXYALIEro BPEMEHH BHINIOJIHE-
HUA — He eQUHCTBEHHHII MM caMblii Ba'XHBI KPHTEPHil OmMEHKHN aJTrOPUTMOB H HOPO-
rpamm. IIpuBezeM HECKOJIBKO COOOpDayKeHH#, IO3BOJNAIOINUX IIOCMOTPETh HA KpHTEpHit
BpeMEHH BHIIIOJIHEHUSA C APYTHMX TOYEK 3PeHHs.

1. Ecam cosgaBaeMas mporpaMMa GyZeT HCHOJIb30BAHA TOJHLKO HECKOJBKO pas, TOTAa
CTOHMMOCTh HAIIMCAHUA M OTJAJKH OPOrPAMMH OyAeT AOMMHHMPOBATh B 00meil cToMMoO-
CTH IOpPOrpaMMEI, T.e. (paKTHMYeCKOe BPEeMs BHIIIOJIHEHNS He OKAaYKeT CYIIeCTBEHHOTO
BIMSHNA HA OGIYI0 CTOMMOCTH. B 3TOM cilyuae ciefyeT IpeAINOdecTh aIrOpUTM, HaW-
6oJ1ee MPOCTO ANA peayN3alluy.

2. Ecau nporpamma 6yger paGoTaTh TOJBKO ¢ “MaJILIMH” BXOAHBIMHE JAHHBIMM, TO CTe-
IeHb POCTA BpeMEHHU BHINOJHEHHA OyAeT MMeTh MeHbIIee 3HaueHMe, YeM KOHCTaHTa,
OpUCYTCTBYIOIMad B (GopMyJje BpeMEHM BHIDOJHeHUA. BmecTe ¢ TeM M mHoOHATHE
“MasocTH” BXOAHEIX NAHHBIX 3aBUCUT OT TOYHOIO BpPeMEHM BHINOJHEHWUA KOHKYPH-
pyoImux ajJropuTMoB. CyHIeCTBYIOT aJITOPHUTMBI, TaAKKMe KAK QJITOPUTM IleJ0YHCIeHHO-
ro ymHOXeHMA (cM. [96]), acumnroTuuecku caMule 3dGeKTHBHBIE, HO KOTOPhle HUKO-
Ia He HCNOJL3YIOT Ha NMPaKTHKe Jake JJIA GOJbIOHMX 3a7ad, TAK KAK UX KOHCTAHTHI
OPONOPLMOHATBHOCTY 3HAUUTENHLHO MPEBOCXOAAT HORO6HBIe KOHCTAHTHl APYTHX, GoJee
OPOCTHIX U MeHee “3(GeKTHUBHBIX” aJrOPUTMOR.

3. OddeKkTUBHEIE, HO CJI0KHEIE AJITOPUTMBI MOTYT GBITH HeXXeJaTeJbHBIMHU, €CIU rOTOBBIE
OpOrpaMMEl GYAYT MOAAEPKMBATH JHIA, He YJacCTBYIOIOUe B HANMCAHWM ITHX IIPO-
rpaMMm. ByaeM HajeATbCA, YTO NPHHENUNNAILHBEIE MOMEHTHI TeXHOJOTHH CO3GAHHA
3 deKTUBHEIX AJIrOPUTMOB IMMPOKO HM3BECTHHI, M JOCTATOYHO CJIOKHBIE AJTOPHATMBI
CBOOOJHO NPUMEHAIOTCA Ha mpaxkTuke. OfHaKO HeOGXOAMMO IPEAYCMOTPETH BO3MOXK-
HOCTh TOrO, uTO 3}PeKTHBHEIE, HO “XHTpHIE” aJrOPUTMEI He OYyAYyT BOCTpeOOBaHBI M3-
3a UX CJIOYKHOCTH U TPYAHOCTeil, BOSHUKAIOIMUX IIPH IONBITKE B HUX pasobpaThcs.

4. W3BeCTHO HECKOJIbKO NPHMEPOB, Korga 3bddeKTHMBHBIE AJrOPUTME TPeOYIOT TaKHX
Goapmux 06'beMOB MAaIIMHHON nmaMATH (6e3 BO3MOMKHOCTH MCIOJIL30BAHHA Gojlee Men-
JIeHHBIX BHEOIHUX CPEACTB XPaHEHUA), UTO 3TOT (PAKTOP CBOAUT HA HET IIPEHMYIIECTBO
“addexTUBHOCTH” AJTOPHUTMA.

5. B 4YuCIeHHBIX aJrOPUTMaX TOYHOCTH M YCTOMYWBOCThL AJTOPMTMOB He MeHee BajKHHI,
4YeM MX BpeMeHHadA 3((HeKTUBHOCTD.

1.5. BoruuciieHue BpeMeHH BbINOJIHEHHS MPOrpamMm

TeopeTnyecKkoe HaxoKJeHXE BpeMEHH BHINOJHEHHs IporpaMm (masxe 6e3 ompeneieHHs
KOHCTAHT IPONOPIMOHAJILHOCTH) — CJIOXKHAfA MaTeMaTHuecKad 3agauya. OJHAKO Ha IpaK-
THKe ompefieleENe BpeMeHH BHINOJHEHHS (TakKe 0e3 HAXOXAECHWA 3HAYEHHUS KOHCTAHT)
SIBJIAETCA BIIOJIHE paspemIuMoil 3ajjadedl — JJIs 3TOro HYKHO 3HATH TOJIBKO HECKOJBKO 6a-
30BHIX OpuHHUNOB. Ho mpexkje 4eM HOpeACTAaBUTh 3TH NPUHOUNEI, PACCMOTPHM, KAK BEHI-
TOJHAIOTCA ONePayH CJHO0XKEHUA X YMHOMKEHHUS C UCIOJAb30BaHHEM O-CHMBOJMKH.

IIyctes T1(n) n To(n) — Bpems BHINOJHEHHUS ABYX MPOrpaMMHBIX ¢parmenToB P; u P,,
T1(n) umeer crenens pocta O(f(n)), a Tx(n) — O(g(n)). Torga Ty(n) + Ty(n), T.e. BpeMsa
IOCJIEJOBATEJLHOIO BHIIOJHEHNsA ¢parMeEToB P; u Pj;, mHMeeT cTemeHb pOCTa
O(max(f(n), g(n))). Ona KoxasaTeJLCTBA 3TOr0 BCIOMHUM, YTO CYHIECTBYIOT KOHCTAHTHI
¢y, C3, N1 ¥ Ny TaKHe, YTO IIPU N 2 n, BHIINOJHAETCA HepaBeHcTBo T,(n) < c;f(n), u, aHa-
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aoruuso, To(n) < cyg(n), ecam n 2 ny. Ilyers ng = max(n;, ny). Ecau n 2 ng, TO, oue-
BHAHO, 4T0 T'1(n) + To(n) < c1f(n) + ceg(n). Orcioga BHITEKAET, YTO UPH N 2 Ny COPaBEAJIH-
Bo HepaBeHCTBO T'y(n) + Ta(n) < (c; + cz)max(f(n), g(rn)). IlocnenHee HepaBEHCTBO M O3HA-
yaer, uTo T;(n) + Ty(n) umeer mopaaok pocra O(max(f(n), g(n))).

IIpumep 1.8. ITpasuno cymm, naHHOE BHIIIE, UCIIONL3YETCA AJA BRIUNCIEHUA BPEMEHM
IIOCJIEOBATEIbHOTO BHINOJHEHNA OPOIrPAMMHHIX ()ParMeHTOB C UUKJIAMM M BETBJICHMSIMHM.
IlycTs ecTh TpHM (parMeHTa C BpeMeHaMH BHINOJHEHHAsA coorBeTcTBeHHO O(n?), O(n®)
u O(n logn). Torma BpeMsi IOCJI€AOBATENLHOIO BERINOJIHEHWS HEPBHIX ABYX ¢GparMenToB
HMeeT MOPALOK O(ma.x(nz, na)), T.e. O(n"’). BpeMsa BBITIOJIHEHUS BceX Tpex ¢(parMeHTOB
nMeer mopagok O(max(n®, n logn)), aTo To xe camoe, aro O(n®). O

B ofmeM ciyyae BpeMs BHIMOJIHEHWA KOHEYHOH IIOCJIENOBATENBHOCTH IIPOTPAMMHEIX
¢parmMeHTOB, Ge3 ydeTa KOHCTAHT, MMeeT NOPAAOK (PpparMeHTa ¢ HaMOGOJIBIIAM BpPEMEHEM BhI-
nonaeHnsa. Horaa BO3MOMKHA CHTyamus, KOrja HOPAAKM POCTa BpeMeH HECKOJBKHX (par-
MEHTOB Hecou3mepumb. (HE OLMH U3 HUX He GoJblle, yeM APYroil, HO OHM U He paBHuI). [lnsa
IpuMepa PacCMOTPHM JBa ¢parMeHTa ¢ BpeMeHeM BrinosEeEus O(f(n)) u O(g(n)), roe

n*,ecam n 9erHOE; n?, ecan n uetHOE;
f(n)= g(n)=

n?, ecu n HedeTHOE, n®, ecam n HeueTHOe.

B pmaEHOM ciydae IIpaBMJIO CYMM MOKHO IPMMEHHUTH HEIOCPEACTBEHHO M IOJYYHUTH BpeMs
BrmonHenns O(max(f(n), g(n)), T.e. n* upu n wersom u nd, ecn n Hewerno.

W3 mpaBuia CyMM Tak:Ke ciefyeT, uTo ecam g(n) < f(n) ans Bcex n, NpeBHIMAIOIIUX
no, To BhIpaskerne O(f(n) + g(n)) sxsuBanerTHo O(f(n)). Hanpumep, O(n® + n) To xe ca-
Moe, ato O(n?).

ITpasunao npouseedenuil 3axawodaerca B caepyiomeMm. Eciau T,(n) u Ty(n) umelor cre-
neru pocra O(f(n)) n O(g(n)) coorBeTcTBeHHO, TO mpousBenaermne T,(n)Tz(n) UMeeT cTeneHb
pocra O(f(n)g(n)). HuraTenrs MOXeT CAMOCTOATENHLHO JOKA3aTh 3TO YTBEPKAECHHE, MCIIOJb-
3yaA TOT ’Ke IOAXOZ, KOTOPHII IPHUMEHsAJCA OPH AOKAa3aTeJhCTBe IpaBuiaa cymMm. M3 mpa-
BHJIa IpousBefieHuit ciaenyet, uaro O(cf(n)) sksuBanenTHo O(f(n)), ecim ¢ — IMOJOKUTEND-
Hasa KoHcraHTa. Hanpuwmep, O(n®/2) skBusanentro O(n®).

IIpexxge WeM mepeXxoZUTh K OGIIMM OpaBHJIaM aHAJIN3a BPeMEHHM BBIITOJHEHHA IIPO-
rpaMM, pacCMOTPHMM HIpoCTOM IpuMep, MUIIOCTPHUPYIOIHI Ipomece OmpefesieHUA BpeMeHH
BBITIOJIHEHU .

IIpumep 1.9. PaccMOTpPMM mporpamMMy copTHpPOBKH bubble (mysnipek), KoTopas ymops-
JOYHABAET MACCUB LIEJBIX YKCE B BO3PACTAIOMIEM HOPALKE METOAOM “my3hIpbKa” (mictuHr 1.4).
3a Kaxanlil MpoXoA BHYTPeHHero mukJja (omepaTopsl (3)—(6)) “myssipek” ¢ HaMmMeHbIIUM
3JIeMeHTOM “BCILIBIBAET” B HAYAJIO MACCHBA.

JIncrunar 1.4. CoprupoBKa MeTOAOM “Iy3bIpbKa”

procedure bubble ( var A: array [1l..n] of integer );
{ Opouenypa ynopsmoumeaeT MaccMB A B BO3pacCTaplleM NOPAOKe }

var

i, j, temp: integer;

begin
(1) for i:= 1 ton-1do
(2) for j:= n downto i + 1 do
(3) if A[j - 1] > A[j] then begin

{ nepecranosBka Mecramm A[j-1] u A[F] }

(4) temp:= A[j - 1];
(5) Alj - 1]:= Al[j];
(6) Alj]l:= temp;

end
end; { bubble }
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Yuciio 3JeMEHTOB I, MOAJIEeKaIqUX COPTHPOBKE, MOXKET CIYKHUTH Mepoil o6'beMa BXOJ-
HHX AaHHBIX. CHavajla OTMETHM, YTO BCe OIepPAaTOpPhl NPHCBAaMBAHWA HMEIOT HEKOTOpoe
IOCTOSSHHOE BpEMs BBHINOJHEHHUs, He3aBHCSAINee OT pa3Mepa BXOAHHIX AaHHHIX. TakuM 06-
pasoM, omepaTopsl (4) — (6) mMeloT BpeMst BhimosiHeHusA mopagka O(1). 3amuce O(1) osHa-
yaeT “paBHO3HAYHO HEKOH KOHCTaHTe”. B cOOTBETCTBMHM ¢ IPABHJIOM CYMM BpPEMs BHIIOJI-
HEeHMs 9TOH rpynmnsl oneparopos paBHo O(max(1, 1, 1)) = O(1).

Tenepps MH JO/KHEI HOACYATATL BPEMS BBINOJHEHHMS YCJIOBHBIX M IUKJIHYECKHX OIIe-
paTtopoB. OnepaTops if u for BioKeHHI APYT B Apyra, IO3TOMY MBI IOH/iEM OT BHYTPEHHHX
OIlePaTOPOB K BHEMIHMM, IOCJIENOBATEJIHLHO OMpefiessid BpeMsA BHINOJHEHUA YCJIOBHOIO ome-
paTopa H Kayka0il urepanuu nukiaa. Ilns oneparopa if mposepka JIOrH4ecKoro BhHIpaXKeHMs
3aHHMAaeT BpeMa mopazka O(1). Mul He 3HaeM, OYAYT JI BBINOJHATHCA ONEPATOPHL B TeJe
ycyoBHoro omepatropa (crpoku (4) — (6)), HO IOCKOJABKY MBI HINEM HaMXy/liee BPeMs BHI-
IOJIHEHUH, TO, €CTECTBEHHO, OPeJIoaraeM, 4YTO OHM BHIIOJHAIOTCA. TakuM obpasom, mo-
JIy4aeM, 4YTO BpeMsA BHIIOJHEHHA rpynnsl oneparopos (3) — (6) umeer mopsazok O(1).

Hasnee paccmorpum rpyany (2) — (6) omepaTopoB BHyTpeHHero mukJja. Obmee mpaBHJIO
BEIYMCJIEHHS BPEMEHH BBLIINOJHEHHS IHMKJA 3aKJI0YaeTci B CYMMHMDOBAHHM BPEMEHU BbI-
MOJHEHHUA KaXJOoH mrepauuu nukiaa. Iusa omepartopoB (2) — (6) BpeMs BHIIOJMHEHUS Ha
Kaaoil urepanuu umeer mopamoxk O(1). Iluxa BeimosHseTcA n — i pa3, HO3TOMY IIO Ipa-
BUJIy IpOHM3BeAeHMI o6miee BpeMs BHIINOJHEHHUS NOUKJA uMeeT mopaigok O((n — i) x 1), uto
pasHO O(n — i).

Teneps nepeiileM K BHEIIHEMY LMKJY, KOTODBIH COLEPIKUT BCE MCIIOJHSEMEIE OIEPaTo-
poi mporpammel. Omeparop (1) BeimosHsierca n — 1 pas, MO3TOMYy CyMMapHOe BPeMS BbI-
NOJIHEHUS OPOrpaMMBl OIPAHMYEHO CBEPXY BHIPaKeHUEM

”Z_l(n—i)=n(n-—1)/2=n2/2—n/2,
i=1

KoTopoe uMeeT mopagok O(n?). TakiuM 06pasoM, IIporpaMMa “IyshbipbKa” BHINOIHAETCA 38 BpeMs,
IPONOPOUMOHAJBbHOE KBaJpaTy Ymcja 3JIEMEHTOB, MOAJEKAIUX ymopsaaoymBaHmio. B riase 8
MBI PACCMOTPHMM IPOTPAMMEI C BpeMeHeM BhINOJIHeHusA nopagka O(n logn), xoropoe cymecT-
BeHHO MeBbmme O(n?), mockonsky npu Gonpmmx 1 logn! sHauuTensHO Menpme n. [

Ilepen opMyJIMPOBKOi OOIIMX ITPABWJ AHAJM3a IIPOrDAMM NO3BOJIbTe HAITOMHUTH, YTO HA-
XOXKJieHHe TOYHOM BepxHeil IpaHUOLI BPEMEHM BHINOJHEHHS IPOrPAMM TOJIBKO B PEIKUX CJIY-
yasx TaK JKe mpOCTO, KaK B IPMBEeJeHHOM BhHIIIe IpUMepe, B 06IeM ciIydae 9Ta 3afiavya ABJIAET-
cs MHTEJUIEKTYAJLHLIM BBI30BOM HccienoBaremio. I1o3ToMy He CymmecTByeT MCYEPIBLIBAIOLIErO
MHOKeCTBa NPABIJI aHaJK3a IporpaMM. MbI MoXKeM JaTh TOJBKO HEKOTOPHIE COBETHI M IIDOII-
JTIOCTPHPOBATH MX C PABHEIX TOYEK 3PEeHHS MpPUMepPaMy, OPHBEAEHHBIMY B TOI KHUTE.

Temeps JagMM HECKOJILKO IIPABMJI aHAJIN3a IporpaMm. B ofmieM ciyuae BpeMs BBIIIOJ-
HEHHdA ONIEePATOpPa HJIM PYHIBl ONEPATOPOB MOXKHO AapAMETPHM30BATh C HOMOIILIO pasMepa
BXOAHBIX AAHHKEIX /MU OZHON MM HECKOJBKHMX IepeMeHHHIX. Ho Aaf BpeMeHH BBINOJ-
HEHUs NPOrpPAMMEI B I€JOM JONYCTMMEIM IIapaMeTPOM MOXKeT ObITh TOJABKO N, pasMep
BXOJHBIX NAHHBIX.

1. Bpems BHIIOJHEHHWHA ONEPATOPOB IPUCBAMBAHMS, YTEHHA U 34IIMCH OOBIYHO MMeEEeT IIO-
pagok O(1). EcTh HECKOJBbKO MCKJIOUEHHH M3 3TOro ImpaBuja, HAONPHUMED B A3BIKE
PL/1, roe mMoxHO npucBauBaTh GOJBIINE MACCHUBBI, WJIM B JIOOKIX APYrHX #A3LIKAX,
AOINYCKAIOMIX BHI30BHI GYHKIUH B omepaTopax OPUCBAUBAHHUMA.

2. BpeMﬂ BBIIIOJTHEHUSA II0CJIEOBATEJIbBHOCTH OII€epaTOPOB onpenesaeTcs ¢ NOMOINBIO Ipa-
BUJia CyMM. HOSTOMY CTelleHb POCTa BPEMEHH BBINOJHEHNS IIOCJIeJOBATEJBbHOCTHU OIle-
paTopoB Ges onpeaesieHUA KOHCTAHT IPOINOPIHOHAJBHOCTH COBHajgaeT C HauboJIbIINM
BpeMeéHeM BbIIIOJIHEHHUA oIeparopa B LKaHHOM IoCJIeJOBATEJIBHOCTH.

3. BDEMH BBIOOJTHEHUA YCJIOBHBIX OO€pPaTOPOB COCTONT M3 BPEMEHH BBLIINOJIHEHHSA YCJIOBHO
HCHOOJIHAEMBIX OIepaTOPOB M BPEeMEHH BBIYMCJIEHHS CAMOI'0 JIOTMYECKOro BbIpaXeHHuH.

! Ecnu me ykasaHo Apyroe, To GyZeM CUETATH, UTO BCe JorapuMbI onpeAeeHsl 10 OCHOBAHHUIO 2.
Opnako ormeTuM, 4To BhipakeHuwe O(logn) He 3aBMCMT OT OCHOBaHHA Jorapudma, IOCKONBLKY
log,n = clogyn, rae ¢ = loggb.
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Bpemsa BHIYACIEHHUA JIOTHYECKOIO BEIpa)KeHUA OOBIYHO mMeeT mopsagok O(1). Bpems
o Beedt KoHCTpyKnuu if-then-else cocToMT M3 BpeMeHM BBIUMCIEHHA JOTHMYECKOIO
BBIDQYKEHHMA U HAWOGOJBIIEro M3 BpeMEHH, HeOOXOAMMOrO AJA BHINOJHEHHUA OIepaTo-
POB, HCOOJHSEMBIX IPH 3HAYEHUH JIOTUYECKOIO BBHIpa)KeHUs true (MCTMHA) M mpm
sHadeHnu false (J10Kb).

4. Bpemsa BHIIOJIHEHHS IOUKJA ABIAETCA CYMMOH BpeMeHM BCEX HCIOJHAEMBIX UTepaluii
OWKJa, B CBOIO OYepeAb COCTOAMIMX M3 BPeMEHU BBIIIOJIHEHUS OIEPATOPOB Teja IMUKJA
¥ BpeMeHU BBIYHCJIEHUA YCJIOBUSA NpeKpamieHHsa LuKJa (06RI9HO moceHee MMeeT IOo-
pagok O(1)). YacTo BpeMs BHINOJHEHWA IWKJA BHEIYHUCIAAETCHA, IpeHeOperas ompeaele-
HHEeM KOHCTAHT NPONOPOUOHAJILHOCTH, KaK IIPOM3BeieHUe KOJMYECTBA BBINOJIHEHHBIX
HTepanuil IMKJa Ha Haubosblmee BO3MOXKHOE BpeMs BLINOJHEHUA OIEPATOPOB Teja
OUKJa. BpeMsA BLINOJHEHMs KaXAOr0 IHKJA, €CJIH B IIpOrpaMMe HX HECKOJBKO,
JOJI’KHO ONpeAenaThCHA OTAEIbHO.

Bs130BEI IpoLeayp

Jnst mporpaMM, COAep KaINUX HECKOJBKO Iponeayp (Cpeiy KOTOPHIX HET PEKYPCHBHEIX),
MOXKHO IOACYMTATEH obmiee BpPeMs BBLINOJHEHHS NPOrPAMMEI IyTeM IOCJELOBATEJHHOTO HAa-
XOXKIEHNS BPEeMEHH BLHINOJHEHWA NPONOEAYP, HAUMHASA C TOH, KOTOPAs HE HMeEeT BBLI30BOB
JAPYTHX mpoueAyp. (Brl3oB mpomeayp MBI OmpeesiseM o0 Haawuuio omeparopa call.) Tak xak
MBI OPEATIOJIOKHUIN, YTO BCE IPOLEAYPHl HEPEKYPCHBHEIE, TO NOJKHA CYIIECTBOBATH XOTA
6Bl OZHA mpoLeAypa, He MMeIomas BBI30BOB APYTMX HPOIEAYp. 3aTeM MOMKHO OIpPeJeUTh
BpeMd BBIIOJHEHUS NPOLEAYD, BBISKIBAIOIIUX 3Ty IPOLEAYPY, MCIOJb3Ys YK€ BHIYUCIIEH-
HOe BpeMsl BLIIOJIHEHUS BuI3nIBaeMoil mpomexaypsl. Ilpomomkas aTor mpomecc, HaiigeMm
BpeMs BBIOOJIHEHUS BCEX IIPOLIEAYP M, HAKOHEl], BpeMdA BBHINOJHEHUS BCEH IPOrpaMMEI.

Eciu ecTh peKypCHBHEIE NPOLEAYPHI, TO HEJAb3fA YINOPAAOYUTH BCE IPOLIEAYPHI TAKHM
obpasom, uTo6H Ka)XAafd OPONEAypPa BHI3HIBAJIA TOJBKO IPOLEAYPhI, BpeMs BHINOJHEHHUSA
KOTOPBIX OOACYMTAHO HA IPeABIAYINEM Imare. B sToM ciaydae MBI JOMKHEL C KaXXAOH pe-
KYPCHBHOI IpoLefypo# cBA3aTh BpeMeHHy0 dyuxnuio T(n), rae n onpegenser obbeM ap-
T'YMEHTOB IpOHEeAYpHl. 3aTeM MBI AOKHEI MOJYYIUTh DPeKYyDPeHMmHOoe COOMmHOuleHue IJif
T(n), T.e. ypaBHeRMe (Mam HepaBeHCTBO) aasa T(n), rae ydacTBylor 3Hauenus T(k) ans
PasJIUYHLIX 3HAYEHUH k.

TeXHNKA peIleHUs PeKYPPEeHTHHIX COOTHOINEHWH 3aBUCHUT OT BHAA 3TUX COOTHONIEHMIA,
HEKOTOphIe IPHEMEl UX pelreEus O0yayt noxkasansl B riaBe 9. Ceifuac ke MBI IpOaHAJIU3U-
PYyeM IIpOCTYIO PEKYPCHBHYIO IPOrpamMMy.

IIpumep 1.10. B aucrunre 1.5 opeacrasiena mporpaMMa BhIYMCJIEeHHA daxropuaia nl,
T.€. BRIYMCJIEHUS IPOM3BEAEHUS LEeJbIX YUCEJ OT 1 40 7 BKJIIOYHUTEIHHO.

JIncruar 1.5. PekypcuBEas nporpamMma BeIYHCIAeHNS haxTopHana

function fact ( n: integer ): integer;
{ fact(n) Buuucnser n! }
begin
(1) if n <= 1 then
(2) fact:= 1
else
(3) fact:= n * fact(n - 1)

end; { fact }

EcrecTBenHO# Mepoil 06'beMa BXOAHBIX JAHHBIX AJIA QYHKIUM fact aBnAeTCA 3HA4YeHUE I.
OGosnauuM uepe3 T(n) BpeMsa BBHINOJHEHHS NPOrpaMMbl. BpeMs BBIIIOJIHEHUS AJIA CTPOK
(1) u (2) umeet mopagox O(1), a gna crpoku (3) — O(1) + T(n — 1). Taknm obpasom, aas
HEKOTOPHIX KOHCTAHT ¢ B d UMeeM

T(n) = c+T(n-1), ecitun > 1, 1.1)
d, ecma n <1,
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Ilonaras, uto n > 2, ¥ pacKpHBas B COOTBETCTBHH C cooTHommeHueM (1.1) BripasxeHue
T(n - 1) (r.e. noacrasnaa B (1.1) n—1 Bmecro n), moayumm T(n)= 2c + T(n — 2).
Amnajyormuso, ecau n > 3, packpuisaa T(n — 2), noxyunm T'(n) = 3¢ + T(n — 3). IIpogomxasn
3TOT HpOLIECC, B oOmeM ciaydae AJA HEKoToporo i, n > i, umeeM T(n)=ic + T(n - i).
II0sI02KHMB B IOCJEHEM BHIDAXKEHHUH i = n — 1, OKOHYATEJBEHO MOJIyIaeM

T(n)=c(n-1)+T(1) =c(n~-1)+d. 1.2)

N3 (1.2) caeayer, uro T(n) umeer mopsaoxk O(n). OTMeTHM, 9TO B 3TOM IpHMepe
aHAJINW3a OPOrPAMMEI MBI MPEAIIOJATraad, YTO OINEpals I€PEMHOMKEHN ABYX IEJBIX Yuces]
nmeer nopsapok O(1). Ha mpakTmke, OHAKO, OIPOrpaMMy, IpeACTaBICHHYIO B JHCTUHTe
1.5, Henb3A MCIOJB30OBATH AJIA BEIUHCJIECHHsS (QaKTopHaja NpH GONLINNX 3HAYEHMI n, Tak
KaK pasMep IOJy4YaeMBIX B IpoIlecce BHLIYMCJIEHUA LIEJIbIX YKUCEJ MOXKET IPEeBHIINATH AJIUHY
MAaIIMHHOro cjosa. [

O6muifi MeTOs pelIeHHMsA PEKYPPEHTHHIX COOTHOINEHM, IIOMOGHBIX COOTHOIIEHUIO K3
npumepa 1.10, cocToHT B mocjiefoBaTeJILHOM PACKPHITHH BhIpa)keHuit T(k) B mpaBoit wacTu
ypaBHeHHA (OyTeM NOACTAHOBKM B MCXOAHOE COOTHOIIeHMe kB BMecTO n) Ao TeX IOp, IIOKa
He ToJay4uTca ¢popMyia, y KOTOpoi B npaBoii gactu orcyrcryer T (xak B popmyie (1.2)).
IIpx 3TOM 4YacTO OPUXOAUTCA HAXOAUTh CYMMBI Da3/IMYHEIX INOCJIEJOBATEJIHbHOCTEH; eciH
3HAYEHUA TAKUX CYMM HeJb3s BEIYMCIUTH TOYHO, TO AJA CyMM HAXOZATCA BePXHUeE
TPaHUIBI, YTO II03BOJIAET, B CBOIO 04epeAb, IOJNYINTh BepXHUE rpaHuns aada T(n).

ITporpammsl ¢ onepaTopamMu 6e3ycJIOBHOrO nepexoaa

IIpn aBaju3e BpeMeHHU BBHINOJHEHUS IPOrPaMM MBI HESIBHO IIPeAIIoJaraji, 4TO BCe BETB-
JIeHUA B XOJie BBHIIOJHEHUA NPONEAYP OCYIMECTBIAJIKUCH C MOMOINLIO YCIOBHBIX OIEPATODPOB
¥ OIIepaToOpoB IMKJOB. MBI OCTaHABJIMBAEMCS Ha 3TOM daKTe, TAK KaK ONpeJessJid BpeMs
BHIIOJHEHHAA OOJbIIMX rpyHONn ONEepaToOpPoB IyTeM IPMMEHEHHUS OpaBMja CyMM K 3TOM
rpynnaM. OgHaKo omepaTophl 0e3ycJIOBHOrO mepexoza (Takme Kak goto) Moryr mopoxzaarhb
6oJiee CJIOKHYIO JIOTMYECKYIO I'DYNIOOBYI0 CTPYKTYPY. B mpuHIMIE, omepaTophl 6e3yCJIOB-
HOTO Iepexofa MOKHO HCKJIIOUMTH M3 mporpammeul. Ho, K comanenuio, ashwik Pascal He
¥MeeT OIepaTOpPOB [JOCPOYHOIO IIpeKpallleHUA IMKJIOB, II03TOMY OIlepaTOphl Iepexofa IIo
HeoOXOAMMOCTH YaCTO MCHOJBb3YIOTCA B IMOLOOHBIX CATYALMAX.

M=l npegJiaraeM caeAyOIOUE IOAXOA AJd paboTel ¢ omeparopaMy 6e3yCJOBHOIO mepe-
X0/ia, BBIOOJHAIONO[MX BBIXOA M3 IMKJOB, KOTOPHIM rapaHTHUDPYET OTCJEXKMBAHUE BCETO
nukJia. IIoCKOAbKY JOCPOYHEIM BHIXOA M3 IIUKJA CKOpee BCero OCYINeCTBJSAETCS IOCJe BhI-
IOJHEHUA KAKOro-HMOyAb JIOTMYECKOr0 YCJOBHS, TO MBI MOXKEM NIPeAIOJIOKHTh, UTO 3TO
ycJIOBHE HHKOrAa He BhInoJHAeTcsa. Ho 3TOT KOHCepBATHBHBIN IIOAX0J HUKOrZA HE II03BO-
JIAT YMEHBIIUTh BPeMs BHINOJHEHUSA NPOrPAMMBI, TAK KAK MBI IPEAIOJaraeM IOJHOE BBI-
mosHeHWe IMKJA. Ias mporpaMM, rAe JAOCPOYHBIA BBIXOA M3 IUKJA HE HCKJIIOYEHUe,
a IPaBMJIO, KOHCEPBATHBHBINA MOAXOM 3HAYUTEJIHLHO MEPEOLEEMBAET CTECHbh POCTA BPEMEHH
BHINOJHEHHSA B HauXyjAureMm ciydae. Eciu Ke mepexof OCYILIECTBJSETCA K PaHee BHIIOJI-
HEHHBIM ONePATOPaM, TO B 3TOM CJydyae BooOmIe HeJIb3s1 MIHOPMPOBATH omepaTop Oesyc-
JIOBHOIO IIepexofia, IIOCKOJBbKY TAKOM OIepaTop CO3LAaeT MeTJI0 B BBINOJHEHHH IIpOrpaM-
MBI, YTO IPUBOAUT B HAPACTAHNIO BPEMEHY BHINOJHEHNSA BCE NPOrPaMMBI.

Ham me xoTenock 661, 4TOGBI Yy YUTATEAA CIOMKUJIOCH MHEHHE O HEBO3MOYKHOCTH AHAJHU-
32 BpEMEHHU BBHIIIOJHEHUS OPOrPAMM, HCIIOJb3YIOIMUX ONEepaTophl Ge3yc/JOBHOrO mepexoja,
cozpaomux nerau. Eciau nmporpaMMHEIE DeTIV MMEIOT IPOCTYIO CTPYKTYPY, T.e. O J060ii
mape meTejsib MOXKHO CKas3aTh, YTO OHHM HJIX He MMEIOT OOIMMX 3JIeMEHTOB, MJIH OZHA IETJA
BJIOJKEHa B APYryl0, TO B 3TOM CJy4Yae MOYXHO IPMMEHHUTh METOJbLI AHAJIHU3A BPEMEHH
BBHINIOJIHEHUA, ONMCAHHEIE B AaHHOM paszgese. (Komeuno, GpemMs OTBETCTBEHHOCTH 3a IIpa-
BMJIBHOE OIIpefieJIeHNEe CTPYKTYPhI HETJH JIOXKHUTCS HA TOr0, KTO HOPOBOAMT aHaau3.) Mu
6e3 KosebGaHMil peKOMEHAyeM IPUMEHATH ONHMCAHHBbIE METOABI AJA aHAJN3A IIPOrpaMm, Ha-
OUCAHHBEIX Ha TAKUX fA3BIKax, Kak Fortran, rge mcoosb3oBaHHe omepaTopoB 0€3yCJIOBHOTO
mepexojfia ABJAETCA eCTECTBEHHBIM [AEJIOM, HO AJIA AHAJIM3UPYEMBIX IPOrDAMM AONYCTHMBI
MEeTJIH TOJBKO IPOCTOM CTPYKTYDPHI.

36 TJIABA 1. IIOCTPOEHHE 1 AHAJIVI3 AJITOPUTMOB



AHa/M3 porpamMM Ha nceBJ0sA3bIKe

Ecnu MBI 3HaeM cTemeHb POCTa BPEeMEHU BHINOJHEHHS ONEPATOPOB, 3AIMCAHHEIX C IO-
Momblo HehOpMAaJILHOTO “4YesIOBEYEeCKOro” s3blKa, TO, CJIELOBATENbHO, CMOXKEM IIPOAHAJIH-
3MPOBATH IIpOrpaMMy Ha IICEBAOA3BIKE (TaKMe HpPOrpaMMbI 6yAeM HA3HIBATH ICEBAOIIPO-
rpamMamu). OgHAKO 9acTO MBI He MOYKeM B IPHHNOWIE 3HATh BpeMs BHINOJHEHHA TOM
YaCTH IICEeBAOINPOrPAMMEI, KOTOpas elle He IOJHOCTHIO pealn3oBaHa B (POpPMANbLHEIX OIe-
paTopax A3bIKa IporpaMMuUpoBaHms. Hampumep, ecay B ICeBIOIPOrpaMMe HMeeTCA He-
dopMasHaA 9acTh, ONEPUPYIONIasd aOCTPAKTHHIMM THIIAMHU JaHHBIX, TO oflmee BpeMs BHI-
TIOJHEHNe MpOrpaMMbI B 3HAYMTENHHOH CTENEHH 3aBHMCHT OT cmocoba peanmsannu ATII.
9TO0 He ABAAETCA HEJOCTATKOM IICEBAONPOrpaMM, TaK KaK OAHOM M3 NPHUYMH HANMCAHUS
nporpamMm B TepmuHax ATJl aBsiserca BoaMOXXHOCTH BhiGopa peanusauuu AT, B Tom
YHUCJIe 10 KPUTEPHUIO BpeMEeH! BBHINTOJIHeHU.

Ilpu amaju3e HCeBAOIPOrpaMM, COAEPYKAIIMX OIEPATOPHI A3BIKA NPOrPAMMHPOBAHUA
M BBI3OBHI IPOLEAYP, MMEIOINUX HedopMaiu3oBaHHEIE (QpPArMEHTHl (TaKHe KaK olepaTophl
A pabotel ¢ ATJII), MOXKHO pacCMATPHBATHL O0Illlee BPEMs BBHINOJHEHHMS OPOrPAMMBI KaK
¢GyHKOUI0O IOKA He ONPEeAEeJeHHOr0 BPEeMEHM BHINOJHEHHA TAKMX HpOIeAyp. Bpemsa BEI-
IOJHEHUA 9THUX HPONeAyP MOXKHO IapaMeTpPHU30BaTh C IIOMOLNBIO “pasMepa” MX apryMeH-
ToB. Tak ke, KaK K “pasMep BXOAHBIX AAHHBIX”, “pasMep” apryMeHTOB — 3TO IPEAMET
aiasa obcyxaeHusa U aucKyccuit. Yacro BribpanHasa marematuueckada mopens AT moxcka-
3RIBaET JIOTUYEeCKH 000CHOBAaHHEIA pasMep aprymenToB. Hanpumep, ecau AT crpourcs Ha
OCHOBE MHOJKECTB, TO 9aCTO KOJMYECTBO 3JIEMEHTOB MHOYKECTBA MOKHO NPHUHATH 3a Iapa-
MeTp GYHKOUM BpPEeMEHM BBIIOJHEHHS. B mociegyomux rjaBax Bbl BCTPETHTE MHOTIO
OPHMEPOB aHAJIKU38 BpEMEHH BHIMOJHEHUA IICEBJOIPOrPaMM.

1.6. IIpakTHKa nporpaMMHpOBaHUsA

IIpuBeseM HECKOJLKO PeKOMEHJALUHE M coobpakeHHii, KOTOphle BHITEKAIOT M3 HAIIEro
OPaKTUIEeCKOr0 ONBITA HOCTPOEHHA AJITOPUTMOB M peajM3allid UX B BHAe mporpamm. He-
KOTOpEIE M3 3THX PEKOMEHJAIX MOryT HOKa3aThCA OUEBHAHLIMH MJIHA Aake GaHAIBLHBIMHU,
HO MX II0JIe3HOCTh MOXXHO ONEHHUTH TOJBKO IIPH PEIIeHHH PeaJbHBIX 3aJa4, a He UCXOAA U3
TeOpeTHYeCKHX NPeANOCHIIOK. YHTaTenh MOMKeT HOPOCJIeJUTh IPHMEHEHUEe IIPHUBeJeHHBIX
PeKOMeHJanuil Mpu pa3paboTKe mMporpaMM B 3TOHl KHHUIe, & TAKMKEe MOYKET IIPOBEPUTh MX
JIeACTBEHHOCTh B COGCTBEHHOM MpaKTHKe NPOrpaMMHPOBAHUA.

1. IInanupyiime amanvi. pa3pabomiu npozpammvi. Mel onuceiBaanm B pasgene 1.1 aramsr
Pas3paboTKM OpOrpaMMbl: CHAYajia YePHOBOH HAOpPOCOK ajiroputmMa B HedopMalbHOM
CTHJIe, 3aTEeM ICEeBAOIIpOrpaMmMa, Jajdee — IOCJefOBaTeJbHas (opmManusanmms IICEBIO-
IpPOrpaMMbl, T.e. IE€PEXOA K YPOBHIO MCIOJHSEMOro KOZa. JTa CTpPaTerud OpraHu3yeTr
U JECOUIUIMHUPYET MPOollecC CO3LaHMs KOHEYHOM IPOorpaMMhl, Koropas OyaeTr mpocToi
B OTJIaJKe M B AaJbHeHmed noAepKKe U COOPOBOXKICHUH.

2. ITpumensiime unrancyaayuio. Bce nponenypsi, peanusyiomue ATJI, nomecTuTe B of-
HO MeCTO OpPOrpaMMHOI0 JHMCTHHra. B AajnbHeimieM, eCI¥ BO3HHKHET HEOOXOOUMOCTH
u3MeHUTHh peannsaunuio AT, MmoxHO Oyzer KOPpPeKTHO M 0e3 0COOBIX 3aTpaT BHECTH
Kakne-1u60 M3MEHEeHUs, TAK KaK BCe HeoOXOAMMEIe IPOOEAYPHl JIOKAJIN30BAHEI B Of-
HOM MeCTe€ IPOTrPAMMAEI.

3. Hcnoavayume u modugpuyupyiime yxce cywecmaeyiowue npozpammel. Opgun us seaddex-
THBHBIX IOAXOZOB K IIPOIECCY OPOrPAMMUPOBAHHUSA 3aKJIIOUAETCH B TOM, YTO KaMIbIH
HOBHI# IPOEKT paccMaTpuBaeTcs “‘c HyJsa”, 6e3 yduera yKe CyIIeCTBYIOIAX IIPOrPaMM.
OOGHIYHO CpeAH OpPOrpaMM, peav30BaHHBIX Ha MOMEHT Hauaja IIPOeKTa, MOMKHO HaWTH
Takue, KOTOPhIe €CJIM PeImaloT He BCIO MCXOAHYIO 3a/ady, To XoTA Gbl ee uacTs. Ilociue
CO31aHuA 3aKOHYEHHOM IporpaMmel II0JIE3HO OIJIAHYTBCA BOKPYI M IIOCMOTpPETh, rjae
eme ee MOXXHO IODHMEHHMTh (BO3MOXXHO, BADMaHT ee IIPUMeHEHHUSA OKaKeTCd COBCEM
HeIpeaBUAEHHBIM).
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4. Cmanvme “xysneyom” uHcmpymernmos. Ha sA3EIKe HOPOrPaMMMCTOB UHCMPYMEHM
(tool) — 3TO0 mporpaMma C HIAPOKMM CHEKTPOM OpuMeHeHMA. IIpu co3gmaHMHM Ipo-
rpaMMHl IOAyMaiiTe, HEJAb3SA JH ee KakMM-Iu00 o6pasoM 06061DuTh, T.e. cAeaaTs 6o-
Jlee YHUBEPCAJIbHON (KOHEYHO, ¢ MUHMMAJLHBIMM IIPOrPAMMEPCTCKMMHM YCHJINSIMH).
Hanpumep, OpeAnonoKuM, YTO BaM HEOOXOAMMO HANHNCATH IPOrPAMMY, COCTaBJISAIO-
IMyI0 pacnycaEWe 3K3aMeHOB. BMecTo 3akasaHHOM OporpaMMbI MOXKHO HAIIMCATh IIPO-
rpaMMy-MHCTPYMEHT, PACKPAIIWBAIOINUK BePIIMHEI O0GBIYHOTO rpada (IO BO3MOMKHO-
CTH MHMHMMAJIBHHIM KOJHMYECTBOM IIBETOB) TaKuUM o6GpazoM, u4ToOBl JI0Ohle HaBe
BepIIVHEI, COeAMHEHHBle peOpoM, OBUIN 3aKpalmeHsl B pDasHbe IBeTa. B KOHTeKcTe
PACIMCAHUA 3K3aMEHOB BEDINHMHBI rpada — 3TO KJIACCHl, IBETA — BPEMA IIPOBEJEHHS
9K3aMeHOB, a pefpa, COeAWHSIOM[ME ABE BEPIIMHHI-KJACCA, 0003HAYAIOT, UTO B 3THX
KJIaccax 3K3aMeHH HOPHHMMAET OJHA M Ta XK€ JK3aMeHAIMOHHAS KoMuccusa. Takasd
mporpaMma pacKpacKd rpada BmecTe C HDOAIPOrPAMMOIl IepeBOAa CIMCKA KJacCoB
B MHOXECTBO BepIIMH rpada ¥ IBeTOB B 3aJaHHBIE BPEMEHHBIe MHTEDPBAJHl IIpOBeje-
HUS 3K3aMEHOB COCTABHUT pacmucaHme 3K3aMeHOB. IIporpaMMy pacKpacKu MOMKHO MC-
IOJB30BATH AJISA PEMIeHus 3aJad, COBCEM He CBA3AHHHIX C COCTABJIECHMEM PACIMCAHMH,
HAIpUMeED AJA 3aJaHUS PEeKUMOB paboThHI CBETOMOPOB HA CJIOMKHOM IePEKpecTKe, KaK
6nLI0 NOKa3aHo B paszgene 1.1,

5. IIpozpammupyiime na komandnom yposre. Hacro OmiBaer, uro B OGubaHOTEKe IpO-
rpaMM He YAQeTCS HAWTH IPOrpaMMy, HEOOXOAHUMYIO /ISl BHIIOJIHEHUA MMEHHO Halmei
3a7jay, HO MBI MOXKEM AaJanTHPOBATh A 3TUX OeJeH Ty MIM HHYI0 IpOrpaMmy-
MHCTPYMEHT. Pa3BuTHIe OlepamuOHHBEIE CHCTEMEI NPEAOCTABJSIOT IpOrpaMMaM, pas-
paboTaHHRIM [JA PasAWYHBIX IIaTGOpPM, BO3MOXKHOCTh COBMECTHOH paboTHl B ceTH
BoBce 6e3 MOAMPUKAIMM HX KOAA, 38 HCKJIOYEHHEM CIHCKA KOMaHJ OIe€pPalOHHOMH
cuctembl. YTOGHI ceaTh KOMaHAB! KOMIIOHYEeMBIMM, KAK OPABUJIO, HEOGXOAMMO, YTO-
6Bl KaXKAas U3 HUX BeJa cebsa Kak ¢puabmp, T.e. KK IporpamMMma ¢ OJHUM BXOZHBIM M
ONHUM BEIXOAHBIM (aiisoM. OTMETHM, YTO MOYKHO KOMIIOHOBATH J1000€ KOJHUYECTBO
GUIABTPOB, M, €CIU KOMAHAHBLINA A3LIK ONEPAIIMOHHON CHCTEMBI JOCTATOYHO MHTEJIJIEK-
TyaJieH, AOCTATOYHO IPOCTO COCTABHUTH CIIMCOK KOMAHX B TOM NOpfAAKE, B KAKOM OHH
OyAyT BOCTpeGOBAHBI IPOTPAMMOIMA.

IIpumep 1.11. B xauecTBe mpuMepa pacCMOTPUM nporPammy spell, Hattucannyio J[»K0H-
coroM (S.C. Johnson) ¢ ucmonsszosanuem komaung UNIX'. Ha Bxox sToif mporpaMMul mo-
crynaer daiia f;, cocToAmuil U3 TeKCTa Ha aHIVIMHCKOM A3BIKe, HA BHEIXOJE IOJydJaeM BcCe
clI0Ba M3 f;, He COBIAfAIOIIME CO CIOBAMM M3 HeGOJBIIOro cJI0BapsA’. Sra mporpaMma BOC-
IpUHUMaeT MMEHa M OPaBUJIbHO HAMMCAHHLIE CJIOBA, KOTOPHIX HET B cJoBape, Kak opdo-
rpadpuyeckue omubxu. Ho 06BYHO BHIXOJHON COMCOK OMMOGOK ZOCTATOYHO KOPOTKHUIA, IIO-
3TOMY €ero MOKHO GBICTPO mpo0ekaTh IJIa3aMH M OINpeAe/]HTh, KaKme CJIOBa B HeM He
ABJIAIOTCA OmMUOKaMu.

IlepBHlit GUABLTP, UCIONB3YEMBIN IIporpamMmoii spell, — 3aTo KomaHpa translate, KoTo-
pas MMeeT COOTBETCTBYIOIIWE IApPAMETPHl X 3aMeHAEeT HOPONMMCHBIE OYKBHI Ha CTPOYHEIE,
npobessl — HA HAYaJo HOBBIX CTPOK, & OCTAJIbHBIE CHMBOJIBI OCTaBjseT 6e3 M3MeHEHMId.
Ha BrIXofe 3TON KOMaHAH MBI mojydaeM (aitn f, cocTogmuil u3 Tex ’Ke CJIOB, YTO H
daiin f;, HO KaXKJoe CIOBO PACIOJIOKEHO B OTAENBHON CTpoKe. [lanee BHINOJIHAETCA KO-
MaHfa Sort, yIopsAoYuBaOmas CTPOKM BXogHoro daitna B andaBuTHOM nopanke. Pesyib-
TaTOM BBITIOJIHEHUA BTOM KOMaHALI ABJAeTcsa daitn f3, comepkamuii OTCOPTHPOBAHHBIM
CIMCOK (BO3MOYKHO, C TIOBTOPEHMAMH) CJIOB M3 daityna f,. 3aTeM KoMaHAa unique yaajifer
IOBTOPAIOIIUECA CTPOKK B CBOEM BXOAHOM (aiisie f3, cosmaBas BEIXOAHOM dailn f4, comep-
Kamuit cioBa U3 ucxogHoro daiina (6e3 TPOONCHEIX OYKB M MOBTOPEHUIT), yOpALOYeHHEIEe
B axdasuTHOM mopsigke. Hakomen, x daiiny f, npuMenserca komauja diff, uMelomas ma-
paMeTp, KOTOpPHIii ykaswiBaeT Ha daitn f5, cogepyxamuii B aspaBUTHOM ODOPAAKE CJI0BA U3
cJIoBaps, PaclmoJIoXKeHHEIe 10 OAHOMY B CTPOKe. Pe3ysbTaToM aTOil KOMaHALl OyeT CIIHCOK

; UNIX — roprosas mMapka Bell Laboratories.
M=ar mMorum 6b1 MCOOJIB30BATH MOJHBIA CJIOBaph, HO MHOrHe opdorpaduyeckue OmMUOKHA COBIA-
JIaloT CO CJIOBAMH, KOTOPhIe MOYTH HUKOTJA He IPHMEHAIOTCH.

38 I'JIABA 1. IIOCTPOEHYIE 1 AHAJIN3 AJITOPUTMOB



cioB M3 daitna f4, KOTOPEE He COBIAJAIOT CO cJOBaMH u3 ¢aira fs, T.e. Te CJI0Ba M3 HC-
XOAHOrO CIHMCKa, KOTOPHIX HeT B cioBape. IIporpamMma spell cocToMmT M3 ciaefyiomei mo-
CJIea0BATEJIbHOCTH KOMAHN:

spell: translate [A-Z] — [a-z], npoBen — HOBas CTpPoOKa
sort
unique
diff cnoBapb

KomaHAHBIA ypOBeHb NPOrpaMMMpPOBaHUA TpeGyeT AUCHUIIMHELEI OT KOMAHALI IIPO-
rpaMMucToB. OHM JOMKHEI OMCATH IPOTPAMMEl KaK GHILTPH Besje, I'le 9TO BO3MOXKHO,
M CO3JaBaTh IIPOrPAMMBI-HHCTPYMEHTH BMECTO Y3KOCHEOUAJM3MPOBAHHBIX IPOrpaMM
Bcerja, Korja JJIf 3TOro ecTh ycjaoBusa. CymecTBeHHEIM BO3HArpa)KJeHueM 3a 3To 6ymer
3HAYNTEJbHOE HOBHIIIEHNE Bamero Ko3ddHuiueHTa OTHOIIEHMS PE3YJIbTATA K 3aTpadeH-
HEIM ycmaaam. [J

1.7. Pacuimpenue s3bika Pascal

BonpmuECTBO mporpaMM B 3TO# KHHMre HamucaHb! Ha fA3bIKe Pascal. YTobm chenaTs
JIMCTHHTH nporpaMMm Gosiee unTabeJbHLEIMU, MBI HHOrZA OyZeM HPMMEHATH TPH KOHCTPYK-
nuM, KOTophle BBl He Haifiere B cTaHZapTHOM Pascal, HO KOTODHIE JIETKO TpPaHCGOPMUPY-
I0OTCS B omepaTopH sA3blKa Pascal. OpHa M3 TaKMX KOHCTPYKUMH — HEUYHUCJIOBBIE METKH.
Ecnu B mporpaMMe HeoGXOAMMO MCOOJH30BATH HECKOJHKO METOK, TO HEYMCJIOBLIE METKH
3HAUMUTEeNbHO objierdar mMOHMMaHue mnporpamMmuel. Hampmmep, omeparop goto 8vixod, oue-
BHAHO, Ooslee mMOEATEeH, ueM goto 561. [Ina nmpeo6pa3zoBaHWA IPOrpPaMMBI C HEYHCJIOBLIMH
MeTKaMHu B “uymcryio” mporpammy Pascal, Hafio 3aMeHHTh BCe HEUYHCJIOBhIE METKH pas3juy-
HBIMH YHCJIaMA U 3aTeM OOBABUTH mXx MeTkaMm (label) B Hauase mporpaMMbl. 9TOT Ipo-
OecC MOYKHO IIOJIHOCThIO ABTOMATH3UPOBATh.

Jpyroii HeCTaHAAPTHON KOHCTPYKIHEHl ABJIAETCA OmEepaTop Bo3BpaTa return, KoTophii
mo3BOJIsieT nucaThk 6ojsiee DOHATHHIE HPOrpaMMEI 0e3 HMCIOJIB30BAHUA OHNEPATOPOB goto.
OnepaTop Bo3BpaTa OygeM KMCHOOJB30BATh B ciaeaylomeil dopme: return(evipaixcerue), rue
ckobka (8vipaixcerue) HeobasaTensHa. IIpeoGpasoBaTs IPOmEAyPY C OOEPATODAMM BO3BpaTa
B CTAaHEJAPTHYI0 nporpammy Pascal ouenb mpocro. CHavana Hafo OOBSABHUTH HOBYIO METKY,
ckaxxkem 999, 1 3aTeM IIOMECTHUTH €€ Ha mociaeaHui omeparop end nponeaypsi. Hanpumep,
omeparop return(x) B Eexoit GQyHKIMU 2ap 3aMeHAETCA CIEAYIOITUM GIOKOM:

begin
zap:= X;
goto 999
end

OnepaTop return, He UMeIOIIN API'YyMEHTOB, IIPOCTO 3aMEeHAETCs Ha omeparop goto 999.

IIpumep 1.12. B sucturre 1.6 mpeacrasneHa mporpaMMa, BRIYMCIsOmaa daxropual,
B KOTODOH MCIIOJIb30BAHBI OIlepaToOphl Bo3dBpaTa. B smcruHre 1.7 mokasaHa Ta e Ipo-
rpaMmMa II0cJjie 3aMeHEl OIepaTopos return cragaaprTaeIMU onepatopaMu Pascal. [

JIncTunr 1.6. [porpaMma Boiumciienns GakTopHaIa ¢ OHEPATOPAMH BO3BpPATA

function fact ( n: integer ): integer;
begin
if n <= 1 then
return (1)
else
return(n * fact(n - 1))
end; { fact }
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JIncramr 1.7, Ilporpamma Bormcienns paxropuana na a3sike Pascal

function fact ( n: integer ): integer;
label
999;
begin
if n <= 1 then
begin
fact:= 1;
goto 999
end
else
begin
fact:= n * fact(n - 1);
goto 999
end
999;
end; { fact }

TpeTthe pacmuperne ssbika Pascal, KoTopoe MBI OyAeM HPMMEHATDH, 3AKJII0OYAeTCsI B IOCTO-
SIHHOM WCIOJb30BAHMHM BHIPDAyKEHMI, ONMCHIBAIOIMUX THUINBI, B KauyecTBe MMeH TumoB. Hampn-
Mep, BRIpakeHH:, mofgoOubIe T celltype, MBI cuMTaeM [IOMYyCTHMBIMM B KadecTBe MMeH THIIOB,
HO HEeJOIYCTMMBLIMH AJIA TUIIOB IIapaMeTPOB IpOLeAYyp MW 3HA4eHMil, Bo3BpamiaeMux ¢GyHK-
nmuamu. Texuugeckn Pascal TpeGyer, yTo6B MBI MCIIOJIB30BAJIM MMEHA AJIA THIOB JAaHHBIX, Ha-
npunmep prtocell (ykasaTens Ha siueitky). B aroit KHHre MH 6yZeM AOITYCKATH TAKHe OIMCHI-
BalONINEe BHIDAYKEHUS B KaUeCTBe MMEH THIOB, HaleACh, YTO YUTATEIb CMOJKET OIPHUAYMATH MMA
JUIST THINA TAaHHBIX M MeXaHHUYECKH 3aMEHHTDh ONUCHIBAIONIEEe THUN BHIpa)KeHWe MMEHEeM THIA.
Jpyrumu cioBaM#, MBI OyZieM MCIIOJB30BaTh OIEPaTOpHI, ITOAO0HEIE

function zap( A: array[l..10] of integer ): T celltype

moApasyMeBas IOJ 3THM cJeLyoIuil onepatop (3gech arrayofinteger o6osHagaeT “MaccuB
IeJIBIX Jucen”):

function zap( A: arrayofinteger ): prtocell

Haxonen, 3aMeuaHue 0 NPHMEHfieMBIX HaMH COIJIAINEEMSX B OTHOIIEHHMH JIACTHUHIOB
nporpaMM. 3apesepBHpOBaHHEIE cj0oBa Pascal BHIZENAIOTCA NONYKHMPHBEIM HadepTaHHEM,
THUOBl JaEHBIX NMHUITYTCA OOBIYHBIM HAYePTAHWEM, & MMeHA IIpolenyp, QyHKuui u mepe-
MeHHBIX — KypcHBoM. MBI pas3/jimyaeM CTPOYHEIE ¥ IIPONMCHEIE GYKBEI.

Ynpaxuenus

1.1. B cocrasasmax GyTO6OIbHON JUrM y4yacTBYIOT miecTh Komanj: Cokouanl, JIbBsi, Op-
asl, BoGpri, Turpel 1 CkyHcel. Cokosnl yike chirpasu ¢ JIsBamu u Opaamu. JIbBH
Takyke chirpann ¢ Boopamu m CxyHcamu. Turpst ceirpanu ¢ Opiaamu u CKyHcamu.
Kaskpaa xoManja urpaer ogHy urpy B Hemeawo. Haligure pacnmcarve maTdeil, 4To-
6B Bce KOMAHAK CHIPAJIH IO OKHOMY pasy APYT C APYrOM B TedeHMe MHHHMAJILHO-
ro xosmdectBa Hefedb. Coeem. Cozpaiite rpad, rae BepmuHBEI GYAYT COOTBETCTBO-
BaTh napaM KOMaHJ[, KOTOphIe emle He HIrpalum MexJay cofoii. UTo AOJKHBI
o6o3HauaTh pebpa B TaKoM rpade, ecIX IPH IPaBUJILHOM packpacke rpada KaxIbli
IIBeT COOTBETCTBYET MAaTYaM, CLITPAaHHLIM B TedeHUe OIpeJesIeHHON Hexean?

! Y1061 M0 BOBMOMKHOCTH He ILIOAMTH B JACTHHLAX CMeCh “aHTIHHCKOTO C HUKETOPOACKUM”, MBI
6yneM DPMMEHATh PYCCKHM S3HIK TOJBKO B ICEBAOIPOrPAMMAX, OCTABJAA HA3BAHWA THIOB JAHHEIX
Ha AHTJIMHCKOM fA3hIKe M JaBad UX [I€PEeBOJ MJM B TeKCTe, MU MHOTAA HENOCPeACTBEHHO B JIHCTHH-
rax. — IIpum. ped.
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*1.2.

*1.3.

*%1.4.

1.5.

1.6.

1.7.

1.8.

1.9.

1.10.

PaccMoTpuM pyky poboTa ¢ 3aKpeIIeHHHIM OZHMM KOHIOOM. PyKa COCTOMT M3 ABYX
“KoJleH”, KakJoe M3 KOTOPHIX MOXKET IOBOpauyMBaTh PyKy Ha 90 rpagycos BBepx
BHH3 B BePTHKaNbHOM mrockocTn. Kakyio MaTeMaTH4eCKYy10 MOAeab CJeLyeT IpyMe-
HATH AJ1A ONMCAHHUSA IDepeMelmeHHs OKOHeYHOocTH pyku? PaspaGoraiite asropurm Aias
nepeMeleHns. OKOHEYHOCTH PYKH M3 OZHOTO BO3MOXKHOTO IIOJIOKEHHUSA B ApYyroe.

IIpeanosnoxuM, 4TO HEOOXOAVMO IEPEMHOXKHUTEL YeThIPe MATPHOH! AeHCTBHUTEILHBIX
gucen My X My X Mg X My, roe M; nmeer pasmep 10 x 20, pasaMep M, cocTaBaseT
20 x50, M3 — 50 x1 u M, — 1 x 100. IIpegmosoxum, 4To AJIs IepeMHOKEHHUE
ABYX MAaTpHI, pa3MepoM p X ¢ ¥ ¢ X r TpebyeTcd pqr CKalXspHEIX OoIepanuii, 3To yc-
JIOBHE BHINOJHAETCA B OOLIUHEIX aJrOpUTMAax IepeMHOeHus Mmarpun,. Haiiaute om-
THAMAJIBLHBIA IIOPAAOK IE€PEeMHOKEHHA MAaTPHI[, KOTOPHH# MHUHHMUSHDYeT obmee
YHCJIO CKAJADHHRIX omepamuii. Kak HaiiTH 3TOT ONTHMAJBHBIA HOPANOK B CIydae
IPOM3BOJIBHOIO YMCJIa MATPHIL?

IIpeAmonoKKUM, 9TO MBI XOTHM Da3[fe]UTh MHOYKECTBO 3HAYEHUH KBAaJpPATHHIX KOp-
Hell meawix yucenx or 1 o 100 Ha ABa IOAMHOKECTBA TAK, YTOOK! CYMMEI 4mHCes
060HX MOAMHOKECTBA GHIJIM IO BO3MOXMHOCTH MaKCHMAaJbHO 6i1u3Ku. Ecau MbI mMe-
eM BCEero ABe MHHYThHl MAIIMHHOIO BPEMEHH JJIs PEHIeHHs 3TOM 3aJaduM, TO KaKue
BBEIYHMCJIEHNA HEOOXOAUMO BBLITOJHUTH?

Onumure “>XagHBIA” aJTOPUTM AJS WIPHl B mIaXxMaThi. KakoBBI, IO BallleMy MHe-
HHIO, €ro AOCTOMHCTBA K HEJOCTATKM?

B pasgene 1.2 mm paccmorpenu abGerpakTHhE THno gaHHEX SET (MaoxxecTso)
¢ oneparopamu MAKENULL, UNION u SIZE. 1A onpeaeieEHOCTH ILOJOXKHUM, YTO
BCEe MHOXKECTBa SABJIAIOTCA IOAMHOXKecTBamMu MHoKectsa {0, 1, ..., 31}, a AT SET
HHTEPIPETHPYEeTCH KaK THI JaHHHX s3niKa Pascal set of 0..31. Hanummure npome-

AyPH Ha s3mKe Pascal Iad BBIDOJHEHHS 9THX ONEPATOPOB, MCHOJb3YS AAHHYIO
peanusanuio AT SET.

Hauborvwum obujum Oerumesem OBYX LEJLIX YMCEJ P U ¢ HadulBaeTca HambGosbmmee
mesioe 4mcJo d, KOTOpoe AEeNUT P U ¢ Haieyso. MBI XOTHM CO3ZATh IPOrpaMMy MJIA
BBHIUMCJIEHMA HAanGoJbilero obIIero AeJUTeN A ABYX MEJbIX YMCEJ P M ¢, UCOOJIb3YSH
caepyromuii anropur™M. O603HaYMM yepe3 r OCTATOK OT fejeHWA p Ha ¢. Eciau r
paBHO 0, To ¢ ABAseTCA HaubGOABIIMM OGIIMM ZAenureseM. B npoTuBHOM ciydae Io-
JIO)KMM P PaBHBIM ¢, 3aTéM — ¢ PABHHIM 7 M IOBTOPHM IPOLECC HAXOXKAEHHUA OC-
TATKA OT JeJIeHusd P Ha (.

a) DOKa)KUTe, YTO ATOT &JITOPUTM IPABIJIBHO HAXOAWT Hauboabmui 06Iuil aeuTens;
0) sanMInNTe AJIrOPMTM B BHJE IPOrpaMMbI Ha ICEBAOA3LIKE;
B) npeo6pasyiiTe nporpaMMy Ha IICEeBAOS3BIKE B IpOrpaMMy Ha f3bike Pascal.

Mu XOTHM CO3JaTh OporpaMMy (POpMATHPOBAHHMA TEKCTA, KOTOpas BHIPABHMBAJA OhI
TeKCT no InupuHE CTPoK. IIporpamMma nosxHa uMeTh Gydep cinoB u Gydep CTpokm.
IIepBonauansuaO 06a 6ydepa myctei. OgepegHoe CJIOBO CUMTHIBaeTCA B Oydep caos. Ec-
aa B Gydepe CTPOKM [AOCTATOYHO MeCTa, TO CJIOBO IIEPEHOCHTCA B Oydep CTDOKH.
B npoTHBHOM ciydae A00aBJIAIOTCA MPoOe bl MEXKAY CAOBAMM O IOJHOrO 3alOJHEHUS
6ydepa CTPOKH, 3aTeM IIOCJe meYaTH CTPOKH 3TOT 6ydep ocBoboxgaerc.

a) 3amHIIKTE AJITOPUTM B BHJE IPOrPaMMEI Ha IICEBAOA3BIKE;
6) npeobGpasyiiTe mporpaMMy Ea IICeBAOA3bIKE B IPOrpaMMy Ha s3kike Pascal.

PaccMOTpMM MHOKECTBO M3 N ropofoB HM Tabiuny PacCTOAHMH Mexay Humu. Ha-
OAOIATE NPOTPAMMY HA ICEBAOA3LIKE A HAXOMXAEHHUA KpaTdaimiero myTH, KOTO-
pHIi OpeaycMaTpUBAET MOCEleHHe Ka)XJOoro ropoja TOJbKO OAMH Pa3 M BO3BpaIia-
eTcs B TOT I'OpOA, OTKyZAa HavajcA nyTb. Ha CerogHAINHMI AEeHb eAUHCTBEHHBLIM
METOZOM TOYHOI'O PeIIeHHs 3TOH 3a7auyy SABJIAETCA TOJHKO METOJ IOJHOro mepeGopa
BCeX BO3MOXKHHIX BapuaHTOB. IlommiTaiiTech HOCTPOMTH 3PHEKTHUBHEIN AJITOPHUTM
UL peIIeHUA 3TOM 3a8[a4YM, MCIOJIb3YA 3BPUCTHYECKHUN TOAXOM.

PaccmoTpuM ciaepyiomue GyHEKOUH OT n:
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f,(n) = n%
f,(n) = n* +1000n;

n, eciud n HedYeTHO,
fa(n) = n

» €CJIH n 4YeTHO;

ecan ns100,

, ecam n>100.

n,
f3 (n) = 3

Ykaxkure ana Kaxxaoi nmapu ¢ysknui, korga fi(n) umeer mopagox O(f(n)) u xorza
fn) ects Q(f(n)).
1.11. PaccmoTpumM cieayiomue GYHKIOIHH OT 7:

gl(n) = {

n® pgaa getHwIX n 2 0,
n® ansa HeueTHRIX n > 1;

n gaa 0<n <100,
n® gaa n > 100;

g,(n) = {

g3(n) - nZ.S.

YkakuTe A1A Kakaod mapul ¢pyHxnmii, korga g(n) numeer nopaxox O(gi(n)) u xorga
8i(n) ects Q(gy(n)).
1.12. Haiigure, ucoons3ysa O-CHMBOJUKY, BpeMA BHINOJHEHEUS B HAUXYAIIEM ciydae cie-
AYIOIDUX IIPOImEeAyp Kak GyHKOWUHE OT n:
a) procegure matmpy ( n: integer);
var
i, j, k: integer;
begin
for i:= 1 to n do
for j:= 1 to n do begin
cli,jl:= 0;
for k:= 1 to n do
C[lIJ] = c[ilj] + A[i:k] * B[kl.j]
end
end
6) procegure mystery ( n: integer );
var
i, j, k: integer;
begin
for i:=1 ton -1 do
for j:= 1 + 1 to n do
for k:= 1 to j do
{rpynna omepaTopos c BpemeneM BrmoyHeHus O(1)}
end
B) procegure veryodd ( n: integer );
var
i, j, x, y: integer;
begin
for i:= 1 to n do
if HeuverHOe (i) then begin
for j:= 1 to n do
X:= X + 1;
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1.18.

*1.14.

*1.15.

1.16.

1.17.

for j:= 1 to i do

y:i=y+ 1
end
end
*T) procegure recursive ( n: integer ): integer;
begin
if n <= 1 then
return (1)
else
return (recursive(n - 1) + recursive(n - 1))
end

JokakuTe, 4YTO CIAEAYIOIHNe YTBEPXKAEHUA UCTUHHEL:

a) 17 nmeer mopagok O(1);

6) n(n — 1)/2 nMeet mopagox O(n?);

B) max(na, 10n2) HMeeT NOPSI0K O(na);

r) Y i* ecrs O(n**') u Q(n**") pna mennix k;
i=1

I) ecad p(x) — IOJIMHOM CTEIeHHU K C HOJOKHUTeJILHHIM CTApPIMIMM Ko3ddunueHntom,
TO p(Xx) ecTh O(n") u Q(n").

IIpegmonoxkum, 9To Ti(n) ectb Q(f(n)) u To(n) — (g(n)). Kakme us ciaexyrommux
YTBEpPKIEHN# NCTHHHKI?

a) T1(n) + Ty(n) ects Q(max(f(n), &(n)));
6) T1(n)Tz(n) ects Q(f(n)g(n)).
HexoTophie aBTOPH onpefessiioT HUXXHHUH HOPAAOK pocTa £2 ciefylomuM obpasoM:

f(n) ects 2(g(n)), ecay CyIOecTBYIOT TaKHe HEOTPMIIATEJbHBIE KOHCTAHTHI g U C,
YTO AJIs BCEX N 2 Ny BRIOOJHAETCS HepaBeHCTBO f(n) 2 cg(n).

a) B pamMkax 3Toro ompejeieHus OGyJAeT JM HCTHHHBIM CJefyiollee yTBEpXKAeHUE:
f(n) ects Q(g(n)) Torga 1 TOABLKO TOrAa, Korga g(n) umeer mopazox O(f(n))?

6) Byzmer 1z yTBep:KAeHMe a) MCTHHHEIM JJIS onpeaeseHus (Q u3 pasgena 1.4?
B) BumonauTe ynpaxkHenue 1.14 s ganHHOrO ompenesieHus Q.

Pacmoso)xkure cieayiomue (QYHKIUM B OOpPSAAKe CTeODeHH pocTa: a)n, 0) Jn ,
B) logn, r) log logn, #) log®n, e) n/logn, x) \/;log2 n, 3) (1/3)", n) (3/2)", k) 17.

IIpesnonosKuM, YTO HApaMeTp 7 NPUBEAEHHON HUMKE IIPOLEAYPHI ABJIAETCS IOJIO-
JKUTeJbHOM IeJol cTelleHbIO uMcaa 2, T.e. n = 2, 4, 8, 16, ... . Halizure dopmyay
IS BEIYMCJICHUs 3HAYEHHA IIepPeMeHHOH count B 3aBHCHIMOCTH OT 3HAYEeHHUA N.

procegure mystery ( n: integer );

var

X, count: integer;
begin

count:= 0;

Xi= 2;

while x < n do begin
X:= 2 * Xx;
count:= count + 1
end;
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writeln(count)
end
1.18. PaccMorpum dyaknuio max(i, n), KoTopad Bo3BpamiaeT HauGOJbMMA U3 9IeMEHTOB,

CTOAMUX B MO3UOUAX OT i Ko i + n — 1 B nesouncierHoM Maccuse A. Taxixe mpea-
TIOJIOXKHM, 4TO Nl ABJIAETCA CTeNeHBI0 Ymcia 2.

procegure max ( i, n: integer ): integer;
var
ml, m2: integer;
begin
if n = 1 then
return (A[i])
else bedin
ml:= max(i, n div 2);
m2:= max(i+n div 2, n div 2);
if ml < m2 then
return (m2)
else
return (ml)
end
end
a) Ilycte T(n) o6o3HadaeT BpeMs BHINOJHEHUS B HAUXYAINEM ciydae IPOrPaMMBI
max B 3aBHCHMOCTH OT BTOpOro aprymenra n. Takum o6pa3oM, n — YHCJIO 3dJie-
MEHTOB, Cpefin KOTOPHIX HmeTcA Hauboapmmuii. 3anumuTe PeKypPPEHTHOE COOT-
HomeHue AnA T(n), B KOTOPOM AOJUKHBI OPHCYTCTBOBaThL T'(j) AJS OAHOrO MIA

HECKOJbKHNX 3HaYeHU j, MEHBIINX N, ¥ OJHA HJM HECKOJIBKO KOHCTaHT, IIpen-
CTaBJIAIOMKNX BpeM#A BBINOJHEHUS OTAEJIbHBIX OIEepPaATOPOB IPOrpaMMEl max.

6) Banumure B TepMuHax O-6ossmoe u Q BEPXHIO M HUMKHIOW rpaHMOH anda T(n)
B MAKCHMAJIbHO IIPOCTOM BH[E.

Bubnuorpaduyeckne 3ameyaHus

Konuenmus aGCTpaKTHBIX THIOB JAaHHBIX 0epeT CBoe HAYaJl0 OT THHa class B A3BIKe
SIMULA 67 [12]. C Tex mop paspabGoTaHo MHOro A3hLIKOB MPOrPaMMHPOBAHUA, MOAAEPHH-
BalomuX abCTpaKTHHIE THOHI JAHHBIX, CPefH KOTOPHX A3HK Alphard [100], C ¢ kiaccamn
[105], CLU [69], MESA [42] 1 Russell [23]. Kornenousa AT]l akTuBHO 00CykAajach B pa-
6orax [43] u [122].

[63] — nmepBaa Goapmas paGora, IOCBAIMEHHAA CHUCTEMATHYECKOMY M3y4E€HUIO BPEMeHH
BBINIOJIHEHUA IpOrpaMM. ABTODHI 3TOif KHUI: B Gosee panHe#t pabGore [3] cBA3ammu BpeMeH-
HYI0O ¥ €eMKOCTHYIO CJOKHOCTH &JTOPUTMOB C Pas3JMYHBEIMM MOAENAMM BHIYUCIECHUM, TAKUX
Kak MamuHH ThIOpMHra ¥ MAmIMHBI C IPOM3BOJIBHLIM JOCTYNOM K maMmaTtu. [{pyrue 6uo-
auorpaduuecKue CCHIJIKM HAa DPaboOTHl, NOCBAIMEHHBIE AHAAM3Y AJITOPHTMOB M OPOrpaMm,
npuBefieHH B GubamorpaduuecKux saMedaHUAX K riase 9.

JlomosTHUTeIPHBEI MaTepHa] O CTPYKTYPHOM IpDOrpaMMHpOBaHMHM Bhl Haiigere B [50],
[60], [120] u [125]. IIponsBofcTBeHHBIe U (PHIOCOGCKHE BOOPOCH! OPraEM3al MU GOJbIINX
OPOrPaMMHBIX IPOEKTOB ob6cy»xpaiorca B paborax [15] u [115]. B [61] nmokasaro, Kak co3-
JAaBaTh IOJIe3HbIE IIPOrPAMMHBIE HHCTPYMEHTHI AJISI CPeJl IPOrpaMMUPOBAHHA.
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I''IABA 2

OcHoBHBIE a0CTpPAKTHBIE
THIIBI JaHHBIX

B 3rToii riaBe MBI M3YyYMM HEKOTOpHIe M3 HaunGosiee o6IqUX abCTPAKTHHIX THUIOB AAHHBIX
(ATO). Ml pacCMOTPHMM CHHMCKH (IIOC/IEZOBATEJLHOCTH 3JIEMEHTOB) M [ABA CIEIHAJBHEIX
ciIy4yasi CIMCKOB: CTEKH, I'ie dJIEMEHTHI BCTABJIAIOTCA B YAAIAIOTCA TOJHLKO Ha OJHOM KOHIE
CIMCKa, X oYepeiHr, KOrga 3JI€MeHThI HOOABIAIOTCA HA OZHOM KOHIE CIMCKA, a YAAIAIOTCHA
Ha gpyroM. MH TakiXe KpaTKo paccMorpmmM orobpakeHus — AT], Koropule BeayT cebs
kak ¢yskumu. Ina kaxzaoro us atux AT]] pas6epeM npuMephl UX PeajA3allMHA M CPaBHUM
IO HECKOJbKHUM KPHUTEPHUAM.

2.1. A6cTpakTHbIil THI JaHHBIX “CnHCOK”

CoucKky SBJIAIOTCA UYPe3BHIYANHO IHOKOM CTPYKTYpOil, TaK KaK HX JIErKO CHeJaTh
GONBIIMMEA MJIM MEHBIIMMHM, X UX 3JIEMEHTHI JOCTYIIHEI AJI BCTABKM MJIM YAAJIEHUs B JI000i
no3unouM coucka. CIMCKHM TakiKe MOXKHO O0BbeAUHATH MM pa3OMBATh HA MEHbIIME CIIH-
cky. COHCKM peryJasipHO HCIOJIB3YIOTCA B OPWJIOXKEHHAX, HAOpUMED B IporpamMmax WH-
GOpManMOEHOIO MOMCKA, TPAHCIAATOPAX MPOrpaMMHBIX A3HIKOB MJIM OPH MOZEJHPOBAa-
HUHM DPAa3JMYHLIX OpoueccoB. MeToahl ympaBjeHHA HOaMATHIO, KOTOPHIe MBI 0OGCyZHM
B raBe 12, MIMPOKO MCIOJBL3YIOT TEXHHKY 06paboTKHM conucKoB. B aToM paszene GyayTt
OIIMCAaHBI OCHOBHBLIE OINEpamMH, BHINOJHSAEMEIe Haj CIMCKaMH, a Jajee MBI IPeLCTABUM
CTPYKTYPHl JaHHEIX [AJS CIOHMCKOB, KOTOPHIe 3p@dEeKTHBHO NOAAEDPIKMBAIOT pAa3IHYHBIE
IOAMHOKECTBa TAKUX Olepamuii.

B Maremaruke cnucox mpeacTaBisieT co00Hd IOCIeAOBATENLHOCTH 9JIEMEHTOB OIpefe-
JIEHHOT'0 THUIa, KOTOPHI B o0imeM cayyae GymeM oGo3HauaTh Kak elementtype (Tum ase-
meHTa). MBI OyaeM 4acToO NPEACTABIATH COMCOK B BHAE IIOCIEAOBATEJILHOCTH 3JIEMEHTOB,
pasfieIeEHbIX 3aNATHIMHU: @y, A3, ..., &, TAe n 2 0 u Bce a; nMerorT Tun elementtype. Koan-
4ecTBO 3JIeMeHTOB n 6yaeM HA3HIBaTh 0MuHOlU cnucka. Ecan n 2 1, To a; HaswBaeTcd nep-
8blM INEMEHMOM, & 4, — NOCAeOHUM dnemenmom coucka. B cayuae n = 0 umeeM nycmoii
CnucoK, KOTOPhIA He COAEPYKHUT 3JIeMEHTOB.

Ba)xHOe CBOMCTBO COHCKA& 3aKJIIOYaeTCA B TOM, YUTO e€ro dJIeMeHTHl MOXXHO JIMHeHHO
YNOPAAOYUTL B COOTBETCTBHM C MX IHO3MOHUeil B conucKe. MBI roBOpuM, UTO 3JIE€MEHT a;
npedwecmeyem a;.; pag i =1,2, ..., n—1 u a; credyem 3a a;-, gna i =2, 3, ..., n.
Mmu Takke 6GyaeM ropopuTh, 4TO 3JEeMEHT a; umeem nosuyulr i. Kpome Toro, Mul mo-
CTYyJIMpYeM CYHIeCTBOBAHME NHO3HIMH, CJeAyIoIlei 3a IOCJefHUM JJeMeHTOM CIIH-
cka. Pyakousa END(L) 6yger Bo3BpamiaTh OO3HMI[HIO, CJIeAVIOMIYIO 38 mo3ummeit n
B n-sieMeHTHOM cunucke L. OrmerumM, uro mosumua END(L), paccmMaTpumBaeMas Kak
paccTosHMEe OT HAayaja CIMCKA, MOXKEeT H3MEHATHCA NPH yBeJNYEeHHHM WA yMeHbIIe-
HHHM CIIMCKAa, B TO BpeMs KAK APYyrue HO3MUIUN HMeIT GHMKCHpOoBaHHOEe (HEeM3MEHHOE)
paccTossEMe OT Hauyaja CIMCKA.

Onsa dopmupoBaHusa abCTPAKTHOIO THIA JAaHHHIX HAa OCHOBE MATEMATHYECKOIro OoIpejelre-
HUA COUCKA MBI JOJXKHEI 38JaTh MHOXKECTBO OIEepPaTOpPOB, BHIMOJHAEMBIX HAJ 00BEeKTaMU TH-
ma LIST! (Comcok). OgEAKO He CYIIECTBYeT OZHOT'O MHOJKECTBA OIEPATOPOB, BHIMOJHAEMBIX

1 Crporo rosops, Ten 06beKTa ompejesyieH CJOBAMM “CIIMCOK 3JeMeHTOB Tuna elementtype”. On-
HAKO MBI OpeAmosaraeM, 4YTO PEaJu3aldsl COMCKa He 3aBUCHT OT TOro, YTO HOAPa3yMeBaeTcA MOJ
“elementtype”, — HMeHHO 3TO 06CTOATEJBLCTBO OGBbACHAET TO 0co60e BHMMAaHHe, KOTOPOE MEI y/esd-
eM KOHIenmum cuouckos. IloaToMy Mul GyneM mcmois3oBaTh TepMHE “run LIST”, a He “cmucok ae-
MeHTOB THma elementtype”, u B TakoM ke 3HaueHmM OyneM TpakToBaTh Apyrme AT]I, saBmcamme oT
THIOB 3JI€MeHTOB.



HaJ] CIMCKaMM, YAOBJETBOPAIOMIErO CpPas3y BCe BO3MOJKHLIE IIPHJIOKeHHs. (DTO yTBepkae-
HUe CIpaBeAJuBO M Aaa MHOrmx Apyrux AT]Il, paccMaTpuBaeMBIX B 3TOif KHHUre.) B aToMm
pasgene MBI OPEIJIOMKMM OZHO MHOMKECTBO ONEPATOPOB, & B CJEAYIOIIEM PAcCMOTPHM He-
CKOJIbKO CTPYKTYP [JIsl IPeACTaBlIeHHUs CIUCKOB M HANMIIEM COOTBETCTBYIOINIHNE IIPOLERY-
PH AJA peaJM3anUH THOOBHIX ONEPATOPOB, BHINOJHSAEMHIX HAajJ CIOHCKAMM, B TepMHHAX
3THUX CTPYKTYP LAHHEIX.

YTo6H MOKA3ATh HEKOTOpHIE OOIIUe OIMepaTOpPH!, BHINOJHAEMBbIE€ Haj CHMCKAMHM, Hpej-
TOJIOKUM, YTO MMeeM IPHJIOKEeHHe, COmeplKallee CIMCOK MOYTOBOM pPACCHIIKHM, KOTODPHIHA
MBI XOTHM OYHCTHUTH OT IIOBTOPAIOIMUXCA aapecoB. KoHmenTyannHO 3Ta 3ajavda pelmaeTcsa
OYeHb IPOCTO: HJIs KAXKAOrO 3JIEeMeHTa CIHCKAa YAAIAIOTCA BCe IIOCIeAYIOIHe 3JIeMEeHTHI,
coBmajalomue ¢ faEAERIM. OJHAKO AJA 3aIACH TAKOI'O AJrOPUTMA Heo6GXOAUMO OIpPEAeUTH
omepaTopsl, KOTOpPhIe JOJKHBI HANTHM NEePBHIA 3JIeMEHT CIHCKAa, IepedTH K CaeyIoLIeMy
3JIEMEHTY, OCYIIeCTBUTH IIOMCK ¥ yJaJleHue 3JIeMEeHTOB.

Teneps mepeiiieM K HEIOCPEACTBEHHOMY ONPefeIeHUI0 MHOYKECTBA OIIEPATOPOB CIHCKA.
IIpumem oGosHauenus: L — comcok o6bekToB THOA elementtype, x — o6BbeKT aToro Tuoa,
P — mo3unua 3jeMeHTa B cnucke. OTMeTHM, 4TO “mOo3uMnusa” MMeeT APYroid THI KAaHHBIX,
Ybs peaJM3alud MOKeT OGBITH PasJMYHON AJA PasHBIX peansalnuii coucKoB. OORIYHO MBI
ODOHMMAaeM MO3HIMK KaK MHOYKECTBO IeJBIX IOJIOKHTEJIbHBEIX YHCeJ], HO HA IPAKTHKE MO-
T'YT BCTPETUTLCA APYrUe OpefCTaBIeHUA.

1. INSERT(x, p, L). 9ToT omepaTop BCTaBJsAeT 00BEKT X B IIO3MIMIO P B cOucke L, mmepe-
MeImas 3JeMeHTHl OT MO3MOUHK p M fAajiee B CHEAyOINYI0, Gojiee BBICOKYIO IMO3HIUIO.

TakuM 00pa3oM, eCaM CIMCOK L COCTOMT M3 3J€MEHTOB Qj, A3, ..., @y, TO IIOCJIE BHI-
TIOJIHeHWs 3TOTO omeparopa oH 6ymeT MMeTh BHA 4y, dg, ..., Gp_1, X, Qp, -.., Gn. ECau p
npranmaer 35aveane END(L), To 6yaeM umers a;, 4@y, ..., 4,, X. EcIH B cuucke L HeT

IIO3AOHHA P, TO PE3YJIbTAT BBINIOJIHEHUA 3TOI'0 omepaTopa He ompenesyieH.

2. LOCATE(x, L). 9ta @yEKIUA BO3BpalgaeT No3uOUI0 00beKkTa X B cuucke L. Ecan
B COHCKe 00'beKT X BCTpeuaeTcs HECKOJBKO pa3, TO BO3BpallaeTcs HO3UIHA Iep-
BOrO OT Havyaja coucka ob6bekra x. Ecau o6bexkTa Xx Her B cnucke L, To Bo3Bpa-
maetcsa END(L).

3. RETRIEVE(p, L). 9ta GyBEKIOHA BO3BpaINaeT 3JI€MEHT, KOTOPHLIA CTOHT B NO3MIHU P
B coucke L. PesyabTaT He onpeseseH, eciim p = END(L) unu B ciucke L HeT DOBHIIAM P.
OTMeTHM, YTO 3JIeMEHTH AOJ’KHBEI OBITH TOTO THUIA, KOTOPHIH B IPHHOMIIE MOXKET BO3-
BpamaTh GyEKIuA. OJHAKO Ha IPAKTHKe MBI BCErAa MOXEM H3MEHMTH 3Ty (PYHKIIHIO
TaK, YTO OHA OGyZeT BO3BpAILATh YKasaTesb Ha 00beKT THNa elementtype.

4. DELETE(p, L). 9ToT omeparop yZajiseT 3JeMeHT B mosuuum p coucka L. Tak, ecam
caoucok L cocTouT m3 3/IeMeHTOB a4, dg, ..., G,, TO IIOCJIE BHIIOJHEHHUSA 3TOTO OIlepaTopa
oH 6yzer UMeThL BUJ a;, Az, ..., Ap 1, Qpi1, ---» Gp. PE3yNBTAT He ONIpefiesIeH, ecIM B CINC-
ke L HeT mosunuum p uau p = END(L).

5. NEXT(p, L) u PREVIOUS(p, L). 9t™1 ¢yHKOHEHM BO3BPAIAIOT COOTBETCTBEHHO CJIe-
AYIOMYI0O ¥ OPeALIAYINYIO MOBHLUHK OT MOSUOMHA p B cuucke L. Ecau p — mocaeausas
no3unmsa B cuucke L, to NEXT(p, L) = END(L). ®yuknus NEXT He ompeznesnesa, Ko-
raa p = END(L). ®yaknusa PREVIOUS me onpegenena, ecau p = 1. O6e pyHkouu He
ompejesieHbl, €CJId B COMCKe L HeT mMO3HOUH P.

6. MAKENULL(L). 9ra ¢pyHKOUA AejaeT COUCOK L NMyCTHIM M BO3BpAIllaeT MO3UIUIO
END(L).

7. FIRST(L). 3ta ¢yExnusA Bo3BpamaeT IepBYI0 mo3unuio B comcke L. Ecam cnucox
nycToi, To Bo3BpamaeTrca nosunus END(L).
8. PRINTLIST(L). IleuaTaeT 31eMeHTHI CONCKA L B MOPALKe M3 PACIIONIOKEHHA,

IIpamep 2.1. Hcoonb3ysd omyucaHHBIe BHILIE OINEPATOPHI, cozpanuMm npouexypy PURGE
(OuncTka), KOTOpas B KaueCcTBEe apryMeHTa HCIIOIb3YET CIMCOK M yAajseT U3 Hero MOBTOPAIO-
muecs 3JIeMeHThI. DJIeMEeHTHl COHACKA MUMeloT THO elementtype, a COIMCOK TAKMX 3JIEMEHTOB
umeer tan LIST (marHOro corjamerus Mbl 6yfeM OPHAAEPKUBATLCA HA MPOTSMKEHUM BCei
aToit rasul). OnpesenuM GyHKOUIO same(x, y), TAe x ¥ y uMeloT TUO elementtype, KoTopas
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OpHHEMaeT 3HadyeHHe true (MCTMHA), ecau X M Yy “oAMHaKOBHIe” (same), U 3HayeHUe false
(102xkp) B mpoTHBHOM ciaydae. IloHATHe “ofMHAKOBBHIE”, OYEBHAHO, TpebyeT NOsICHEHHS.
Ecam Tuno elementtype, Hampmmep, COBHaZiaeT ¢ THUIOM AEACTBUTEJLHEIX UHCEJI, TO MEI
MOXKeM IOJIOXKMTEB, 4To PyHKIUS same(x, y) OyAerT uMeTh 3HaueHHe true Torga M TOJIBKO TO-
raa, korga x = y. Ho ecau Tuno elementtype siBisieTcs THIOM 3amucH, COoAepyKaimieil Ioas
mo4ToBoro uMHAEKca (acctno), uMeHm (name) u agpeca aboHeHTa (address), 3TOT THI MOX-
HO O0BABUTH CJIELYIOIMUM 06pasom:

type
elementtype = record
acctno: integer;
name: packed array [1..20] of char;
address: packed array [1..50] of char;
end

Temepp MOXKHO 3aJaTh, 9TOOHI QyHKIMA same(x, y) IpUHNMaJa 3HaUYeHue true BcaAKmit
pas, Korga x.acctno = y.acctno'.

B sucrurare 2.1 nopeacrasies ko npoueaypil PURGE. IlepeMeHHEIEe p H ¢ MCIOJIBL3Y-
IOTCA AJIs XpaHeHUA OBYX MO3MOMWI B cCOMCKe. B mpolecce BHIIOJHEHHMS MPOrpaMMBbI CJIeBa
OT IO3HIUM P BCE BJIEMEHTHI y)Ke He HMEIT AYOJHMPYIOMMUX CBOMX Kommil B cuucke. B ka-
K0 mrepanuu muKJIa (2) — (8) mepeMeHHas ¢ UCHOJNIB3YeTCS AJsI IPOCMOTPA BJIEMEHTOB,
HaXOAAIOUXCA B MO3UUUAX, CHCAYIOIIUX 34 NO3ULUEH p, U yaaleHUs AyGINKATOB 3JIeMeH-

Ta, PacHoJaralomerocs B MO3HOHUM p. 3aTeM p IepeMeINaeTcs B CAeAYIOIMYIO MO3ULOMIO M
mpoLece IMPOAOJIKAETCH.

JIncranr 2.1. IIporpaMma yaajieHAs COBHANAIONMX 3JIEMEHTOB

procedure PURGE ( var L: LIST );

var
p, q: position; { p — “rekywas” nosmumsa B crmcke L,
g nepememaeTcs Bnepen OT NO3MUMM D }
begin
(1) p:= FIRST(L);
(2) while p <> END(L) do begin
(3) g:= NEXT(p, L);
(4) while g <> END(L) do
(5) if same (RETRIEVE(p, L), RETRIEVE(qg, L)) then
(6) DELETE (q, L)
else
(7) g:= NEXT(qg, L);
(8) p:= NEXT(p, L)
end

end; { PURGE }

B cnenyromem paszesie MBI mOKa)keM o0bsBieHus TumoB LIST u position (mosunmusa) m
peasu3anuio COOTBETCTBYIOIUX omepaTopoB, Tak 4yTo PURGE cramer BmosHe paGoraromeit
nporpammoit. Kak y»ke ykasnlBasoch, IporpaMMa He 3aBHCHUT OT cIocofa IIPeACTaBIEeHUA CIH-
CKOB, II03TOMY MBI CBOGOAHBI B 9KCIIEPHMEHTHPOBAHNY C PA3IAYHEIMK PeajM3alisaiMU CIMUCKOB.

! KomeuHo, ecin MBI cOGMpaeMcsi MCHOOJB3OBATH 3TY DYHKIMIO NIA YAANEHHS COBIANAIOMMX 3aIlH-
ceif, TO B 3TOM cJydae HeOGXOQMMO OIPOBEPUTh TaK)Ke PaBeHCTBO 3HaUeHMI moJjiell MMeHM M ajpeca.
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Heob6xoxnuMo cpesaTh 3aMedaHME O BHYTPEHHEM IIMKJIe, COCTOSIIEM M3 cTpok (4) — (8)
auctuHra 2.1. Ilpn yianeEnn sjieMeHTa B DO3UIHUH ¢, cTpoka (6), sIeMeHTH B MO3UIUAX
g+1, ¢+ 2, .. Hu T.40. NepexXOAAT Ha OAHY HO3UOMIO BaeBo. HOraa MOXKeT CIYyIMTHCH,
9TO ¢ ABJIAETCA IOCHefHeH mosunueil B COMCKe, TOTAA IOCJe YAAJIEHUS 3JIeMeHTa NO3UIUs
g crasoBATca paBHOX END(L). Ecim Temephb MHEI BHINOJHMM omepaTop B cTpoke (7),
NEXT(END(L), L), To mosyduM HeompeAeJeHHHIH pedyasTaT. Ho Takas cuTyanmus HeBO3-
MO’KHA, TAK KaK MeXAy odepeAHHIMU IpoBepkamu q <> END(L) B cTpoke (4) MOXKeT BEI-
TIOJIHATHECA AN cTpoKa (6), unm crpoka (7), HO He obe cpasy.

2.2. Peasm3anus CIUCKOB

B aToM pasgesie peub HOMAET O HECKOJILKHX CTPYKTYDaX AAHHBIX, KOTOPBIE MOXKHO HC-
OJIb30BATh [JIA OpPeACTAaBIEHUS CINCKOB. MBI PACCMOTPHUM peajM3andy CIMCKOB C IIOMO-
IbI0 MACCHBOB, YKasaTesle#l ¥ Kypcopos. Kaaaa X 3THX peau3anuil OCYyI[eCTBJIsSeT OIl-
PefesIeHHEIE OIEPATOPEI, BHINOJIHAEMbIe HAJl cCOUCKaMH, Gosee addEeKTNBHO, YeM Apyrad.

Peaqm3zanus cnuckos nocpeacrsoM MaCCHBOB

IIpu peanusanmuy CIMCKOB C IIOMONIIbI0 MAaCCHBOB 3JIEMEHTHI CIIMCKA PAaCIIOJaraloTcsa
B CMEXXHBIX SYelKax MaccuBa. JTO NpeACTaBJeHME MO3BOJIAET JEerKo IPOCMATPUBAThL COAEp-
JKMMO€ CIINCKA M BCTABJATHL HOBBHIE 3JIeMEHTHI B ero KoHern. Ho BcTaBka HOBOro ajgeMeHTa
B CepeAiNHY COMCKa TpefyeT mepeMemieHMA BCEX MOCAEAYIOIIUX 3JIEMEHTOB Ha OLHY IO3HI[HIO
K KOHIy MaccuBa, 4TOOHI OCBOGOAUTH MECTO AJIA HOBOTO 3JIeMEHTa. YJaJIeHHe 3JieMeHTa
TakKe TpebyeT mepeMemeHUs 3JIeMEHTOB, YTOObI 3aKPHITh OCBOOOAUBINYIOCH SYEHKY.

1| nepsblit anemeHT |
2| BTOpPOM anemMeHT
> CMUCcoK
IastE—» NOCNEAHUI ANEMEHT
maxlenght ceoGogHbIn

Puc. 2.1. IIpedcmaenernue cnucka ¢ nomMousblio Maccuea
(noacrneHus 6 mexcme)

IIpn mcnonp3oBaEmu MaccuBa MH onpefpenseM Tun LIST xkak sanuch, MMelomyio ABa
noas. IlepBoe mone elements (37eMeHTH) — 3TO dJIeMEHTHI MACCUBA, Yeil pa3Mep CUUTaeT-
CcA JOCTATOYHBIM [JIfi XpPaHEHHSA COMUCKOB JIOGON AJWHEI, BCTPEUyAaOIIMXCSA B AaHHOU pea-
JH3allMy UIM ImporpaMme. Bropoe mose mesodmciaeHHOro tia last (mociegHUi) yKasnIBa-
eT Ha IO3HOWI0 IOCJEeJHEro dJIeMeHTa cnucka B maccuBe. Kax BuaHo m3 puc. 2.1, i-i
3JIeMeHT cIucKa, ecau 1 <i < last, HaxomuTcA B i-if Aueltke MaccuBa. IIo3UIUN 3JIEeMEeHTOB
B CIHCKe NpPeACTAaBUMEl B BHJE IEJBIX Yuces, TAKUM o6pas3oM, i-f MO3MIMA — 3TO IPOCTO
nesoe quciao i. ®yaxkoua END(L) sosBpamaer suauenmne last + 1. [IpusegeM HeoGxomu-
MBle 00'bsABNIEHNA (KOHCTaHTA maxlength onpefensier MAKCMMAJILHEIA pazMep MaccHBa):

const

maxlength = 100 { W Opyroe nomxonsiee uducio };
type

LIST = record
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elements: array[l..maxlength] of elementtype;
last: integer

end;

position = integer;

function END ( var L: LIST ): position;
begin
return(L.last + 1)
end; { END }
B smctuare 2.2 DOKAa3aHO, KaK MOYKHO peannsoBaTh omepatrophl INSERT, DELETE

u LOCATE npwu npezicTaBleHHMM CINCKOB ¢ momomblo MaccusoB. Onepatop INSERT mepe-
MeIaeT 3JIeMeHTHl M3 Mmo3unuit p, p+ 1, ..., last B mosunmuu p+ 1, p+ 2, ..., last +1 n
IoMeIlaeT HOBHIA 3JIeMEeHT B mo3uuuio p. Eciu B MaccHBe y»Ke HeT MecCTa AJIA HOBOI'O 3JjIe-
MeHTa, TO HHHOUAJIHU3UPYETCH MoamporpaMma error (omubka), pacmedyaThIBaiolmas COOT-
BeTCTByIOLIee coo0IeHMe, 3aTeM BHINOJHEHHEe NporpaMMbl mpekpamaercsa. Omeparop
DELETE ypanser 2jJeMeHT B DIO3MIMM p, IlepeMemiass 3JieMEHTHI M3 IO3AOMA
p+1,p+2, .. last B mosunmuu p,p + 1, ..., last — 1. ®yuxkoua LOCATE mnociexosa-
TeJIbHO IIPOCMATPHUBAET 2JIeMEeHTHI MAacCHBa [JIs IOHCKA 3afaHHOro djeMeHTa. Ecau aror
3JIeMEeHT He HaiifileH, To Bo3Bpamaercd last + 1.

JIncranr 2.2. Peaan3anis OnepaTopoB CHMCKA
procedure INSERT (x: elementtype; p: position; wvar L: LIST );
{ INSERT BCTaBnseT SJIeMEHT X B NO3MUMO P B cnoucke L }
var
g: position;
begin
if L.last >= maxlength then
error('Cnucok IOJIOH')
else if (p > L.last + 1) or (p < 1) then
error('Taxoi MO3MLMM HE CylecTByeT')
else begin
for g:= L.last downto p do
{ nepememenne snemeHTOB M3 Mo3MLMIL P, P+l, ... Ha
ONHY MO3MLMIO K KOHUY CIOMCKa }
L.elements([g+l] := L.elements|q];
L.last:= L.last + 1;
L.elements|p] := x
end
end; { INSERT }

procedure DELETE ( p: position; var L: LIST );
{ DELETE ynmanser ajeMmeHT B no3muym p cromcka L }
var
g: position;
begin
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if (p > L.last) or (p < 1) then
error('Takoi [O3MULMM He CyuwecTByeT')
else begin
L.last:= L.last - 1;
for g:= p to L.last do
{ nepememenne snemeHTOB M3 nozMML P+l, P+2, ...
Ha OOHy MO3MIEO K Hayajly CIucKa )}
L.elements(qg] := L.elements[g+1]
end
end; { DELETE }

procedure LOCATE ( x: elementtype; L: LIST ): position;

{ LOCATE Bo3BpamaeT no3uumo dJeMeHTa X B cnucke L }
var

g: position;
begin

for g:= 1 to L.last do

if L.elements[g]l = x then
return(q) ;

return(L.last + 1) { sneMeHT x He HaimeH }

end; { LOCATE }

Jlerko BHAETh, KAK MOYKHO 3aIlMCATh APYTHe OMepaTOpHl CIOHCKA, MCIOJL3ydA AaHHYIO
peanmzanuio cruuckoB. Hanpumep, dyaxkous FIRST Bcerma Bosspamaer 1, dyEknua NEXT
BO3BpallaeT 3HAYeHME, HA efMHUIY Gosblmee aprymeHTa, a ¢yaxknousa PREVIOUS Bosspa-
maeT 3Ha4YeHHWe, HA eNUMHMUIY MeHbIIee aprymMenTa. KoHeuHO, mociemEnre QYHKIMU HOJIK-
HH JeJIaTh OPOBEePKY KoppeKTHocTH pesyibrata. Omeparop MAKENULL(L) ycranaBimBa-
et L.last B 0.

Urak, ecau Brmosanennio nponeaypsl PURGE (muctuar 2.1) npeamecTBYIOT onpegeie-
HUsA THna elementtype m dyEKnuM same, oobaBnenus tunoB LIST u position u 3agamme
dyaxkonu END (xaxk nokasaHo Brimie), Hanucanue mpomenypsl DELETE (nmcrtuar 2.2),
noaxogamasn peanusanusa npocTteix npoueayp FIRST, NEXT u RETRIEVE, to npouenypa
PURGE craret Boonge pa6oTocnoco6HOM mporpaMMoi.

Bravase HanmucaHmMe BceX 3THX NPOHEAYP AJA YOPaBJeHMS AOCTYIIOM K OCHOBOIOJIA-
ralomuM CTPYKTYypaM MOMKeT IOKAas3aThbCA TPYAoeMKHM gaeioM. Ho eciu MEI Bce ke IOX-
BUTHeM ce6s HA HamUcaHMe IPOrpaMM B TEPMHMHAX ONEPATOPOB YIpaBjeHUS aGCTpaKTHBI-
MH THOAMM AAHHHRIMHU, He 3aJ€pPKHBAsCh OIPH 3TOM HA YACTHHIX AETANAX HX pealusanmii,
TO CMOYKE€M HU3MEHATH NIPOrpaMMBbl, N3MEHASA PeaJu3amyuio 3THX OIEpPATOpPOB, He BHINOJHASA
YTOMHUTEJBHOrO MOMCKA TEeX MeCT B IOporpaMmax, rae HeoOXOAMMO BHECTH H3MEeHEHH:
B opMy mim croco6 AOCTyIa K OCHOBONOJIATAIOMIMM CTPYKTYpPaM AaHHBLIX. OTa 'HOKOCTh
MOXKeT IMeThb OlpejedAiolnee 3HAYCHME NPH pas3paboTKe GOJLITMX IPOrPAMMHEIX IOpPOEK-
ToB. K cosxaneHmio, yuraTeas He CMOXKET B IIOJIHOHM Mepe OLeHWUTH 3Ty CTOPOHY HMCIOJB30-
BaHuA AT]] uz-3a HeGonsmux (10 pasMepy) NIPUMEPOB, WIIIOCTPUPYIOMIAX 3Ty KHUTY.

Peanu3anms cCnucKoB ¢ MOMOMbIO YKa3aTeJieit

B arom pasaese Ay peaju3anuy OJHOHANPABIEHHBIX CINCKOB MCIOJb3YIOTCA YKa3aTe-
JIY, CBA3BIBAIOIINE IIOCHELOBATeJIbHbIE 3JE€MEHTHI COHCKA. JTa peasin3danusa ocBoGOXKIAET
Hac OT HMCIOOJIB30BAHUA HerepBIBHOﬁ objacTH mIaMATH AJISl XpaHeHNsl COUCKa H, CjenoBa-
TeJIbHO, OT HeOGXOJIKMOCTH nepeMeIeHnsa 3JIeMeHTOB CIIMCKA IIPM BCTaBKe WM YAAJCHHU
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aneMeHTOB. OfHAKO ILEeHONX 38 3TO YAOGCTBO CTAaHOBHUTCA AOMOJHUTEJbHAS HaAMATH MJIA
XpaHeHUA ykaszaTenei.

B 370it peasM3anuy CIIMUCOK COCTOUT M3 siUeeK, Ka)KAad M3 KOTOPHIX COACPIKHUT 3JEeMeHT
CIIMCKA M yKa3aTeJb Ha CJeAYIOMYI0 A4YeidKy cmucka. ECIM CIIMCOK COCTOMT M3 3JIEMEHTOB
ai, ag, ..., @y, TO AAA i =1, 2, ..., n—1 saugeiika, cofep:Kamias 3JeMeHT d4;, HMeeT TaKKe
yKasaTelb Ha A4elKy, COAepikamiyio 3JIeMeHT a;.;. Sldeilka, cofep)kainas 3JeMeHT 4,
uMeeT ykasaTess nil (Hyss). UMeeTca Takke sueiika header (3arojIoBoK), KOTOpas yKa3bl-
BaeT Ha guelKy, cofepxamyio a,. fueiika header He COJEDPKUT 3JIEMEHTOB CIHUCKal.
B cayuae mycToro coMCcKa 3aroJIOBOK MMeeT yKasaTejb Nil, He yKashIBAIOIMA HU Ha Ka-
Kyio A4eiiky. Ha puc. 2.2 nokasaH cBA3aHHBIM CIHMCOK OIMCAHHOIO BHJA.

N a, > a2 —_—tp s —P a3 [ )
S —
R
header CNUCcoK

Puc. 2.2. Ceasannbvili cnucok

Jna ogHOHANDABJEHHBIX CIHHCKOB YAOOHO HCHOJB3OBATH ONpeAeieHHME IMO3UIUIM
3JIEMEHTOB, OTJHMYHOE OT TOI'0 ollpejesieHNusd HO3UOUH, KOTOpoe IIPUMEHAJOCH B pea-
JU3aIUM CIMCKOB C IOMOINbI0 MacCHBOB. 34ech aadA i = 2, 3, ..., n HO3UOUA i ompe-
JeJqfAeTCA KaK yKasaTeJdb Ha A9YeiKy, COAep Kallyio yKasaTeJlb Ha 3JIeMeHT q;. Ilosummsa
1 — aro ykasaTenp B Adeiike 3arosioska, a nmosunus END(L) — ykasaTess B mocJexHeit
Avyeiike coucka L.

BriBaeT, 4TO THI CIMCKA COBHOAZAET C THUIIOM MO3HUNHM, T.e. ABJIAETCA yKasaTejJeM Ha
AYEeHKYy, peke Ha 3aAroJOBOK. POpMaybHO OHPEAEeNNTh CTPYKTYPY CBABAHHOI'O CIHCKa
MOXKHO CJIEAYIOIINM 00pasoM:

type
celltype = record
element: elementtype;
next: T celltype
end;
LIST = T celltype;
position = T celltype;

B mucrurre 2.3 nokasaln kox dysxkoun END(L). PesyabpraT GyHKOUH IDOJYHYaeM IIyTeM
mepeMeImeHns yKasaTelas ¢ OT Hadaja COHCKa K ero KOHIy, oKa He GyAeT ZOCTUTHYT KO-
Hell CINCKa, KOTOPHIA oImpefiesAeTcsa TeM, UTO ¢ CTAHOBUTCS yKasaTejleM Ha A4YelKy C yKa-
sareseM nill. OTMeTuM, uTO 3Ta peanuzanua ¢pyEknuu END meadpdexTnBEaA, Tak Kak Tpe-
OyeT mOpOCMOTpPa BCEro CIHCKA NIPH KaXXAOM BHIYUCJIEEHMH 3Tol dyskouu. Ecan
HeoOXOAMMO 4dYacToe HCIHOJb30BaHHMEe MAaHHONM GQyHKOHHM, Kak B nporpamme PURGE
(smacTuAT 2.1), TO MOXKHO CeJaTh Ha BHICOD cieayroinee.

1. IlpuMeHHTSH IpefCcTaBJIeHHE CIMCKOB, KOTOpOEe HE MCIOJAb3YeT YKasaTeau Ha SYeHKH.

2. Hckaouuts ucmoabdoBanue ¢yExkmuu END(L) Tam, rae 3To BO3MOXKHO, 3aMEHHUB ee
apyrumu oneparopamu. Hampumep, yeaosue p <> END(L) B cTpoke (2) numctunura 2.1
MOXKHO 3aMEeHHTH ycjoBueM pl.next <> nill, Ho B 3TOM ciIyuae IPOrpaMMa CTAHOBHT-
CA 3aBHCHMOM OT peaJIi3alMy CIIHCKA.

! O6naBnenne A9eitKH 3aroNoBKA “HONHOMEHHON” AYeiKOil (XOTA M He COAepKAmeHl 3IeMEHTOB
COMCKA) YIPOINaeT Peaju3anUio OmepaTopoB COMCKa Ha s3nike Pascal. MoxxeTe ucmoib3oBaTh yKasa-
TeJHM Ha 3arojJIOBKM, €CJM XOTHTe KAKMM-Iu60 coenuaJbHBIM cooco6OM peasn30BaTh OHEpPaTOpHl
BCTABKM M yJaJIeHMA B CAMOM Havase CINCKA.
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JIucranr 2.3. @yaguus END

function END ( L: LIST ): position;
{ END mozBpamaer yxazaTenb Ha HOCJHeIHNIO fueiiky cromucka L }

var
g: position;
begin
(1) g:= L;
(2) while gT.next <> nil do
(3) q:= qT.next;
(4) return(qg)

end; { END }

Jlucturr 2.4 comepkur mpoumeayphl Aaa oneparopoB INSERT, DELETE, LOCATE u
MAKENULL, kxoTophkle HMCIOJB3YIOTCSI B peaju3allMy CIMCKOB C IIOMOILObIO YKasaTesei.
Ipyrue Heo6XOoOMMBIe OIMEPATOPEI MOYKHO PEaim30BaTh KaK ONHOINATOBHIE IIPONEAYPHI, 38
uckmoyeaneM PREVIOUS, rae TpebyeTcsas mpocMOTp cOMCKa ¢ Hadaya. MBI ocTaBidAeM Ha-
OucaHWe 3THUX MNpOoUeAyp YMTATENI0 B KadecTBe ympaykHeHHi. OTMeTHMM, UTO MHOTHE KO-
MaHAB He TpeGyoT mapamerpa L, CIMCKa, IO3TOMY OH OIYINEH.

JIncTinr 2.4. Peajm3anns REKOTOPHIX ONIEPATOPOB IMPH NPEACTABICHHNH CIICKOB
C MIOMONIBIO YRA3aTeJiei

procedure INSERT ( x: elementtype; p: position );
var
temp: position;

begin
(1) temp:= pT.next;
(2) new(pT.next) ;
(3) pl.nextT.element:= x;
(4) pl.nextT.next:= temp

end; { INSERT }

procedure DELETE ( p: position );
begin
pt.next:= pT.nextT.next
end; { DELETE }

function LOCATE ( x: elementtype; L: LIST ): position;

var

p: position;
begin

p:=L;

while pT.next <> nil do

if pT.nextT.element = x then
return (p)
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else
p:= pl.next;
return(p) { snemenT He HaltmeH }
end; { LOCATE }

function MAKENULL ( var L: LIST ): position;
begin
new(L) ;
LT.next:= nil;
return (L)
end; { MAKENULL }

MexannsM ynpasieHHnsl ykasaTeaamu B nponeaype INSERT (nuctuar 2.4) moxasaH Ha
puc. 2.3. Puc. 2.3, a moKassIBaeT CHUTyaluio Iepex BhInoJHeEMeM mpouexayphl INSERT.
MBI XOTHM BCTaBHTBH HOBHIHM 3JIeMEHT Iepej 3jJeMeHTOM b, moaTomy 3afaeM p KakK yKasa-
TeJIb Ha AYEHKY, cogepiKamyio aseMeHT b. B cTpoke (2) sucTuHra cosgaercss HoBad sSyeiKa,
a B moJjie next siuedK|, cofep)kamieil 3JeMeHT @&, CTABUTCA yKasaTeJ b HAa HOBYIO SUYEHKY.
B cTpoke (3) mosie element BEOBL CO3MaHHOM sST9€HKM NMPMHMMAET 3HAYEHUE X, a B cTpoke (4)
noJie next 3TOM AICHKU OPpUHUMAET 3HAUYEHHE IEPEeMEHHOH temp, KOTOpadg XPaHUT YKas3aTelb
Ha sJeiiKky, cogepakamiyio ajemenT b. Ha puc. 2.3, 6 mpeacraBieH pe3yJabTaT BLIIOJHEHMS
nponeaypsl INSERT, rae DyHKTHpHBIMHM JHHUAMH IOKa3aHHI HOBBIE YKAasaTeIX X HOMe-
paMu (COBIAAAOIMEMK ¢ HOMEPAMM CTPOK B JUCTHHTre 2.4) IOMeYeHH! 3TAlbl U3 CO3NAHUS.

f a » b — -
p _—
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Puc. 2.3. Juazpammot, uaniocmpupyroujue pabomy npoyedypv. INSERT

IIponenypa DELETE 6Gosee mpocras. Ha puc. 2.4 moxkasaHa cxeMa MaHWIYJIMPOBAaHUSA
yKasaTeieM B 3Toi mpomeaype. Craphle ykKasaTeaM IOOKasaHhI CHJOIIHBIMK JMHUAMH,
a HOBBI# — IYHKTHPHOM.

Eme pa3 noguepkHEM, UTO MO3HUIHUH B peaJM3alui OAHOHANIDABJIEHHBLIX CIHCKOB BEAYT
ceb6f He TAK, KaK IMOBMIMM B peaju3almuM CIACKOB IOCPEACTBOM MaccHBOB. IIpeamoJo-
JKHMM, YTO eCTh CIONCOK H3 TpeX 3JIeMeHTOB d, b M ¢ W mepeMeHHas p ThHma position
(mosunus), ube TeKymiee 3HAYEHHE DPABHO IIO3UOUHA 3, T.e. 3TO yKasaTejlb, HAXOAAIUIACA
B A4Yeiike, cozepaKame ajeMenT b, ¥ yKaspIBAIOIQWA Ha sSYeHKY, COAepIKaIyIo 3JIEMEHT C.
Eciu Temeph MBI BHIIOJHHEM KOMAaHAY BCTABKH HOBOI'O dJIEMEHTa X B IO3ULUIO 2, TaK 4YTO

2.2, PEAJIMBAIIVISA CIIMCKOB 53



COHCOK NIpUMET BHA 4, X, b, ¢, anmeMeHT b mepemectnrca B mosuuuio 3. Eciau 661 MH HcC-
TIOJIL30BAJIM PEaJM3amuIo COACKA C IIOMOIIbIO MacCHBa, TO 3JIEMEHTH b U ¢ JOKHEI GbIIN
TIepeMeCTUThCA K KOHIY MacCHBa, TaK 4YTO dJeMeHT b B caMOM fesie JOJ'KEH OKa3aThCA Ha
TpeTheil mosumun. OAHAKO IPHM HCOOJIH30BAHUHU DeaJIM3aIlMU CIIMCKOB C IIOMOINBIO yKa3a-
TeJleil 3HaueHWe ImepeMeHHO# p (T.e. yKasaTedb B Adeiike, cofepikameil asieMeHT b) Bciaen-
CTBHe BCTABKH HOBOIO 3JeMeHTa He M3MEHUTCH, NPOAOJKAs yKasblBaTh Ha AYeiKy, co-
JepXKalyio 3JIeMeHT c. 3HaueHHe 3Toil IepeMeHHOIl Hajf0 M3MEHUTb, €CJHM MEI XOTHM
HMCOOJB30BATh €€ KAK YyKasaTedb MMEHHO Ha TPETHI0O NO3MIUIO, T.e. KaK yKasaTeJb Ha
A4eiiKy, cofepsKaIyIo saeMeHT bl.
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Puc. 2.4. Juazpamma, unniocmpupyrousan pabomy npoyedypv. DELETE

Cpasnenne peaym3anmii

PasyMeercss, HaC He MOYKeT He MHTEDPECOBATh BOIIPOC O TOM, B KAKMX CUTYamMsAX Jydlle
HCIOJIH30BATh PEAJH3ANMIO CIMCKOB C IIOMOIIBIO yKasaTeseil, 8 Korga — ¢ IOMOINbI0 MacCH-
BOB. 3a4aCTyi0 OTBET HA 3TOT BOIPOC 3aBHCHUT OT TOr0, KaKHe OIEePaTOPHl AOJIKHEI BBIIIOJ-
HATHCA HAJ COMCKAMH M KAK JacTO OHH GYAYT MCHOJb30BaThcA. VIHOIZa apryMeHTOM B IOJIb-
3y OZHOM MJM [pyroil peaausamguy MOXKeT CJHYKHUTh MAKCHMAJIBHBIA pasMep
06pabaThIBaeMbBIX CIIMCKOB. IIpHBeieM HECKOJbKO NPUMHIOMIMAILHEIX COOOpasKeHMi IO 3TOMY
TIOBOAY.

1. Peanusanusa COHCKOB C IIOMOIILI0O MAaCCHMBOB TpefyeT yKasaHMS MaKCHMAaJILHOIO pas-
Mepa CIHCKa A0 Hadaja BRINOJHEHHUA mporpamMm. Ecam MBI He MOXeM 3apaHee orpa-
HUYUTh CBEPXY AJUHY 0OpabaThHIBaeMBIX CIOHCKOB, TO, OYEeBHAHO, 0OoJjiee palMOHAJIb-
HBIM BeIGOpOM OyJeT peamsaliis COIMCKOB ¢ IIOMOIILIO yYKasaTeaeH.

2. BrimosHeHMe HEKOTOPHIX OMEPATOPOB B OAHON peasusamuy TpebyeT GOJBIOIMX BHIYMC-
JIUTEJLHBIX 3aTpaT, ueM B apyroii. Hanpumep, npoueznypel INSERT u DELETE BhI-
TOJHAIOTCA 3a IOCTOAHHOE YHCJO INaroB B CIydYae CBA3AHHBIX CIHMCKOB JI000ro pas-
Mepa, HO TPeGYyIOT BpeMeHH, IPONOPIIMOHAJIBHOTO YMCJY 3JEMEHTOB, CIEAYIOMMMX 3a
BCTABJSIEMBIM (MJIM yAaJsAeMbIM) 3JI€MEHTOM, IIPM MCIOJL30BAHMM MaccuBoB. M Ha-
o6opor, Bpemsa BhinojgHeHWa (pyaxnuit PREVIOUS u END nocrosnHO npm peasmusa-
MM CIMCKOB MOCPEACTBOM MACCHBOB, HO 3TO 2Ke BPeMHA IPONOPLHOHAJIBHO AJAHE CIH-
CKa B CJIydae peaju3alud, DOCTPOEHHOH ¢ IOMOINbIO yKasareJei.

3. Eciau Heo0X0ZWMO BCTABJIATH KMJIN YAAIATH 3JE€MEHTHI, IOJO)KEHHE KOTOPBIX YKa3aHO
C DOMOIIBI0 HEKOI IepeMeHHO# Tuma position, m sHayemue aroil mepemeHHOI Oyzer
HMCIOOJIB30BAHO IIO34HEE, TO HE MeJeCOOOPa3sHO MCIOJL30BATH PEAIM3AaNUI0 C IOMOIILIO
yKasaTejeil, IOCKOJBKY 3Ta HepeMeHHas He “OTCJe)XKHBaeT” BCTABKY M yAaJIeHHe 3Je-
MEHTOB, KaK NOKa3aHO Bbline. Boobme Mcnois3oBaHue yKasarejein TpeGyer ocoGoro
BHMMAHNS U TIIATEJLHOCTH B pabore.

4. Peannsamusa COMCKOB C INOMOI[bI0O MACCHBOB PACTOYMTEJIbHA B OTHOINIEHHM KOM-
ObIOTEPHON maMATH, IIOCKOJBKY pesepBupyercs o6beM maMATH, AOCTATOYHBIN AJNA
MaKCHMAaJIbHO BO3MOYKHOTO pasMepa CIMCKa HEe3aBHCHMO OT €ro peajbHOI'oO pasmMepa
B KOHKPETHBIii MOMEeHT BpeMeHH. Peanusalusa ¢ IOMOMBIO yKasaTeseld MCHOJIb3yeT CTOMNb-
KO ODaMATH, CKOJIbKO HEOOXOAMMO /I XPaHEHUsA TEKYImero CIMUCKa, HO Tpebyer AomoJ-
HHUTEJbHYIO NaMATh AJIA yKasaTeJa Kaxxgo# siueiiku. Takum o6pasoM, B PasHEIX CHTya-
L¥AX 10 KPUTEPHIO MCIIOJIb3YEeMOii IAMATHA MOTYT OBITHh BRIMOJHEI PA3HLIE PEAIN3ALMH.

! Komeuno, MosxHO IPUBECTH MHOTOYMCJIEHHBIE NMPUMEPHl CUTyanmii, Korga HY»XHO, 4TOOK mepe-
MeHHas p IPOZOJI’KAja YKa3hbIBATh Ha MO3ULMIO dJIEMEHTA C.
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Pea3anus CIMCKOB HA OCHOBE KypCOpOB

HekoToprie A3BIKM NIpOrpaMMHpoOBaHHA, Hanpumep Fortran m Algol, He umeroT
ykasareneil. Eciu Mel pafoTaeM ¢ TaKMMHM sA3BIKAMH, TO MOYKHO CMOJEJIMPOBATH YKa-
3aTeJl C NOMOIbI0O KYPCOPOB, T.e. I€JHIX YMCEJ, KOTOPBIE YKAa3hBAIOT HAa MO3UIMK
3JIEMEHTOB B MaccHBaX. [IJd BcexX CHOHCKOB 3JIeMeHTOB, MMeKIOUX THIO elementtype,
co3gaguM onuH MaccuB SPACE (ob6sacTh AaHHBEIX), cocToAInuii u3 sammceir. Kaskpas
3anuch Oy#eT cocTOATh M3 HONA element AJisA 3J1eMEHTOB CINCKA M HOJA next IJs me-
JIBIX 4HCceJ, HMCIOOJb3yeMBIX B KadecTBe Kypcopa. UToOH CO3JaTh OOMCAHHOE MpeJ-
cTaBJIeHME, OIpele M

var
SPACE: array [1l..maxlength] of record
element: elementtype;
next: integer
end

Jasa coucka L o0'bABHM HeJOYHCIEHHYIO NepeMeHHYI0 (Hanpumep, Lhead) B KadecTse
sarojyioBka cuoucka L. MoxHO TpaxkToBaTh Lhead Kak Kypcop sSiueKH 3arojIoBKa MacCHBa
SPACE c nycThIM 3HaueHUeM moJia element. OmepaTopsl COMCKA MOXKHO PEAaIM30BATH TOU-
HO TaK JKe, KaK OIIMCAHO BBINIE B CJyYyae MCIOJb30BAaHUA yKasaTesei.

3xecsr MBI pACCMOTPHM APYTYIO peajA3aluio, HO3BOJAIOIIYIO UCIOJNb30BATh AYEHKH
3aroJIOBKOB [JIs COeNUAJLHEEIX CJIYyYaeB BCTABKH U yAAJIeHUA 3JeMEHTOB B mo3unum 1.
(9TYy Ke TeXHHMKY MOXXHO MCIOJH30BATh M B OJHOHAIIPABJEHHBIX CIHCKax.) Hasa cou-
cka L snauenme SPACE[Lhead].element paBHO mepBOMYy 3JIeMEHTY CIHCKAa, 3HAYEHUE
SPACE[Lhead).next aBnsieTca MHAEKCOM AYeHKHN MacCHBa, coAepskaimeil BTOpoil sjieMeHT
cnucka, u t.4. HyneBoe saHauenue Lhead unu HyJab B OJe Next yKaskBAeT Ha “yKasaTesb
nil”, aTo o3HavaeTr, YTO MOCAEAYIOMMUX 3JIEMEHTOB HET.

Coucoxk 6yzeT MMeTh LEJOYMCJIEHHBIA THI, IOCKOJBKY 3aroJIOBOK, IPEACTABIAIOMIMIK
CIIACOK B IIeJIOM, ABJIAETCS IeJOYUCIeHHON mepeMeHHOM. ITo3annmum Tak)xke MMEIOT THO Ie-
JBIX YKces. MB M3MEHHM corJlaloeHHe O TOM, 94TO IO3ULKA i B caucKe L ABIsAeTCS HMHAEK-
coM sueikm, comepaxameit (i — 1)-if aneMeHT cnucka L, DOCKOJBKY mose next 3Toil suedku
COIEPIKUT KYpCOp, YKAshIBaIlOmMi Ha i-it ajneMeHT cnucka. IIpu Heo6XOAMMOCTH NEpPBYIO
HO3UIUIO JIIOOOr0 COMCKA MOYKHO IpeAcTaBUTh mocpeacTBoM 0. IIoCKOJBKY HMM#A cHOHUCKa
ABIAETCS 00A3aTEJILHHIM IIAPAMETPOM OII€PATOPOB, HCIIOJb3YIOIIMX IO3UIUU BJIEMEHTOB,
C OOMOM[bI0 MMEeH MOJKHO pasjnuaTh IepPBhle NO3UOUM PasJUYHHIX cOMcKoB. Ilosmums
END(L) — 3aTo mHAEKC IocJeRHEro djieMeHTa coucka L.

Ha puc. 2.5 noxasass! gBa cuucka, L = a, b, c u M = d, e, BI0O)XKeHHBEIe B OfMH MacCHB
SPACE pnunoit 10. OTmMeTHM, 4TO BCe AYEHKM MaccuBa, He3aHSATHIE 3JIEMEHTAMM CIIMCKOB,
06pa3yioT OTAeNbHLIA CIMCOK, Ha3biBAEMBIA c80000HbiM (HMKE B JIMCTHHraX OH 00O3HAYA-
eTca available). ITOT COHCOK HCOONB3YETCA KaK “HMCTOYHMK” IYCTHIX fA4YeeK IOPHU BCTaBKe
3JIEMEHTOB B J1060if CIIMCOK, & TaK/Ke KaK MeCTO XpPaHeHHUsa Iepej AaJIbHEHIINM HCIOJb30-
BaHMeM ocBoGoauMBIIUXCA (IIOCTE YAAJIEHUS 3JIeMEHTOB) AUYeeK.

s BCTABKM 3JIeMEHTa X B COUCOK L MBI 6epeM IepBYIO Aueilky 13 CBOOOZHOrO COMCKA
M IIOMeIIaeM ee B HY)XHYIO HO3uOuio cnucka L. [aee ajleMeHT X moMemjaeTcA B IIoJie
element asToit sueiiku. [Ina yaajJeHHs dJIeMeHTa X M3 cOucKa L MBI ygajnseM A4edKy, CO-
JepoKaIiyio 3JeMEeHT X, U3 COIMCKa M IoMeIllaeM €e B Hayaslo CBOGOJHOr0O CIMCKa. JTH JBa
JEeHCTBUA ABJIAIOTCA YACTHBIMM CIydasMHU ciaegyiomieil omepamuu. Ilyers ecth sAueiika C,
Ha KOTOPYIO YKa3HIBAET KYpCOp p, HEOOXOAWMO CHEJaTh Tak, 4To6hl Ha Adeilky C yKashl-
BaJI APYroii Kypcop ¢, Kypcop aueilku C JoJ’KeH YKas3bIBATH Ha sSiYeMKy, Ha KOTOPYIO pa-
Hee YKAa3hIBaJ KYPCOP ¢, Kypcop p AOJNKeH YKashlBaTh Ha A4eilKy, Ha KOTOPYIO A0 BBINOJI-
HEeHHA 3TOM omepanyy yKasnlBaJ Kypcop sueitky C. [IpyruMu cjoBaMH, HaJ0 IepeMeCTUTh
AYEeHKYy M3 OJHOTO MeCcTa CIMCKa (YKashlBaeMOI'o KypcoOpoOM p) B APYTroe MeCTO TOro Ke MM
IpYyroro CIomMcKa, HOBOE€ MECTO YKashlBaercs KypcopoMm ¢. Hampumep, ecaim Heo6GXOZHUMO
yOaIuTh 3jeMeHT b u3 comcka L (puc. 2.5), To C — 3To ctpoka 8 B MaccuBe SPACE,
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p paBHO SPACE[5].next, a Kypcop ¢ ykasbiBaeT Ha HEPBYI0 SiYeHKy CBOOOZHOTO CIMCKA.
Ha puc. 2.6 cxemaTruecK:m NMOKasaH Opolecc IepeMemeHNsa Adeiiky C M3 OZHOrO CIMCKA
B ApPYyroil (Kypcopsl [0 H IOCJ€ BHIIOJHEHUS ONepamuy MOKA3aHBI COOTBETCTBEHHO CILJIOMI-
HHIMM ¥ OYHKTUMPHEIMM JuauamMu). Kopg dyEKmum move (mepememieHre), BBHIITOJIHAIOMIEH
OIMCAHHYIO OIepaumMio, npuBefeE B yuctuure 2.5. Ecam B mMaccuBe Her sAdeiiku C, TO
dyBEKOHA BosBpaimaer sHadeHne false (JI0KB), IPK YCIEINHOM BBHINOJHEHMM (PYHKIHMH BO3-
BpamjaeTcs 3HaueHMe true (MCTHHA).

SPACE

5 4 1 d 7
2 4

3 c 0

M 1 4 4 6
5 a 8

6 0

. 7 e 0
c80600HbIl g .4\’8 - 3
9 10

10 2

element  next

Puc. 2.5. Peanusayusa C8A3GHHBLX CNUCKOB C UCNOAL-
308aHuem Kypcopos
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L7 e
- +> —p s o
fl__/ -
4
p p— NC
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7 /
e Y
,
7
7 — —t—ep e o e
PR
— 1
9 /
[}
1
i
temp /

Puc. 2.6. Ilepemewenue aueiixu u3 001020 cnucka 8 dpyzoil

JIucrunr 2.5. Oynkuus nepeMemenns sIeHKu

function move ( var p, g: integer ): boolean;
var
temp: integer;
begin
if p = 0 then begin { suelixa me cymectsyer }
writeln('flyeiika He cymecTByeT')
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return (false)

end

else begin
temp:= g;
g:= p;i
p:= SPACE[q] .next;
SPACE[q] .next:= temp;
return (true)

end

end; { move }

B sucrunre 2.6 npusesensr kogul npooeayp INSERT u DELETE, a Takixe mponeAyphl
initialize (uHEOUaNN3anuA), cBA3bIBalomell sueiiku MaccuBa SPACE B cBOGOAHBIH cIH-
cok. B arux mpomeaypax ONyIIeHHI IIPOBEPKH “HEmITATHHIX” CHTyanmmii, KOTOpHIE MOTYT
BEI3BATh OMUOKH (OCTABJASEeM HaIMCaHWe KOJa 3THX IIPOBEPOK UYNTATENI0 B KadeCTBE YII-
pakHenuit). KpoMe Toro, B KauecTBe yOpa>KHEHHH OCTABJIAEM YHUTATENIO PEAJH3AIMIO ADY-
rUX ONEepaTOpOB, BRIMOJHAEMBIX HaJ COHCKaMHU (MX KoJ mofo6eH KOAYy aHAJOTHYHBIX IIPO-
meAyp OPHM HCIOJb30BAHMM yKasaTesei).

JIncrunr 2.6. Peam3anns HEKOTOPLIX ONEPATOPOB CIMCKA IIPH HCIIO/Ib30BAHHH KYPCOPOB

procedure INSERT ( x: elementtype; p: position; var L: LIST );
begin
if p = 0 then begin { BcTaBka X B nepByo NO3MULMO }
if move(available, L) then
SPACE([L] .element:= x
end
else { BCTaBka X B NO3MLMIO, OTJIMYHYK OT [EpPBOM }
if move(available, SPACE[p] .next) then
SPACE[SPACE[p] .next] .element:= x
end; { INSERT }

procedure DELETE ( p: position; var L: LIST );
begin
if p = 0 then
move (L, available)
else
move (SPACE [p] .next, available)
end; { DELETE }

procedure initialize
{ initialize ceasumaer sueitkm SPACE B OIVMH CBODOLHEDI CIIMCOK }
var
i: integer
begin
for i:= maxlength - 1 downto 1 do
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SPACE[i] .next:= i + 1;
available:= 1;
SPACE [maxlength] .next:= 0
{ nomeuen xomen cBoBomHOTO crMcKa }
end; { initialize }

JIBaXKIbI CBA3HbIE CIIHCKH

Bo MHOMMX NOpHIOKEHHAX BO3HMKAaeT HEOOXOAMMOCTL OPraHM30BaTh 3(deKTHBHOEe IIe-
peMeleHre 0 COMCKY KAaK B IPAMOM, TaK U B o0OpaTHOM HampasieHuAX. Vau mo 3afaH-
HOMY 3JIEMEHTY HY»XHO 6BICTPO HAMTM NpeAINeCTBYIOIIANA eMy M HOCAEeLYIOIUI 31eMeHTHI.
B aTHX cHTyamuAaXx MOXKHO AATH KaXKJOM AYeliKe yKasaTe/JHM M Ha CJeAYIOIIYI0, M Ha IIpe-
ABIAYIIYIO SSYeMKHN CIMCKA, T.e. OPTAHU30BaTh 068axcdv. cea3Hblil cnucokx (puc. 2.7). B ria-
Be 12 6yAyT OpMBeJeHR! CUTYaIlMH, KOrZa MCIOJb30BaHUE ABAYKJAHI CBASHBIX COMCKOB OCO-
6erHO 2ddEKTHBHO.

> — > .-
e oo —— < < [

Puc. 2.7. [leaxnc0vl. c6a3nbiil cnucox

Jlpyroe Ba)XKHOe IPEMMYINECTBO ABAXKALI CBA3BHHIX CIHMCKOB 3aKJIOYAETCA B TOM, YTO MBI
MOKEM HCHOOJb30BATh yKasaTelb S4elKH, cofepKalnmeil i-ii ajeMeHT, AJs ONpeleJeHnA
i-il HO3UIMY — BMECTO MCIOJb30BAHUA yKasaTeJd IpeAmecTByomeil aueiikn. Ho menoit
3TO¥ BO3MOXXHOCTH SABJIAIOTCA AOMOJHHUTEJLHBEIE YKa3aTeJM B KaXKAOH siueifke M ompeze-
JIeHHOe YIAJMHeHWe HEeKOTOPBHIX IpoueaAyp, PeaJu3yIolMX OCHOBHBLIE ONEepPATOPHl CIHCKA.
Ecam MBI MCHOJb3yeM yKasaTeau (2 He KYpPcOphl), TO o6bABIeHUE AYeeK, COAePKaImUX
3JIEMeHTHI CIIMCKa M JBa YKAasaTeNs, MOXKHO BBINOJHHTH CHAeAYIOmMM obpasoMm (previous
— moJie, cofeplKalee yKaszaTelb HA IPEeANIECTBYIOINYIO AUYEeHKY):

type
celltype = record
element: elementtype;
next, previous: T celltype
end;
position = T celltype;

IIpouenypa ymaneHEus 3JeMeHTa B MOBUIIMM D ABaXKAbl CBASHOIO CIIMCKA IIOKa3aHA B JIMC-
tuHre 2.7. Ha pmc. 2.8 mpuBeseHa cxeMa yIajleHHA 3JIeMEHTA B IPeANOJIOKE€HHH, UTO
yhanseMas sideiika He fBJIsS€TCA HY IIepBoii, HM mocienHed B cmucke'. Ha aroil cxeme
CHVIONIHBIMY JIMEMAMK IOKA3aHEl YKasaTeJH A0 YAAJIeHUS, a INYHKTHPHBIMH — IIOCJe
yAaJleHAs ?jeMeHTa. B mpomeaype yAajleHMs cHadajla C IOMOINBIO YKasaTeas IOJA
previous ompegenseTrcsa HOOJNOXKeHHe npeAbiaymeil sueiiku. 3areM B mone next 3Toi
(upenmpiAymieil) AYeHKM yCTAHABAMBAETCHA YKa3aTelb, YKA3bIBAIOIMUM Ha A4YeilKy, ciexyio-
mylo 3a nosunueil p. asee Nogo6GHHM 06pa3oM ompefeaseTcA CAeAyolas 3a [MO3UIUei p
fAdeiika U B ee IOJIe Previous yCTaHABJIMBAETCA yKasaTeJNb Ha A4YeHKY, IPeIIeCTBYIOMYIO
nosunuy p. Takum o6pasoM, Adeifka B IOSUIUK P UCKJIIOYAETCS M3 LeTI0OYeK yKasaTeseid u mpHu
HeoOXOAMMOCTH MOKeT 6LITh MCIOJB30BAHA IOBTOPHO.

1 B sroit casn OTMETHM, YTO Ha OpPaKTHKe OOLIYHO AeJaloT TaK, UTO SJeKa 3aroJIOBKa ABAYKIHI
CBABHOIO CIMCKA “3aMBIKAeT KPYr” s4eeK, T.e. yKasaTelb MOJIfA previous AYeiKH 3arojOBKA YKA3KIBAET
Ha NOCJEeHION S4YeiKy, a yKasaTesb oA next — Ha mepByio. I10aToMy mpH TaKoi peaiusamuy ABasK-
bl CBA3HOTO CIIMCKA HeT HeoOXOAMMOCTH B BHIMOJHEHUN IPOBEPKH HA “HyJIeBOH yKaszaTesan”.
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JIncTuar 2.7. Yaanenne 3/1EMEHTA B3 JBAKIH CBA3HOIO CIMCKA

procedure DELETE ( var p: position );
begin
if pl.previous <> nil then
{ ynanenme saueiixu, koTOpas He ABNAETCA NepBOit }
pt.previousT.next:= pl.next;
if pT.next <> nil then
{ ymanenue sueitxku, koTopas He SABJAeTCA NOCHemHeN }
pT.nextT.previous:= pl.previous
end; { DELETE }

—————
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Puc. 2.8. Cxema yoarenus aveiiku 6 08axdvl C6A3HOM CnuUcCKe

2.3. Ctekn

Cmex — 3TO CHemUAJIBHBIA THUI CIIMCKA, B KOTOPOM BCe BCTABKH M YAAJICHUA BHIIOJHSA-
IOTCA TOJBKO HA OJHOM KOHIE, Ha3biBaeMoM 8epuluHoil (top). CTeKH Takike MHOTZAA Ha3bLIBA-
0T “MarasuHaMiu”, a B aHIVIOA3BIYHOM JHTepaType AJA 0003HAYEHUA CTEKOB ellle MCIOJIL3Y-
erca a66pesmarypa LIFO (last-in-first-out — mocmeauumit Bolrenl — TepBEIA BEIIEN).
HMETYATUBEEIME MOJEJIAMM CTEKa MOTYT CIYKHTH KOJIOAA KApPT HA CTOJIeé IPH Hrpe B IIO-
Kep, KHNTH, CJOKeHHBIe B CTONKY, MJIM CTOIKA TApeJOK Ha mojke OGydera; Bo BCeX 3THUX
MOZENAX B3ATh MOXKHO TOJBKO BEPXHHI IpeaMeT, a AOGABATL HOBHI# O6BEKT MOXKHO,
TOJIBKO IOJIOXKUB €ro Ha BepxHMii. AGcTpakTHbie Tunbl JaHHBIX ceMeicTBa STACK (Crek)
OOBIYHO HMCIOJIB3YIOT CJAEAYIOINHE MIATH ONEePaTOPOB.

1. MAKENULIL(S). [denaer cTek S OyCTHIM.

2. TOP(S). Bosspamjaer 3jJeMeHT U3 BepmuHE! cTeKa S. OOBIYHO BepmIMHA CTeKa HUAEH-
Tudunupyerca nosunueir 1, rorga TOP(S) MoxHO 3ammcaTh B TEpMHHAX OOLIUX OIle-
patopoB cnucka kak RETRIEVE(FIRST(S), S).

3. POP(S). Ymanser ajeMeHT M3 BePHOIMHEI CTEKa (BHITAJIKNBAeT U3 CT€Ka), B TEPMHHAX
OIlepaTopoB CIMCKa 3TOT omneparop MokHO 3amucaTk kKak DELETE(FIRST(S), S).
HWHrorza aToT omepaTop peasu3yeTcA B BHAe QYHKIUM, BO3Bpaldaiolmeil yaajideMbli
3JIeMeHT.

4. PUSH(x, S). BcraBaser 3/leMeHT X B BepIIMHY cTeKa S (3aTaJKHUBaeT 3JeMEHT B CTEK).
OJleMeHT, PaHee HAXOZMBINHICA B BepIIMHE CTeKa, CTAHOBUTCH 3J€MEHTOM, CJIEeLYIO-
ImuM 3a BepmiuHOM, M T.X. B TepMrHAX 00IqUX OmEpPATOPOB COMCKA JAHHEIN OIepaTop
MoxHo 3anucaTh Kak INSERT(x, FIRST(S), S).

5. EMPTY(S). Ora GyEKuuA Bo3BpamaeT 3Hadenue true (UCTHHA), eCJAX CTeK S IyCTOMH,
u 3HaveHue false (JI02kb) B IPOTMBHOM cIy4ae.

IIpumep 2.2. Bce TeKCTOBBIE PeJAKTOPHI MMEIOT OIpefie/IeHHble CUMBOJIBI, KOTOPHIE CIIYXKAT
B KadecTBe crmuparnwux cumeonos (erase character), r.e. TaKMX, KOTOphle YAAIAOT (CTHPAIOT)
CHMBOJIBI, CTOJAINME Iepex HMMH; 3TH CHMBOJBI “pabGoraioT” Kak Kiasmma <Backspace> Ha
KJIaBHaType KoMnbioTepa, Hanpumep, ecim cuMBOa # ompefeseH CTHPAIOMIEM CHMBOJIOM, TO
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crpoka abc#dit#e B AeCTBHTENIHLHOCTH SBIAETCA CTPOKOM ae. 3xech mepBulit cumBox #
yaansaer GYKBY ¢, BTOpO# CTHpAIOIIU CUMBOJI cTHpaeT GykBy d, a TpeTuii — GYKBY b.

TekcTOBbIE PeAAKTOPH MMeEIOT Takke cumson-youiiyy (kill character), koTopriit yaans-
€T Bce CHMBOJIBI TeKYyIIell CTPOKH, HaxoAdlquecHA mepej HEM. B aTomM mpumepe B KadecTBe
CHMBOJIA-YOUIAIE onpefenuM cuMBoi @.

Onepanyy HaJ TEKCTOBBIMM CTPOKAMM YacTO BBITIOJHSIOTCH C HCIOJb30BAHUEM CTEKOB.
TeKCTOBHIA PeJaKTOp IOOUYEPEAHO CUMTHIBAET CHMBOJIBI, €CJM CUMTAHHBIA CHMBOJ He SIBJIA-
eTCA HY CHMBOJIOM-yOmiileif, HX CTHpAIOIMUM CHMBOJIOM, TO OH IOMeEINAaeTcs B CTeK. Ecam
BHOBb CUMTAHHBIH CMMBOJ — CTHDAIOOUH CHMBOJ, TO YAANAETCA CHMBOJI B BepIIMHE CTEKA.
B cayuae, Korjja CUMTAHHBIA CAMBOJ ABJIAETCA CHMBOJIOM-YORiiNeil, pefakTOp OYMINAEeT BeCh
crex. B smcTuare 2.7 mpeacraBieHa IPOrPAMMA, BHINOJHAIOIIAS ONACAHHEIE AeicTBHA.!

JIncTunr 2.7. IIporpamma, peam3yioman JeiCTBHS CTHPAIOMETo CHMBO,IA
H CHMBOJIa-yOHHIbI

procedure EDIT;

var
s: STACK;
c: char;
begin
MAKENULL (S) ;
while not eoln do begin
read(c) ;
if ¢ = '#' then
POP (S)
else if ¢ = '@' then
MAKENULL (S) ;
else { Cc — OGNHEDI CUMMBOJ }
PURSH(c, S)

end;
rneyaTs COIOepXMMoro cCTekKa S B OﬁpaTHOM nopsanke
end; { EDIT }

B aroit nporpamme Tun STACK MOXXHO 00BABUTH KaK CIMCOK CUMBOJIOB. IIpomecc BH-
BOZIA COZEP’KMMOTO CTeKa B 0OpaTHOM NOPAAKe B IOCJHegHEH CTPOKe IporpaMMsl TpebyeT
HeGOJNBIION XUTpocTH. BHTANIKMBaHUE 3J1eMEHTOB M3 CTeKa IO OZHOMY 3a OAMH pa3 B IPHH-
IAOe MO3BOJAET HOJYYHUTH IOCJIEfOBATEJLHOCTH JJEMEHTOB CTeKa B OOpDATHOM IOpAAKE.
Hexoropnle peanusanuy CTEKOB, HaIpMMep C IOMOINbI0 MACCHBOB, KaK OOMCAaHO HHXKe,
IO3BOJIAIOT HANMCATHh HPOCTHIE NPOHEAYPHl AJd Ie4YaTH COAEPKHUMOro CTeKa, HAYMHAA
¢ o6paTHOro KOHIA cTeKa. B o0meM ciydyae HeoOXOAMMO M3BJIEKATH 3JIEMEHTHI CTEKa IO
OTHOMY M BCTaBJATH MX IOCJEJNOBATEJbHO B APYroil CTEK, 3aTeM paclieyaTaTh 3JeMEHTH M3
BTOPOTO CTeKa B IPAMOM mnopagke. [

Peanm3anus cTexoB ¢ HOMOMIbIO MACCHBOB

KBJRJ.IYIO peanmn3anyio CIIMCKOB MOXXHO PAaCCMAaTPHUBATh KaK pean3alyio CTeKOB, IO-
CKOJIBKY CT€KH C UX olepaTropaMu ABJIAIOTCA YaCTHBIMH CJIyYasgMH CIINCKOB C omepaTtopa-
MH, BRIODOJHAEMBIMHE HaJ couckamu. Hazmo IIPOCTO INpeACTaABMTL CTEK B BHAE OJHOHAIpaB-

! B sroM amcTuHre Hemoab3yeTcsa craHAapTHas (GYHKOEA a3nka Pascal eoln, BO3BpAINAIOMAA
3HaveHHe true, ecay TeKymuil CHMBOJ — CHMBOJI KOHIA CTPOKH. — IIpum. ped.
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JIEHHOTO CIHCKa, TAaK Kak B aroM ciaydae omepaTopsl PURCH u POP 6ymyr pa6orars
TOJIBKO ¢ sAYeHKOIl 3arojIoOBKa K IepBoil AdueiiKo# cnmcKa. @aKTHUECKH 3aroJIOBOK MOXKET
ORITH MM YKasaTeJeM, MJIN KYPCOPOM, a He IIOJIHONEHHOH SA9eiKOii, MOCKOJBKY CTeKH He
HCIOJB3YIOT TAKOTr0 MOHATHA, KaK “mo3mnmuA”, M, caeJoBaTeJbHO, HET HeOOXOAMMOCTH OII-
pemenATh Ho3uIMIo 1 TaKUM Ke 06pa3oM, KAk U APyTHe IIO3HIIHUH.

OpHAKO peanusamus CIMCKOB Ha OCHOBE MAaCCHBOB, ONHMCAHHAadA B pasgeie 2.2, He o4eHb
DOAXOAMT IJIsl MPEACTaBJI€eHUS CTEeKOB, TAK KaK Kakjoe BeINoJHeHMe omeparopos PURCH
u POP B aToM ciayuae TpefyeT mepeMeIeHHs] BCEX 3JI€MEHTOB CTeKa U IOITOMY BpeMsA MX
BBHINOJHEHUA OPONOPHUOHAJIBHO UHCJIY 3JIEMEHTOB B cTeKe. MoskHO Gojlee pamuMOHAJIBLHO
IPHUCHOCOGUTL MACCHBBI AJA PeaJM3alUH CTEKOB, €CJH IPUHATHL BO BHUMAaHHE TOT (akxT,
YTO BCTABKA M yAaJIeHHME 3JIEMEHTOB CTE€Ka IIPOMCXOAHT TOJbKO Uepe3 BepIIWHY CTeKa.
MosxHO 3adpMKCHpPOBATh “AHO” CTEeKa B CaMOM HH3Yy MaccHBa (B Adeiike ¢ HAUGOIBLIONM HH-
JEeKCOM) ¥ MO3BOJUTH CTEKY PACTH BBepX MaccuBa (K sYeilKe ¢ HAMMEHbIIMM HHIECKCOM).
Kypcop ¢ umeHeM top (BepmuHa) OyAeT YKa3hIBATh MOJIOXKEHUE TeKYyIeil MO3UIHHU II€PBOTO
sjieMeHTa cTeka. CXeMaTHYHO Takoe IpeficTaBJeHHe CTeKa IIOKasaHo Ha puc. 2.9.

1

top L_—-—_I-——-» «— NEepBbIN ANEMEHT

4— BTOPOU ANEMEHT

.
.

maxlenght l¢— NOCNEeAHUIn anemMeHT
elements
Puc. 2.9. Peaausayus cmexa Ha ocHo8e mMaccusa

na Takoil peaju3amMy CTEKOB MOXKHO ompefaeanTh abcrpakTEmi# Tin STACK cie-
AyiolquM ob6pasoM:
type
STACK = record
top: integer;
element: array[l..maxlength] of elementtype
end;

B 3Toit peanuM3anmuM CTeK COCTOMT M3 IOCJEAOBATEJbHOCTH 3jIeMeHTOB element[top],
element{top + 1}, ..., element{maxlength]. OTmeTuM, ecau top = maxlength + 1, To crek
OyCTOM.

IIpoueayps! Ajs pealH3amuy OATH THIOBBIX ONEPATOPOB, BHINOJHAEMEIX HaJ CTeKaMH,
mpefcTaBieHL B JuCTHHre 2.9. 3amMeTHM, UTO 3HaYeHHe, Bo3BpamaeMoe dynknueir TOP,
nMeeT THIO elementtype, KOTOpEI foKeH GBHITH pPaspelmIeHEHBIM THIOM pe3yjbTaTa, BO3-

Bpamaemoro ¢yHKOueit. Ecau aro He Tak, JaHHYI0 GYHKOUIO HY)KHO IpeoOpa3oBaTh B IPO-
meAypy MJIM OHA JOJ’KHA BO3BpAINaTh YKasaTesb Ha 3JIeMeHT Tumna elementtype.

JIucTunr 2.9. Peasm3anus onepaTopos, BHIIOHAEMBIX HAJl CTEKAMH

procedure MAKENULL ( var S: STACK );
begin
S.top:= maxlength + 1
end; { MAKENULL }
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function EMPTY ( S: STACK ): boolean;
begin
if S.top > maxlength then
return (true)
else
return (false)
end; { EMPTY }

function TOP ( var S: STACK ): elementtype;
begin
if EMPTY(S) then
error('Crek mnycToit')
else
return (S.elements|[S. topl)
end; { TOP }

procedure POP ( var S: STACK );
begin
if EMPTY(S) then
error('Crek mnycroi')
else
S.top:= S.top + 1
end; { POP }

procedure PUSH ( x: elementtype; var S: STACK );
begin
if S.top = 1 then
error('Crek IOJIOH')
else begin
S.top:= S.top - 1
S.elements[S.top]l := x
end
end; { PUSH }

2.4. Ouyepenn

HOpyroii cnequaibHBIA TUII cCOACKA — o4Yepeds (queue), Te 3JIeMeHTHl BCTABJIAIOTCS C OX-
HOro KOHIIa, HA3hIBAEMOro 3adHuM (rear), a YAAJISAIOTCA C APYTroro, nepedxezo (front). Ogepe-
M Takke HashBalOT “crimckamu Tunma FIFO” (a66peBmarypa FIFO pacimmmdpoBBIBaeTCA Kak
first-in-first-out: mepsriM Bomes — mepBhiM Bhimes). Oneparopnl, BHIIOJHSEMBIE HajJ Ode-
PeAsAMM, aHAJOTMYHE! omepaTopaM CTeKoB. CyIecTBEHHOE OT/IMUMe MEXKAY HUMH COCTOMT
B TOM, YTO BCTABKA HOBBIX 3JIEMEHTOB OCYIIECTBJISIETCA B KOHEI COMCKa, a He B HAYaJo, KaK
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B cTeKax. KpoMe Toro, pasjiuyHa yCTOABIIAACS TEPMUHOJIOTHS AJIS CTEKOB M ouepeneidl. Ml
6yAeM MCOOJL30BATH CACAYIOIME OepaTophl AJs paGoThl ¢ OUepefsaIMH.

1. MAKENULL(Q) ounmaeT ouepeas @, fejas ee IyCTOM.

2. FRONT(Q) — dyHKOHNs, Bo3Bpamaiomiasa MepBLI 3JeMeHT ouepean Q. MoxkHO peasn-
30BaTh 3Ty PyHKUIUIO ¢ moMoIbio oneparopoB cuucka kak RETRIEVE(FIRST(Q), Q).

3. ENQUEUE(x, Q) BcTaBiseT sJeMeHT X B KoHem ouepean Q. C mOMONIBI0 OIEPATOPOB CIM-
CKa 3TOT OIEePaTOp MOYKHO BBHIIOJHUTH caemyiomuMm obpasoM: INSERT(x, END(Q), Q).

4. DEQUEUE(Q) ynanser nepBulid sjemeHT odepenu Q. Takoke peanmsyeM C IOMOIIBIO
onepatopoB cuucka kak DELETE(FIRST(Q), Q).

5. EMPTY(Q) BosBpamjaeT s3HaYeHHEe true Torga ¥ TOJBLKO TOTAA, KOrga @ ABAAETCA myc-
TO# oYepenbIo.

Peanuzanus odepeneii ¢ NOMOIIbIO yKa3aTeiei

Kak u p1a crekoB, Jio6ad peanmsanusa CIUCKOB AONYCTHMAa IJs NpPeACTABIEHUsS OYe-
peneit. OgHako yInThHIBag OCOGEHHOCTH OuyepenHd (BCTABKA HOBHIX 3JIEMEHTOB TOJBLKO C OZ-
HOTo, 3ajlHEr0, KOHIIA), MOKHO peanusoBaTsh oneparop ENQUEUE 6Gonee adpdexTuBHO, YeM
npu o6OLITHOM IIPEACTABJIEHHM CIMCKOB. BMecTo mepeMelneHMsd COMCKA OT Hadaja K KOHIOY
KaXXAR pad Opy MONOJHEHAM OoYepeAy MBI MOXKEM XPaHUTh yKasaTeldb (MJIH Kypcop) Ha
nocJegHUK aJleMeHT OYepeau. Kak u B ciiyuae co cTeKaMy, MOYKHO XPaHHTH YKasaTeJlb HA
HAYaJIo COMCKA — AJA oyepefeil 3TOT yKasaTeab OyAeT IOJe3eH IIPH BHIDOJIHEHUM KOMAH
FRONT u DEQUEUE. B assike Pascal B kauecTBe 3arojioBKa MOXXHO HCIOJIL30BATh JUHA-
MHAYECKYIO IePEeMEHHYIO ¥ IIOMECTHTh B Hee yKa3aTeJb Ha HAYAJO ouepegu. OTO IO3BOJIAET
ya0o6HO OPraHN30BATh OYUILIEHHE OYepeau.

Ceituac MBI PaCCMOTPHM DeaJM3alyio odepefeil ¢ MCIOJB30BAHMEM yKasaTejeidl ABBIKA
Pascal. Yuratens MoxeT paspaboTaTh aHAJOTMYHYIO PEAIM3AINHIO C IPUMEHEHHEM KYpCo-
PoOB, HO B ciyuae ouepefeit MBI ¥MMeeM BO3MOKHOCTH Gosiee 3ddexTnBHOro ux (ouepepeit)
npeAcTaBleHWs, OCHOBAHHOIO HAa MacCHBaX, ¥ C HENOCPEACTBEHHHIM MCIIOIL30BAHHEM YKA-
3aTesei, yeM MPH IIONLITKE MOAETHUPOBaHMA yKasaTesieil ¢ IOMOIIbI0 KypcopoB. B koHme
3TOro pasfena MBI OGCYAMM TaK’Ke peaJM3anuIio ouyepejeil Ha OCHOBE TaK Ha3bIBA€MBIX
“nuKandyecknx MaccuBoB”. Jlna Hauana peanusanuu odepefeil ¢ MOMOI[bI0O MacCUBOB He-
o6xoauMoO cenaTh o6bABIEHUE AYEEK CIeAYIOIMUM o0pasoM:

type
celltype = record
element: elementtype;
next: T celltype
end;

Teneps MOXXHO OIpPeAeIHTh CIMUCOK, COAEpIKalquil yKasaTean Ha HAYaIO U KOHeN oue-
penu. IlepBoit sauefiKoM ouepenu ABJIsAETCA AYeMKa 3aroJOBKa, B KOTOPOil moise element
HMTHOPHpPYETCA. ITO INO3BOJAET, KAK YKas3hlBAJIOCH BbIllle, YOIPOCTHUTH IIpeACTaBJIeHHE AJIA
mo6oit ouepesu. Mul onpenensem AT QUEUE (Ouepeas)

type
QUEUE = record
front, rear: T celltype
end;

B snucrmare 2.10 npescTaBieHs OPOrpaMMBI AJIA OATH ONEPATOPOB, BHIMOJHAEMBIX HAJ
ouepegamu. B nponesype MAKENULL nepshiit onepaTop new(Q.front) onpegensier JUHA-
MHYECKYIO IlepeMeHEYI0 (A4ediky) Tuma celltype u HasHauaer eit agpec Q.front. Bropoit

oIepaTop 3TOi IpOLEAYPHl 3aJaeT 3HAYEHHE HOJIA next 3Toil Adeiiku Kak nil. Tpetuit ome-
paTop fejlaeT 3aroJIOBOK AJfA NEePBOil U NocjefHEH AueeK odepenu.
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IIpouenypa DEQUEUE(Q) yaanser nepBblil 3JieMEeHT M3 odepeay @, “orcoeamHAA” cTa-
PHI# 3aroJIOBOK OT ouepenu. IIepBEIM 3/IeMeHTOM CIIICKA CTAHOBUTCS HOBad AWHaMUdecKasd
mepeMeHHasa SYeMKHU 3ar0JIOBKA.

JIncTanr 2.10. Peann3anmus onepaTopoB ogepeneii

procedure MAKENULL (var Q: QUEUE ) ;
begin
new(Q.front); { cosmanue suelixu 3aTOJIOBKA }
Q.frontT.next:= nil;
Q.rear:= Q.front
end; { MAKENULL }

function EMPTY ( Q: QUEUE ): boolean;
begin
1f Q.front = Q.rear then
return (true)
else
return (true)
end; { EMPTY }

function FRONT ( Q: QUEUE ): elementtype;
begin
if EMPTY(Q) then
error('Ouepens mycTa')
else
return (Q. frontT.nextT.element)
end; { FRONT }

procedure ENQUEUE ( x: elementtype; var Q: QUEUE );
begin
new(Q.rearT.next) ;
Q.rear:= Q.rearl.next;
Q.rearT.element:= x;
Q.rearT.next:= nil
end; { ENQUEUE }

procedure DEQUEUE ( var Q: QUEUE ) ;
begin
if EMPTY(Q) then
error('Ouepens mycra')
else
Q.front:= Q. frontT.next
end; { DEQUEUE }
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Ha puc. 2.10 moxasaH pesyJIbTaT HOCJELOBATEIHHOIO IpuMeHeHus KomaEn MAKENULL(Q),
ENQUEUE(x, @), ENQUEUE(y, @) u DEQUEUE(Q). OrMeTHM, YTO IOCTE MCKJIIOUYEHUS M3
ouepeau oneparopoM DEQUEUE(Q) aneMeHTa X OH OCTaeTcA B moJe element syeiiku 3aro-
JIOBKA, HO IepecTaeT GHITh YACTBLIO OYepenH.

Peannzanus ouepenei C NOMOLIBIO HUKJIHIECKHMX MACCHBOB

Peanmnsanuio CHUCKOB IOCPEACTBOM MACCHBOB, KOTOpas paccMaTpPHBajJach B pasfese
2.2, MOXHO IPUMEHMTH AJIA Odepefeil, HO B JAaHHOM CJydYae 9TO He PANMOHaabHO. Heikcr-
BHTEJBHO, C IIOMOILIBLIO YKA3aTeJNs Ha MOCHeAHHMIH 3JIeMEHT odYepeAH MOYKHO BHINOJHHUTH
oneparop DEQUEUE 3a ¢uKCHpPOBaHHOE YHCJO MIAroB (He3aBHCHMOE OT AJHUHEL odepenu),
Ho onepatrop ENQUEUE, KoTophIil yaansgeT UepBHIil 3JeMeHT, TpebyeT mepeMeIeHna BCeX
3JIEMEHTOB OouepeAr Ha OfRY mo3unmio B MmaccuBe. Taxum o6pasoM, ENQUEUE umeer Bpe-
MA BhINOJHeHMA (n), rae n — JJIAHA OYepeAH.

MAKENULL(Q)

Q. front —]
Q.rear

ENQUEUE(x, Q)

Q. front
Q.rear —J

ENQUEUE(y.Q)

Q. front
Q.rear

DEQUEUE(Q)

[ » X y °
Q. front 4
Q.rear !-)

Puc. 2.10. Botnoanernue nocredosamenbHocmu onepamopoa

YTo0n! N30€)KATh ITHX BRIUMCJINTENbHBIX 3aTPaT, BOCIOJb3yeMcs ApPyruM mogxomgoMm. Ilpex-
CTaBHM MACCHB B BUAEe IUKJIWYECKON CTPYKTYpPHI, I'ie IepBas A4yeiKa MaccHBa CJIEZYEeT 3a
mocJegHell, KaKk IOKa3aHO Ha puc. 2.11. OneMeHTHI oYepeAr PacIoJaraloTca B “kpyre” sde-
€K B IOC/E0BaTe bHBIX HO3NIUAX', KOHeN Ouepefd HaXOGUTCA IO YacoBOil CTpe]Ke Ha OIpe-
JIeJICHHOM PacCTOSHMH OT Hadasa. Temeph AJisi BCTABKM HOBOI'O 9JIEMEHTA B OYepeAb AOCTATOYHO

! OrmernmM, uTO “mociefoBATENLEOCTS” (HEIPEPHIBHOCTH) MOBMIUMA 37eCh TOHAMAETCA KAK “IHK-
JudecKas HempepwBHOCTh”. Hampumep, ouepear m3 deThipex 3JeMEHTOB MOXKET IOCJIeXOBATEJbHO 3A-
HUMATH ABe IOCJeAHHNe U ABe IepPBhle AYefKH MaccHBa.
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IePEeMeCTHThL YKasaTelb Q.rear (yKasaTeib Ha KOHEN odepeay) Ha OAHY IMOSUMMIO IO YacOBOM
CTpeJIKe M 3aIMCATh 3JIeMEeHT B 3Ty mosumuio. IIpy yaaseHMM ajleMeHTa M3 ouepefy HaZLO IIpo-
CTO IIePEMECTHTh yKasaTesJb Q.front (ykasaTenbh Ha HAYAJIO OYepeAw) IO JacOBOH CTpesike Ha
ogHy mosummio., OTMeTVM, 49TO IIPH TAKOM IIpeAcTaBJeHMM odepeau omepatopnl ENQUEUE
u DEQUEUE srinosEAioTcs 3a GUKCHUPOBaAaHHOE BpeMsl, HE3aBHCUMOE OT AJIMHLI OYepenu.

EcTh OfHA CIO0XHOCTb IPEACTABIEHUA odepefeil ¢ MOMOIMBIO IMKIMIYECKHX MaCCHBOB U
B JIOOBIX BapHAIMAX 3TOr0 IpeACTaBJIeHNMs (HampuMep, KOTJa yKasaTelb Q.rear yKasblBa-
€T 10 JaCOBOif CTpesKe Ha IO3UIHIO, CAEAYIOINYIO 3a IOCJAeJHUM 3JIEMEHTOM, a He Ha caM
nocnenBuil aneMent). Ilpo6ieMa 3akjai049aeTcss B TOM, 9TO TOJBKO NOo GOpMaibHOMY OPH-
3HAKY B3aHMHOTO PACHOJIOXKEHHMA yKasareieil Q.rear u Q.front Helb3A CKasaTh, KOrla ode-
penpb mycTa, a KOrja 3amojHuiIa Bech maccuB. (KoHeuHO, MOXKHO BBECTH CHEIHAILHYIO ITe-
PEeMeHHYIO, KoTopas OyZeT NpUHHMMATH 3HaueHHMe true Torga M TOJBKO TOrja, Korjga
ouepenb OycTa, HO €CJM MEI He COGMpaeMCA BBOAUTH TAKYIO IIePEeMEHHYIO, TO HeoOXO0ZUMO
IpPeAyCMOTPETh MHEIE CPEACTBAa, IpefoTBpaINaloniye IepernoJHeHNe MacCHBa. )

maxlength
o 1
2
Tk
o 2 .o
g / //;,
Q.rear < 77

\\/i | Q.front
ovyepedb

Puc. 2.11. Peanusayua ouepedu nocpedcmeom YUKIULECKOZ0 MACCUBA

Yro6ul pazofpaThca B 3TOi mpobiemMe, MPEAIONIOMKNM, 9TO OYepeab COCTOUT U3 maxlength
aseMeHTOB (puc. 2.11), T.e. mosaHOCTHIO 3amoyHMIa MaccuB. Torma yxkasaTenn Q.rear ykasbl-
BaeT Ha IDOBUIUIO PAAOM ¢ Q.front, HO HAXOAAINYIOCS NPOTHUB 4YacoBoi cTpeaku. Yro Gyzer,
ecau ouepens mycra? Yrobml yBHAETH NpeAcTaBlIeHUE IIYCTON ouepeAu, CHAdaja IIOJIOMKMM,
4YTO OYepeAb COCTOMT M3 OofHOTO 3jeMeHTa. Torga ykasatenu Q.rear u Q.front yKaseBaoT Ha
OAHY M Ty e mo3unuio. Ecay MBI yJaJluM M3 ouepefH 3TOT 3JleMeHT, TO yKasaTeab Q.front
IepeMeCTHTCS HA OAHY IIO3HILIHUIO II0 YacOBOM CTpeJKe, opOopMiAA NMycTyio odepelb. Takum
o6pa3oM, B ciy4yae IIycTOM ouepeAd yKasaTesb Q.rear yKasnlBaeT Ha MO3UIMIO pAJoM ¢ Q.front,
HaXOJAINYIOCA IPOTHUB YaCOBOM CTPEJIKH, T.€. TOYHO TaK ’Ke, KAK M IpH MOJHOM 3all0JHEeHWH
maccuBa. Orciofia ciefyeT BHIBOA, 4YTO 0e3 BBeNeHMA KAaKUX-IM00 MeXaHHW3MOB ONpPeReJIeHUA
IIyCTHIX odepejell MIpH MaKCHMAJILHON AJUHE MaccuBa maxlength MBI He MOYKeM IIO3BOJIATDH
ouepeau uMeth 6osee maxlength — 1 ameMeHTOB.

Teneps mpefcTaBMM NOATH KOMAHJ, BBINOJHAEMBIX HAZA OuepeAsMH, WMCIOJIb3YIOLIUMK
OIMMCaHHYIO peanusanuio. @opMalbHO OUepenH 3eCh ONPeAeNAIoTeA CleAyIoIIUM 00pasoM:

type
QUEUE = record
elements: array[l..maxlength] of elementtype;
front, rear: integer
end;

CooTBeTCTBYIOIME NPOHEAYPHl NOKa3aHbl B JucTuHre 2.11. ®yaxnus addone(i) nobas-
JAeT eAUHUNY K HO3ULHY i B “IUKINIECKOM” CMEBICIe.
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JIncruar 2.11. Pearm3anus ouepeneii ¢ moMOMIbIO MUKIHIECKHX MACCHBOB

function addone ( i: integer ): integer;
begin
return( (i mod maxlength) + 1)
end; { addone }

procedure MAKENULL ( var Q: QUEUE ) ;
begin
Q.front:= 1;
Q.rear:= maxlength
end; { MAKENULL }

function EMPTY ( var Q: QUEUE ): boolean;
begin
if addone(Q.rear) = Q.front then
return (true)
else
return(false)
end; { EMPTY }

function FRONT ( var Q: QUEUE ): elementtype;
begin
if EMPTY(Q) then
error('Ouepens mycras')
else
return(Q.elements[Q. front])
end; { FRONT }

procedure ENQUEUE ( x: elementtype; var Q: QUEUE );
begin
i1f addone(addone(Q.rear)) = Q.front then
error('Ouepent mnosiHas')
else begin
Q.rear:= addone(Q.rear) ;
Q.elements(Q.rear] := x
end
end; { ENQUEUE }

procedure DEQUEUE( var Q: QUEUE );
begin
if EMPTY(Q) then
error('Ouepens mnycras')
else
Q.front:= addone(Q. front)
end; { DEQUEUE }
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2.5. OToOpaxkenus

Omobpascenue — 3T0 GYHKIOUA, oNpefieJleHHAass Ha MHOXKecTBe 3JeMeHTOoB (obsacTu on-
penesieHud) oxgHoro tuna (6yaeM oboznauaTh ero domaintype — Tun obiacTi ompeaeseHus
GYHKOEN) ¥ OpUHUMAIOmAasa 3HAYCHHA M3 MHOXKECTBA 3JIeMeHTOB (06/acTH 3HaYeHHU) ApY-
roro THIA, 3TOT THN 0003HAYHAM rangetype — THm o6jacTH 3HaYeHHMH (KOHEYHO, THIH
domaintype u rangetype moryr cosmagats). Tor dakT, uro oTobpakemue M CTABHAT B CO-
oTBeTcTBHE 3jeMeHT d Tuna domaintype us obiacTu onmpejesieHUs 3JIeMeHTy I' TAIA range-
type n3 obsacTy 3HaueHuil, GyaeM samucHIBaTh Kak M(d) = r.

Hexoroprie orobpaskenuss, mojgobHnie square(i) = iz, JIETKO peajin30BaTh C IOMOIILIO
dyHKOUil ¥ apupMeTUIECKUX BRIpaKeHUH sA3nika Pascal. Ho gas mMHorux orobpasxeHuit
HEeT OYeBUAHEIX CII0CO6OB peajM3anyuy, KpoMe XpaHeHHA JJIA Ka)kaoro d sHadeHusa M(d).
Hanpumep, nasa peanmsanuy (QPyHKIHHM, CTaBAmedl B COOTBeTCTBMe paGOTHMKAM HX He-
IeJBbHYIO 3apILIATy, TpeOyeTcsa XpaHHTh TEKYIIHil 3apaboToK Ka)kaoro paboTHHKa. B KoH-
1Ie 3TOro pasfesjia MEI ONKIIEM METOALI peajus3amuy TaKUX GyHKOuii.

PaccMoTpuM omepaTopsl, KOTOpPhle MOKHO BHIDOJIHHMTHL HAaJ oToOpakeameM M. Hanpu-
Mep, IO 3aflaHHOMY 3JeMeHTy d Tuma domaintype MbI XoTMM moayuuTth M(d) mau ysHaTs,
onpezgeneso au M(d) (T.e. y3HATb, IPHHAAJIEKUT JIU djeMeHT d obgacTn onpepeaerus M).
HUnu xoTuM n06aBUTH HOBEIE 3JIEMEHTHI B TEKYINYIO 00JIaCTh onpegeneHNMs M ¥ IOCTaBUTh
UM B COOTBETCTBHE 3JJ€MEHTHI M3 ob6sacTu 3HaueHumit. OueBHAHA TaKke HeOOXOLUMOCTH
MMeTh OIepaTop, KOTOpHI mameHssn Gnl 3HaueHme M(d). Kpome Toro, Hy»XHO CpPeACTBO
“o6HyJIeHNA” oToOpaskeHHs, ImepeBogsamiee Jio6oe oToOpakeEne B nycmoe omobpaxcenue,
T.e. TaKoe, y KOTOpOro o6JacTh ompegesieHHA mycra. Hammy moskesaHuA MOXKHO 0606IUTH
B CJeAyIOINUe TPH KOMAHALI.

1. MAKENULL(M). Oenaer oToGpaskerne M nycTHIM.

2. ASSIGN(M, d, r). lenaer M(d) paBEEIM r He3aBUCHMO OT TOro, kak M(d) GOm0 ompe-
ZleJIEHO paHee.

3. COMPUTE(M, d, r). BosBpammaer 3HaueHMe true M npucBanBaeT IepeMeHHOI r 3Ha-
uerne M(d), ecim mociexHee onpefeseHo, U Bo3spamaer false B mpoTHBHOM ciaydae.

Peamm3auus oToOpaxenuii nocpecTBOM MaCCHBOB

Bo MHOrMX ciryyasiX THI 3JIeMEHTOB OOJIACTH OIpefesIeHUS OTOOpasKeHMS ABJIAETCA IpO-
CTBIM THUIIOM, KOTODPBIA MOXXHO HCIIOJNB30BATh KaK THUI HHAEKCOB MaccuBoB. B sswike Pascal
TUOH HMHIEKCOB BKJIIOYAIOT BCe KOHEYHHIE MHTEPBAIBLI HEJLIX umces, Hanpumep 1..100 wim
17..23, CTPOKOBBIH THI, ANANA30HEI CHMBOJIOB, HOZOOHBIe 'A’..'Z', M HeYHCJOBBHIE THIBI, HA-
IpHEMeED ce8ep, 80CMoK, 102, 3anad. B 4acTHOCTH, B IIPOrpaMMax KOAMPOBAHUA MOKHO IIpHMe-
HUTH oTo0pakeHue crypt (umdpartop) ¢ MHOKecTBoM 'A’..'’Z' ¥ B KadecTBe 00JACTH ompefesie-
HHAdA, ¥ B Ka4YecTBe 00/1aCTH 3HAYEHWI, Tak 4YTO crypt(mekcm) Gyaer KOgGOM TEKCTa meKcm.

Takue OTOOpa)XeHMA NOPOCTO PEaJU30BATh C IOOMOINbI0O MACCHBOB, IpeAmoJaras, 4TO
HeKOTOphle 3HAYEHWs Tuma rangetype Moryr umMeTh cTaTyc “Heompenener”’. Hampumep,
s oToGpaskeHud crypt, ONMCAHHOrO Bhlie, 00JACTh 3HAYEHMII MOXKHO OOpEAEINTH HHA-
ye, yeM 'A'...'Z’, ¥ HCHIOJNIL30BATH CUMBOJ 2’ 1 0603HaUeHUs “Heompejesern”.

IIpegmonosxuM, 4YTO 3JeMeHTHI 006JIaCTH ompejesNeHHA M o6JacTH 3HAYCHUII MMEIT
cooTBeTcTBeEHO THOH domaintype m rangetype m uro Tun domaintype sasasercsa 6aso-
BeIM THOOM #3hiKka Pascal. Torga Tmon MAPPING (OroGpasxeEme) MOXHO OO'bABHATH CJe-
AyIOIOUM 00pa3omM:

type
MAPPING = array[domaintype] of rangetype;

IIpegmosaras, uro “HeompefesieH” — 3TO KOHCTAHTA THMHA rangetype M 94TO KOHCTAHTHI
firstvalue u lastvalue paBHH HepBOMY M HOCIeZHEMY 3JeMEHTY OGIACTH OIpeXeeHHs’,

! Hanpumep, firstvalue = ‘A’ u lastvalue = 'Z’, ecin 061aCTh ONpefe]eHHs COBIALAET C MHOMe-
ctBom ‘A7,
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MOXKHO DeaJIH30BaTh TPH IePeuMCIeHHBIX BHINIE OIlepaTopa, BHIIOJHMAEMBIX Haj oToOpa-
JKeHHSMH, KaK IIOKa3aHo B jJucTuHre 2.12.

JIncTuar 2.12. Peaiu3anys onepaTopoB 0T00pakenHii OCPEACTBOM MAaCCHBA

procedure MAKENULL ( var M: MAPPING );
var
i: domaintype;
begin
for i:= firstvalue to lastvalue do
M[1i] := HeompenmeneH
end; { MAKENULL }

procedure ASSIGN ( var M: MAPPING; d: domaintype; r: rangetype);
begin
M[d] := r
end; { ASSIGN }

function COMPUTE ( var M: MAPPING;
d: domaintype; r: rangetype): boolean;
begin
if M[d] := HeonpenesneH then
return (false)
else begin
r:= M[d];
return (true)
end
end; { COMPUTE }

Peanuzanus 0To0paxeHHii moCpeICTBOM CIMCKOB

CymieCcTByeT MHOro peajH3anuil OTOOGpaYKeHHMil ¢ KOHEYHO 06JacThIO OmpexeseHUs.
Hanpumep, BO MEOTMX CHTYAOUAX OTJINYHEIM BHIGOPOM GYAYT XSmI-TaGJIMIEI, KOTOPBIE MBI
paccMotpuM B riase 4. JIpyrue oroGpaskeHus ¢ KOHEUHON 00JIACThIO OMpeAeseHHA MOXKHO

OpEeACTABUTh B BUAe cuucka map (d,, rp), (ds, r2), ..., (di, 1), TRE dy, dg, ..., dy — Bce Te-
KyIoue 3JeMeHTHl 06JIaCTH OIpeneleHus, a ry, I's, ..., Iy — 3HAYEHUS, aCCOIMUPOBaHHEBIE
cd; (i=1, 2, ..., k). lanee MOXHO HCIOJb30BATH JIO0YIO PEAJIM3AIMIO CIKCKOB.

A6ctpakTaaiit THn aaEENX MAPPING MoXKHO peajn3oBaTh KaK CIIMCOK THoa ele-
menttype, ecnu caenaso o6’bABICHHE
type
elementtype = record
domain: domaintype
range: rangetype
end;
u 3aTeM o0baBieH Tun MAPPING rtak, kak Mul panee o0bABaaau tun LIST (aneMeHTOB
Tunoa elementtype), 1 B cooTBeTcTBMH C TOH peanusanuei COMCKOB, KOTOPYIO MBI BHIODAJIH.

B snucrtunre 2.13 npuBefeHH! JHCTHHTH TPeX OIepPaTOpOB OTOOpaykeHWA, 3alMCAaHHEIE Ue-
pes onepaTopsl couckoB tuma LIST.
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JInctaar 2.13. Peamm3amis oTo0paxkenns NOCPeICTBOM CIHCKOB

procedure MAKENULL ( var M: MAPPING ) ;
{ Touno Taxas %e, xak M OIS CIMCKOB }

procedure ASSING ( var M: MAPPING; d: domaintype; r: rangetype );
var
x: elementtype; { napa (d, r) }
p: position; { mcnomesyercs mns nepexoma no cnMcky M }
begin
x.domain:= d;
X.range:= I;
p:= FIRST(M);
whill p <> END(M) do
if RETRIEVE(p, M).domain = d then
DELETE (p, M)
{ymansercs snemenr co 3Hauenmem d B nosne domain)}
else
p:= NEXT(p, M);
INSERT (x, FIRST(M), M)
{ mapa (d, r) momemeHa B Havano COmMcka }
end; { ASSIGN }

function COMPUTE ( var M: MAPPING;
d: domaintype; var r: rangetype ): boolean;
var
p: position;
begin
p:= FIRST(M);
whill p <> END(M) do begin
if RETRIEVE (p, M).domain = d then begin
r:= RETRIEVE (p, M).range;
return (true)
end;
p:= NEXT (p, M)
end;
return(false) { d ue npuHaznexmuT OBJACTM ONpeIeNeHMs }
end; { COMPUTE }

2.6. CTekn u peKypCHBHbIE NPOLIEXYPbI

Creky HAXOAAT BAXKHOE NMPMMEHEHHUE [IPH PeaM3allii PEKYPCHUBHEIX IMPONEAYp B A3KIKAX
oporpaMMApoOBaHuA. OpzaHuU3aYUA 6bINOLHEHUA Npoyedyp B A3HIKAX IPOrPAMMHUDOBAHUSA
COCTOMT B 3a8JJaHMH CTPYKTYD JAHHEIX, KOTOphlE MCHOJB3YIOTCH AJIA XPaHEHUs 3HaueHUH
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OporpaMMHEIX IePeMEeHHBIX BO BpeMsdA BHINOJHEHHA IPOrpPaAMMEI. Bce ABHIKM IPOrpaMMHUpPO-
BaHUsA, NOOYCKAaIOIINe PeKYPCHBHEIE IPOIEAYPhl, HCIOJb3YIOT CTEKH GKMUBAYUOHHLLX 3ANnU-
ceil {yiA XpaHeHUA BCeX 3HAUYEHUH IlepeMeHHHIX, OPUHAMIEKAIIUX Ka)KHKO# aKTHBHOHM IIpo-
nexype. IIpu BuI3oBe mpouexyphl P HOBafg aKTHBAMOHHASI 3allUCh AJS 3TOH IpomeAypH
IoMeImaeTcd B CTEeK HE38BMCHMMO OT TOrO, €CTh JIX B CT€Ke APYTMe AKTHBAIMOHHEIE 3aIMCH
ana nponeayphl P. TakuM ofGpasom, M3BjeKas AKTHBAIMUOHHYIO 3allMCh M3 CTEKa AJA II0-
cJIeAHEero BHI30BA MpOIeAYPHl P, MOXKHO YIPaBJAThH BO3BPATOM K TOYKE B IporpaMmMe, M3 KO-
Topoi#t P BHI3bIBANACH (3T TOUKA, Ha3kiBaeMad adpecom éo3eépama, MOMeINAETCA B aKTHBAIM-
OHHYIO 3aIIUCh Nponexyphl P IpH BBI30BE 3TOH HPOLELYDHI).

PexypcuBHEBIEe BLIZOBHI IIPOLIEAYD YIPOIIAIOT CTPYKTYPY MHOruX nmporpamMm. Ho B HekoTo-
PHIX fA3BIKAX OPOrDAMMMPOBAHHS HIpONmeAypHBEIE BHIZOBHI Gosiee “moporme” (o BpeMEHH BBI-
NOJHEHWA), YeM HemOCPEACTBEHHOE BLINOJHEHHME ONEpPATOPOB, IO3TOMY MIPOrpaMma MOXKeT
paboraTs OmICTpee, eciM M3 Hee MCKJIIOYUTHh PEKYPCHBHLIC IPOLEAYPHl. 3feCh MBI He BRICTY-
maeM B MOAJEPXKKY 06g3aTeJbHOr0 UCKJIIOUEHHSI PEKYPCHBHBIX WJIM KAKUX-JIH60 MHBIX IPO-
LeAyP, O9€Hb YaCTO CTPYKTYPHAS IIPOCTOTa HIPOrpaMMEI BaKHA He MeHee, UYeM ee MaJjioe Bpe-
Ms BHIOOJHeHHs. Ha mnpakTHke ORIBAIOT CHUTYalMH, KOIZA IOCJHE pEaHM3ANUAM YACTH
IPOrPAMMHOI'O ITPOEKTA BO3BHHKAET HEOOXOAUMOCTh MCKJIOYHUTh PEKYPCHIO, 1 OCHOBHAS HeJb
aTOro OGCYKAECHUA 3aKJIIOYAETCA TOJHLKO B TOM, YTOORI MOABECTH K BOIPOCY O TOM, KAK MOJXK-
HO peofpa3oBaTh PeKYPCHBHYIO IPOLEAYPY B HEPEKYPCHUBHYIO C IOMOINBIO CTEKOB.

IIpumep 2.3. PaccMOTpPHM peKYpCHMBHOE X HEPEKYDPCHBHOE DEIIeHHs YIPOIIEeHHOH Bep-
CHH KJIaCCHYECKOH 3adayu 0 panue, The MBI UMEeM yesesoe 3HayeHue t 1 KOHEYHOe MHO-
JKECTBO IOJIOXKHMTENbHEIX HEJHX 6eco8 W, Wy, ..., W,. HeobXoAMMo onpeaeauTh, MOXKHO
JIA U3 MHOJKECTBA BeCOB BHIODATh TAKOH MX HabOp, YTOOGH MX CyMMa TOYHO DaBHAJIACH Be-
anuube t. Hanpumep, ecam ¢ = 10 ¥ MHOXXeCTBO BeCOB COCTABJISAIOT umciaa 7, 5, 4, 4 u 1,
TO MOKHO BHIOpDATH BTOPOIl, TPETHH M HOATHIA Beca, MOCKOJIBKY 5 + 4 + 1 = 10.

B nucrurre 2.14 npexcraBiena dyHxknus knapsack (paHem), paGoTapomas ¢ MacCHBOM
BecoB weights: array[l..n] of integer. ®yaxuua knapsack(s, i) ompegenser, CymecTByeT
Ju Habop BecoB M3 MHOXKECTBa BecoB OT weights[i] mo weights[n], cyMMa KOTOPBIX paBHA 8,
H eCJIA ecTh, TO II€daTaeT 3TOT Habop BecoB. B wacTHOM ciayuae, Korga s = 0, mycToe MHO-
JKEeCTBO BECOB CUMTaeTcsa peuleHumeM. Ecau s < 0 miu i > n (BBIXOA 3a 3alaHHOE MHOMKECT-
BO BECOB), TO CYUTAaEM, UTO pellieHNe He CYIEeCTBYeT UM He HalaeHo (QyHKOousa knapsack
Bo3Bpamaer 3HaueHue false).

Eciiu B OfMH M3 MepeuYNCICHHBIX CIydaeB K TeKyIneil CUTyalmyu He IPDHMEHUM, TO CHOBA
BHIBEIBaeTca knapsack(s — w;, i + 1), 4T06BI DOCMOTpETH, CYIIECTBYET JH pelleHHe, KOTOpoe
BKJIIOYaeT Bec Ww;. Ecx B 3TOM CiIydae pelleHue CYIIeCTBYET, TO OHO ABJISETCS M pelleHueM
HMCXOAHOM 3aJauM; 3TO pPelleHMe, BKJIOYas W;, pacuedyaTbiBaeTcd. Ecau pelmeHus HeT, TO BbI-
sniBaeTca GyHKIUA knapsack(s, i + 1) aua noucka pemenus 6e3 yuactus seca w;. O

JIncTunr 2.14. PekypcuBHOe pelieHne 331294 O paHne

function knapsack ( target: integer; candidate: integer) :boolean;

begin
(1) if target:= 0 then
(2) return (true)
(3) else 1f (target < 0) or (candidate > n) then
(4) return (false)
else { wmercsa pemenne c u 6e3 candidate }
(5) if knapsack(target-weights|[candidate],candidate+1) then
begin
(6) writeln(weightsl[candidate]) ;
(7) return (true)
end
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else { BoaMOxHOe pemeHue Ge3 candidate }
(8) return (knapsack(target, candidate + 1))
end; { knapsack }

Hckmouenne “KoHueBbIX” peKypcHid

YacTo MOXKHO YHMCTO MEXAaHWYECKH MCKJIOUHUTL IIOCJEeAHUI BLHI30B NMPOLEAYPH caMoi
ce6s. Ecau nponeaypa P(x) Ha mociegHeM Imare BhI3BIBaeT P(y), TO 3TOT BHI30B MOXKHO 3a-
MEHHUTh ONEPATOPOM IPUCBAMBAHUA X := Y U NOCIEAYVIOMINM IePeXoAoM B HAYaJO KoAa IIpo-
uenypsl P. 3necs y Moxker OBITh BHIDA’KE€HHMEM, a X AOKHO OPUHUMATh 3HaYeHHUe, T.€. ITO
3HaueHHE XPAHUTCA B JOKAJIbHOH nepeMeHHOi. Eciau npoumeaypa MMeeT HECKOJBKO Iapa-
MeTPOB, TO C HUIMH HAJO MOCTYIHUTh TOYHO TaK Ke, KAK OMMCAHO AJA X U Y.

OnucaHHas cxeMa BRI3LIBAET IIOBTOPHOE BHIMOJIHEHHE IPOLEAYPHl P ¢ HOBHIM 3HAYeHUEM
mapaMeTpa X ¢ TOYHO TAKMM JKe KOHeYHHIM 3ddexroM, Kakoil 6bIM1 Obl IPH PEKYPCHBHOM
BaI3oBe P(y) u BosBpaTe u3 3roro BeI3oBa. OTMeTHM, UTO TOT (aKT, YTO HEKOTOPHIE JIOKAJIb-
Hble IIepeMeHHbIe mpouneAypsl P NpMHMMAIOT HOBBle 3HAYEHUS, HE HMeeT MOCJIEeACTBUA, ITO-
CKOJIbKY IIpOolLlefiypa ysKe He JOJKHA MCIOJb30BATh CTAPHIX 3HAUEHMI 3THX IIepeMeHHBIX.

IlopoGHEI BapMaHT MCKJIIOYEHHS PEKYPCHBHOIO BBHI30BA MOYKHO IPOMJLIIOCTPHPOBATH Ha
npuMmepe JucTHHra 2.14, rae nocneguuit mar dyEknuu knapsack Bo3BpamjaeT pesyabTaT pe-
KYPCHBHOI'O BBI30Ba 0e3 mapaMeTpoB. B Takoil cuUTyanMu Taxike MOMKHO 3aMEHHTH BBIZOB
omepaTopaM# IpHCBaMBaHUA 3HAYEHMI mapaMeTrpaM M IePeXoAoM B Hadajdo Koja GyHKOIUH.
B nanHOM coryuae cTpoky (8) B aucTHHre 2.14 MOYKHO 3aMEHUTH CJIEAYIOLIMMY OII€PATOPaAMM:

candidate:= candidate + 1;
goto beginning

rae beginning (Hauasmo) — MeTKa Ha omepaTop cTpokH (1). OTMeTrnM, uTo mapamerp target
He NepenpHUCBAMBAETCA, TaK KaK COXpaHSeT cTapoe 3HadeHHe. IloaToMy NIpOBepKH ero
3HadYeHHs B cTpokax (1) m (3) dakTuueckm He HYKHBI, HeOGXOAMMO TOJILKO IIPOBEPHUTH yC-
JI0BHe, 4TO candidate > n B cTpoke (3).

IlonHoe HCKITIOYeHHe PEKYPCHI

OnucanHas BHINE TeXHUKA NCKJIIOUEHHS DPEKYPCHUBHBIX BHI30BOB IIOJHOCTHIO YAAJIAET
PEKYPCHM TOJBKO TOTAA, KOIla PEKYPCUBHBIE BRI30BHI HAXOAATCA B KOHIE IPOLEAYDP U BhI-
30B OCYINEeCTBAfAETCA B (popme, mMO3BoJsOmeil ero uCKaooYuTh. CymecTByeT Gosee oGImuit
HOAXOM, MO3BOJIAIOINUI mpeoGpa3oBaTh JIIOOYI0 PEKYPCHUBHYIO nponeaypy (4au ¢pyHKOHIO)
B HEPEKYPCUBHYIO, HO 3TOT IOAXOJ BBOAUT OIpeAeseMble II0Jb30BaTeeM CTeKUu. B o6mem
ciIy4ae 3TOT CTeK XPaHHUT cleAylolnee.

1. Texkymmue 3HaYeHAA OapPAMETPOB MPONEAYPHI.
2. Texyniue sHAYEHNSA BCEX JIOKAJLHHIX II€PEMEHHBIX NMPONEAYPHI.

3. Agpec Bo3BpaTa, T.e. ajpec MecTa, KyAa AOJKHO NepeiATH yIpaBjeHHe IOCJe 3aBep-
IMeHUs OpoUenypPHI.

B ciryuyae dpyEkuMu knapsack nonoxenue ynpomaercd. Bo-mepBeIX, 3aMeTHM, 4TO IpH
BCeX BBHI30BaX (NP 3TOM IIPOMCXOAUT BCTABKa 3AIMCH B CTEK) mapamMerp candidate ysesu-
yuBaeTcA Ha eauEmnny. IlosTOMy ME MOXKeM XpaHHUTH 3HaudeHMe candidate Kak riobasb-
HYI0O IE€pEeMeHHYI0, 3Ha4eHHe KOTOPOM YBeJWYMBAETCH HA eAMHMIY IPH BCTaBKe 3aIlHCH
B CTEK M YMEHBIIAETCA HA €AMHUIY NP M3BJeYeHUH 3aIHCH M3 CTeKa.

Bo-BTophIX, clepyiomee yOpoIqeHNe MOYKHO CAeJIaTh, €CAU B CTeKe XPAaHUTL Mogudu-
IMPOBaHHBIM agpec Bo3Bpara. OTMETHM, YTO afpec BO3BpATA AJIA 3TOH (PYHKIIMM MOXKET HAXO-
JUTHECA WIN B APYToii mpomexype, BuidBaBmieil knapsack, wim B crpoke (5), wm B cTpoke (8).
MookHO NpPeACTaBUTH 3TH TPH BO3MOYKHOCTH C IIOMOIIbIO “CTATYCA”, KOTOPHI MOXKET IpH-
HUMATh TPU 3HAYEHMA.
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1. none (ser). IlokaspiBaeT, YTO BEI3OB OCYILIECTBJIEH M3 BHENIHEH OpomeAypHI.

2. included (BkmoueHHHI!). YKa3kBaeT HAa BRI3OB U3 CTPOKH (5), KOTOpasA BKJIIOYAET BEC
weights[candidate] B BO3MOXHOE peIneHHe.

3. excluded (uckialoueHHHIIT). YKa3bIBaeT Ha BEI3OB U3 CTPOKM (8), KOTOpas MCKJIIOYAET
Bec weights[candidate] u3 BO3MOYKXHOro pemeHHs.

Eciim MBI COXpaHMM CTaTyC KaK aipec BO3BpaTa, TO CMOXKEM DacCMATPUBATH target Kak
riobanbHyIo IepeMeRHylo. IIpn usmMeHeHnu craTtyca ¢ none Ha included MBI BBIUMTaeM Bec
weights[candidate] n3 target u npubasiseM ero o6paTHO IPH M3MeHEHMH cTaTyca ¢ included
Ha excluded. UTo6H mOKA3aTh, YTO PEKYDPCHBHO BHI3LIBaeMOil knapsack HaiifieHo pemieHue,
HcIos3yeM riobanbHy0 mepemeHHYI0 winflag (dbaar moGexsr). [loayuus ogun pas 3Hade-
Hue true, winflag coxpaHseT aTo 3HaYeHUe, U3 CTeKa M3BJIEKAIOTCHA 3allMCH, H Te Beca, KO-
Tophle UMelOT cTtaryc included, pacmeuaTeiBalOTCA. B OmMCAaHHON CHTyaImMH CTEK MOXKHO
o0'bABATH KaK CIIMCOK CTaTycoB (statuses) ciegyomum coocoboMm:

type
statuses = (none, included, excluded) ;
STACK = { nomxonsamee oObABIEHME CTeKa }

B smmcruare 2.15 npuBeaeEa HepeKypCHBHas Ipoleaypa knapsack, omepupylomas
¢ MaccuBOM BecoB weights. XoTs 3Ta mpomeAypa MOMeET BHIINOJHATHCH OBICTpee, 4eM MC-
XOJHAS PEKYypCUBHAA MYHKIMA knapsack, HO BUAHO, YTO KOJ ee AJIMHHEEe M OHA TPYAHee
1A moHMMaHHsA. I103TOMY HMCKIIOYeHHEe peKYpCHil cleAyeT HPHMEHATH TOJILKO TOrja, KO-
I'Za CKOPOCTh BBIIIOJHEHUS IPOrpaMMbI ABJIAETCH PeImaloImquM GaKTopoM.

JIacTanr 2.15. HepexypcapHas mponenypa knapsack

procedure knapsack ( target: integer );
var
candidate: integer;
winflag: boolean;
S: STACK;
begin
candidate:= 1;
winflag:= false;
MAKENULL (S) ;
PUSH (none, S);
{ ummumamzaums crexa s paccMmoTpenma weights(l] }
repeat
if winflag then begin
{ u3Bneuenme 3amucu M3 creka u
neuaTb BECOB, BXONAUMX B DelleHMe }
if TOP(S) = included then
writeln(weights[candidate]) ;
candidate:= candidate - 1;
POP (S)
end
else if target = 0 then begin { pewenne najimeno }
winflag:= true;
candidate:= candidate - 1;
POP (S)
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end
else if (((target < 0) and (TOP(S) = none))
or (candidate > n)) then begin { pewenms ner }
candidate:= candidate - 1;
POP (S)
end
else { pemenus noxa Her,
paccMaTpMBaeTCsA CTaTyC TeKymero KaHmmnaTa }
if TOP(S) = none then begin
{ nepBas MoOmHTKa BKIKYUTE KaHIMOATA }
target:= target - weights|[candidate] ;
candidate:= candidate + 1;
POP(S); PUSH(included, S); PUSH(none, S)
end
else if TOP(S) = included then begin
{ MOMNHTKA MCKIIOUMTE KaHIOMOarTa }
target:= target + weights[candidate] ;
candidate:= candidate + 1;
POP(S) ; PUSH(excluded, S); PUSH(none, S)
end
else begin { TOP(S) = excluded;
OTKa3 OT TEeKymero BHOOPa }
POP (S) ;
candidate:= candidate - 1
end
until EMPTY (S)
end; { knapsack }

Ynpaxnenus
2.1. Hamummure ¢ IOMOMILIO ONEPATOPOB CIMCKA IIPOrpaMMYy MeYaTH 3JIeMEHTOB CIIHCKA.
2.2. HamummuTre OporpaMMbl BCTABKM, YAAJIEHUA U IIOMCKA 3J€MEHTOB OTCOPTHPOBAHHOIO
CIIMCKA, MCIIONb3YA AN Pean3anny CINCKAa
a) MacCUB;
6) ykasaTesnu;
B) KYPCOPHI.
KakxoBo BpeMaA BHIMOMHEHHUA KaXXAOH M3 3THX IporpaMm?
2.3. Hanumure nporpaMmy AJs CIAUAHNA
a) ABYX OTCOPTHPOBAHHALIX CIIUCKOB;
6) n OTCOPTHPOBAHHEIX CIHUCKOB.
2.4. Hanwnmmure OporpaMMy o0'beIUHEHMUS CIKCKOB B OXUH CIHCOK.
2.5. PaccMOTpMM MHOTOWIEHEI BHAA P(X) = C,x% + C,x% +---+ ¢, x>, ThAe €1 > €3> ... > €, 2 0.
Takoii MHOro4JeH MOYKHO INPEeACTaBUTHL B BHJE CBABAHHOIO CHOMCKA, Ihe Kaxiaasd
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fAdeiika MMeeT TPHM HOJA: OBHO — Aisa KoaddunueHra ¢;, BTopoe — A NOKA3aTeNd
CTelleHH ¢;, TpeThe — MAJA yKasaTeJd Ha CIeAylOInyio sdeiky. Jas ommcaHHOro
IpeACTaBJIeHENSA MHOTOYJIECHOB HAIMIMUTE NporpaMMy ux auddepeHIMpoBaHHU.

2.6. Hamnumure IporpaMMy CJIOXKEHHS K YMHOXKEHHS MHOIOYJIEHOB, MCIOJb3YS HX
npeAcCTaBIeENe, OONMCAEHOE B YIPaKHEHHH 2.5.

*2.7. IlycTs Adeiikyu oG'bABJIEHEI ClIeAYIOMMUM 06pa3oM:

type
celltype = record
bit: 0..1;
next: T celltype
end;

n
JBorunoe yuciao byb,...b,, roe xaxxaoe b, = 0, 1 MMeeT JecATMYHOEe 3HAYEHME Zbi2"" .
i=1
9TO YUCJIO MOKHO IPEJCTAaBUTh B BHjE CIUCKa by, by, ..., b,. [laHHKIA COUCOK, B CBOIO
ouepesb, OPEACTABMM KaK CBA3aHHBIN cOUCOK Aueek Tuma celltype, ompexenemnoro
Buimre. Hanummure npouenypy increment(bnumber), koropaa npubaBiaser 1 x ABowd-
HOMY umciy bnumber. Coeem: caenaiiTe mpoueaypy increment peKypCcUBHOIA.

2.8. Hanunmure npoueaypy oOMeHa ajneMeATaMu B mo3nuuax p u NEXT(p) ana opocroro
CBASAHHOI'O CIIMCKA.

*2.9. Crenyromas npomeAypa NpegHAa3HayeHa AJs yAAJEHHSA BCeX BXOXKIAEHWI 3jieMeHTa
x B cuucke L. HaifauTe npuuuHy, 0O KOTOPOH 3Ta mpomexypa 6yAeT BHINOJHATHCS
He Bcerja, ¥ yCTPaHUTE ee.

procedure delete ( x: elementtype; var L: LIST );
var
p: position;
begin
p:= FIRST(L);
while p <> END(L) do begin
if RETRIEVE(p, L) = x then
DELETE (p, L);
p:= NEXT(p, L)
end
end; { delete }

2.10. Heo0xoauMO COXPAHWUTH CIMCOK B MaccuBe A, YbH A4YeHKH COZEpXKAT ABa IOJA:
data — p7s 371eMeHTOB U IoJie position — s mO3MOHi (LeJBIX YHCes) 3JeMEHTOB.
Ilenouncnennass nepeMeHHas last (mocjJefHHH) HCIIOAbL3YeTCA IJIST YKA3aHUS TOTO,
YTO CIMCOK cofep:KuTCcA B Adeiikax oT A[l] mo A[last] maccuBa A. Tun LIST ompe-
[eJieH CIeAyIoImMuM o0pasoM:

type
LIST = record
last: integer;
elements: array[l..maxlength] of record
data: elementtype;
position: integer;
end
end;

HanumuTte nponeaypy DELETE(p, L) pia ynajneEus 31eMeHTa B MO3HLUM p. Bkurio-
YyuTe B MPOLEAYPY Bce HEOOXOAMMEIE MPOBEPKM Ha “BHEINTATHBHIE” CHUTYaIWH.
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2.11.

2.12.

2.13.
2.14.

2.15.

2.16.

2.17.

2.18.

2.19.

2.20.
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ITyers L — aT0 coucox tmma LIST, p, ¢ u r — nmoaunuu. OnpegesnnTe kax GbyHKIHUIO
oT n (a1uHEL cnucka L) KonmugecTBo BunoinEeEn# ¢oyEKmumi FIRST, END u NEXT
B CJIeAyIoOmeil nmporpaMMe

p:= FIRST(L);
while p <> END(L) do begin
g:= p;

while g <> END(L) do begin
g:= NEXT(q, L);
r:= FIRST(L);
while r <> g do
r:= NEXT(r, L)
end;
p:= NEXT(p, L)
end;

TlepenumunTe KOX OIEpaTOPOB, BHINOJHAEMHX Haf cnuckamu LIST, B mpepmosoke-
HHUH, YTO Peau3yIOTCA ONHOHAIPABJIEHHEIE CIIUCKHU.

Ho6aBpTe HeOOXOAMMEIE IPOBEPKX HA OMMOKHM B IPONOEAYPH JHCTHHra 2.6.

Eme oxHa peaausanus CIMCKOB IIOCPEACTBOM MaCCHBOB COBIAJAaeT ¢ ONUCAHHOM
B pasfese 2.2 3a HCKJIOYEHHEM TOr0, UTO IPH YAaJEHUH 3jIeMeHTa OH 3aMeHSeTCSa
3HaYeHHeM “yaajieH”, KOTOpoe APYI'MM cHocoGOM B CIHCKEe IOABMTHCA HEe MOJIKET.
IlepennmnTe omepaTopll CIMCKa AJA 9To# peanusauun. Kakme JocTOMHCTBa M He-
JOCTATKY 9TOH peaju3aluy CIMCKOB II0 CPABHEHMIO C MCXOZHOM?

IIpennonoxuM, 4To MBI XOTHM HCIOJIB30BATh JOTAUYECKYIO NEepPEeMEHHYIO [P peasH-
3a0MU o4YepeAu AJA yKasaHUsS TOro, 4To odepeab mycrta. Misamenure oO'bABIEHUA M
OIIePaTOPhl B peau3alMy odepefieil MOCPEACTBOM LMKJIHYECKMX MACCHBOB JJIf HC-
OJb30BAHUA 3TOH mepeMeHHOM. YTO MOXKHO OXKHAATH OT TAKOH parMOHAIN3ALUN?

Ouepedv ¢ d8ycmopoHHuM docmynom — 3TO CIIMCOK, B KOTOPOM A00GaBIATL M yha-
JATH 3JIEMEHTHI MOXXHO ¢ 0o6omx KOHOOB. PaspaforaiiTe peanmmsanum IJs TaKHUX
ouepesieil ¢ UCOOJL30BAHMEM MAacCCHBOB, yKasaTejell X KypcOpoB.

Onpegennre AT/, nogaep:xusalomque oneparopsl ENQUEUE, DEQUEUE (cmM. pas-
nen 2.4) n ONQUEUE. ONQUEUE(x) — dysknonsa, BosBpamiaomas 3HaueHus true
uau false B 3aBHCHMOCTH OT TOro, IPUCYTCTBYET MM HET 3J€MEHT X B O4epeH.

Kax peanmsoBaTh ouepefb, €CJIH dJIEMEHTAMH ABJISIOTCA CHMBOJIbLHBIE CTPOKH IPO-
u3BoJIbHOU ANMMHEEI? CKOJIBKO BpeMeHH Heo0XOAWMO [AJIA Ollepamyy BCTABKHM TaKOTO
3JIEMEHTA B oYepexb?

B opHo#t BO3MOMHOII peaym3amuu odepefiell MOCPEACTBOM CBA3aHHBIX CINCKOB He
HCOOJb3yeTCA AYeiKa 3arojoBKa, a yKasaTesb front ykashlBaeT HEMOCPeACTBEHHO
Ha nepByo sdeitky. Eciu ouepeas mycra, Torga front = rear = nil. Hanumure me-
06xoauMEIe ONIepaTOPHI AJIA 3TOM peasm3amuy ouepefeil. CpaBENTE 3Ty pean3amuIo
C peanusanueii, omucaHHON B pasjesie 2.4, 0 KPUTEPUSAM BpPeMEHHM BHIOOJIHEHHNA,
TpeGyeMoro o6beMa NaMATH M JAKOHMYHOCTH (KPATKOCTH M IOHATHOCTH) KOAa.

B oxzoM BapuaHTe peajJn3anuin oqepeneifl IOCpeaACTBOM NMKJINYECKHNX MacCHBOB 3a-
IIACBIBAIOTCA ITO3MIIMA IIEPBOro dJIEMEHTa U LJINHA Oodepenn.

a) HeoOXOZMMO JIM B 3TOM peaNM3an¥H OTPAHMYIUBATE MJIHHY OYepeqHd YHCJIOM
maxlength — 1?

6) HanWIOHUTe NATH ONEPATOPOB, BEIMOJNHSIEMEIX HAJ OYepeAAMH, AJA 3TOM peasu-
3anuu;

B) CpaBHHTe 3Ty peaJiM3amuio C peajusalueil IOCPeACTBOM LOUKJINYECKHX MACCH-
BOB, OIUCAaHHOM B pasgeine 2.4.
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2.21.

2.22.

a)

6)

B)

r)

n)

Bo3aMOXHO XpaHeHWe ABYX CTEeKOB B OZHOM MacCCHBe, €CJH OZHUH pacHoJaraeTcs
B HadaJle MacCHBA M PacTeT K KOHIY MACCHBa, & BTOPOH pacHojiaraeTcsi B KOHILE
MaccHBa U pacreT K Hauany. Hanuwmurte nponenypy PUSH(x, S) BcTaBKku 3jemMeHTa
x B cTeK S, rae S — OAUWH WX JPYroil CTeK U3 3TUX ABYX CTeKOB. BKiloumre BCe
Heo0XOAMMEIe TPOBEPKH B 9Ty IPOLEAYDY.

MoXHO XpaHHTH k CTEKOB B OJHOM MAacCHBe, €CJM HCIOJL3YeTCA CTPYKTypa AaH-
HBIX, IIOKasaHHAs Ha pmc. 2.12 ana cayuas k = 3. B aToM cayyae MOXKHO Oprasm-
30BaTh BCTABKY M yJaJieHHe 3JIEMeHTOB [JIA KaXXKIOr0 CTEeKa TaK ’Ke, KaK OMHCAHO
B pasgeine 2.3. Ho ecan coyumrest, yro IpH BCTaBKe 3JieMeHTa B cTeK i Bepmmaa TOP(i)
coBmager ¢ “mEoM” mpexbipymero creka BOTTOM(i—1), To Bo3HMKaeT HeEOOXOmH-
MOCTB IIePEMECTHTH BCe CTEKH TaK, YTOOH MEXAY KaXJOoi mapoil CMeXXHEIX CTEKOB
OBLJI 3a30p U3 MYCTHIX AUYEEK MAcCCHBa. B 3TOM ciydae MEI MOXXeM CAeJIaTh BCE 3a30-
PHl OAMHAKOBEIMK MJIM OPONOPIHOHATILHBIMHU JJHMHE COCEJHEro ¢ 3a30poM cTeka (u3
TEOpHH cjeayeT: 4yeM OoJsibIle CTEK, TeM BeposATHee B Oiamkaliimem OyaymeM ero
POCT, a MBI, €CTECTBEHHO, XOTHM OTCPOYHUThH CJIEAYIOIIYI0O PEOPraHM3aIUI0 MacCHBa).

B OPEANOJIOKEHUN, YTO €CTh HPONEAypa reorganize (peopraEu3aiua), BhI3bIBAEMAaA
OpY BO3HMKHOBEHMM “KOHGIMKTOB” MEXAYy CTeKaM#, HANMIOATE KOA AJA IATH
OIIePaTOPOB CTEKAa;

HANUIINATE OPOUEAYPY reorganize B NPEATIONOKEHUH, UTO yKe CYIIeCTBYeT IpOoLeny-
pa makenewtops (coenaTh HOBBle BePINMHBI), KOTOPAs BHYMCIASET newtopfi], — HoOBYIO
HOSNOUIO BEPIIMHEI CTEKA i A Beex i, 1 <i < k. Cogem: OTMETHM, 4YTO CTEK i MOXKET
nepeMemaThCA KaK BBEPX, TAK M BHHU3 IO MaccuBy. EciM HOBas NOSHUMA CTEKa j 3a-
XBaTHIBAET CTAPYIO IMOSHIMIO CTEKa i, TO CTEK i HAJO NEPEMECTHUTh PaHbIIE CTEKAa j.
Paccmarpusasi cTeKu B mopsgke 1, 2, ..., k, co3gaguMm eme CTeK “ueieil”, xaxaas
“nenp” OymeT mepeMeInaTh OTAENBHBIA KOHKDETHHIH cTeK. Ecim crek i Mo)xHO 6Geso-
NaCHO IIePEMECTHUTb, TO IIepeMeIleHUEe BBIMOJHAETCA M IOBTOPHO PacCMATPHBAETCA
CTeK, yell HoMep HAXOAMTCA B BepiumHe cTeka meseil. Ecam crek i Henb3a mepemec-
THTh, HE 3aTPAI'MBAA APYTHX CTEKOB, TO €r0 HOMEDP IOMEIAETCA B CTeK Iieseii;

Kakasa DOAXOAAIIAf peaju3auus Jia crexa ueneid? HeobGxoaumo Jm gias aToro mc-
HOJIb30BaTh COMCOK M3 LIEJBbIX YHCEeJ MJIM MOXXHO BOCIIOJIB30BATBLCH 00Jiee IPOCTOM
peannsanuei?

peanmayiiTe mpouenypy makenewtops Taxk, 4TOOBI IIDOCTPAHCTBO mepej KaKABIM
CTeKOM OBUJIO IPOIOPIMOHAJNIBLHO €ro TEeKymed AJIuHe;

KaKue M3MeHEeHHA HAJO0 chejaTh B cxeMe puc. 2.12, uTobnl ee MOXKHO OBLIO IIPH-
MEHHUTDb [IJIf ouepefei? A JJIsl IPOU3BOJbHBIX CIHUCKOB?

0 ” 7 /?/// 7
1 — crek 1
3 cTek 2
i AH 0"
1 — N7
cTek 3
BEPLNHbI Maccus

Puc. 2.12. PacnonoxceHue HeCKONbKUX cme-
K08 8 0OHOM Maccuee

YIIPAYKHEHUS 7



2.23. HNamennre peanusanum onepatropoB POP m ENQUEUE us pasgenos 2.3 u 2.4 Tak,
uTOOLI OHM BO3BpAIllaj¥ 3JIEMEHTH, yAajleHHble COOTBETCTBEHHO M3 CTeKa M odepe-
au. YTo Heo6XOAMMO CHejIaTh, €CJIM 3JeMeHT MMeeT THN AAaHHLIX, KOTOPHH GyHK-
YA He MOXKeT BEPHYTH?

2.24. VicoonbayiiTe CTeK AJIA NCKJIOYEHNSA PEKYPCHBHBIX BHI30OBOB M3 CJIEAYIOMUX IPOLERypP:
a)
function comb ( n, m: integer ): integer;
{Bw-mcnel-me GuHOMMANBHEIX KosbduimenTor C, npu 0Sm<n u nZl}
begin
if (n=1) or (m= 0) or (m = n) then
return (1)
else
return(comb(n - 1, m) + comb(n - 1, m - 1))
end; { comb }
0)
procedure reverse ( var L: LIST );
{ otpamenme crmcka L }
var
Xx: elementtype;
begin
if not EMPTY (L) then begin
x:= RETRIEVE (FIRST(L), L);
DELETE (FIRST(L), L);
reverse (L) ;
INSERT (x, END(L), L)
end
end; { reverse }

*2.25. MOXHO /M HMCKJIOYUTH TOCJEJHUE PEKYPCHBHHIE BHI3OBHI M3 IpOrpaMM IIpuMepa
2.24? Eciu M0OXXHO, TO Kak?

bubinorpadpuueckne npuMedaHus

Kanra [63] comepXuT NOIOJIHHTENBLHBIH MaTepHa IO peaTu3alMsaM CIINCKOB, CTEKOB
u ouepefieil. MHorne sA3LIKM OporpaMMupoBaHmns, HanpuMep LISP m SNOBOL, moamep:xu-
BalOT COMCKM B yaob6HOM dopme. Cm. paGorrr [80], [86], [94] u [117], comepkamue ucTO-
pUYecKHe CIpPaBKM U OIHCAHHAA TAKUX S3LIKOB.
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I'JIABA 3

HepeBnsa

IlepeBba mpeAcTaBiAOT co00d MepapXUIEeCKyI0 CTPYKTYDPY HEKOM COBOKYIIHOCTH 3JIEMEHTOB.
3HaKOMBIMM BAM IIpHMEPAMH J€DPEBLEB MOTYT CJIY)KHUTh I'eHEaJIOTMyeCKHe ¥ OpraHU3aIlUOH-
HBle AuarpaMmiul. JlepeBbs MCIOJB3YIOTCH HPH AHAMM3E 3JEKTPUYECKHX Iemeil, nIpu mpex-
CTABJIEHUM CTPYKTYp MaTeMaTWdecKHX (opmyn. OHM Takke eCTeCTBEHHHIM IIyTEM BO3HHKA-
0T BO MHOrHMX ofJacTAX KOMIBIOTEDHHRIX HayK. Hampumep, AepeBbs MCHONBIYIOTCA IJIA
opraEusanuy HHEGOpMAOMH B CHCTEeMaX yOpaBjieHHs 6asaMy NAHHEIX K AJIA OpeACTABJICHUS
CHHTAKCHYECKHX CTPYKTYP B KOMIMJIATOpax mporpaMM. B riase 5 onmcaEo mpmMeHeHHe fe-
PeBbeB AJIA MPEACTABJCHUSA NAHHEIX. B 3TOM KHMIe BB BCTPETHTECH CO MHOIMMM IpHMepPaMH
ZepeBbeB. B aToii riaBe MBI BBeZieM OCHOBHBIE OIpejesieHus (TEPMHUHOJIOTHIO) M IPEACTABHM
OCHOBHEIE OIIEPATOPhI, BHIIIOJHAEMBIE HAZ AEPEBHIMH. 3aTeM OIMIIEM HEKOTOphie Hawubojee
YaCTO HCHOJIb3YyeMbie CTPYKTYPhI MAHHBIX, OPEACTABIAIONIUX [AepeBbA, M IOKaXeM, Kak
aanbosee 3¢ heKTUBHO PeaN30BaAThL ONEPATOPHI JePEBLEB.

3.1. OcHOBHas TEPMHHOJIOTHS

JlepeBo — 3TO COBOKYIIHOCTH 3JIEMEHTOB, Ha3bIBaeMBIX y3.amu (OAUH M3 KOTOPHIX OI-
pefeneH Kak KODeHb), ¥ OTHOmIEHHH (“pOAUTENHCKUX”), 00pasylommuXx HepapXHIECKYIO
CTPYKTYPY Y3JI0B. Y3JhI, TAK K€, KAK M 3JIEMEHTHI CIIMCKOB, MOT'YyT GRITH 3JIEMEHTaMH JIIO-
6oro Tuma. Mu yacto GyaeM m3oOpaskaThb y3abl GYKBaMM, CTPOKAMHM MM yuciaamu. Pop-
MaJIbHO Jepes0 MOYKHO PEKYPPEHTHO OIpeAeJHTh CIeAYIOMUM 00pas3oM.

1. OpuH y3es ABIAETCHA AePEBOM. JTOT JKe y3eJl TaKiKe ABISETCH KOPHEM 3TOrO JepeBa.

2. Iycts n — ato y3en, a Ty, Ty, ..., T, — OepeBbA C KOPHAMM Ny, Mg, ..., Ny COOTBETCT-
BeHHO. MO0XHO IIOCTPOHTHL HOBOE ZIepeBO, CAEJAB 7l POJMTENEM Y3JIOB T, Mg, ..., Ny B
aroM AepeBe n 6ymer xopuem, a T, Ty, ..., T) — noddepesvbamu dTOTO0 KOPHA. ¥3JIBI
ni, Ny, ..., N; HA3LIBAIOTCH CLLHOBLAMU Yy3J1a .

YacTo B 3TO ompejesieHHe BKJIIOYAIOT HOHATHE HYJe60z0 depeea, T.e. “mepeBa” 6e3 ya-
JIOB, TaKoe fiepeBO0 MH OyAeM 0603Ha4aTh CHMBOJIOM A.

Ilpumep 3.1. PaccMOTpMM oOrjasjieHMe KHUIHM, CXeMaTHUeCKHM IpPEACTaBJIeHHOEe Ha
puc. 3.1, a. 910 oriaBjeHNe ABJIAETCS AEePEeBOM, KOTOpoe B Apyroil ¢opMe IOKasaHO Ha
puc. 3.1, 6. OTHOmeHNe POAUTENL-CHIH OTOOpaKkaeTca B Bufe JUHUM. JlepeBbsi OGBITIHO pH-
CYIOTCA CBepXy BHHUS3, KaK Ha puc. 3.1, 6, Tak, 9TO POAUTENN PACIIOJAralOTCS BhIle “mereii”.

KHura Knura

P1.1

P1.2 M ™m.2 m.3

/N /

P2.1.1 P11 P1.2 P21 P22P23
P2.1.2
P22 / \
P23 P2.11 P21.2
m.3
a (&)

Puc. 3.1. Oznasrenue KHuzu u ezo npedcmasaerue 6 eude depesa



KopaeM sToro mepesa siBnsiercsa ysex KHuza, KOTOpPHIA HMeeT TpH HOAAEepPeBa COOTBET-
CTBEHHO ¢ KOpPHAMH I'n.l, I'n.2 u I'a.3. 3TA OTHOIIEHUS MOKA3AHEI JUHHAMH, HIYIIUMHA K3
KopHA Knuza k ysnam I'a.l, I'n.2 n I'n.3. VYsen Kuuza asnserca pogureneM ysaoB I'a.l,
I'n.2 u I'n.3, a 3TH TPH y371a — CHIHOBLAME y3Ja Knuza.

TpeTbe noaxepeBo, ¢ KopHeM I'1.3, COCTOMT M3 OZHOTrO y371a, OCTAJbHBEIE ABa MOAAEpeBa
HMeIOT HeTPUBHAJIBHYIO CTPYKTYpy. Hanpumep, noxgepeBo ¢ kopEeM I'1.2 B CBOIO ouepexb
HMeeT TPH HOoAAepeBa, KOTOphle COOTBETCTBYIOT pasjgenaM Kmurm P.2.1, P.2.2 n P.2.3; mo-
cllef[He OBa MOAAEepPeBa MMEIOT II0 OJHOMY Y3J1y, B TO BpeMs KaK IIepBOe MMeeT ABa HOJX-
JepeBa, COOTBETCTBYIOIMHe moApasaenam Kuuru P.2.1.1 u P.2.1.2. O

IIpumep 3.1 moxkassiBaeT THUOMYHEIE JaHHBIE, NJIA KOTOPHIX HAMJIYUYIINM IpENCTABJIE-
HHeM OYAYT AepeBbd. B 3TOM NpHMepe POAUTENLCKHE OTHOMIEHHWS YCTAHABIMBAIOT NMOAYH-
HEHHOCTh TJIAB M pa3fe/ioB: POAUTEILCKHM y3es CBA3AaH C y3JaMM CHIHOBeH (M yKasnIBaeT
Ha HUX), Kak ys3ea Kunuza mogummser cebe ysawl I'n.l, I'n.2 u I'n.3. B 3T0if KHHArEe BEHI
BCTPETUTE MHOT'O PA3JHYHEIX OTHOIIEHWIl, KOTOphle MOXXHO NPEACTABHUTHL C IOMOIIbIO PO-
AUTEJIBCKUX OTHOIICHUH ¥ NOJYMHEHHOCTH B BUJE JEePEBLEB.

ITymem u3 y3aa n; 6 ysen n, HABKIBAETCA IOCIEAOBATEILHOCTDL Y3JIOB 7y, Mg, ..., Mg,
rae and Bcex i, 1 <i <k, y3ea n; ABIAeTCA POAUTENEM y3Ja N..i. JAUHOL nymu Ha3bIBa-
eTcs YMCJIO, HA eWHUNY MeHbIIee YHCJA Y3JI0B, COCTABJAIOIMMNX 3TOT NyTh. Takmm obpa-
30M, IyTeM HYJEBOH AJUHKLI OyaeT myTh u3 awoboro yana K camomy cebe. Ha puc. 3.1 my-
TeM AJUHEL 2 6yAeT, HanpmMmep, OyTh OT yana I'a.2 x yany P.2.1.2.

Ecinu cymecTByeT nyTh M3 y3J1a @ B b, TO B 3TOM CJy4ae y3eJl a4 HA3LIBAETCS NnpedKom
ysna b, a ysenx b — nomomrxom ysna a. Hanpumep, Ha puc. 3.1 npeaxkamu yaiaa P.2.1 6y-
AYT cileRyomue yausl: caMm y3ea P.2.1 u ysnbl I'a.2 u Knuea, Toraa Kax IOTOMKaMH 3TOT'O
y3Jja ABAAIOTCA onaTh caM y3ex P.2.1 n yanm P.2.1.1 u P.2.1.2. OrMeTHM, 4TO JII000M y3eu
ONHOBPEMEHHO ABJISAETCA M MPEeAKOM, M IOTOMKOM caMoro cefs.

IIpenok MaM HmOTOMOK y3ja, He ABJAIOMMECA TAKOBEIM CaMoro ceGs, HasbIBaeTCA UC-
MUHHbLLM npedKom WIHA UCMUHHbLLM NOMOMKOM COOTBETCTBEHHO. B JepeBe TOJBKO KOpeHb
He MUMeeT UCTHHHOTO IpefKa. Y3eJ, He MMEIOIMWi NCTHHHLIX MOTOMKOB, HAa3hLIBAETCS JUC-
mom. Teneph moamepeBo Kakoro-iuGo nepeBa MOXKHO ONpPeAeJUTh KaK y3el (KOpeHb IOoJ-
JAepeBa) BMECTe CO BCEMH €ro IIOTOMKAMH.

Bvicomoii y3aa AepeBa Ha3bIBaeTCA AJIMHA CAMOrO AJAHHOIO IYTHM M3 3TOTO y3Jja A0 Ka-
Koro-m6o sucra. Ha puc.3.1 BeicoTa yana I'z.l pasHa 1, yana I'n.2 — 2, a yana I'n.3 —
0. Boicoma depesa coBmafaeT ¢ BhICOTOM KOpPHA. ['y6uHa y3na ompefesseTcd Kak AJWHA
oyTH (OH eANHCTBEHHEBIH) OT KOPHSA [0 3TOr0 y3Ja.

Ilopanok y3ji08

CHIHOBBA y3J1a 00BIYHO YIOPAAOYNBAIOTCA cJeBa Hampaso. IToaToMy ABa ZepeBa Ha pHC.
3.2 pasJMuHB], TaK KaK OOPAAOK CHIHOBEH ys3ja a pasamndeH. EcaM IOPAAOK CHIHOBeH HUr-
HOPHpYeTCs, TO TaKOe AePeBO HA3LIBAETCA HeynopadoueHHbiM, B IPOTHBHOM CJIydae LepeBO

Ha3eIBaeTcA ynopﬂaoueuubt.u.

Puc. 3.2. lea paszauuHvix YynopadoueHHbLX
Oepesa

YoopagounBaEme ciieBa HAPaBoO cbiHoGell (“pOAHBIX AeTeii” OZHOro yaja) MOMKHO HC-

DOJB30BaTh AJIS CONOCTABJEHHA Y3JIOB, KOTODble He CBA3AHL OTHOIDEHUAMM INpPeIKH-
moroMkH. CooTBeTCTByIOIee NMPABUIO 3BYYHT CJIEAYIOIMMM 06pasoM: ecau Y3iaul @ U b aB-
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JIAIOTCA CHIHOBBSMH OJHOTO DOAHUTENA M y3ed a JIEXKHUT 1
cieBa OT y3ia b, To Bce DIOTOMKH y3ja @ 6yAyT HAXOAUTh-
Cs1 CJIEBA OT JIIOOBIX OTOMKOB y3Ja b. / l
IIpumep 3.2. PaccmorpumM aepeBo Ha puc. 3.3. Ysen 8
PacIoJIo)KeH cIpaBa oT y3jia 2, ciesa oT ysuos 9, 6, 10, 4 2 3
1 7, ¥ He UMeeT OTHONIEHUi cIpaBa-cjieBa OTHOCHUTEILHO
npegkos 1, 3 u 5.
CymiecTByeT IIpocTOe IPABUJIO, HO3BOJIAIONIEEe OIpene-
JIUTh, KAKNe Y3Jbl PACIOJOMKEHEI CJeBa OT JAHHOr'O y3Jja S
n, a Kakue — copasa. [IJ1d 3Toro HafO NPOYEPTHTH OYTh / \
OT KOPHA gepeBa Jo y3aa n. Torga Bce y3Jbl M UX IOTOM-
KM, PACIIOJIOXKEHHEIEe CJIeBa OT 3TOro OyTH, GYyAyT Haxo- 8 9
AUTHCA CjleBa OT yaja N, H, aHAJOTHYHO, BCe Y3JBI M HX
IOTOMKH, DPacCHOJIOKeHHEIE CIpaBa OT STOr0 OYTH, OYAYT
HAXOJUTBCA clpasa oT yana n. [0

10
Puc. 3.3. Jepeso

IIpsiMoii, 0OpaTHLI H CHMMETPHYHBII 00X0/IbI IepeBa

CymecTByeT HECKOJBKO CIIOCOGOB 00xoza (OpOXOXKIAEHHs) BceX y3J0B aepeBa . Tpu
Hambosiee YacTO MCIOJb3YeMBIX cmocofa o0Xoza gepeBa HA3HIBAIOTCA 00X00 8 npamMom no-
padxe, 06x00 8 o6pamuom nopsadxe M 06x00 60 6HympeHHeMm nopadkre (LOCIeRHUH BUE 00-
XOZa TaKJKe YacTO HABHLIBAIOT CUMMEMPUYHbLM 00x000M, MBI GyZeM HCIOJB30BATH 00a 3THX
Ha3BaHHWS KAK CHHOHHMEI). Bce Tpm cmocofa 06xXoZa peKypCHMBHO MOXKHO OIpPeAeHuTh CJe-
AYIOIIUM 00pa3oM.

1

e Ecim pepeBo T ABIfAAeTCA HYJIEBHIM JEpPeBOM, TO B CHMCOK 00X0AAa 3aHOCHTCH IycTas
3aIKCh.

e Ecan AepeBo T cocToMT M3 OZHOIrO y3Ja, TO B CIIUCOK 06XOIla. 3alMCBIBA€TCA dTOT y3eJ.

e Jlanee, mycth T — aepeBo ¢ KopHeM n u moggepeBbamMu T3, T, ..., T, KaKk IOKa3aHO
Ha puc. 3.4. Torga Ana pasaMYHBIX cIOCOGOB 00X04a MMeeM CJIeAyIoImee.

1. Ilpm npoxoxdenuu 8 npamom nopsadie (T.e. IPU NPAMOM YnopadovueaHuu) y3jioB fe-
pesa T cmaugasna mocelmaeTcs KOpPeHb N, 3aTeM y3Jbl mogaepesa T';, gajgee Bce Y3JIhl
noggepesa Ty, ¥ T.4. IlocneganMu nocemiaioTcs y3iasl noaaepesa T'y.

2. Ilpu cummempuurom o6xode y3i0B AepeBa T cHavaja NOCEIAIOTCA B CHMMETPUIHOM
nopAAKe Bce YaJaul moaxepesa T, fajiee KOpPeHb 711, 3aTeM IOCJeAOBATEJIHLHO B CHMMET-
PHYHOM HOpsAAKe Bce y3Jbl noanepeBseB Ty, ..., T}.

3. Bo Bpemsa o6xoda 6 o6pamnom nopsadke cHadaja IOCEIIAlOTCH B 0OpaTHOM IOpPSAAKe
Bce y3Jamnl moAgepeBa T, 3aTeM OOCJeAOBaTEeJIHHO IIOCEMIAIOTCA BCe Y3JhI HOAAEPEBHEB
T, ..., T}, TakKe B 06paTHOM MOPAAKeE, IOCIEJHUM IOCEIIAeTCA KOPEHb 7.

B nuctunre 3.1,a nokasaH Ha6poCOK HpomexAy-
psi PREORDER (IIpaMoe ymopsafoduMBaHUE), CO-
CTaBJIAIOmMEN! CIMCOK Y3J0B JepeBa IIpH 00xoje 0
ero B OpAMOM mnopAzxke. YTob6ul m3 3Toil mpoueay-
PHl CAeJaTh IPOUEeAYPY, BHINOJHAKIOYI0 00X0x
JfepeBa B o6paTHOM NOpPALKe, HaZi0 HPOCTO IIOMe-
HATH MecTaMu cTpokH (1) ¥ (2). B nmuctuare 3.1,6
npeacrabieH Habpocok mnpomeaypel INORDER
(BuyTperHee ynopaxodymBaHMe). B aTux mpomeny- ﬁ e e ﬁ
pax IPOM3BOAMTCA COOTBETCTBYIONEEe YHOPAAOUH-
BAHME [ePEBLEB IIYTeM BhIOBA COOTBETCTBYIOMHAX p . g4 lepeso T
OpoueAyp K KOPHIO fepeBa.

! O6xox yasoB JepeBa paBHO3HAYEH YIOPAZOYMBAHMIO IO KAKOMY-IMGO IPaBMIy aTHX yaios. Io-
3TOMY B JaHHOM pasfese Mh GyfeM HMCIOJB30BATh CJ0Ba “00X0x y3/10B” M “ymopsaodmBaHUE y3JI0B”
KaK CMHOHUMHE. — ITpum. ped.
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JIncrusr 3.1. PekypcuBHable Iponeaypsi 00Xo0aa AepeBbeB
a. IIponenypa PREORDER

procedure PREORDER ( n: yzemn );

begin
(1) 33aHeCTM B CIMCOK ofxoma y3enl n;
(2) for mmna xaxmoro CHHa C y3Jla n B IOpAAKe cJieBa Hamnpaso do

PREORDER (c)
end; { PREORDER }

6.

IIponexypa INORDER

procedure INORDER ( n: yzen );

begin

if n — smcT then

3aHEeCTM B CIMCOK obxona ys3en n;

else begin

INORDER (caMelt JIEeBEDZ CHH y3Ja n) ;

3aHEeCTM B CIMCOK obxona ys3eJs n;

for nna xaxmoro CHHA C y3Jja n, MCKJoYas CaMeli JIEBHDA,

B nopsanke ciyeBa Hanpaso do
INORDER (c)

end
end; { INORDER }

Ilpumep 3.3. Cnenaem o6xox mepeBa, IIOKasaHHOro Ha puc. 3.3, B IPAMOM HOPAAKeE.

CHavaJia 3anumem (IIOCETHM) y3eJ
Ja IepBOro nojgaepena ¢ KOpHeM 2.

1, sarem BhI30BeM npouenypy PREORDER ana o6xo-
ITo moAAepeBO COCTOMT M3 OLHOIO y3Jia, KOTOpOe MBI

# 3anuceiBaeM. Jlajee o6X0oAMM BTOpoe IOAAEPEBO, BRIXOAsAIee U3 KOpHA 1, aTo moage-
peBo mMeeT KopeHb 3. 3ammceiBaeM y3ea 3 M BuidmiBaeM mnpoueaypy PREORDER pua
o6xoxa mepBOro moAAepeBa, BRIXOAAMero u3 y3ja 3. B pesyapTaTe moay4uM CIHCOK Y3-
n0oB 5, 8 1 9 (uMeHHO B TakoM mnopsake). IIpogosxkas aToT mpomecc, B KOHIE MBI HOJY-
YUM OOJHHIA CIHCOK y3J0B, IOCemaeMBIX IIPM HOPOXOXKAEHMM B IIPAMOM IMOPALKe WHC-
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”X | \\\\
’
7/ —y o~ N\
{2 &~ - /I 3 <\ \\\ 4\\
- /,/ \\ \ !
———
f/’ ‘, \\\ \\ *‘ :
]
/ 5 I* * 6 ‘\ ‘\ 7II
/ { \ N/
VINY Y
N /
A8,/ N\
\’/ ~o’ |\ 0//

Puc. 3.5. Konmyp depesa

82

xoxHOro gepesa: 1, 2, 3, 5,8,9,6, 10,4 u 7.

IlopoGEBIM 00pa3oM, NpegBapUTENbHO TPEeo0pPa30BaB
nponexypy PREORDER B npoueaypy, BHEIIOJIHAIOOIYIO
o6xof B oOpaTHOM IOpAAKe (KAaK YKas3aHO BBINIE),
MOXKHO IIOJYYHNTH OOpATHOE YIOpAAOYMBAHHME Y3JIOB Je-
peBa us puc. 3.3 B caegyomem Buzge: 2, 8, 9, 5, 10, 6,
3, 7, 4 n 1. Ilpumernasa nponexypy INORDER, moiy-
YUM COHCOK CMMMETPUYHO YIOPSAOUYEHHBIX Y3JIOB 3TO-
ro xe nmepesa: 2,1, 8, 5,9, 3,10, 6, 7 u 4.

Ilpm ofxofe AepeBLEB MOYKHO NMPUMEHMTH CJIEAYIO-
muit none3snll npuem. Hago HapucoBaTh HenpepHIBHBIN
KOHTYD BOKDYT AepeBa, HauMHasA OT KODHSA JepeBa, pH-
cyd KOHTYD HPOTHUB YacCOBOM CTPEJIKM M HOOYepegHO
o6xoas Bce Hapy’KHBIe YACTU AepeBa. Tako# KOHTYD
BOKPYT JepeBa u3 puc. 3.3 nmokasan Ha puc. 3.5.
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IIpu npAMOM YHOpAKOYMBAHMM Y3JIOB HALO IPOCTO 3aIMCATH MX B COOTBETCTBHM C Ha-
PHUCOBaHHBEIM KOHTYpoM. IIpy o6paTHOM ymOpAZOYMBAHHMH IIOCJE 3AIIKCH BCeX CHIHOBEH Ime-
pPexoguM K ux poamuresio. IIpM cuMMeTpMYHOM (BHYTPEHHEM) YHOOPAKOYHMBAHHUY IIOC]e 3a-
IMCH CaMOro IPaBOro JKCTA MBI IePEXOAMM He II0 BeTBM B HAIPABJEHHU K KOPHIO Aepesa,
a K ciaeayiomeMy “BEYTpeHHeMY” y3Jy, KOTODHIi eine He 3anmucadH. Hampumep, ecau Ha
puc. 3.5 yaau 2 B 1 y:Ke 3anucaHbl, TO ME KaK Obl mepeCKaKMBaeM “3aJIUB” MeXKAY y3Jja-
Mu 2 1 3 7 nepexoAuM K y3ay 8. OTMeTHM, YTO IPH JIOO0OM YNOPAAOYMBAHMHU JIMCTHS BCE-
rAa 3alMCHIBAIOTCA B MOPALKE CJeBa HAIPABO, OIPH 3TOM B CIy4ae CHMMETPHYHOI'O YIOpA-
JOYMBAHUSA MEXAY CHIHOBBAMM MOKeT OBITH 3allMCaH popuTeab. []

IToMeueHHbI€ iepeBbs H AePeBbs BbIPAKEHHH

Yacro GeIBaeT MOJE3HBIM COIIOCTABUTHL KaXKAOMY y3ay AepeBa memky (label) mam sma-
YeHHe, TOYHO TaK JKe, KaK MBI B IpeABIAYIIeil IjiaBe COIOCTABJIAJIM 3JEMEHTAM CIHCKOB
ompefeleHHELEe 3HaYeHHA. JlepeBo, Y KOTOPOro y3JIaM COIIOCTABJEHH MeTKH, Ha3bIBaeTcd
nomevenHovim depesom. MeTKa y3ia — 3TO He MMdA y3ja, a 3HaUeHHMe, KOTOpoe “xpaHuTCa”
B y3ne. B HeKOTOpHIX HPUJIOKEHMAX MBI fAa)ke OyZeM HU3MEHATh 3HAYEHUE METKH, IIO-
CKOJBKY MM#A y3JIa COXPAHAETCA MOCTOAHHHIM. Ilosne3Ha cieayiomas aHANOTHS: AepPeBO—
CIIMCOK, y3eJ—I03ULUA, MEeTKA—3JIeMeHT.

IIpnmep 3.4. Ha puc. 3.6 nmokasaHo JepeBo ¢ METKAMH, IpeACTaBiIfolIIee apudMeTHye-
cKoe BeIpaykeHue (a + b) * (a + ¢), rae ny, ..., Ny — AEMeHA y3JI0B (MEeTKH Ha PHCYHKe IIpPO-
CTaBJIEHKI PAJOM C COOTBETCTBYIOIMUMHM y3aamu). IlpaBuiia cOOTBETCTBHS METOK JepEBHEB
3JIeMEHTaM BHIpAKEHUH cjepyioique.

1. MeTka KaKJ0ro JUCTA COOTBETCTBYET ONEPaHAY M COREPYKHT ero 3HadeHue, HalpHMep
y3esa n, NpeACcTaBideT OmepaHy a.

2. Merka KaXXJ0ro BHYTpPeHHero (pOAUTEJLCKOr0) y3Jia COOTBETCTBYeT omneparopy. Ilpen-
TOJIOXKHM, 4YTO y3eJ 7 IoMedeH OMHApPHLIM omepaTopoM O (HampuMep, + wiau *) U Je-
BRI CHIH 3TOro y3Jjia COOTBETCTBYeT BHIpaXkeHHI0 E,, a mpaBmlii — BhIpakeHUIO Ej.
Toraa y3esl n ¥ ero CHIHOBLS IPEACTABJAIOT BhpakeHue (E;) 6 (E;). MoxxHO yaaIATh
poauTesei, eCIM 3TO HeOOXOAMMO.

Hanpumep, ysen n, uMeeT omepatop +, a Jie-
BBIi M OpaBEIl CHIHOBbA IPEJCTABIAIOT BHIPA-
JKeHnsa (omepaHAbl) a B b coorBercTBeHHO. Ilo-
3TOMY y3es n, mpeacrasiader (a) + (b), T.e. a + b.
Vaen n, npexcraBnAer Bepakerue (a + b) * (a + ¢),
IOCKOJILKY OIepaTop * ABJAeTCS METKOH yajia
n;, BHIpAXKEHUA a + b U a + ¢ IpeACTaBAAIOTCSA
y3JaMHE Ny ¥ Nz COOTBETCTBEHHO. [J

Yacro mpu o00xoJe [HEePEeBbEB COCTABJIAETCS
CIIHCOK He HMeH Yy3JI0B, & MX MeToK. B ciyuae
JepeBa BHIpA)KeHUMH OpPM OPSIMOM YIOPSALOYMBA-
HUH [OJYy4YaeM H3BECTHYIO npeukchylo dopmy
BRIDa)KEHUi, I'/le omepaTop IpeAnIecTBYeT U Je-
BOMY, U IIpaBOMy omepanfgaM. lnsa To4HOro omm-
caHEAA NpedUKCHON (GopMbI BhIpaKeHHI cHayasa
HOJIOXKHM, UYTO IpePUKCHBIM BhIPDAXKEHHEM OJH-
HOYHOTO OIEepaHAa a SABJSETCA caM 3TOT ome-
parxa. danee, npepukxcHas popma nas BhpaxkeHud (E;) 0 (Ep), rae 06 — GuHapHHIH omepa-
TOp, uMeeT Bug OP,P,, 3xech P; m P, — npedbukcEne GopMul and Beipakenuit E; u E,.
OTMeTHM, YTO B OpePUKCHHEIX (popMax HET HEOOXOAMMOCTH OTAENATHh MU BBHIAEJIATH OT-
AeJbHBIe Npe(UKCHBIE BBIDAYKEHUSA CKOOKaMH, TaK KaK BCerja MOXKHO IIPOCMOTDPETH Ipe-
dukcHOoe Bhipa)keHHe OP;P; M ompefeauTh €AUHCTBEHHHIM 0o0pasoM P; KaK caMblif KOpOT-
knit npeduKc BhIpakeHUA Py P,.

Puc. 3.6. Jepeso evipaxcenus c mem-
Kamu
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Hanprmep, IpH OpsiMOM YIIOPSAAOYMBAHNHU y3JI0B (TOUHEe, METOK) /iepeBa, IOKa3aHHOIO
Ha puc. 3.6, moayyaeM npedHKcHOe BEIpakeHHe *+ab+ac. CaMBIM KODOTKHM KODPPEKTHHIM
npeduKCcOM AJA BHIpakeHUs +ab+ac 6GyseT npedUKCHOe BHIpaAXKeHUe y3ja ny: +ab.

OGpaTHOe yIOpPAAOYMBAHHME METOK JepeBa BBLIDAXKEHHWI NaeT TaK Ha3bkIBaeMoe nocm-
durcnoe (M1 noavcroe) npedcmasnerue BeipaxkeHui. Bripaxkerne 0P P, B mocTdUKCHOK
¢opme umeer Bupg P,P,0, roge P, nu P, — mocrdukcHEble hopMbl Ansa Beipakenunit E; u E,
cooTBeTCTBeHHO. IIpm ucHonp30BaHMY NOCTGUKCHON (GOPMHE TaKKe HEeT HeOGXOAHMOCTH B
IPUMeHEeHN! CKOGOK, MOCKOJIbKY AJA JIIO60ro MoCTGUKCHOrO BHpa)KeHud PP, 1erko mpo-
CJefNTh CaMBIl KOpoTKHil cydpdurc Py, 94To M OYyZeT KOPPEKTHBHIM COCTABJISIONIAM IIOCT-
¢dukcHRIM BhIpa)keEmeM. Hanpumep, nmocrduxcHas ¢opma BRIpaXKeHHUS [JIs JAepeBa Ha
puc. 3.5 umeer Buxa ab+ac+*. Eciau 3anmcaTh 3TO BeIpaKeHHe Kak P,Py*, To P, (T.e. BHI-
paxkenme ac+) Gyaer caMbIM KOPOTKHM cyddurcom maa ab+ac+ M, cilefoBaTeNbHO, KOP-
PEKTHBHIM COCTABJAIONMM HOCTOUKCHBIM BHIDa*KeHHEM.

IIpy cuMMeTpHuHOM 00X0[€ JepeBa BHIDAXKEHWA IOJYYUM TAK HA3LIBAEMYIO UH@UKC-
HY10 ¢popmy BHIpAKEHHUS, KOTOpPasa COBIAAAET C NPUBBLIYHON “crTaHAapTHOH” dopMoii 3amm-
CH BHIpAXKEHMI, HO TaKiXe He HCHOOJb3yeT CKoOOK. Iaa mepesa Ha puc. 3.6 mHOUKCHOE
BEIpa)KEHHEe 3anuimmeTcsa Kak a + b * a + ¢. Yurarenio mpegsaraerca paspaforaTh ajro-
PUTM 06X0a AepeBa BHIPDAXKEHUI, KOTOPHI Ol BHAABAJ HHOMKCHYI0 GOpPMY BEIpakeHHUS
CcO BceMH HeOOXOAMMBIMM IapaMy CKOGOK.

Bpramciienne “Hac/ieICTBeHHbIX ” TAHHBIX

O6Gxof mepeBa B IPAMOM WX 06paTHOM NOpsAAKE IO3BOJAET IOJYYUTH AaHHBIE 06 OT-
HOIMEHUAX NPEJOK—IOTOMOK y3JIoB aepeBa. IlycTs dyHKIMA postorder(n) BHIUHUCISET IIO-
SHIOMIO y3Ja n B COUCKE Y3J0B, YIOPALOYEeHHBIX B o0paTHOM mopsagke. Hanpumep, aua ys-
JIOB ny, N4 U Ng OepeBa, ONpeAcCTaBleHHOro Ha puc. 3.6, 3HaueHusa sroit dyEKkmum 6yayr 3,
1 u 2 coorBercTBeHHO. Ompezenum Takke GQYHKOUIO desc(n), 3HAUEHHEe KOTOpPOH pPaBHO
YMCIY MCTUHHHIX IOTOMKOB y3JIa I.

9t QYHKOUY MO3BOJAIOT BHEIOOJHUTH PAX MOJE3HHX BhIYMcaeHuit. Hanpumep, Bce y3ibl
moAzepeBa ¢ KOPHEM n 6yAyT mociefoBaTeIbHO 3aHMMATH NO3UIUM OT postorder(n) — desc(n)
R0 postorder(n) B COMCKe Y3JIOB, YIOPAAOYEHHHIX B oOpaTHOM mopsake. A Toro 4ToGh
y3eJ X OBLJI IOTOMKOM y3JIa Y, HaJl0, 9YTOOBI BHIIOJIHAINCH CJIeLYIONIe HepaBeHCTBa:

postorder(y) — desc(y) < postorder(x) < postorder(y).

IlogoOHEIe GQYHKIHE MOXKHO OIpEefeJMTh M [JIA CIHUCKOB Y3JI0B, YVIOPAZOYEHHHEIX B
IPAMOM IOpPALKE.

3.2. A6crpaxTasbiii THN AaHHbIX TREE

B riase 2 cnmcku, cTekm, ouepegH ¥ OTOOpaKeHHMs IOJYYHIM TPAKTOBKY Kak aber-
pakTHele Tunbl gaHHEIX (AT/). B sToit rimaBe paccmorpuMm gepeBbsa Kak AT/l m kKak
CTPYKTYpH! AaHHHIX. OgHO U3 HamboJsiee Ba)KHBIX IPUMEHEHU NepeBheB — 3TO HCIIOJIb30-
BaHMe UX NpH paspaboTke peanmsanuit pasiauyHeIXx ATJI]. Hanpumep, B riaBe 5 MBI mOKa-
’KeM, KaKk MOXKHO HMCIOJIb30BaTh “IAepeBO ABOMYHOro moucka” npu peanmsanmu ATII, ocHo-
BaHHBIX Ha MAaTeMaTHM4YeCKON MoJeJ X MHOMEeCTB. B cieayoomux [ABYX IJlaBaXx OyayT
IpeACTaBJIeHbl MHOIOYMCJIEHHBIEe IIPUMePHl IPUMEHEHUA AepeBbeB IIPM peaJn3amuyl pas-
JNYHBIX a0CTPAKTHBIX THIOB NAHHBIX.

B arom pasgesie MBI IpeACTABUM HECKOJIBKO HOJIE3HBIX ONEPATODPOB, BBITOJTHAEMEIX HAJ
JepeBbAMH, M NOKaXXeM, KaK HCIOJb30BATH 3TH ONEPATOPHl B DPA3JMYHBIX aJrOPHTMAax.
Tak ke, KAK K B CJy4ae CIIMCKOB, MOYKXHO IIPENJIOKHUTH GoJjbmmoit HaGop omepaTopoBs, BBI-
TIOJIHSIEMBIX HaJ JiepeBbAMU. 3eCh MBI DACCMOTPHM CJIeAYIONMe ONepPATOPHI.

1. PARENT(n, T). 9ra dyskuusa Bo3spamaer pogurens (parent) yana n B aepese T. Ec-
JI¥ N ABJIAETCS KOPHEM, KOTODHIA He MMeeT POAUTENs, TO B 3TOM cJyuae BO3BpalaerT-

ca A. 3geck A oGozHadaeT “HyseBoi y3en” M yKashIBaeT HA TO, UTO MEI BEIXOAMM 3a
mpefessl gepesa.
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2. LEFTMOST_CHILD(n, T). JasHas ¢yHKIAA BO3BpPAIMIaeT CAMOTO JIEBOTO ChIHA y3Ja N B
Hfepese T. Ecam n aBisiercA JucToM (M II03TOMY He MMeeT ChIHA), TO Bo3Bpamaercsa A.

3. RIGHT SIBLING(n, T). 9ta ¢yExKuus Bo3BpalmaeT mpasoro 6para ysna n B gepese T
M 3HaYeHWe A, eCJIM TaKOBOrO He CYImecCTBYeT. [l 3TOro HaXOAUTCSA POLUTENDb p yaia
n U BCe CHIHOBBA y3Jia D, 3aTEM CPeAM 3TUX CHIHOBEH HAXOAUTCS y3eJ, PACIIOJOXKEeH-
HEIl HEmOCPEACTBEHHO CIpaBa OT ys3aa n. Hampumep, aas aepeBa Ha puc. 3.6
LEFTMOST_CHILD(n;) = ny, RIGHT SIBLING(n4) = ns u RIGHT_SIBLING(n;5) = A.

4. LABEL(n, T). Bosspamaer MeTKy y3ia n gepesa T. IIJa BLIDOJHEHHS 3TOH QYHKIUK
Tpebyerca, 4ToOLI Ha y3Jax AepeBa GbLIM ONpeneseHbBl METKH.

5. CREATEi(v, Ty, T3, ..., T}) — 3T0 OOnmMpHOE ceMeHCTBO “co3upatommx” GyHKIMI, KOTO-
phle ais kaxporo i = 0, 1, 2, ... co34ar0T HOBEIH KOPEHb I' C METKOM U M jjajee JJIS 3TOro
KOPHSA CO3JaeT i CHIHOBei, KOTOphle CTAHOBATCA KOpHAMU moanepeBbeB Ty, T, ..., T;. 3R
¢dyHKOUM BO3BpaIIaIOT AepeBo ¢ KopHeM r. OTMeTmM, uTo ecam i = 0, To Bo3BpalmaeTca
OAUH y3eJ] r, KOTOPhIfl OXHOBpEMEHHO ABJIAETCA XU KOPHEM, M JIICTOM.

6. ROOT(T) BosBpamjaeT y3eJ, ABiadrmuMca KopHeM gepeBa T. Ecau T — myctoe nepe-
BO, TO Bo3Bpamaercsa A.

7. MAKENULIA(T). 9tor omepaTop ZejaeT AepeBo T myCTHIM JepEeBOM.

Ilpumep 3.5. Hanuimmem pekypcuBHylo PREORDER u Hepexkypcusnyio NPREORDER
mponeayphl 00Xofa JepeBa B HPSAMOM IMOPSIAKEe M COCTABJEHHA COOTBETCTBYIOUIEr0o COMCKA
ero Merok. IlpeAmosIosKUM, UTO AJIA Y3JIOB ONpeAesieH THI NaHHHIX node (ysex), Tak xe,
kak 7 ana Tana JaEEsX TREE (Iepeso), npuuem ATl TREE onpepesieR 4is AepeBheB C
MeTKaMH, KOTOphle HMEeIOT THIO SaHHEIX labeltype (Tum Merku). B nmucrunre 3.2 npusesena
PEeKYPCHBHAA MpPOLEAYypa, KOTopad MO 3aJaHHOMY Y3Jy 7 CO3JAaeT COMCOK B IPAMOM IIO-
PAfKe MeTOK HoAfepeBa, KOPHEM KOTOPOro ABJAETCS y3eJa n. IJAs COCTABICHHA CIMCKA
Bcex y3JyoB AepeBa T Hanmo BeinoaHEUTh BEI3oB PREORDER(ROOT(T)).

JIucTunr 3.2. PekypcuBHas Oponeaypa 00xo/a iepesa B NPAMOM NOpAIKe

procedure PREORDER ( n: node );
var
c: node;
begin
print (LABEL(n, T));
c:= LEFTMOST CHILD(n, T);
while ¢ <> A do begin
PREORDER (c) ;
c:= RIGHT_SIBLING(c, T)
end
end; { PREORDER }

Teneps HanuinmeM HEPEKYPCHBHYIO OPONEAYPY AJA IeYaTH Y3J0B AepeBa B IPAMOM IIO-
pagke. Yro6ul coBepmiuTh 00XOA gepeBa, HCHOJb3yeM cTeK S, yeil Tun ganamx STACK
yxe o6bABIEH KaK “cTek AnA yanoB”. OcHOBHaA Hies pa3padaThEIBaAEMOro ajJropurMa 3a-
KJIIOYAEeTCs B TOM, YTO, KOrZa MhI JOILIM JO y3Ja N, CTeK XPAHHT OYTh OT KOPHA A0 3TOr0
yailla, IpAYeM KOPeHb HAXOAWTCA Ha “IHe” CTeKa, a y3el n — B BepIOIMHe cTeka.l

! MosxHO BepHyThCS K pasgeny 2.6, rae ofcyKaansach pealn3amusA PeKYPCHBHEIX IPOMEAYD C IIO-
MOINBIO CTEKA AKTHBANMOHHHEIX 3amuceil. IIpm paccMorpeEMn jaucTHHra 3.2 HeTPYAHO 3aMETHTH, YTO
AKTHBANMOHHYIO 3allMCh MOYKHO 3aHOCUTH B CTeK IPM KakJoM BhI3oBe nponeaypsi PREORDER(n) u,
3TO IJIaBHOE, CTEK GyJeT coAepikaTh aKTUBAIMOHHbIE 3allMCH IJIA BCeX IPEeAKOB yaaa n.
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OpuE H3 MOAXOAOB K peaju3aluy o0Xoj4a AepeBa B IPAMOM IOpPAAKe MOKAa3aH HAa IIPU-
mepe nporpammbl NPREORDER B auctuare 3.3. 9ta mporpamMma BHIIIOJHAET ABa BHAA
omepauui, T.e. MOXKET HAXOAUTHCA KaK ObI B OLHOM M3 ABYX peXKuMoB. Omepanuy mepBOro
BHUAA (TIePBBIA PEXKUM) OCYIIECTBJIAIOT 06X0A O HANIPABJIEHUIO K IOTOMKAM CaMOIO JIeBOTO
eme He IIPOBEePeHHOro IYTH JepeBa A0 TeX HODP, HOKa He BCTPETHTCH JIMCT, IPU DTOM BHI-
HOJIHSETCA NeYaTh Y3JIOB 3TOr0 OIYTH M 3aHeCeHHE UX B CTEK.

Bo BTOpPOM pexuMe BHIIOJHEHHS NPOTrPAMMEI OCYIIECTBJAETCSA BO3BPAT IO HPOMAEHHO-
My OYTH C IOOYepPeAHEIM H3BJIeYeHHMEM Y3JI0B M3 CTeKa JO TeX IIOp, HOKa He BCTPETUTCH
y3eJ, UMeIoImuii eme “He onrcaHHOro” mpasoro Opata. Torga mporpaMMa OOATH HEPEXOLUT
B IIePBBIA PEXKMM M HCCiIeAyeT HOBBHIA OyTh, HAYMWHASA C DTOr0 mpaBoro opara.

IIporpaMma HauWHaeTCs B IEPBOM peKMMe C HaXO0KACHHS KODHA JlepeBa U onpelesieHnAd,
SABJIAETCS U CTeK ITycTHIM. B nucrunre 3.3 moxasam moJHBIA KOJ 3Toi mporpaMmel. [

Jincuar 3.3. HepexypcusHad nponeaypa 00xo/ia iepesa B IpAMOM HopAIKe
procedure NPREORDER ( T: TREE );

var
m: node; { nepemeHHas AN BPEMEHHOTO XPAaHEHUA y3JIOB }
S: STACK; { CTEeK Y3JIOB, XPaHAUM IIyTh OT KOPHSA MO
pomurensa TOP(S) Texymero yzia m }
begin { unmumammzauma }
MAKENULL (S) ;
m:= ROOT(T) ;
while true do
if m <> A then begin
print (LABEL(m, T));
PUSH(m, S);
{ mccnemomanMe camoro neBOrOC CHHa y3na m }
m:= LEFTMOST CHILD(m, T)
end
else begin
{ =aBepmena npoeepka myTM, comepxameroci B CTEKe |}
if EMPTY(S) then
return;
{ uccnenosanme npaeoro Gpara ys3na,
HaxXOOAWETOoCs B BEepuUMHE CTeKa }
m:= RIGHT_ SIBLING(TOP(S), T);
POP (S)
end
end; { NPREORDER }

3.3. Peasm3anys 1epeBbeB

B srom pasjiesie MBI OpPeJCTaBUM HECKOJIbKO OCHOBHBHIX peau3anuil JepeBbeB U 050}’-
JAMM HMX BO3MOKHOCTH JJIS IOAZEP’KKH OolepaTopoB, BBeIeHHEIX B pasgeie 3.2.
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Hpenc'ramlelme AEPEBLEB C NOMOINBIO MACCHBOB

IIycrs T — mepeso ¢ yanamu 1, 2, ..., n. Bo3M0OXXHO, CAMBIM NPOCTHIM NPEACTABICHHEM
nepeBa T, mogmepxkuBaromquM omepatrop PARENT (Poaurens), 6ymer JUHeHEIH Maccus A,
TAe KakAuliA asmeMeHT A[i] ABisieTcA yKasaTesleM WM KypCcOpOM Ha poauTenas ysia i. Kopens
JgepeBa T oTiMdYaeTcsa OT APYTHX Y3J0B T€M, YTO MMEET HYJIEBOH yKasaTeslb WJIM YKas3aTeshb
Ha caMoro cefs Kaxk Ha poauTensa. B asnike Pascal ykazaTenu Ha 3/1eMeHTHI MAaCCHBA HeMO-
IyCTHMEI, IO3TOMY MbI Oy/ieM MCIOJIB30BaTh CXeMy ¢ Kypcopamu, toraa Afi] = j, ecau ysern j
ABJIAETCA POAUTENEM yaia i, 1 Ali] = 0, ecmt y3eJ i ABIAETCA KODHEM.

/\
/\ /\
AN

a. lepeso

1 2 3 4 5 6 7 8 9 10
Alol1]1]2]2]5[5]5]3] 3]

6. Kypcopbl Ha poguTenen

Puc. 3.7. Jepeso u xypcopv. Ha podumeneil

JlanHOE mpeacTaB/eHHe MCIOJIbB3YET TO CBOMCTBO AEPEBBEB, YTO KaXKABIA y3es, OTIWIHBIN
OT KODHA, UMEeeT TOJHKO OZHOTO poauTens. Mcmoab3ysa 3TO mpeACTABJIEHHe, POLUTENS JII060-
ro yaja MOXXHO HaifTM 3a uKcHpoBaHHOe BpeMA. IIpoxokpenue mo JgoboMy myTH, T.e. Ie-
Pexof 1o y3JaM OT POAUTENS K POJHATENI0, MOXKHO BHIOJHHUTH 338 BpeMs, IPONOPIHUOBATILHOE
KOJIMYECTBY y3J0B IIyTH. A peanusanum oneparopa LABEL MOMXHO MCIONBL30BATH APYTOMH
MaccuB L, B KoropoM aneMeHT L[i] OyaeT xpaHUTH MeTKy yaja i, 1160 0GBABUTH 9JIEMEHTHI
MaccHBa A 3aIHCAMH, COCTOSIIMMHU M3 IeJBIX uces (KypcOpPOB) M METOK.

IIpumep 3.6. Ha puc. 3.7 mokasaHBl fiepeBO M MacCUB A KypCOPOB Ha poguTesei 3ToO-
ro gepesa. OJ

HcnonnsoBaEne ykasaTesleil MaM KYpPCOPOB Ha POAMTENEH He MOMOraeT B peaju3a-
OUHM OOEepATOPOB, TpeGyomux nEGOpPMAaLIo 0 CHIHOBhAX. McIoNb3ysA ONMKUCaHHOE Hpefk-
cTaBJeHHe, KpaiiHe TAMXeJNO AJA JAaHHOTO y3Ja n HAalTH ero ChIHOBeid MiIm ompeaelnTh
ero BeicoTy. KpoMe TOro, B 3TOM cjlydae HEBO3MOXXHO OIIPeAeJUTh IOPAAOK CHIHOBEM
yana (T.e. KaKoi ChIH HAXOAWUTCA IIpaBee HJH JieBee ApPyroro ceia). IloaroMy Heabas
peanusoBaTh onepatophl, noxo6asie LEFTMOST CHILD u RIGHT_SIBLING. MoxHo
BBECTHM HCKYCCTBEHHBIH IOPANOK HyMepamuWH y3JI0B, HAIPHMMEp HyMepamuio CHIHOBe# B
BO3pacTalolieM HmOpALKe cJeBa HampaBo. HMcmoab3ys TaKylo HyMepamuio, MOXKHO pea-
ausoBars omepatop RIGHT_SIBLING, xox axa sToro omeparopa IpPHUBeAEH B JHC-
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tunre 3.4. {na sagaEua TANoB AaHHHX node (ysea) u TREE (IepeBo) mcmoapsyercs
crepymomee o0’bABICHHAE:

type
node
TREE

integer;
array [1..maxnodes] of node;

B 3To#i peasuzanuu MBI OpeAmoJaraeM, YTo HyJIeBOil y3es A mpexacrasieH 0.

JIncanr 3.4. OnepaTop onpeeieHns mpaBoro opara

procedure RIGHT SIBLING ( n: node; T: TREE ) : node;
var
i, parent: node;
begin
parent:= T[n];
for i:= n + 1 to maxnodes do
if T[i] = parent then
return (i) ;
return(0) { npaBest GpaT He HakimeH }
end; { RIGHT SIBLING }

HpeHCTaBJleﬂlle JiepeBbeB C HCNOJIb30BAHHEM CIIHCKOB ChIHOBE#

BaskHBIZA M DOJE3HBIA cOOCO0 NMpeACTABJIEHUS AepeBheB COCTOMT B GOPMHDPOBAHHM AJISA
KaXJOro y3ja CIHCKA ero ChlHOBeil. OTH COMCKHM MOJKHO HIPEACTABUTH JIOOBIM METOAOM,
ODMCAHHHIM B IIaBe 2, HO, TaK KAK YHCJO CHIHOBeH y PasHEIX y3J0B MOKeT OHITH pasHoe,
yale BCero AJif 3THX Iejieil IPUMEHAIOTCA CBA3aHHEIE CIUCKH.

Ha puc. 3.8 mokasaHo, kKaK TaKHM CIOCOOOM IIpeACTABHUTL AepPeBO, H300paKeHHOoe Ha
puc. 3.7, a. 3mech eCTh MACCHB SUYE€EK 3aroJOBKOB, MHAEKCHPOBAHHBLIA HOoMepaMHu (OHM Xe
uMeHa) y3noB. Kaxkaniii 3aronoBok (header) yKasblBaeT Ha CBA3AHHBIM CIIMCOK, COCTOALIUMA
u3 “3eMeBTOB”-y310B. JIeMeHTHl cnucKa header{i] ABAAIOTCA CHIHOBLAMHM y3Ja i, HAIPH-
Mep y3ianl 9 1 10 — crIHOBBA y3ia 3.

1 G2 [ F—{3 1]
; = F—-{5 ]
e o F—{T0] ]
37 F—{e+]
o
9 °
10 °
header

Puc. 3.8. IIpedcmasnenue depesa ¢ nNOMOWsbI0 CEA3AGHHbLX CRUCKOE
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IIpexcne 4eM paspabGaTeIBaTh HEOOXOAUMYIO CTPYKTYPY AAHHBIX, HAM HAJ0 B TePMHHAX
abcrpakTHoro tuna gaEEBIX LIST (coucox y3/0B) chejaTh OTAEAbHYIO PEeaM3anuio CIH-
CKOB CBIHOBEH ¥ IIOCMOTpPeTh, KaK 3TH aGCTpaKOUM COIJIacyloTcA MeXAy coGoii. ITosgmee
MBI YBUOUM, KaKMe YIOPOHIeHHWSA MOKHO cJejlaTh B 3THUX peanusanuax. Haumem co cire-
AYIOIMUX OO'BABICHUH THUIOB:

type
node = integer;
LIST = { cooTBeTcTBylmee oNIpefdesieHne OJISA CIOUCKA y3JIOB };

position = {coorTBeTcTByKmEe onpenmeneHve Mmo3uULMT B CrIMCKax);
TREE = record

header: array(l..maxnodes] of LIST;
labels: array[l..maxnodes] of labeltype;
root: node

end;

Mm mpepmosiaraeM, 4TO KOpPeHb KaXAOro AepeBa XPAaHUTCH OTAeJbHO B IIoje root
(xopensb). [lnsa o603HaAYeHNs HYJIEBOro y3ja ucroabayercda 0.

B nucrunre 3.5 npeacrasnen kop dpyaxkmun LEFTMOST CHILD. Ynrarens B kadecTse
YIOpaXKHeHUS MOXKET HAIMCATh KOJBI APYTHX OIepaTopOB.

JIncunr 3.5. OyBEKHA HAXOXKIECHHS CAMOr0 JIEBOT0 ChIHA

function LEFTMOST_CHILD ( n: node; T: TREE ): node;
{ BozBpamaer camoro neBoTO ChHa y3Jla n nepeea T }
var
L: LIST; { cxopommchb Ojs COMCKa CHHOBel yasia n |}
begin
L:= T.header|[n];
if EMPTY(L) then { n saBnsercs smcToM }
return(0)
else
return (RETRIEVE (FIRST (L), L))
end; { LEFTMOST_CHILD }

Teneps mpeACTaBEM KOHKDETHYIO peausamuio couckoB, rge tunbl LIST m position
MMEIOT THUI IeJbIX YHces, HOCHeJHHEe HCIOJb3YIOTCA KaK KYpCOphl B MacCHBe 3amuceil
cellspace (obnacThb f4eek):

var
cellspace: array[l..maxnodes] of record
node: integer;
next: integer
end;

Jnsd yOpomjeHMA peasyM3amuyl MOXKHO IIOJIOXKHUTbH, UTO CIHACKH CHIHOBeill He MMEIOT g4e-
eK 3arojoBkosB. TouBee, MB momecTuM T.header{n] HemocpeACTBEHHO B IEPBYIO AYEHKY
COHCKa, KaKk mokaszaHo Ha puc. 3.8. B smucrunre 3.6 mpeacrapieH ImepenucaHHHM (c yue-
TOM 3Toro ympomenusa) Koj dysxkumm LEFTMOST CHILD, a Tak:e IIOKasaH Koj (PyHK-
nun PARENT, ucmnons3yoomuyii gaHHOe IpeACTaBIeHME CIOMCKOB. Jdra GyHKnua Gosee
TPYAHA MJIA peayiM3aliiy, TAK KaK oIpedesieHHe CIIMCKAa, B KOTOPOM HAXOAUWTCA 3aJaHHBIN
y3eJ1, TpedyeT IPOCMOTPA BCEX CIIMCKOB ChHIHOBEIi.
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JIncranr 3.6. @ynknun, HCIOIB3YIONMEE HPEACTABICHHE IePeBbeB NOCPEACTBOM
CBSI3aHHBIX CIIHCKOB

function LEFTMOST CHILD ( n: node; T: TREE ): node;
{ Bo3Bpamaer camoro meBoro chHa ya3na n mepesa T }
var
L: integer; { kypcop Ha Haualo CIMCKa CHHOBel ys3na n }
begin
L:= T.header|[n];
if L = 0 then { n saBnsercsa ymcToMm }
return (0)
else
return (cellspace[L] . node)
end; { LEFTMOST CHILD }

function PARENT ( n: node; T: TREE ): node;
{ Bo3Bpamaer pomurens ysma n nepesa T }
var
p: node; { npoberaer BO3MOXHHX POmMTENelt y3na n }
i: position; { mpoGeraer cmmcoxk chHOBelt p }
begin
for p:= 1 to maxnodes do begin
i:= T.headerl(p];
while i <> 0 do { mpomepxa Ha Hamuume CHHOBEN y3ya p }
if cellspace[i] .node = n then
return (p)
else
i:= cellspaceli] .next
end;
return (0) { pomuresr He HalineH }
end; { PARENT }

IIpencrasiienne JieBbIX CHIHOBEH H MPaBbIX OpaTheB

Cpeau MpoYNX HEJOCTATKOB ONMCAHHAA BHILIE CTPYKTYpa MAHHLIX He IO3BOJIAET TAKIKe
¢ nomombio oneparopoB CREATE: cosgaBaTh Gosbmue AepeBbs M3 MAJBIX. OTO ABJIAETCS
CJIGACTBHEM TOr'0, UTO BCe J€PeBbA COBMECTHO HCHOJBL3YIOT MACCUB cellspace pna mpepn-
CTaBJeHUs CBABAHHBIX CIMCKOB CHIHOBEH; IO CYTH, KaKJ0e NepeBO MMeeT COOGCTBeHHLIH
MacCHB 3arojIOBKOB /MJiA CBOHMX Y3J0B. A IpHM peaju3allMy, HaOpHUMep, oIepaTopa
CREATE2(v, T,, T,) Hano ckonupoBaTh AepeBbia T'; U Ty B TpeThe JepeBO U A06aBHUTH HO-
BHI# y3€JI ¢ METKOI U M ABYX €ro ChiHOBe# — KOpHU AepeBnseB T; u T\.

Ecs MBI XOTHM HOCTPOHTH 0OJILIIIOE ZlepeBO Ha OCHOBE HECKOJILKHX MaJIbIX, TO JKeJa-
TeJbHO, YTOOBI BCce y3aJBl BCeX JePeBhEB Pacmojiarajluch B ogHOM obmieit obaacTu. Jloruue-
CKHMM NPOAOJKEHHEeM NpeACTaBJIeHHMs JepeBa, IOKA3aHHOro Ha puc. 3.8, Gyzer sameHa
MaccHBa 3aroJIOBKOB HAa OTAEJbHHIA MaccuB nodespace (00JaCTh y3JI0B), COAep Kamuil 3a-
NHCH C IPOU3BOJLHBIM MECTONOJIOXKEHMEM B 3ToM MaccuBe. Comep:kuMmoe moas header
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3THX 3aluceil COOTBETCTBYeT “HoMepy” ys3ia, T.e. HOMePy 3alMcH B MaccuBe cellspace,
B CBOIO odepeAb mojie node MaccuBa cellspace Temeps ABISETCA KYPCOPOM [JIs MAacCHBAa
nodespace, ykasbiBalomuM mogunuio ysaa. Tun TREE B 3Toit cHTyamuM OpPOCTO Kypcop
B MaccuBe nodespace, yKa3bIBAIOIMAN MOSUIINI0 KOPHS.

IIpumep 3.7. Ha puc. 3.9, a mokasaHo aepeBo, a Ha puc. 3.9, 6 — CTPYKTypa AaHHHIX,
TZe Y3JILI 3TOTO JepeBa, MoMeueHHble Kak A, B, C u D, pasMemeHs B MPOMU3BOJILHEIX IIO-
3ANUAX MaccuBa nodespace. B MaccuBe cellspace Takyxe B IPOHM3BOJIBLHOM IIOPSAAKE pas-
MeINeHsl CIMCKHU chIHOBei. [

21 D °
3, 5 15
5 ° é
A
/\ | | =
B C
l 10, A 3 —
=" =
D C 8 ‘ﬁ\
Mona label header 15 N 11 °
Maccue  nodespace

a. flepeso T Mons node next
Maccus  cellspace

6. CTpyKTYpbI AaHHbIX

Puc. 3.9. Cmpyrkmypa danHbix Oas Oepesa, ucnoav3ylou,as céA3anHble CNUCKUL

CTpyKTypa JaHHBIX, MOKa3aHHAA HA puc. 3.9, 6, y)Ke IMOAXOAUT AJIA TOro, 4TOOBI Opra-
HH30BATh CJIUAHME JepeBbeB ¢ momombio omeparopoB CREATEi. Ho u 3Ty CTPYKTypy
MOKHO 3HAYMTEJHHO YOPOCTUTH. [JI 3TOro 3aMeTHM, UTO OeHOodYKa yKasaTesled moJadA next
MaccuBa cellspace nmepeunciafeT BceX IPaBHIX GpaTheB.

HUcnonp3ysa 3TH yKasaTeslH, MOYKHO HAUTH CaMOro JIEBOr0 ChiHA CIEAYIOIMUM 00pasoM.
IIpegmosnoxum, uro cellspace[i]l.node = n. (IloBTopuM, 9TO “UMA” y31a, B OTIUYHE OT €ro
METKH, fABJISETCA HHJEKCOM B MaccuBe nodespace ¥ 3TOT MHAEKC 3amucad B moJe cell-
space[i].node.) Torga yxasarens nodespace[n].header yka3zniBaeT Ha T4eHKy CaMOro JieBOro
ChHIHA y37a n B MaccuBe cellspace, mOCKOJbKY mosie node 3Toil AYeHKM ABIAETCA MMEHEM
3TOro y3Ja B MaccuBe nodespace.

MoXHO YyIIPOCTHTE CTPYKTYPY, €CIM MACHTHGHMIOUPOBATH y3€J He C IOMOINbI0 MHAEKCA
B MaccuBe nodespace, a ¢ IIOMOINBI0 MHAEKca AYEHKHM B MaccuBe cellspace, KOTOPHIZ COOT-
BeTCTBYeT AAHHOMY y3Jy Kak chiHy. Torsa ykasaTenb next (mepeMMeHyeM 3TO IIOJie B
right_sibling — npasnlit 6paT) MaccuBa cellspace GyseT TOYHO YKa3HIBATH Ha mpasoro Gpa-
Ta, a HHGOPMAIIUIO, COAEPIKAMIYIOCA B MacCuBe nodespace, MOXKHO IIEPEHECTH B HOBOE IIO-
ne leftmost_child (camblit neBrulii cniH) MaccuBa cellspace. 3pecy Tun TREE saBnsercs me-
JIOYHCJIEHHEBIM THIIOM M MCIIONL3YyeTCA KaK Kypcop B MaccuBe cellspace, ykasnBaloIuii Ha
KOopeHb gepeBa. Maccus cellspace MOKHO onucaTh KaK CJAELYIOIIYIO CTPYKTYPY:

var
cellspace: array[l..maxnodes] of record
label: labeltype;
leftmost _child: integer;
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right sibling: integer
end;

IIpumep 3.8. HoBoe npeacrasienne AJs AepeBa, MOKa3aHHOro Ha puc. 3.9, a, cxeMaTu-
YyecKH m300paskeHo Ha puc. 3.10. V3iusl fepeBa pacIloJIOKeHBI B TeX JKe sdeHKax MaccHBa,
4TO M Ha pHc. 3.9, 6. O

2 . D °
5 ° B 11—
T 10 5 A [
1 2 C °
leftmost label right
fona ™ child sibling
Maccus cellspace

Puc. 3.10. Ilpedcmaenenue depesa nocpedcmeom ie6blx Cbi-
Hogeil u npasvix 6pamves

Hcnons3ys OmMCaHHOEe NpeACTaBI€HHE, BCEe OImepaTophl, 3a HckKJiodyeEMeM PARENT,
MOYKHO PeaIM30BATh IYTeM HOPAMBIX BeiuuciaeHuil. Oneparop PARENT Tpebyer npocMoTpa
Bcero MaccuBa cellspace. Ecim Heo6xoammo 3¢pdeKTHBHOe BBINIOJHEHUE oOIepaTopa
PARENT, T0 MOXHO K06aBUTH YE€TBEPTOE II0JIe B MAaCCUB cellspace ayisi HemocpeACTBEHHOTO
YKasaHUA Ha pogmnTesei.

B kauecTBe mpEMepa OMEpPaTOPOB, MCIOJL3YIOIMMX CTPYKTYpPH! AaHHBIX puc. 3.10, Ha-
numeM Koj ¢pyExknuu CREATE2, noxkaszaEHH# B aucTuHre 3.7. 31ech MBI IpeAmojaraeM,
YTO HEMCIIOJIb3yeMble STUeHKHN MaccuBa cellspace cBA3aHEI B OMMH CBOGOAHBIA CIHCOK, KO-
TOPHIHA B JINCTUHIe Ha3BaH KaK avail, 1 A4efiKU 5TOro CIIMCKA CBA3AHLI IIOCPEACTBOM IOJISA
right_sibling. Ha puc. 3.11 mokasaHs craphle (CIJIOMIHEEIE JJMHMM) U HOBBHIE (IYHKTHPHBIE
JIMHNU) YKAa3aTeJHU B Impolecce CO3LaHUsA HOBOI'O JepeBa.

Jiucrunr 3.7. @ynkunsa CREATE2

function CREATE2 ( v: labeltype; T1, T2: integer ): integer;
{ BosBpamaer HOBOe mepeBO C KOpHeM V M nopmepeBbamm T1 u T2 }
var
temp: integer; { XpaHUT MHOEKC NEPBOI CBOBOIHOM SUEKM
LIS KOPHA HOBOTO mOepeBa }
begin
temp:= avail;
avail:= cellspacelavaill .right_sibling;
cellspace([temp] .leftmost child:= T1;
cellspace([temp] .label:= v;
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cellspace(temp] .right_sibling:= 0;
cellspace(Tl] .right_sibling:= T2;
cellspace[T2] .right_sibling:= 0;{HeoBa3aTenvHrl? onepaTop}
return (temp)
end; { CREATE2 }
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Puc. 3.11. H3meneHnue ykasameneii npu 6binoAHeHUU QYHKYUU
CREATE2

MoxHO yMeHBIIUTHL 06JACTh MAMATH, 3aHMMAEMYIO y3JaMH JepeBa (HO IIpH 3TOM yBe-
JUYUTCA BpeMs BBIINOJHEHHA ONepaTOpOB), ecjH B moJie right_sibling caMoro mpaBoro chl-
Ha BMECTO HYJIEBOTO yKasaTeld OOMECTHUTHL yKasaTelb Ha poautenda. Ho B arom ciyuae,
yTOOH M36eKaTh ABYCMEICJIEHHOCTH, HEOOXOAUMO B KAXKAYIO AYeHKYy IMOMECTUTH emie JBO-
WYHYO (IOrMYecKy0) mepeMeHHYI0, KoTopas GyZeT NMOKa3bIBaTh, YTO COAEPYKHUTCA B IOJE
right_sibling: yxkasaTeab Ha MpaBoro OpaTa WM yKasaTelb Ha POXUTENIA.

IIpu Taxkoil peaJmsalM MOXHO HAMTH AJIA 3aJaHHOTO y3Ja ero poAMTeNdA, CAeAyd 3a
yKasaTeJasaMK Imoasa right_sibling, moxka He BCTPeTHTCA yKasaTeJb Ha poauTend. B aTom
caydae BpeMs, HeoGXoAuMoOe A IIOMCKA POAUTENs, MPONOPIHOHAILHO KOJINUECTBY CHIHO-
Beil y popurensa.

3.4. /IBonunbIe JepeBbs

JlepeBbsi, KOTOPLIe MBI ONpPeAEEAM B paszaesne 3.1, HA3HIBAIOTCHA YnopidoueHHbIMU OpU-
eHmUupoBaHHbIMU Oepe8bAMU, TOCKOJBbKY CHIHOBBS JIO60T0o y3ja ynopsaodeHEHI cjieBa Ha-
OpaBo, a IYTH IO JepeBy OPMEHTHPOBAHH OT HAYaJbHOTO y3Ja NYTH K €ro IIOTOMKAaM.
eouunoe (u1m OuHnapHoe) depeso — COBEpPILIEHHO APYroi BuA. JIBOMYHOE AEpPEeBO MOXKET
6BITH MM OYCTHIM AEPEBOM, MJIM JepPeBOM, Y KOTOPOro Jio6Goi ysen MIM He MMeeT CHIHO-
Beil, mim umeeT Ju60 16020 cbiHa, MO0 npaeozo cvina, 6o oboux. Tor dpakT, 9TO KaK-
OBl CHIH J1060r0 y3ja onpefesieH KakK JIeBHIM MJIM KaK IpPaBblil ChHIH, CYIeCTBEHHO OTJIM-
YaeT ABOMYHOE AEPEBO OT YNOPAAOUEHHOTO OPHEHTHPOBAHHOIO AepeBa.

IIpumep 3.9. Eciiu MBl OpUMeM corjalieHye, YTO Ha CXeMaX ABOMYHBIX JAepeBLeB Jie-
BRI CHIH BCerja COeAVHSAETCA C POAMTENeM JWHHUEH, HalpaBJeHHOH BJIEBO M BHHU3 OT pPO-
AUTeJNfA, a IpaBHIil CHIH — JIMHHUEH, HaOpaBJeHHOH BOpaBo X BHM3, Toraa Ha puc. 3.12,a, 6
OpeACTaBJeHK! JBa pasJMYHBIX JepeBa, XOTA OHM o0a MOXOXKHM Ha OOBIYHOE
(ynopsimo4eHHOE OPHEHTMPOBAHHOE) AepeBo, mokKaszaHHoe Ha puc. 3.13. Ilycrh Bac He cMy-
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maeT TOT akT, UYTO AepeBbsa Ha puc. 3.12,a, 6 pasaAMYHLEI X He d9KBHBAJICHTHHI JepeBy Ha
puc. 3.13. lle1o B TOM, 4UTO ABOMYHEIE AePeBbA HeJIb3A HEIOCPEACTBEHHO CONOCTABUTH
o6rryHOMy JepeBy. Hampmmep, Ha puc. 3.12,a ysen 2 sABideTcd JeBHIM CHIHOM y3ia 1 M
y3es 1 He UMeeT ImpaBoOro ChIHA, TOrAa Kak Ha puc. 3.12,6 yzeax 1 He MmMeeT JIeBOro CHIHA, &
uMeeT npasoro (ysea 2). B Toxke BpeMs B 060MX ABOMYHEIX AEPEBHAX y3esd 3 ABIAETCA Jie-
BBIM CLIHOM y3Jja 2, a y3eJ 4 — IpaBhIM CBIHOM TOTrO e y3uaa 2. [0

O0x04 ABOMYHEIX AePeBhEB B IPSAMOM ¥ OOPATHOM IIOpAAKE B TOYHOCTH COOTBETCTBYET
TaKUM Ke 00XoJaM OOLIYHEIX AepeBbeB. IIpm cuMMeTpHuYHOM 06XOZe ABOMYHOIO JAepeBa C
KOpHEM 7 JIeBHIM mojaepeBoM T'; ¥ mpaBbIM moxgepeBoM Ty cHauasia IPOXOZUTCHA HOAAepe-
Bo T, 3aTeM KopeHb n U gajee moazepeBo T,;. Hanmpumep, cmMmMeTpHuHBIE 00X0f AepeBa
Ha puc. 3.12,a JacT mocJjefoBaTeJILHOCTH Y3J0B 3, 5, 2, 4, 1.

/N ;
/ N\ /' \ 2
N / ) 3/ \4

5 5 |
a 6 5
Puc. 3.12. [lea dsouunbvix depesa Puc. 3.13. “O6viunoe” depeso

Hpenc*ramleﬂne JABONMYHBIX /I€PEeBLEB

Eciu uMeHaMH y3JI0B ABOMYHOrO AepeBa ABISAIOTCA MX Homepa 1, 2, ..., n, TO mOAXO-
AAmed CTPYKTYpPO# AJIA IpeACTABICHHUS 3TOTO AepeBa MOXKET CIYXHUTh MaccuB cellspace
sanuceit ¢ moaamu leftchild (neBuiit ceiH) u rightchild (upaBeil chIH), 00LABIEHHBIH CJIe-
AVIOIGUM 06paszoM:

var
cellspace: array[l..maxnodes] of record
leftchild: integer;
rightchild: integer
end;

B sTrom npeacraBnenmu cellspace[il.leftchild aBnserca JeBHIM CHIHOM y3Ja i, a
cellspacelil.rightchild — npaBeiM criHOM. 3HayeHue 0 B 060MX MOJAX YKAa3LIBAeT HA TO,
4TO y3eJl i He MMeeT CHIHOBEIA.

IIpnmmep 3.10. [IBouraHOE AepeBo Ha puc. 3.12,a MOKHO IpeAcTaBMThL B BuAe Taba. 3.1. O

Ta0imuna 3.1. IIpeacrasiienne JBOMIHOIO AepeBa

3uauenne noas leftchild 3nauenne nmous rightchild

2 0
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O O Ut
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Mpumep: koabl XappmaHa

IIpuBeneM mpmMep mpuMeHeHMs ABOUYHBIX JePeBbeB B KAaueCTBE CTPYKTYD LaHHBIX.
Ins aToro pacCMOTpMM 3ajady KOHCTPYHPOBaHUA K0006 Xaggpmana. Ilpepmonoxum,
MBI MMeeM COOOImeHHdA, COCTOAIAE M3 IHOCJefOBATEJHLHOCTH CHMMBOJIOB. B KaxaoM coob-
ImIeHUN CHMBOJBI HE3aBUCUMMBI M IMOSBISIOTCA C U3BECTHOH BEPOATHOCTHIO, He 3aBMCH-
meit or mo3unuu B coobimeEnn. Hanpumep, MEI MMeeM COOOINEHMUs, COCTOSAMME M3 MATH
CHMBOJIOB a, b, ¢, d, e, KOTODhle MOABJIAIOTCSA B cOooOIeHMAX ¢ BeposTHOcTAMH 0.12,
0.4, 0.15, 0.08 u 0.25 cooTBeTCTBEHHO.

Mbl XOTHMM 3aKOAZUPOBATH KaKABI CHMBOJI IIOCJIELOBATEJbHOCTHIO M3 HyJeH U enu-
HUI, TaK, YTOOE KOZ J060ro CMMBOJIa ABAAJCA NpedHKCOM KOoJa COOOGIIEHMA, COCTOsMIIe-
ro 13 MOOCJHELYIOIIUX CHMBOJIOB. ITO npe@uicHoe ca0ilcmeo NO3BOJSAET AeKOAUPOBATH
CTPOKY M3 HyJleil X efHHHUI IOCJef0oBaTeJIbHEIM yialeHreM npepHKcoB (T.e. KOJOB CHM-
BOJIOB) M3 3TOH CTPOKH.

IIpumep 3.11. B Ta6a. 3.2 moxkasaHbl ABe BO3MOXKHbIE€ KOZUPOBKM IJIf HAIIMX IIATH
cHMBOJIOB. fICHO, 49TO mepBHIi Koz o0sagaeT HNpeUKCHBIM CBOMCTBOM, IOCKOJIBLKY JI00as
OCJIeI0OBATEILHOCTD U3 Tpex 6uToB 6yzeT mpeduKcoM AJA APYrod mMOCJIEAOBATEILHOCTH U3
Tpex OHUTOB; APYrMMM CJOBaMM, Jiobasa IpedMKCHAs II0CHAEAOBATENbHOCTh OJHO3HAYHO
HACHTHDNIUPYETCA CHMBOJIOM. AJIFOPUTM AEKOLMPOBAHMUA AJIS 3TOrO0 KOJAA OYEHBb IPOCT:
Haj0 moodepeaHO GpaTh mo TP GHTa M mpeo06pasoBaTh KaMAYIO rpynny OGMTOB B COOTBET-
cTByomue cuMBoianl. Hanpumep, mociegoBarensHocts 001010011 coorsercTByeT MCXOX-
HOMY coobuienuio bed.

Tabnuua 3.2. iBa ABOMYHbBIX KOAa

CumBoa BepoaTHOCTH Komx 1 Kox 2
a 0.12 000 000
b 0.40 001 11
c 0.15 010 01
d 0.08 011 001
e 0.25 100 10

Jlerko mpoBepHTBh, YTO BTOPOif KOJ Takike oOsamaeT mpedHKCHBRIM cBoiictBoM. Ilpomecc
JEeKOANPOBAaHMA 37eCh He OTVIMJaeTcs OT aHAJOTMYHOIO Ipoliecca AJA mepBoro xKoja. ExuH-
CTBEHHAA CJIOKHOCTh AJIA BTOPOro KOZa 3aKJIIOYaeTcs B TOM, YTO HeJb3S Cpasy BCIO IOCJIEeXRO-
BaTeJbHOCTh GMTOB pa3OUTh HA OTAEeNbHBIE CErMEHTHI, COOTBETCTBYIOLINE CMMBOJIAM, TAK KaK
CHMBOJIBI MOT'YT KOTHPOBATBLCA ¥ ABYMA H TpeMs Oumramu. s npuMepa paCCMOTPHM ABOMY-
HyI0 mociaegosarenbHocTs 1101001, koTopast onaTs mpeAcTaBiasieT CHMBOJEL bed. IlepBhie nBa
6uta 11 0AHO3HAYHO COOTBETCTBYIOT CHMBOJY b, IIO3TOMY HMX MOXKHO YAAJIHTHL, TOrAa IIOJY-
ynrca 01001. 3zech 01 Takske OAHO3HAYHO OIpejesiAeT CHMBOJ ¢ U T.A. [J

3ajaya KOHCTPyHUpoBaHMA KoaoB XaddMaHa 3aKIIOYaeTCA B CIAEAYIOIEM: MMes MHO-
JKEeCTBO CHMBOJIOB M 3HAYEHMS BEPOATHOCTEH HMX IOABJEHHUA B COOOIIEHMAX, MOCTPOHUTH
TAaKOH KOZ ¢ Nped@HKCHBIM CBOMCTBOM, 4TOOBI CpeAHAA AJHHA Koja (B BEPOATHOCTHOM CMBIC-
Jie) IOCJIeOBATEILHOCTH CHMBOJIOB ObL1a MUHMMAJbHOM. MBI XOTMM MHUHMMM3MPOBATH CpeA-
HIOI0 JJIMHY KOJAa AJIA TOro, 4TOORl YMEHBLIUMTH AJIMHY BEPOATHOro Coo0IeHus (T.e. ITOGHI
cKaTh coobenue). YeM Kopoue cpejHee 3HadeHUE AJIMHBEI KOAA CHMBOJIOB, TEM KOpoue 3a-
KOAMpOBaHHOe coobmeEHe. B uyacTHOCTHM, IEpBBI Kox M3 mpumepa 3.11 umeer cpexHION
IJIMHY KoAa 3. ITO YMCJIO HOJYYAeTCs B Pe3y/bTaTe YMHOMEHHUA AJIMHEI KOZA KaXKJOro CUM-
BOJIa Ha BEPOATHOCTHb IIOSABJIEHWA 3TOIO CHUMBOJIAa. BTOpo#l KOZ HMMeeT cpefHIO AauHY 2.2,
HOCKOJBKY CHMBOJBI @ X d MMEIOT CYMMApHYIO BepOATHOCTh mossieHusa 0.20 u pamHA MX
KOJa CocTaBJfeT TPH OMTa, TOrZa Kak ApPyrue CHMBOJIB KMEIOT KO AJHHONK 2,

! Orciona cienyer o4eBMIHENA BBIBOA, UTO CHMBOJBI C GOJBIIAME BEPOSTHOCTAMH MOSBJIEHAA
JOJI’KHBI MMETh caMble KOPOTKMe Koasl. — IIpum. ped.
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Mo:XHO M NPUAYMATH KOI, KOTOPKIA ObL1 6B Jiyuine BTOporo Koga? OTBET ImMOJIOMKHUTEIb-
HEI: CYIIECTBYeT KOf ¢ NpedHKCHLIM CBOMCTBOM, CpefHANA AJIMHA KoToporo pasHa 2.15. 3to
HaMJYYIOWA BO3MOXKHBIM KOJ C TeMH JK€ BEPOATHOCTAMMU IIOABJIEHUS CHMBOJIOB. Crocob
HAXOXKJEHUA OITHMAJIBLHOIO NpedUKCHOro KoAa HaswIBaeTca agzopummom Xagpdmana.
B sToM asiropuTMe HaxXoAsATCA ABA CHUMBOJIA 4 M b ¢ HANMEHBIINMH BEPOATHOCTIMH IMOSAB-
JIeHUSA M 3aMEHSAIOTCS OAHMM (MKTHBHHEIM CHMMBOJIOM, HAIIPHMEpP X, KOTOPHIA MMeeT Bepo-
ATHOCTH MOABJEHHUS, PABHYIO CYMMe BEDOATHOCTEH HOABIEHHUA CHMBOJIOB a M b. 3areM,
HNCHOJb3YA 3Ty NPOLEAYPY PEKYPCHBHO, HAXOAWM ONTHMAJLHBIA NpPe@UKCHBIA KOx A
MEHBINEro MHOKECTBA CHMBOJIOB (IZie CHMBOJIHL @ U b 3aMeHeHHI OMHHM cUMBoJoM x). Kox
I MCXOAHOI'O MHOYKECTBA CHMBOJIOB IIOJIyYaeTcd U3 KOJOB 3aMEINAIONMIUX CHMBOJIOB IIy-
TeM gobGasieHus 0 u 1 mepex KOAOM 3aMeIMIalOIero CHMBOJIA, M 3THM ABa HOBHIX KOAAa IPH-
HHMAIOTCS KaK KOAbl 3aMEeHAEeMBIX cuMBoJioB. Hampumep, Kong cuMBosa a GymeT COOTBET-
CTBOBATh KOAY CUMBOJA X ¢ JOGaBJIeHHKIM HYJIEM Ilepej 3THM KOAOM, a AJd KoJa CUMBOJA
b nepexn xomoM cuMBoJIa X OygeT moOaBieHA efUHHUNA.

Mo:xHO paccMaTpuBaTh NpedHKCHEIE KOABI KaK OYTH HA JBOMYHOM JepeBe: IPOXOoXKZe-
HHEe OT y3Ja K €ro JIeBOMy ChIHY cooTBeTcTByeT 0 B Koje, a K nmpaBomy chiHy — 1. Ecim
MBI IOMETHM JINCThS JlepeBa KOAUPYEeMBIMH CHMBOJIAMM, TO IOJYIHUM IIpeACTaBJIE€HWE IIpe-
¢uKCcHOro Koma B BHjAe ABOMYHOro Aepesa. IIpeduxcHOe CBOMCTBO rapaHTHpPyeT, YTO HET
CHMBOJIOB, KOTOPHIe GblIM ORI METKaAMH BHYTPDEHHHUX Y3JIOB AepeBa (He JHUCTHeB), 1 Ha000-
POT, IOMedYas KOAMPYEMBIMM CHMBOJAMU TOJBKO JHCTBHSI JepeBa, Ml o0ecmedwBaeM IIpe-
(uKCHOEe CBOMCTBO KOJAA 3TUX CHMBOJIOB.

IIpumep 3.12. [IBovuHEIe AepeBbsa AJMA KoxoB 1 m 2 u3 tabn. 3.2 nokasans! Ha puc. 3.14
(mepeBo cieBa COOTBETCTBYET KoAy 1, a AepeBo cupasa — Koxy 2). OJ

a b ¢ d e a d

Puc. 3.14. [Teouunvie depesvs, npedcmaesasiousue x¥odvl ¢ npeuiCHLLM c80ICMEoM

HOna peanusanmum anropurMa XaddmaHa MBI UCHOJNb3yeM JeC, T.e. COBOKYIHOCTb Ae-
PeBbEB, YbU JIMCThS OYAYT NMOMeYeHHI CHUMBOJIAMH, JJIfi KOTOPHIX paspabaThIBaeTCsa KOIH-
POBKa, & KOPHM NIOMEUYEeHHI CYMMOM BEPOSTHOCTEIl BC€X CHMBOJIOB, COOTBETCTBYIOLMUX JIH-
CTbAM AepeBa. Mul OyzeM Ha3hIBaTh 3THM CyMMapHbIe BEPOATHOCTH 68ecoM HepeBa. Brauaie
KaXXJJOMy CHMBOJIY COOTBETCTBYET JiepeBO, COCTOsImee M3 OLHOIO y3Ja, B KOHIEe paGoTH aj-
TOPUTMa MHI IOJYYUM OLHO AE€PEBO, BCe JHUCThA KOTOPOro GyAyT MOMeYeHbI KOAHPYEMBIMK
caMBojaMu. B aToM fepeBe myTh OT KOPHA K JIOGOMY JIMCTY IIPEACTABJIAET KO AJS CHM-
BOJIa-METKH 3TOT'0 JIMCTa, COCTABJICHHBIH IO CXeMe, COIJIaCHO KOTOPO¥ JIeBBIil CHIH y3Ja CO-
orBercTByeT 0, a npaBuii — 1 (kax Ha puc. 3.14).

BasxHBIM 3TanmoM B paGoTe ajnropuTMa ABJIAETCS BHIGOpD M3 Jjleca ABYX [AEepeBbEeB ¢ HaM-
MeHBIIMMU BecaMM. JTH ABa JepeBa KOMOMHUDYIOTCS B OJHO C BECOM, PABHLIM CyMMe Be-
COB COCTaBJIAIOINUX JAepeBheB. IIpM CIMAHUM HepeBHEB CO3AAETCS HOBHIHA y3eJ, KOTOPBIHA
CTaHOBHUTCA KOPHeM 06beIMHEHHOI'0 JepeBa M KOTOPHIM MMeeT B Ka4eCTBe JIEBOTO M IIPABO-
ro ChIHOBEl KOPHH CTaphIX JAepPeBbEB. JTOT IPOIECC OPOAOIKAETCS A0 TeX Iop, IMOKa He
TOJIYYUTCA TOJbKO OTHO AepeBO. ITO JepPeBO COOTBETCTBYET KOAY, KOTOPHIM MpH 3afaHHBIX
BEPOATHOCTAX KMeEEeT MUHMMAJIHLHO BOSMOYKHYIO CPEJHIOI AJHHY.
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Puc. 3.15. dmanuv. cosdanus depesa Xapdmana

IIpumep 3.13. ITocsegoBaTeabHBIE MIArd BHINOJHeHHMs ajropurma Xaddmana aasa Koau-
PYEMBEIX CHMBOJIOB M MX BepOATHOCTe#, 3aflaHHLIX B Tabi. 3.2, mpeAcTasieHsl Ha puc. 3.15.
3mecs BuaHO (pHC. 3.15,I), YTO CHMBOJIH a, b, ¢, d U e HOTYYHUIM COOTBETCTBEHHO KOJBI
1111, 0, 110, 1110 n 10. B 3ToM nmpuMepe CyImecTByeT TOJBKO OAHO HETPMBHAJILHOE JIepeBo,
COOTBETCTBYIOIIEE ONTHMMAJIBHOMY KOAY, HO B OOIIEM CJIy4ae MX MOMKET OBITh HECKOJIBKO.
Hanpumep, eciu 6B CHMBOJH b 1 e uMesm BepoaTHOCTH coorBercTBerHO 0.33 u 0.32, To mo-
cJIe miara aJiIrOpATMa, IOKazaHHOro Ha puc. 3.15,8, M0oxkHO ObLIO 661 KOMOMHMpOBATL b ¥ ¢, a
He NPUCOERUHATH € K 60JIBIIOMY JepeBy, KaK 3To c¢aexaHo Ha puc. 3.15,r. [0

Teneps omuimeM HeoOXOAMMBIE CTPYKTYPHI AaHHBIX. BO-IepBHIX, AJA OPEACTABICHHA
JBOMYHEIX ZiepeBbeB MhI OyAeM mcmosb3oBaTh MaccuB TREE ([epeBo), cocroamuil m3 3a-
mucei caefyIolmero THUIA:

record
leftchild: integer;
rightchild: integer;
parent: integer

end

VYkazartenan B mosie parent (poguTeNs) 00JerdaloT HOMCK OyTeH OT JIMCTA K KOPHIO IIPH 3a-
OHACH KOJAa CHMBOJIOB. Bo-BTODHIX, MBI Mcmoab3yeM mMaccuB ALPHABET (AndaBur), Tax-
JKe COCToAIMmANA U3 3amnmceil, KOTOPhle HMEIOT CIAEeAYIOIUM THI:

record
symbol: char;
probability: real;
leaf: integer { xypcop }
end
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B 3ToM MaccuBe Ka)xgoMy cUMBoay (mosie symbol), mogsexameMy KOZAPOBAHMIO, CTABHUT-
cs B COOTBETCTBHME BEePOATHOCTH €ro NosABJIeHUA (moJe probability) u amcr, MeTKO# KOTOPO-
ro oH saBasaercA (moie leaf). B-TpeTbUX, AJNA NpeACTABIEHMSA HENOCPEACTBEHHO JePeBbeB
HeobxoauM MaccuB FOREST (Jlec). 9ToT MaccMB GYAeT COCTOATH M3 3alMceil ¢ IOAAMU
weight (Bec) m root (KOpeHb) CIEIYIOMIEro THIA:

record
weight: real;
root: integer
end

HavuajyibHBle 3HaYeHHMS BCEX TPeX MACCHBOB, COOTBETCTBYIOIIMX AAHHBIM Ha puc. 3.15,a, mo-
KaszaHbl Ha puc. 3.16. Scku3 nporpaMMel (IICEBAOIPOrpAMMA, T.€. IIPOrpaMMa Ha IICeBAOA3HIKE,
KaK ommucaHo B I'1aBe 1) noctpoernsa gepeBa XaddMaHa OpencTasieH B JucTuHre 3.8.

110121 1 11 a@ (012} 1 11 O 0 0
21040 2 2] b 040} 2 2l O 0 0
31015 3 3] ¢ 1015} 3 3| O 0 0
410.08] 4 4 d |008] 4 4] O 0 0
51025] 6 5| e |1025] 5 5| O 0 0
Monsa weight root symbol proba- [eaf left- right- parent
bility child child
Maccuesl FOREST ALPHABET TREE
Puc. 3.16. Hcxodnoe cocmosarue maccueos
JIucrumr 3.8. IIporpamMma nocTpoenns aepesa Xap¢pmana
(1) while cymecTByeT Goslee OOHOTO IepeBa B Jecy do
begin
(2) 1:= MHOeKC nepeBa B FOREST C HavMeEHLUMM BECOM;
(3) j:= uHmekc nepeBa B FOREST CO BTOPEM HayMEHbLUMM BECOM;
(4) Co3paHMe HOBOTO y3jla C JIEBEM ChHHOM FORESTI[i] .root mn
npaBeM CHHOM FOREST[J] .root;
(5) 3ameHa B FOREST nmepeBa 1 OepeBOM, UYbMM KOPHEM ABJSETCA
HOBEIT y3€Jl 1 uYeyl BeC paBeH
FOREST[i] .weight + FOREST[j].weight;
(6) Yoaneume nepeBa j u3 MaccuBa FOREST
end;

Ana peanusamuu crpoxu (4) jauctuHra 3.8, e yBeIMYMBAETCA KOJHUYECTBO MCIOJIb-
3yeMuIx AdeeKk MaccuBa TREE, u crpok (5) u (6), rie yMeHbmaeTca KOJIUYECTBO STUYEEK
maccnBa FOREST, mul GyaeM HCIOJIB30BATh KYpPCOphl lasttree (mocnemuee nepeso) u lastnode
(mocnexunii ysei), yKasslBaooloye COOTBETCTBeHHO Ha MaccuB FOREST u maccus TREE.
Ilpegmonaraercs, 4YTO 3TH KYPCOPHI PACIOJIATAIOTCA B MEPBHIX g4YefiKaX COOTBETCTBYIOIMUX
MaccmBos'. Ml Taxske IpeAoNaraeM, 9T0 BCe MACCHBBI MMEIOT ONPENeNeHHYI0 OOBABIEHHYIO

! Jlna srama YTeHMA AAHHBIX, KOTOPHIA MEI OOYCKaeM, HEOGXOZMM TaKiKe Kypcop AJIA MacCHBa
ALPHABET, xoTophlit 651 “ciequu” 3a 3amoJIHEHNEM NaHHEIMM 3TOT'O MACCHBA.
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AJIMHY, HO 3eCh MBIl He 6yfeM IIPOBOAUTL CPABHEHME 3THUX OIPAHHYUBAIOIINX 3HAYEHHH CO
3HAYEHUSIMHU KYPCOPOB.

B smcrusre 3.9 mpHBeAeHB! KOABI ABYX MOJIe3HBIX Ipomeayp. Ilepsas us mmx, lightones,
BBINOJIHAET peanusanuio cTpok (2) u (3) mucturra 3.8 mo BEIGOPY HHAEKCOB ABYX AepPEBLEB
¢ HauMeHbIMUMH BecaMu. Bropas nponeaypa, ¢yHKOusa create(n,, ny), co3faeT HOBHIK
y3eJa U fesaeT 3aJaHHEIE Y3JIEL Ny U Ny JeBRIM ¥ OPABHIM CHIHOBBAMM 3TOTO y3JIa.

JIncrumr 3.9. [ise nponexypb

procedure lightones ( var least, second: integer );

{ npuceaueaer nepemenHeM least u second MHIOEKCH Maccusa
FOREST, COOTBETCTBYKIME NEPEBbSM C HaMMEHBUMMM BeCaMM.
llpennonaraercsa, urto lasttree 2 2. }

var
i: integer;

begin { mMHMUMamms3auus least u second,

pPacCMaTpMBaTCA NEpBHe OBa OepeBa }
if FOREST[1] .weight <= FOREST[2] .weight then
begin least:= 1; second:= 2 end
else
begin least:= 2; second:= 1 end
for i:= 3 to lasttree do
if FORESTI[i] .weight < FOREST[least] .weight then
begin second:= least; least:= i end
else 1f FOREST([i] .weight < FOREST[second] .weight then
second:= 1
end; { lightones }

function create ( lefttree, righttree: integer ): integer;
{ BomBpamaeT HOBEDt y3eJi, y KOTOPOTO JIEBEM M [PABhRM CHHOBbSAMA
craHoBaTcsa FOREST[lefttree] .root u FOREST[righttree] .root }
begin
lastnode:= lastnode + 1;

{ sueiixa TREE[lastnodel mns HoBOTO y35a }
TREE[lastnode] . leftchild:= FOREST|[lefttree] .root;
TREE[lastnode] .rightchild:= FOREST[righttree] .root;

{ remepr BBemem ykazareym LIS HOBOTO y3Jla M €I'O CHHOBENR }
TREE[lastnode] .parent:= 0;
TREE[FOREST[lefttree] . root] .parent:= lastnode;
TREE[FOREST[righttree] .root] .parent:= lastnode;
return (lastnode)

end; { create }

Tenepsr Bce HedoOpMaNIbHEBIE ONEPATOPHI JMCTHHra 3.8 MOXKHO OmMcaTh mogpoGHee. B smc-
tuare 3.10 mpuBeseH Kox mponeaypsl Huffman, xoropas He OCyIeCTBJsieT BBOA M BBHIBOZ, &
paGoTaeT co CTPYKTYpaM#, IIOKA3aHHLIMHU Ha puc. 3.16, KoTOphle 00BABJIEHBI KAK II00aJbHEIE.
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JIuctanr 3.10, Peam3amas aaropurMa Xaddmana

procedure Huffman;
var
i, j:integer; {ama mepeBa c HamMeHbu MM Becamm u3 FOREST)
newroot: integer;
begin
while lasttree > 1 do begin
lightones(i, j);
newroot:= create(i, j);
{ manee mepeBo i 3aMeHseTCs HepeBOM C KODHEM newroot }
FOREST[i) .weight:=FOREST[1i] .weight + FOREST[j] .weight;
FOREST[1] . root:= newroot;
{ mariee OepeBO j 3aMeHseTcs Ha nepeBo lasttree,
MaccuB FOREST yMeHblIAa€TCHA Ha OIOHY 3aluch }
FOREST[j] := FOREST[lasttree];
lasttree:= lasttree - 1
end
end; { Huffman }

Ha puc. 3.17 nokasasa CTPyKTypa AaHHHIX u3 puc. 3.16 mocie Toro, Kak 3HaueHHe
nepeMeHHOI lastiree ymeHbIIEHO A0 3, T.€. JleC HMeeT BHJ, NIOKA3aHHLIHM Ha puc. 3.15,B.

025| 5 ¥' 1| a |0.12 > 11 ol of 6
040f 2 1 .+ 2| b |040} 2 4+ 2] O 0 0
3[o35] 747 3] ¢ |015] 34— 3l 0| o] 7
weight root 4] d |008| 4 4+—» 41 0 0 6
FOREST 5| e |025] 51— 5/ 0] 00
symbol proba- leaf 6] 4 1 7
bility 7 3 6 0

ALPHABET left- right- parent

child child

TREE
Puc. 3.17. Cmpyxkmypa dannbix nocae 08yx umepayuil

Ilocne 3aBepmennsa paGoTH! aJIropuTMa KOA KaXXJ0r0 CHUMBOJA MOYKHO OIPEeNeJHTDh CJe-
AyiomuM obpasoMm. Haiigem B maccmBe ALPHABET 3anuch ¢ HYXXHBIM CHMBOJ B IIOJI€
symbol. 3aTeM no 3HadeHMIO mojdA leaf 3TOH ke 3aIHCH ONIpefeS MM MECTOMOJOXKeHHe 3a-
nucu B MaccuBe TREE, xoropas COOTBETCTBYET JMCTY, IOMEUYEHHOMY pacCMaTPHBAEMEIM
cumMBosioM. Jlasiee moceoBaTeILHO IEPEXOAUM II0 YKA3ATEIO parent OT TeKyIei sammcH,
HaIpUMep COOTBETCTBYIOIEeH y3ay n, K 3anuch B MaccuBe TREE, cooTBeTCTBYIOIME# ero
ponuTenio p. Ilo poguTesnio p ompegenseM, B KaKoM ero mone, leftchild wmm rightchild,
HaXOAHUTCH yKasaTeJb Ha y3eld I, T.e. ABAAETCA JHU y3eJ N JeBHIM HJH NPaBLIM CHIHOM,
¥ B COOTBETCTBMM C 3TUM medaraeM O (ans jeBoro cmHA) Mam 1 (ana mpasoro ceiHa). 3a-
TeM MePeXOAUM K POAUTENIO y3ja p U ompeAendeM, sSBIAETCA JHU €ro CHH P NPaBhIM MJIH
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JIEBEIM, U B COOTBETCTBHMU C 3TH IledaraeM ciepyromyio 1 mau 0, ¥ T. A. KO caMOro KOpHA
gepeBa. Takum o6pasoM, Ko CHMBoJia Oy[eT HameyaTaH B BHAE II0OCJIEe[0BATEJbHOCTH OH-
TOB, HO B oGpaTHOM mopsafKe. UToGH pacmedaTaTh 3Ty HOCJHEAOBATEILHOCTH B IIPAMOM IO-
pajKe, HANO KaXKALIA oyepeAHOH OMT mOoMemiaTh B CTEK, a 3aTeM PACIeYaTaTh COAEPIKUMOe
cTeKa B OGLIYHOM HOPAAKE.

Peann3aius JBOHYHBIX J€PEBbEB C IOMOMIBIO YKA3ATEIEH

[s ykasaHWA Ha NMpaBhIX M JIeBHIX CHIHOBEH (M popuTeseil, ecau HeoOXOLMMO) BMECTO
KYPCOPOB MOXKHO HCIOJIB30BATh HACTOSAINUE yKasaTeau A3bIka Pascal. Hanpumep, MoxHO
caenaTth o6'bABIEHNE

type
node = record
leftchild: T node;
rightchild: T node;
parent: T node

end

Hcnons3ys 3TOT THI KAHHBIX Y3JIOB ABOMYHOIO AepeBa, QyHKOuUIo create (auctuar 3.9)
MOJKHO I€peNrcaTh TaK, KAK IOKA3aHO B CJIEAYIOLIEM JUCTHHTE.

JIncrunr 3.11. Ko ¢pyRKims creafe Ipn peaM3aiuy JBOHTHOIO AePeBa ¢ NOMOMIBIO
yKa3arejei

function create ( lefttree, righttree: Tnode): Tnode;

var
root: Tnode;

begin
new(root) ;
rootT.leftchild:= lefttree;
roott.rightchild:= righttree;
rootT.parent:= 0;
lefttreel.parent:= root;
righttreel.parent:= root;
return (root)

end; { create }

YnpaxHenus

3.1. OrseTbTe Ha CJeAYIOIMe BOIPOCH O JepeBe, MOKA3aHHOM Ha pHc. 3.18:
a) KaKue y3Jbl 3TOTO AepeBa ABJIAIOTCH JUCTHAME?
6) KaKoil y3eJ ABJIAETCA KOpHeM JepeBa?
B) Kakoi y3eJ ABJAETCH poxauTeseM ysuaa C?
r) Ha30BUTE ChIHOBe# yana C;
) Ha30BHUTEe NpPeAKoB yana E;
€) Ha30BHTEe DOTOMKOB y3ja E;
JK) KaKue y3JIbl SBIAIOTCA OpaBRIMHU OpaTbamu y3naoB D u E?
3) KaKue Y3JHl JIeXKAT CJIeBa M cIpaBa oT y3ia G?

VITPAYKHEHUA 101



3.2.

3.3.

3.4.

3.5.

3.6.

3.7.

3.8.
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M) Kakopa riyomsa ysma C? A
K) Kaxosa BeicoTa y3iaa C? / \
CxoJpKO TyTeil AIMHBI 3 CyIIeCTBYeT Ha B C
Iepese, NIOKa3aHHOM Ha puc. 3.18?

HanmoiuTe mporpaMMbI BEIYHCJICHUS BhI- \ '

COTHl fiepeBa C MCHONb3OBAHHEM TPeX /= F

G H
mpeACTaBJEHHIA /[epeBbeB, OUMCAHHLIX B
pasgexne 3.3. /
CocTaBbTe COHMCKM Y3JI0B AepeBa, IIpej-
craBjeHHOro Ha puc. 3.18, npu o6xone J K L

/
3TOro gepesa / \
a) B IPSAMOM IIOPAIKE; M W
6) B 06paTHOM TOpAAKE;

) P PAA Puc. 3.18. [Jepeso
B) BO BHYTPEHHEM IIOpAAKe.

IIycTes nBa pasaWYHLIX y3Ja m U n OpPHHAAJEXKAT OAHOMY U TOMY e AepeBy. Ilo-
Ka)XHUTe, 4YTO TOJBKO OAHO M3 CHEAVIOUIAX YTBEPXAeHUH MoKeT OBITh MCTHHHBIM:

a) y3es m pacImoJjioKeH cjeBa OT y3Jja n;
0) yses m pacIosioyKeH cIpaBa OT y3Ja 1;
B) y3eJ m — UCTHHHEIHA IpENOK y3Ja n;
T') y3eJ m — HCTHHHBIA DOTOMOK y3Ja I.

IlocTaBeTe rajsouky B S4yeilKy Ha IepecedeHUM CTPOKH i M cToabma j, ecau OZHOBpe-
MEHHO BHINOJHAIOTCA YCJIOBHS, IPEACTaBIeHHbIe B 3ar0JIOBKaX CTPOKH i U CTOJOHA j.

¥Y3en n npeamectsy- Y3el n IpeAmecTBY- Y3es n IpeAmecTBY-

eT y3Jy m mnpu eT y3Jy m nupu eT y3JIy m OpH
obxoje mepesa o6xoze mepesa CHMMETPHUYHOM
B IPAMOM IOPAAKEe B 0OPATHOM MOPAAKE ob6xoje fepeBa

Vzen n pacnoo-
JIOKEH CJIeBa OT
ysua m

V3exn n pacnoo-
JIO}KeH cIpaBa
OT y3na m

¥Yzen n — uc-
THHHHIA IIpefoK
y3aa m

¥Y3en n — uc-
TUHHEII II0TO-
MOK y3Jja m

Hanpumep, mocTaBbTe rajodKy B A4eHKY Ha IepecedeHUe TpeTheill CTPOKH M BTODPO-
ro cronfma, ecaM yBepeHHI, YTO y3€J 1T MOXKeT GLITh MCTHMHHEIM IpPEAKOM y3jla m u
B TOKe BpeMsd IIpeAIIeCTBOBATH y3JIy m npu obxole AepeBa B 06paTHOM IOpALKeE.

IIpenmonoxum, aro ectb MaccuBil PREORDER[n], INORDER|[n] u POSTORDER[n],
coeprkaliue CONCKU Y3JOB JepeBa, MOJYyYeHHEIE OPH ero o6xose B IPAMOM, BHYT-
PeHHeM M 00paTHOM HODPAAKE COOTBETCTBEHHO. YICHONB3ys 3TH MACCHBBI, ONMHIIHTE
aJITOPUTM, KOTOPBIH AJIA J060# mapsl y3JIOB i U j onpefensieT, ABIAETCA JU y3es i
IpeaKOM y3Ja j.

CymecTByeT coco6 NpOBEPUTH, ABIAETCA JHX OAUH y3€J MCTMHHBIM IPEIKOM APY-
roro yssia, KOTOPHI# OCHOBAH HA CJHEAYIOINEM IPaBUJe: Y3eJ M ABIAETCH HCTHHHBEIM
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3.9.

3.10.

3.11.

3.12.

3.13.

3.14.

3.15.

3.16.

3.17.

3.18.

IPeAKOM y3ja n, eCchH y3eJ m IpeAInecTBYeT Yy3Jay n mpu obxome gepesa B X mo-
paAKe, HO CJeAyeT 3a y3JoM n upu odoxoxe B Y mopaake, rae X u Y Bui6uparorca u3
MHOXKECTBa {npAMoM, o6pamnom, snympernem). Onpesennure Bce BO3MOKHEIE Iaphl
X n Y, Korga 3To IIpaBuJO COPAaBEAINBO.

Hamuniute nporpaMMbI 00X0a JBOMYHEIX JlePeBbEB
a) B IPAMOM IOPSAKE;

6) B o6paTHOM HOpSAIKe;

B) BO BHYTPEHHEM IIOPAAKeE.

IIpu npoxoxkJeBENH HepeBa 8 nopadke ypoeHeii B CIMCOK y3JIOB CHAYAJA 3aHOCHUTCS
KOPeHb JiepeBa, 3aTeM Bce Y3JhI IMIyOMHE 1, Zajee Bce y3ianl MNIyOMHEEI 2 U T.A. Y3-
JIBl OZHOHX TUIYyOMHBEI 3aHOCATCA B CIOHCOK Y3JIOB B IOpAAKe cjeBa Hampaso. Hamm-
muTe OporpaMmy o0Xoaa AepeBLeB B MOPALKE YPOBHEH.

IIpeo6pasyiite BuIpaxenne ((a + b) +c * (d +e) +f) * (g + h)

a) B npedUKCHYIO (hopMy;

6) B nocrduKcHYIO dopmy.

Hapucyiite nepeBo, COOTBETCTBYIONIee NIPeGUKCHEBIM BhHIPAKEHNAM
a) *a + b*c + de;

6) *a + *b + cde.

Iycts T — pnepeBo, B KOTOPOM KaKABIA y3ej, He ABAAOMUICA JMCTOM, HMeeT
POBHO ABYX chiHOBe#. Hanummure nporpaMmel mpeoGpasoBaEns

a) comcka y3sioB AepeBa T, cocTaBieHHOro mpH o6Xofie fiepeBa B IPSAMOM IOpPSAKe,
B CIIMCOK, COCTABJIEHHBIA IIpM 00X0o4e B 0OpaTHOM IIOPAAKE;

6) comcka yanoB gepeBa T, cocTaBJeHHOIo IpH o6xoje aepeBa B 0OpaTHOM HODAL-
Ke, B CIINCOK, COCTaBJICHHBIA IpH 00Xo0/le B IPAMOM HOpALKE;

B) COHCKa y3J0B aepeBa T, cocTaBjJeHHOro mpy o6xofie AepeBa B IPSAMOM IOpAAKe,
B CIOMCOK, COCTABJIEHHBIN IIPH CUMMeTPUIHOM obXoze.

Hanumure nporpaMMy BHIYHCIEHHA apudMeTHYECKMX BRIpa)KeHHil mpm ob6xoxe
nepesa

a) B IpAMOM IOPSAJKE;

6) B o6paTHOM mOpAAKe.

JIBonuyHOE AepeBO MOMHO ompefeauTh Kak ATJl co CTPYKTYypoil ABOMYHOro AepeBa
u oneparopamun LEFTCHILD(n), RIGHTCHILD(n), PARENT(n) 1 NULL(n). Ilep-
Bhle TPH OIlepaTopa BO3BPAI[al0T COOTBETCTBEHHO JIEBOTO ChIHA, IIPABOTO CHIHA M
poAUTENA y3ja n (ecJH TaKOBOro HeT, To BodBpamaerca A). Ilocaexumii oneparop
BO3BpalaeT 3HayeHWe true Torga M TOJABKO TOTAA, KOUAa AePEeBO C KOPHEM N fAB-

nAeTca HyJeBeIM. PeanusyiiTe 3TH onepaTophnl AJs ABOMYHOIO AepeBa, IPEACTAaB-
JeHHOro B Tabia. 3.1.

Hannmunare opoueayphsl 4Jif CEMH OIlepaTOpOB JepeBbeB M3 pasgesa 3.2, HCIIONB3YyA
cleayoniye peajJn3any JepeBbEB:

a) yKasaTeJH HA POAHUTENEN;
6) COMCOK CHIHOBeIf;
B) yKasaTeJH Ha CaMOro JIeBOro ChIHA M Ha IpaBoro Gpara.

Cmenenvio y3na HA3BIBAGTCA KOJIHYECTBO ero chiHOBel. IlokakuTe, 4TO B mpomM3-
BOJIbHOM JBOMYHOM fiepeBe KOJHMYeCTBO JHMCThEB HA eNUHMIY 0oJbIne yucjIa Y3JIOB
CO CTemeHblo 2.

Hokaxkute, 4TO B JIOGOM ABOMYHOM JepeBe BBHICOTOM 2 KOJHMYECTBO y3JIOB He Ipe-
saimaer 2! — 1. JIBomunoe ZiepeBo BHICOTOM h ¢ MAKCHMAJHHO BO3MOMKHBIM KOJIH-
YeCTBOM Y3JIOB Ha3bIBAETCH NOJHbLM JBOMYHEIM AePEBOM.
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*3.19.

3.20.

*3.21.

*3.22.

IIpeamono:xuM, 4TO AepeBO peain3yeTcHd ¢ IIOMOIObIO YKasaTeseil Ha CaMOro JieBOro
ChlHa, Ha OpaBbIX OpaTheB M Ha poguTens. PaspabGoTaiiTe anropuTmel o6xonxa ne-
PEBbEB B NIPSMOM, OGpATHOM M BHYTPEHHEM HOpAILKe, He HCIIOJb3ysa IPH 3TOM CTe-
Ka, KaK cZeJaHO B JucTuHre 3.3.

IlycTs cumBoaH a, b, ¢, d, e ¥ [ UMEIOT BEPOATHOCTH MOSBJIEHHUS COOTBETCTBEHHO
0.07, 0.09, 0.12, 0.22, 0.23, 0.27. Haiigure onTuManbHulil kox Xadbdmana u Hapu-
cyiiTe cooTBeTCTByIOmee emy AepeBo. KakoBa cpennsas pimHa xozma?

Ilyets T — pepeBo XadbdMaHa ¥ OYCTH JHUCT, NOMEYEHHHIH CHMBOJIOM 4@, MMeeT
6onpmyio ray6uAy, YeM JIHCT, OIOMEYEeHHBINH cuMBOJoM b. J[oKaKuTe, UTO BepOAT-
HOCTb CHMBoOJIa b He MeHbIIe, YeM BePOSATHOCTH CHMBOJIA 4.

HokasknTe, 4TO B pe3yJbTaTe BHIOOJHEHHA ajaropurma XadbdmanHa Aasa 3agaH-
HBIX BEPOATHOCTe# moJydaeTcd ONTHUMAJLHHIA Koj. Cosem: McCHOJb3yiTe Y-
paxuenue 3.21.

Bbubnmorpaduueckne 3amMevanus

B pa6orax [11] u [47] paccMaTprBaloTcA MaTeMaTHYecKHe CBOcTBa gepesseB. B [65] m [81]
mpuBeJeHa AONOJHUTENbHAA MHGOPMANHA O AepeBbAX ABOMYHOIO HmoMcKa. MHorue paGo-
ThI, DpUWBeAeHHEIe B riaase 6 ¥ oTHocAmuecs K rpad®aM M MX NOPHUMEHEHWIO, COAEPIKAT
TaK)Ke MaTepPHAJ O JePeBbiX.

AJITOPUTM MOMCKA ONTHMAJILHOTO KOZA, OMMCAHHKIA B pasfene 3.4, B3AT U3 paGorhl [54].
B [83] nasO coBpeMeHHOE HCCJIefOBAHHWE 3TOI'0 AJTOPHUTMA.
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I''IABA 4

OcHoBHBIE OIIEepPaATOPHI
MHOJK€ECTB

MBHBoKecTBO sABNAETCA TOI 6a30BOH CTPYKTYpOil, KOTOpasa JEeXXKUT B OCHOBAHWH BCceil MarTe-
maTuku. IIpu paspaboTke ajJropuTMOB MHOKECTBA HCIOJIB3VIOTCA KAK OCHOBA MHOTHMX
Ba)KHBIX a0CTPAKTHBIX THIOB AAHHKIX, X MHOIMe TeXHWYeCKMe IIPHEeMBI ¥ METOALI pa3pa-
6oTaHHI A peaJu3alUy aGCTPAKTHHIX THIOOB AAHHLIX, OCHOBAHHBIX MMEHHO HA MHOECT-
BaxX. B 3Toil riaBe MBI PaCCMOTPHM OCHOBHBIE OII€PATODPHI, BBHINIOJHAEMEIE HaJl MHOMECTBA-
MU, U ONHMIIEM HEKOTOPHIe IPOCTHIE peajus3amuy MHOXKeCTB. MHI mpescTaBuM ‘“cioBapb”
¥ “ouepesb c mprmopHTeTaMH” — JBa a0CTPaKTHBRIX THOA NAHHBIX, OCHOBAHHBLIX Ha MOJEIH
mHOXecTB. Peasmsanuu ana arux AT/l npuseaeHBI B 3TOi H cieAyiomiei IiaBax.

4.1. Beeaenus B MHOXKECTBA

MHoxecTBOM Ha3LIBAETCA HEKasdA COBOKYIIHOCTB 3JeMEHMO8, KaXKAbIi 3JIeMEHT MHOXMe-
CTBA MJIM CAM fBJAETCA MHO)KECTBOM, MJIM SBJSeTCA IPHMHUTHBHEIM 3JIEMEHTOM, HA3EI-
BaeMhbIM amomom. Hanee OyaeM mpeamosiaraTh, 9TO BCe 3JIEMEHTHI JI0G0ro MHOXKECTBA pas-
JINYHBI, T.€. B JI0OOM MHOXKECTBe HET JBYX KOIIMH OJHOI'O K TOTO K€ 3JIeMEHTA.

Korga MHOMecTBa HCHIONB3YIOTCA B KauecTBE MHCTPYMEHTa IPH paspaboTKe aJirOpUT-
MOB ¥ CTPYKTYP AaHHBIX, TO ATOMAMHU OOLIYHO SABJIAIOTCA I€Jibie YUCJa, CAMBOJLI, CTPOKH
CHMBOJIOB ¥ T.II., ¥ BCe 3JIEMEHThI OJHOI'0O MHOKECTBA, KaK IPAaBHJIO, IMEIOT OJMHAKOBHII
THO AaHHHIX. MBI gacTo GyAeM mpeamosaraTh, YTO ATOMBI JIMHEHHO YIOPSAAOYEHHI C IOMO-
IObI0 OTHOIMEHMUA, 00BIYHO 0003HAUAEMOr0 CUMBOJIOM “<” KM YHTAaeMOro Kak ‘“MeHnme uem”
win “npeamectByer”. JIuHeillno ynopadouenHoe MHOMXKECTBO S YAOBJIETBOPHAET CJIEAYIOIMIUM
IBYM YCJIOBHAM.

1. [Ina mo6uIXx 371eMeHTOB a u b U3 MHOXecTBa S MOKeT OLITH COpaBefIUBHIM TOJIBKO
OJHO K3 CJeAVIOIOUX YTBEpXKAeHUN: a < b, a =b nanm b < a.

2. JIna no6HIX 3J1eMEHTOB a, b 1 ¢ U3 MHOXKecTBa S TaKHX, 4To @ < b u b < ¢, caegyer
a < ¢ (CBOHCTBO TPaH3UTHBHOCTH)'.

MHoXecTBa meJbIX U AefCTBUTEJbHBEIX YHCEJ, CHAMBOJIOB I CHMBOJIBHEIX CTPOK 00Jja-
JAlOT eCTeCTBEHHBIM JHUHEHHHKIM DOPAAKOM, IJsA IIPOBEPKHM KOTOPOIO MOXCHO HCIIOJb30-
BaTh omepaTop oTHomeHUA < A3nika Pascal. [loHATHe MnHEHHOrO mopsAAKa MOYKHO OIpe-
OEJUTh JJaA OOBEeKTOB, COCTOAIMUX M3 MHOMKECTB YHOPAAOYEHHBIX OOBEKTOB.
DopMyJIUPOBKY TAKOr'0 ONPEJEeJeHHA MEI OCTaBJIAEM YHUTATENI0 B KayecTBe yIpajkHe-
mnsa. (IIpexxge yeMm mpucTymatrs K of6meil GopMyJMpoBKe, PACCMOTDHTE IPHUMEP ABYX
MHOXKECTB IeJIBIX YHMCeJ, OAHO M3 KOTOPHIX COCTOMT M3 uyucex 1 1 4, a Bropoe — U3 4H-
cex 2 u 3, u chopMyJNpyiTe YCIOBHSA, B COOTBETCTBMM C KOTOPHIMHU IIePBO€ MHOXCECTBO
Oyzmer OoJblle MJIN MeHbIIEe BTOPOTo.)

! Knaccuueckoe ompefeseHMe OTHOMEHHA JHHEEAHOTO CTPOrOro HOPAAKA TpeGyeT BHEIIOJHEHHS
CBOMCTB aHTHPedIeKCHBEOCTH, AHTUCHMMETPUYHOCTH M TPAHSUTHBHOCTH. 3JecCh BHINOJHEHHE CBOIi-
cTBa aHTHpPedIeKCHBHEOCTH ofecmeumBaeT TpeGoBaHMe pPasINIHOCTH 3JIEMEHTOB JIOGOrOo MHOMKECTBA,
a chopMyIHpOBaHHOE CBOHCTBO 1 sABIsAeTcsa mapadpa3oM ‘“cTaEAAPTHOro” ompeseseHUsA CBOMCTBA aH-
THCHMMETPHYHOCTH. — [Ipum. ped.



Cucrema 0003Ha4eHHI 11 MHOXKECTB

MHoxxecTBO OGBI9YHO M300parkaeTcss B BHUAE IOCJEAOBATEJLHOCTH €ro 3J€MeHTOB, 3a-
KJIIOUeHHOH B ¢purypHbie cKo6KH, Hanpumep {1, 4} o603EagaeT MHOMKECTBO, COCTOsAMEee U3
IBYX 2JieMeHTOB, — umcenx 1 u 4. ITopsok, B KOTOPOM 3aIMCaHBI 3JIEMEHTHI MHOYKECTBA,
He CYIeCTBEH, MOITOMY MBI MokeM mucaTh {4, 1} Tak sxe, kak u {1, 4}, npn 3anucu oxHO-
ro M TOTO Ke MHOXKecTBa. OT™MeTHM (M OyAeM 9TO MMeTh B BHAY B JaJIbHEHNIEeM), UTO MHOMKe-
CTBO He SIBJIAETCH CIMUCKOM (XOTs Obl 10 IPHU3HAKY IIPOM3BOJBHOIO IOPAAKA 3AIIUCH JJIEMEH-
TOB), HO JJIA OPEACTABJICHUA MHOXKECTB MEI GyZeM HCIIONB30BATh CIMCKM. IIOBTOpMM Takxke
eme pas, YTO MHI IpeANojaraeM OTCYTCTBHE IOBTOPAIOIMUXCS 3JIEMEHTOB B MHOJYKECTBe,
moaTomy HabGop anemenTos {1, 4, 1} He 6yAeM BOCIPMHHMATHL KaK MHOKeCTBO'.

HWHuoraa Mul 6yeM OpeACTABJIAThL MHOXKECTBA C IIOMOINLIO wWalblo0H08, T.e. BhIpaXKeHHil
BUza {x | yTBep)KJeHNe OTHOCHTENBLHO X}, TAe “yTBepKJeHHe OTHOCHTENLHO X” SBJIAETCH
GOpPMAJILHBIM YTBEpPIKACHUEM, TOYHO ONMCHIBAIOINUM YCJIOBMA, IPH BHIOTOJIHEHHH KOTODHIX
06'bEKT X MOXKeT GHITH 2JeMeHTOM MHOXKecTBa. Hampumep, ma6ion {x | x — monoxuTeNs-
Hoe meJioe auciao u x < 1000} mpexacrasaser MEoMkecTBo {1, 2, ..., 1000}, a sanucs {x | xna
IPONBBOJILHOTO LEJOro Y, X = Y2} OmpefenfeT MHOMKECTBO TOYHHIX KBAJPATOB IEJNHIX TH-
ces. OTMETHM, YTO MHOKECTBO TOYHBIX KBaZIpATOB GECKOHEYHO M €ro HeJb3d NpeACTaBUTH
mepe4yuCcJIeHUEeM BCeX ero 3JeMeHTOB.

DyHAAaMEeHTAJIbHELIM IIOHATHEM TEOPUH MHOXKECTB ABJAETCH HOHATHE OTHOMIEHWS IOpH-
HAJJIeKHOCTH K MHOXKecCTBY, ofo3EayaeMoe cUMBOJIOM €. Takum oOpasoM, 3ammch x € A
0603HAYAET, YTO X OIPHUHAMJIEHKUT MHOMKECTBY A, T.e. ABJISAETCA 3JIEMEHTOM dTOT0 MHOYKECT-
Ba; JIEMEHT X MOXKeT ObITH aTOMOM HJIM JPYT'AM MHOXKECTBOM, HO A He MOXXeT OHITH aTo-
MoM. 3amuch X € A o3HA4aeT, 4TO “X He IPUHAMJIEKHAT MHOMXeCTBY A”, T.e. X He ABIAETCA
aJeMeHTOM MHOXKecTBa A. CymiecTByeT cIieniajJbHOE MHOKeCTBO, 0603HaUaeMoe CHMBOJIOM
J, KOTOpOe HA3LIBAETCA NYCMbLM MHONCECME0M U KOTOPOE He MMeeT 3J1eMeHToB. OTMeTHM,
uyTo J ABIAAETCA MMEHHO MHOXKECTBOM, & He aTOMOM, XOTS M He COAEP)KMT HUKAKHX 3JIe-
MEHTOB. YTBepKAeHHEe X € J ABIAETCS JIOKHBIM AJIA JIO00ro 3JeMeHTa X, B TO Ke BpeMsA
3amuch X € y (€CJIM X M Y aTOMBI) IPOCTO He UMeeT CMBICJIA: 3eCh CUHTAKCHYeCKasa omub-
Ka, a He JIOXKHOe YTBepIK/AcHHuE.

T'oBOpPAT, UTO MHOXKECTBO A codepicumcs B MHOXeCTBe B (MM 8K.II0YaemcsA B MHOMXe-
cTtBo B), numerca A € B unu B D A, ecau ni000ii 31eMEeHT MHOKeCTBa A ABJIAETCA TaKKe
3JIeMeHTOM MHOMecTBa B. B cayuae A c B Takke roBOpAT, YTO MHOXKECTBO A SABJAETCS
nodmmnoxcecmeom muoxcecmea B. Hanpumep, {1, 2} c {1, 2, 3}, vo muoxecTBO {1, 2, 3} He
MOKeT OBITH IOAMHOXMKeCTBOM MHOkecTBa {1, 2}, mockomsKy MHoxectBo {1, 2, 3} comep-
JKHUT 3JIeMEHT 3, KOTOporo He mMeeT MHOKecTBO {1, 2}. KaskZioe MHOXECTBO BKJIIOUAETCHA
B caMoro cebs, IycToe MHOMECTBO COJEPXKHUTCA B JIOG0M MHOMKecTBe. [[Ba MHOXecTBa
PaBHEI, €CJH KaXXJ0e U3 HUX COAEPIKMUTCS B APYI'OM, T.€. OHM HMEIOT OZHH M Te Ke 3JIe-
MeHTHI. Eciim A # B u A ¢ B, To MHOYKECTBO A Ha3bIBAIOT COOCMEEHHbIM, UCTMUHHbIM NJIH
cmpozum nodMHoNcecmaeom MHOKecTsBa B.

OCHOBHBIMM OIEpAIMAMM, BBIIIOJHAEMBIMH HAJ MHO)KXECTBAMH, ABJAIOTCA OINEPallMH
o6'befUHEHUA, TIepeceueHnss U pasHoOCcTH. O6seduHeHuem MHOXKecTB A 1 B (o6o3mauaercs
A U B) HaseBaeTCs MHOKECTBO, COCTOSINEe U3 3JIeMEeHTOB, IPUHAAJIEKAIMUX XO0TA OBl of-
HOMY U3 MHOXXecTB A m B. Ilepecevenuem muHOXKecTB A U B (oOosHauaerca A N B)
Ha3HIBAETCA MHOMKECTBO, COCTOALEEe TOJBKO M3 TeX 3JIeMEeHTOB, KOTOphle NPUHAAJEXKAT
M MHOXKeCTBY A, U MHOecTBY B. Pa3nocmbvio MHOKecTB A ¥ B (o0osmauaercsa A \ B) Ha-
3BRIBAETCA MHOXKECTBO, COCTOSII€E TOJALKO H3 TeX 3JeMEHTOB MHOMecTBa A, KOTOphle He
npuHajIexar MHoxectsy B. Hampumep, eciu A= {a,b,c} u B= {b,d}, To AUB=
{a,b,¢,d},AnB={bp}uA\ B ={a, c}.

! Ina oGosHadenms “MHOKeCTBA ¢ IOBTOPEHHAMH” MHOTAA WCIONb3YETCH TEPMUH MYJLbMUMHO-
secmeo. MynsTUMHOKecTBOM Gyner HabGop anemenToB {1, 4, 1}. MyJIbTEMHOXKECTBO TaK)Ke He SBJIA-
eTCA CIOHMCKOM M fake B GosbIeit cTemeHM, YeM IPOCTOE MHOXKECTBO, MOCKOJBKY AJIfA MYJLTUMHOXe-
cTBa MOXKHO mucats {4, 1, 1} m {1, 1, 4}.
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Onepatopsi AT/I, ocHOBaHHbIE HA MHOXKECTBAX

PaccMoTpuM omepaTopsl, BHIIOJIHAEMEIE HAJi MHOXKECTBAMH, KOTOPHIE YaCTO BKJIIOYA-
I0TCA B PeaJM3anuIi0 pasJMYHAIX a0CTPAKTHBEIX THIOB NaHHRIX. HeKOTOphIe U3 3THUX olepa-
TOPOB MMEIOT OOMIeNpMHATHIE (Ha CETOAHSMIHEWYM JeHb) Ha3BaHUA U d3G(eKTUBHbIE METOXbI
ux peasmsamuu. Clefyolnuii COMCOK COZEpKHT Hambojee o0IIMe M YACTO MCIOJIb3yeMbIe
onepaTopsl MHOXKECTB (T.€. BHINOJIHAEMbIe HaZi, MHOXKECTBAMH).

1-3. IlepBeie Tpu nOpomeaypsl UNION(A4, B, C), INTERSECTION(4, B,C) =u
DIFFERENCE(4, B, C)! nMetor “BXoaHBIMHA” apryMeHTAMH MHOecTBa A U B, a B Ka-
YyecTBe pe3yJbTaTa — “BhIXOZHOE” MHO)KecTBO C, paBHOE COOTBETCTBEHHO A U B,
ANnBuA\B.

4. WHoraa Mmul GyAeM HCIOOJB30BATh ONEPATOpP, KOTOPHIHA HA3KIBAETCHA CAufHue (merge),
HIN 00seduHerHue HenepeceKawnwuxca MmHoxcecms. IToT omueparop (obosHauaercs
MERGE) He oTiiH4aeTcs OT omepaTropa o0beIMHEHMs ABYX MHOYKECTB, HO 34eCh Ipen-
IoJIaraeTcs, YTO MHOXKECTBa-OIlePaHALl He nepecexalomcs (T.e. He MMEIOT OOIMUX 3JIeMeH-
ToB). IIpomenypa MERGE(A, B, C) npucBauBaer MHOXKecTBy C 3HaueHme A U B, HO
pesyabTar GyAer He ompeneJieH, ecaum A N B # J, T.e. B ciydae, Korga MHOecTBa A
u B umeror ofmiye 37€MeHTHI.

5. ®Dyuxknus MEMBER(x, A) mMeeT apryMeHTaM¥ MHOXK€CTBO A M 00'BEKT X TOrO JKe TH-
ma, YTO ¥ 3JIeMeHTHI MHOXeCcTBa A, U Bo3BpamaeT 0yjeBo 3HaueHHe true (McTHHA), ec-
Ju x € A, u 3aauenne false (;10:p), eciu x ¢ A.

6. IIpomeaypa MAKENULIL(A) npucBauBaeT MHOKECTBY A 3HAUeHHE MYCTOI'O MHOYKECTBA.

7. TIIpoueaypa INSERT(x, A), rae o6'b€KT X MMEET TOT K€ THI JAHHBIX, YTO M 3JE€MEHTHI
MHOXKecTBa A, fieNaeT X 3JeMeHTOM MHO)KecTBa A. [IpyruMH cJI0BaMH, HOBLIM 3HAade-
HHeM MHO)KecTBa A Gymer A U {x}. OTMeTHM, UTO B CIyd4ae, KOTZa 3JIEMEHT X yKe
NPHUCYTCTBYET B MHOJKeCTBe A, 3TO MHOKECTBO He H3MeHsSieTCA B pe3yJbTaTe BHIIOJI-
HeHUA JaHHOH NpomeAypHI.

8. [IIpoueaypa DELETE(x, A) yaanseT 3jeMeHT X M3 MHOXKeCTBa A, T.e. 3aME€HJeT MHO-
secTBO A MHOXecTBOM A \ {x}. Eciiu s75eMeHTa X HET B MHOKeCTBe A, TO 3TO MHOXKE-
CTBO He U3MEHAETCHA.

9. IIpomeaypa ASSIGN(A, B) npucsamBaeT MHOXKECTBY A B KaudecTBe 3HAYEHUSA MHO-
JecTBO B.

10. ®ysxkoua MIN(A) BoaBpamaeT HaMMEHBLIIHH 3J1eMeHT MHOXKecTBa A. lns mpuMene-
HUA 3TOM GQYHKUME Heo6XOoAMMO, 4TOGHI MHOXKECTBO A OBLIO mapaMeTPH3MPOBAHO
M ero 3JeMeHTHl OBIIM JuHedHO ymopapgodensl. Hampumep, MIN({2, 3,1}) =1 u
MIN({‘a’, ‘b’, ‘¢'}) = ‘a’. Ilogo6ubIM 06pa3oM onpegenserca pyHkmua MAX.

11. ®yaxnua EQUAIL(A, B) BosBpamjaer 3HaueHUe true Torja M TOJBKO TOrAa, KOTZa MHO-
KecTBa A ¥ B COCTOAT U3 ONHUX M TEX K€ 3JIeMEHTOB.

12. ®yuxknua FIND(x) omepupyer B cpefie, rie ecTb Ha0op HelepeceKalOLUXCA MHO-
skectB. OHa BoadBpaImaeT NMs (eJUHCTBEHHOE) MHOKECTBa, B KOTOPOM €CTh 9JIEMEHT X.

4.2. AT/l ¢ onepaTopaMu MHOXKECTB

Mmu1 maunem ¢ onpeaeneEms ATIl nna mMaTeMaTH4ecKoil Mozeau “MHOXKECTBO” ¢ ompe-
IeJIeHHBIMHA TpPeMSl OCHOBHEIMH TEOPETHKO-MHOXKECTBEHHBLIMH OINepaTopaMu obbeJuHEHUS,
nepecedeHuss 1 pasHocTH. CHauasa npmBefgem npumep rtaxkoro ATJl m mokakeM, Kak ero
MOXKHO HMCIOJIB30BaTh, & 3aTE€M 00CYAUMM HEKOTOphIe mpocThle peanusaunuu aroro ATII.

! Haspamms mnpomeayp mepesoiarca Kak “O6nenmmenme”, “Ilepeceuenme” u “Pasmoctn”. —
ITpum. nepes.
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IIpumep 4.1. HammmiemM mporpaMMy, BHIDOJNHSIOMIYIO IPOCTOM “aHanus3 IOTOKa AaH-
HBIX” 10 GJIOK-cXeMaM IpeACTaBJIeHHHX mpomeayp. IIporpaMma GyaeT MCIOIb30BaTh ITe-
pemenHble abcrpakTHOro THma AaHHBIX SET (MHuoxecTBO), ans storo AT omepaTops
UNION, INTERSECTION, DIFFERENCE, EQUAL, ASSIGN u MAKENULL onpeaeneHs
B NIPeJLIAYIIEM Da3jelie.

B 650k-cxeMe Ha puc. 4.1 GJIOKA-IPAMOYTOJbLHUKHA IOMeYeHH Bi, ..., Bg, a oneparo-
pul onpedenenus danHnvix (omepaTopsl OOBABICHHS JAHHEIX KM OOEPATOPH! IPHCBAWBa-
HUA) OPOHYMepoBaHH OT 1 A0 9. Dra GJIOK-CXeMa COOTBETCTBYET AJITOPHTMY EBKJIHIA
(BrIyncieHre HauGosbimero obmero AeamTesns ABYX ducea), HO B JaHHOM IpHMepe feTa-
JIA 3TOTO aJrOpHUTMa HAC He HHTEPEeCYIoT.

1:t =2
p = GEN={1,2,3}
B1 2p =? e
3:q:=? KILL 14.5.6,7,8,9}
]
B 4:read(p) GEN={4,5}
2 5:read(q) KILL={2,3,7,8}
B, @ GEN=KILL=2
y
n
& ot=p %E'f:f? ,}9}
4
B,| IP= GEN={7,8)
5 8:q i= KILL= 2'3'4.5}
) &
B, <g “e”m 4 GEN=KILL=0
y
n B[  wrte(q) GEN=KILL=2
it = GEN={9
B, | 9:t:==pmod q KILL={{1 ,}6}

Puc. 4.1. Brok-cxema anzopumma Eexauda
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B obmem ciaydae anaau3 nomoka 0aHHbLX OTHOCHTCA K TOM 4aCTH KOMIMJIATOPA, KO-
TOpas mpoBepseT GJIOKOBYIO CTPYKTYPY MCXOAHOH mporpaMMmhl (mogo6myio puc. 4.1) u co-
6upaeT uHGOPMAOUIO O BHIIIOJHEHNH OIEPATOPOB KAaMKJOro IPAMOYIOJbHHMKA OJIOK-CXEMEI.
Baoxu (OIpAMOYTOJBLHHAKH) GJIOK-CXeMBl HPEACTABIAIOT COBOKYOHOCTh OIEPATOPOB, uUepe3
KOTOpEIE€ IOCJEAOBATENBHO “IPOXOANT’ HMOTOK AaHHBIX. UHDOpManusa, moaydyeHHas B pe-
3yJbTaTe aHaJN3a IIOTOKA MAHHEIX, IIOMOraeT IOBHICHMTH KAaYyeCTBO IeHEPHMPYyeMOro KOMIIH-
JIATOPOM Koja mporpaMMbl. Eciu, Hampumep, B mpomecce aHajJu3a IOTOKA AaHHBIX OGHA-
PY?K€HO, YTO OPH KAaXXIOM HPOXOXKAeHUH OJioka B mepeMeHHasg X NPHEMMAET 3HAYEHHE
27, TO MOXXHO moACTaBUTh 27 AJA BceX BXOXKAeHMH x B 6J0Ke B BMeCTO BHIIOJHEHHS OIe-
paTopa OpHUCBaMBaHHUA 3TOM nepeMeEHOH. EcamM gocTyn K KOHCTAHTAM OCYIECTBIIAETCS
OBbICTpee, YeM K 3HAYEHMAM NepeMeHHBIX, TO ONMCAHHAS 3aMeHa IOPUBOAUT K Ooiee ad-
(beKTHBHOMY KOAY MPOrPAMMEI, IOJYYEHHOMY B IpOlecce KOMIMIAMUH,

B HammeMm mpuMepe MBI XOTHM OIpeJe/]HTh, Te NepeMeHHad MOCJHEeJHUH pa3 mpuHHMA-
Jla HOBoe 3HaueHue. [IPDYTMMHM CJIOBaMM, MEI XOTHM AJA KaXZoro 6/JoKa B; BBEITHUCIHTHL
mHOXKecTBo DEFIN[i] onpenenenuit d Takux, KOTophle caeJaHN B 6yokax or B; mo B;, HO
B OOCJeAyIomux GJIOKaX HET APYTHUX OIpeAeseHMH AJs To# Ke IepeMeHHOM, KoTopas OI-
pefiefanach B ompefiesIeHUH d.

YTo6H HOPOHJUIIOCTPUPOBATHL HEOOXOAMMOCTh TAaKOM HMHMODPMAIMK, DPacCMOTPUM OJIOK-
cxemy Ha puc. 4.1. IlepBrlit 610k B, ABAAACE “X0JOCTHIM” 6JIOKOM, COZEPXKHT TPH OImpe-
JfeJleHAs, IPUCBAXBAIOIOUX IIepeMeHHEBIM ¢, P U ¢ “HeomnpejesleEHEIe” 3HaueHuA. Ecin, Ha-
npuMep, MHOxecTBo DEFIN[7] Brialouaer B ceba ompefesneEre 3, KOTOPOe MPHMCBAWBAET
IepeMeHHOH ¢ “HeompeZie/leHHOe” 3HaueHMe, 3HAYUT, IIPOrpaMMa COZEPyKMT OmIMOKY, IIO-
CKOJBLKY OyZeT mpeAIpHHATA NleyaTh 3TOH mepeMeHHO# 6e3 mMpUCBamMBaHUA eil “HacTosiero”
spadeEnsa. K cuacTeio, B JaHROH 0JIOK-CXeMe HEeTPYAHO IPOBEPHUTH, YTO HEBO3MOXKHO AOC-
THTHYTHL 6JI0Ka By, MUHYA ollepaTOpHl IPHUCBOCHHUS 3HAYEHUI 3TOH IlepeMEeHHOH, II03TOMY
MHO0kecTBo DEFIN][7] Be OyjeT cofep:kaTh onpefejieaue 3.

IIpu BrIuucieHun MEOKecTBa DEFIN[i] OyaeM npuAepXKUBATHCA HECKOJIBKHX IPaBHJI.
Cuauana aasa xaxporo 6Joka B; mpegBapuTenbHO BHIYHMCINM ABa MHoxecTBa GEN[i] u
KILL[i]. GEN[i] — 3To MBOXecTBO ompefesieHHH, chejaEHEX B OJoxe B,. Eciu B sTom
6J10Ke eCThb HeCKOJIBKO ONpefie/IeHUil OgHON mepeMeHHOM, TO TOJBKO IOCJHeJHee M3 HUX 3a-
HOCHTCsA B MHOKecTBo GEN[i]. Opyrumu ciroBamu, GEN[i] aBnsgeTcs MHOKeCTBOM ompeze-
JeHH#, “reHepupyeMuXx” 610KoM B;.

Muosxectso KILL[i] conep»XuT onpefesenus (13 Bcex GJIOKOB, KpoMe B;) Tex e mepe-
MeHHEIX, KOTOphle ompeneseHnl B 6Gjoxe B;. Hanpumep, Ha puc. 4.1 GEN[4] = {6}, mo-
CKOJILKY B Osioke By cogepxuTca omnpepenesue 6 (mepeMenHoii t). B cBoio ouepexsn
KILL[4] = {1, 9}, Tak KaK CYImeCTBYIOT ompejeseHEna 1 u 9 Toit ke mepeMeHHO# ¢ U KOTO-
pule He BXOAAT B 010K By.

Kpome muoxecrs DEFINIi], ana xaxgoro 0joka B; Takike GyZeM BBHIUYHCIATL MHOMKe-
crBa DEFOUTTi]. Tak xe, kak DEFIN]i] aBndaeTcd MHOKECTBOM ONIpejejieHNH, AeiicTBue
KOTOPHIX mocTuraer 6jsoxa B;, Tak u DEFOUT[i] — 3T0 MHO>XeCTBO ompefesleHnit, AeHcT-
BHe KOTODHIX pacmpocTpaHsercsa 3a 0ok B;. CymecTtByer nmpocras ¢opMysia, CBASHIBAIO-
masa MHOXecTBa DEFIN[i]l n DEFOUTTi]:

DEFOUTIi] = (DEFIN[i] - KILL[i]) U GEN[i] 4.1)

TaxuMm obpasom, onpefenenue d pacIpocTpaHseT CBoe AeicTBre 3a 6J0K B; TOJBKO B ABYX
cIIyuasix: ecjIi ero AeiicTBHe HauaTo Ao Gjoka B; m He “yOuT0” B 3TOM 0JI0KE MJIM €CIIM OHO re-
HepupoBaHo B Gioke B;. Bropas dopmyina, cBaseBaoman MHoxkectsa DEFIN[i]l u DEFOUTYi],
mokaseiBaeT, uto DEFINTi] MOXHO BBIYHCJINTEL KaK oObequHeHVe Tex MHokectB DEFOUTp],
AJIS KOTOPBIX ompefessiomue ux 6ioku B, npenmectsyioT 6J0Ky B;.

DEFIN[i] = U  DEFOUTIp] 4.2)

B, mpemmecTsyer B

N3 popmynn (4.2) ciegyeT o4eBUAHBIA BHIBOK, YTO OIpEAe]ICeHUA NaHHBIX PEruCTPUPYIOT-
ca B Gi0Ke B; TOoraa 4 TOJNBKO TOTAA, KOTJA HX AeHCTBHe HAYMHAETCS B OAHOM U3 IIPEAINeCT-
Byromux 6;0k0B. B 0cobmIX ciayyasx, Korga B; He HUMeeT NpPEAINeCTBEHHMKOB (Kak 6ok B;
Ha puc. 4.1), MmBOXecTBO DEFINTi] cuuTaeTcs paBHLEIM ITyCTOMY MHOXKECTBY.
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XoTA B 3TOM IpUMepe BBeAEHO MHOIO HOBHIX NMOHATHH, MH He Oyaem o0600miaTh 3TOT
MaTepuaj AJIA HAMNCAHNA OOIIUX aJITOPHTMOB BRITMCIeHNSA obJacTeil JeHCTBUA ompeneJie-
HUIl B IDPOM3BOJBHBIX 6JIOK-CXeMaXx. BMecTo 3TOro MBI HAIHIIEM YACTH IPOTPAMMEI BEHI-
yucnesus MHoKectB DEFIN[i] u DEFOUTYi] (i=1, ..., 8) gua 61ok-cxemh pmuc. 4.1,
mpegmoyaras, 4uro MHOXKecTBa GENJi] m KILL[i] onpepeneHnt 3apanee. OTMeTHM, 9TO
npejyaraeMslii ¢parMeHT OporpaMMel mpefAmnosaraer cymecrsoBague ATl SET (MuoxxkecTBO)
¢ oneparopamu UNION, INTERSECTION, DIFFERENCE, EQUAL, ASSIGN 1 MAKENULL,
no3AHee MEI MOKAXKeM, KaK peainsoBaTh 3ToT AT/,

B coszaBaemMom mporpaMMHOM ¢parmenTe (nmcTHHr 4.1) nponeaypa propagate(GEN,
KILL, DEFIN, DEFOUT) ucnoasayer dopmynay (4.1) ans BBIUMCIEeHHA MHOMKECTBA
DEFOUT yxaszansoro 6goka. Ecau mporpaMMa cBo60AHA OT IMKJIOB ¥ IIOBTOPSIOLIUX-
cA CTPYKTYpP, TO B 3TOM caydae MHOxecTBa DEFOUT M0XHO BHIYHCJIUTH HEOOCPEACT-
BeHHO. IIpyM HaJWMuUMM B mporpaMMe OUKJIOB MJIH HOBTOPAIOINIMXCH CTPYKTYP LIS BHI-
yuciaesns DEFOUT npuMeHSIOTCS HTepanUOHHBIE HpoueAyphl. CHauana AJA Bcex i
nonoxum DEFIN[i]l = & u DEFOUT[i] = GENIi], saTeM mocJjiegoBaTeJIJbHO IIPHUMEHUM
dopmyasr (4.1) u (4.2) HecKOJBKO pa3, MOKa He “crabuiamsupyiorca”’ (He mepecTaHYT
nsMeHaTsca) MHoxectrsa DEFIN u DEFOUT. IlockoJbKy Kaxaoe HOBoe 3Ha4YeHHE
MHOKecTB DEFIN[i] u DEFOUTI[i] coiepXXHUT CBOX HNpeAhIAyIINe 3HAUEHHUS, a KOJU-
9eCcTBO BCeX OIpefeJeHHIl B IIporpaMMe OrDaHMYEHO, TO IIPOLECC AOJKEH CXOAUTHCH
K pelmleHWIO ypaBHeHui (4.1) u (4.2).

IlocnemoBarensHble 3HaueHus MHoKecTB DEFIN[i] mocie KaXmoil HTepanmuyM LOUKJA
nokasaHsl B Tabs. 4.1. 3ametnM, uTOo omepaTopsl 1, 2 m 3 npucBaMBAaHUA IEePEeMEHHBIM
“Heonpefe/IeHHbIX” 3HAYEHWH He PaCIPOCTPAHAIOTCS HA OJOKM, Iie 3TH IepeMeHHbIe HC-
noab3dyorca. OTMETHM TakKe, 9TO B JMUCTUHTre 4.2 CHAYaJa BBHINOJHAIOTCA BBIYUCICHUSA
no dopmyne (4.2), a 3arem mo dopmyie (4.1); B obmeM ciaydyae 3T0 06ecIeYMBAEeT CXOAU-
MOCTBH Iponecca Berauciaerus DEFIN[i] Bcero 3a HecKoabKo uTepanuii. [

JincTuar 4.1. IIporpaMma BeruKncIeHAs oOnacreit NelicTBril onepaTopos
onpeeeHns nepeMeHHbIX

var
GEN, KILL, DEFIN, DEFOUT: array[l..8] of SET;
{ Npennomaraercs, uro GEN u KILL BHUMCIAKTCA
BHE 3TOM MPOTPaMMH }
i: integer;
changed: boolean;

procedure propagate( G, K, I: SET; var O: SET );
{ Berumcnmenma no ¢opmysne (4.1), nepemenHasa changed npuHMMaeT
3HaueHMe true, ecimu ecTb u3MeHeHus B DEFOUT )}
var
TEMP: SET;
begin
DIFFERENCE (I, K, TEMP);
UNION (TEMP, G, TEMP) ;
if not EQUAL(TEMP, O) do begin
ASSIGN (O, TEMP);
changed:= true
end
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end; { propagate }

begin
for i:= 1 to 8 do
ASSIGN (DEFOUT[i], GEN[i]);
repeat
changed:= false;
{ nanee 8 omnepaTopor peammzyoT GOpMYsTy (4.2), HO TONBKO
ons Gnox-cxems puc. 4.1 }
MAKENULL (DEFIN[1]) ;
ASSIGN (DEFIN[2], DEFOUT[1]);
ASSIGN (DEFIN[3], DEFOUTI[2]);
ASSIGN (DEFIN[4], DEFOUT(3]);
UNION (DEFOUT (4], DEFOUT([8], DEFIN[5]);
UNION (DEFOUT([3], DEFOUT(5], DEFIN[6]);
ASSIGN (DEFIN(7], DEFOUTI[6]) ;
ASSIGN (DEFIN([8], DEFOUTI[6]) ;
for i:= 1 to 8 do
propagate (GEN[1i], KILL(i]l, DEFIN[i], DEFOUTI[i]);
until
not changed
end.

Ta6mmna 4.1. 3aauenus DEFINi] nocie Kaxnoil nrepannn

i IIpoxox 1 IIpoxox 2 Ipoxox 3 IIpoxon 4

1 %) %] 1] %]

2 {1, 2, 3} {1,2, 3} {1,2, 3} {1, 2, 3}

3 {4, 5} {1,4, 5} {1,4, 5} {1, 4, 5}

4 %] {4, 5} {1, 4, 5} {1, 4, 5}

5 {6, 9} {6, 9} {4,5,6, 7, 8,9} {4,5,6,7,8,9)
6 {7, 8} {4,5,6,7,8,9) {1,4,5,6,7,8,9) {1,4,5,6,7,8,9}
7 %) {7, 8} {4,5,6,7,8,9} {1,4,5,6,7,8,9}
8 %] {7, 8} {4,5,6,7,68,9} {1,4,5,6,7,8,9)

4.3. Peanu3anusa MHOXECTB NOCPEACTBOM
JBOMYHBIX BEKTOPOB

Haunyumasa koHKpeTHas peanusanms abctpakTHOro THma AasHeix SET (MmuoxxecTBO)
BeIOGKpaeTcA mMcXoAs M3 Habopa BHINOJHAEMBIX OIEPaTOPOB U pasMepa MHoKecTBa. Eciau
BCe paccMaTpHBaeMble MHOXKeCTBa OyAyT HDOAMHOKeCTBAMM HEeGOJIBIIOTO YHUBEPCAJbHOZO
MHONCecmea nenblx umcena 1, ..., N gasa HekoToporo ¢mrcuposaHHOro N, Torga MOXKHO
npumernTh peanusanuio ATI SET nocpeactBom agsBomuHOro (GyseBa) BekTopa. B aToit
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peaJu3anuu MHOXKECTBO IpEACTAaBIAETCA JBOMIHBIM BEKTOPOM, B KOTOpOM i-it 6uT paseH 1
(unm true), ecam i ABIAAeTCA JIEMEHTOM MHOXKecTBa. '1aBHOe HOpPEHMMYINECTBO 3TOM
peaju3aOuM COCTOMUT B TOM, 4To 3gech omeparopsi MEMBER, INSERT u DELETE moxHO
BHIOJIHATHL 3a (HKCHpPOBaHHOE BpeMa (HE3aBHCHMO OT pasMepa MHOYKECTBa) IyTeM IIpd-
MoO# agpecanum K coorsBercTBylomeMy Oury. Ho omepatopm UNION, INTERSECTION
u DIFFERENCE BHIDOJHSIOTCS 3a BpeMs, IPONOPLMOHAJbHOE DPasMepy YHHUBepCalb-
HOTO MHOXKECTBA.

Ecay yEMBepcasbHOE MHOXKECTBO TAK MaJIO, YTO ABOMYHEIA BEKTOp 3aHMMaeT He (ojee
OAHOIO MAaImMUHHOrO cjioBa, To omepatopsl UNION, INTERSECTION u DIFFERENCE
MOXKHO BBHIIIOJHUTL C IOMOIBIO IIPOCTHIX JIOTMYECKHUX omepanuil (KOHBIOHKIONY U JUIBIOHK-
I¥MH), BHINOJHSAEMBIX Haj ABOMYHLIMM BeKTopaMu. B ssmike Pascal ansa mpeacraBieHUS
He6OJIBIIAX MHOKECTB MOXKHO MCIIOJb30BATh BCTPOEHHHIH THHO maHHEIX set. Makcumass-
HEIi pasMep TAKHX MHOXKECTB 3aBHCHUT OT KOHKDETHOTO IPHMEHSEeMOro KOMIMJIATOpAa
H mo3ToMy He ¢opmasmsyeM. OfHAKO OpM HAODWCAHUM NPOrPAMM MBI HEe XOTHMM OBITH CBSI-
3aHBl OTPaHMYEHEHEM MAKCHMAJILHOrO pa3Mepa MHOMKECTB II0 KpaiiHeil Mepe A0 TeX IIOp,
OKa HAIIX MHOMKECTBA MOKHO TPAKTOBATh KAaK IOAMHOKECTBA HEKOEro YHHBEPCAJILHOTO
MHOXecTBa {1, ..., N}. IlosToMy B JamHOM pasfeie GygeM HpHAEP’KUBATHCA IPeJCTaBJe-
HHA MHOKeCTBa B BUAie OyseBoro maccuBa A, rae A[i] = true Toraa m TOJIBKO TOrAa, Korga
i siBIsAEeTCA BJIEMEHTOM MHoKecTBa. C momombio o0bsaBaeHuit saswika Pascal ATI, SET
MOXKHO OIIPEJIeJIUTH CJAEAYIOINAM oGpasoM:

const

N = { nomxomsmee uMCJIOBOe 3HAdYEHMUe };
type

SET = packed array[l..N] of boolean;

Peanusanus oneparopa UNION nmpusezneHa B nuctunre 4.2. {1 peaiusanuy omepaTo-
pos INTERSECTION u DIFFERENCE Hajgo B 1ucTHHre 4.2 3aMeHHTH JIOTMUECKMi omepa-
Top or Ha omeparopsl and u and not coorseTcTBeHHO. B KadecTBe mpocToro ynpakHeHHUSA
YHTATEJb MOXKET CAMOCTOATEJIbHO HAIMCATH KOJ AJs peaju3alMi APYTHX OIepaTOpOB, ITe-
peuucieHHHIX B pasgene 4.1 (3a uckiaoueHueMm onepaTropoB MERGE u FIND, kotopsle He
MMEIOT IPAKTHYECKOr0 CMBICIA IPH AAHHOM IPEACTABICHUH MHOXKECTB).

JIncranr 4.2. Peam3sanas onepatopa UNION

procedure UNION ( A, B: SET; var C: SET );

var
i: integer;
begin
for i:= 1 to N do
C[i] := A[i] or BI[i]
end

IlpeacTaBsiieHre MHOXKECTB B BHJE ABOMYHBIX BEKTODOB MOXKHO IPHMMEHHUTH HE TOJBKO TO-
I'Zia, KOrja YHUBEpCAJIbHOe MHOMKECTBO COCTOMT M3 ITOC/IEA0BATEILHBIX LEIbIX 4Kces, HO U B 6o-
Jlee obmeil cUTyaIuM, KOrga YEMBEPCAJIbHOE MHOXKECTBO KOHEeUHO. [IJ1A 3TOro AOCTaTOIHO yC-
TAHOBUTH B3aMMHO ONHO3HAYHOE COOTBETCTBHE MEXKAY 3JIEMEHTAMH 3TOI'0 MHOYKECTBA
¥ measIMu yuciaamu 1, ..., N. Hanpumep, Tak, Kak 3To chejaHo B nmpumepe 4.1, rae Bce om-
peAeneHUsa JAHHKIX Mbl IPOHyMepoBaiu umuciamu ot 1 1o 9. B obmem ciayuae ana peanusa-
My Takoro orobpaskenusa mcnoabsyerca AT MAPPING (Orobpa)keHue), onUCaHHBIN B Iia-
Be 2. Ha mpakTnke o6paTHoe oToGpa)keHHe M3 MHOXKECTBA IEJBLIX YHCEJ B MHOYKECTBO 3JIe-
MEeHTOB YHMBEPCAJILHOTO MHOXKECTBA IPOIEe BHINOJIHHUTHL C IIOMOIIBI0 MaccuBa A, rae A[i] 6y-
JeT 5J1eMeHTOM YHUBEPCAJIBLHOI'O MHOYKECTBA, COOTBETCTBYIOINUM YHUCIY i.
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4.4. Peaqu3anyus MHOXKECTB NoCpEACTBOM CBA3AHHBIX CHUCKOB

OueBuzeH cmocob IpeACTABIEHUA MHOYKECTB IOCPEACTBOM CBA3AHHEIX CIHMCKOB, KOTZA
3JIEMEHTHl CIIMCKA HABJIAIOTCA 3JIeMEHTaMH MHOXKeCTBa. B oTiMdue oT mnpeicraBieHus
MHOJKECTB IIOCPEACTBOM JBOHUYHEIX BEKTOPOB, B NAHHOM IIPEACTABJIEHHM 3aHUMaeMoe
MHOKECTBOM IPOCTPAHCTBO IPONOPIUOHAJIBLHO pasMepy IPeACTABIAEMOr0 MHOXKeCTBA,
a He pasMepy YHHBePCAJIbHOTO MHOXKecTBa. KK\poMe Toro, mpejicTaBjieHHe IOCPEACTBOM CBS-
3aHHBIX CIONCKOB fABJIAeTcA 6ojsee 06IMM, HOCKOJIBKY 37leCh MHOXXeCTBa He 06sA3aHBI OLITH
DOAMHOXMXKECTBAMHM HEKOTOPOI'0 KOHEYHOr'0 YHUBEPCAJILHOTO MHOXKECTBA.

IIpu peanusanuu onepaTopa INTERSECTION (IlepeceueHre) B paMKax IpeACTaABICHHSA
MHOJKECTB IIOCPEeACTBOM CBA3AHHBIX CIIMCKOB €CTh HECKOJIBKO ajabTepHATHB. Eciam yHHUBep-
caJbHOE MHOYKECTBO JIMHEHHO YIOPAAOYEHO, TO B 3TOM CJIydae MHOXKECTBO MOXKHO IIpefi-
CTaBHUThH B BHJIe CODTHPOBAHHOIO CIUCKA, T.e. IMpeAmnoJaras, 4ToO BCe 3JeMEeHTHI MHOKeCTBa
CPaBHUMEBI IIOCPEACTBOM OTHONIEHMA “<”, MOXKHO OMXHAATh, YTO 3TH 3JIEMEHTHl B CIIMCKe
OYAYT HAXOAUTLCA B IOPAAKE €1, €3, ..., €,, Korga e; < e; < ez < ... < ¢,. IIpenmymecTBo
OTCOPTHPOBAHHOI'O CIIMCKA 3aKJII0YAeTCs B TOM, UTO AJIs HAXOMIEHUS KOHKPETHOIO 3Je-
MEHTa B CIINCKe HeT HeoGXOAMMOCTH IPOCMATPHBATL BECh CIIMCOK.

JiieMeHT OyAeT NpUHAANEKATh IEPeCEeYeHNI0 CIIMCKOB L; 1 Ly Toraa M TOJBKO TOrja, KO-
TAa OH COJEPKUTCA B o0OMX cOuCKax. B ciayuae HeCOPTHMPOBAHHBIX CIOMCKOB MBI JOJIMKHBI
CPaBHHMTH Ka)KABIiI 3JIeMEHT COMCKa L; ¢ KayKABIM 3J1€MEHTOM ciucka Lj, T.e. chenaTs IIo-
paaka O(n?) omepanuit npu pabore CO CIMCKaMH AJWHEL 7. I COPTMPOBAHHBIX CIHMCKOB
oIepaTopbl IepecedeHNs M HEKOTOphble ApYyrve BHINOJHSIOTCS CPABHUTEJBLHO IPOCTO: €CIU
HaJ0 CPaBHHUTH 3JIEMEHT e coucKa L, ¢ ajleMeHTaMH cIuCKa Ly, TO HaXO OPOCMATPUBATE CITH-
COK Ly TOJIBKO O TeX IOp, IOKA HE BCTPETHTCHA 3JIEMEHT e Wiau Oonpmimii, yeM e. B mepBoM
ciay4yae GymeT COBOaZieHHME 3JIEMEHTOB, BTOPOMl CJy4ail IOKA3bIBaeT, 4YTO 3JIEMEHTAa € HeT
B coucke L,. Bosiee uHTepecHa cuTyanms, KOria Mbl 3HA€M 3JeMeHT d, KOTOPHIA B coucke L;
HeIoCPeAICTBEHHO IpefmecTByeT ajeMeHTY e. Torma njs IOMCKA 3JIeMEHTA, COBIALAIOIIErO
C 9JIEMEHTOM e, B cmucKe L, MOMKHO CHa4ajia HalTH Takoil ajemeHnr f, uro d < f, ¥ HayaThb
npocMoTp crucka Ly ¢ aToro anemedTta. Mcmonn3ys 3ToT mpueM, MOYKHO HAMTH COBHAZAIOMINE
3JIeMeHTHl B crnuckax L; u Ly 3a OZMH OPOXOA 3THUX CIKMCKOB, IIPDOABHMTafAcCh BIEpex IO CIIH-
CKaM B IIpAMOM HOpAAKe, HAYMHAA ¢ HaMMeHbImero sjaemeHTa. Kox mpomexyphl, peamayio-
meit oneparop INTERSECTION, nokazan B suctuare 4.3. 31ech MHOXKeCTBA IpPeACTABJIEHE
CBS3aHHBIMM CIMCKAMH S4eeK, Yell THII onpefiesIAeTCA CAEAYIOMUM 00pa3oM:

type
celltype = record
element: elementtype;
next: Tcelltype
end

B nucruare 4.3 mpepmoJsaraercsd, 4ro elementtype — 3To THN IeJBIX YHCeJN, KOTOpHIE
MOKHO YIOPSALOYHUTEL IIOCPEACTBOM OGbIYHOrO omeparopa cpaBHeEMA <. Ecam elementtype
OpeACTaBJICH APYIMM THIOM AAHHHEIX, TO HAJO0 HaOKCaTh (PyHKOUIO, Koropas Gymer ompe-
LeJATh, KAKOH M3 ABYX 3aZAHHBIX 3JIEMEHTOB IIPEeAIIECTBYET APYTOMY 3JIEMEHTY.

JIacTanr 4.3. IIponexypa INTERSECTION, Acnosib3yiomas CBA3aHHbIe CIIHCKH

procedure INTERSECTION ( ahead, bhead: Tcelltype;
var pc: Tcelltype );

{ BrruucrieHMe repecedeHus COPTUPOBAHHEIX CIMCKOB A M B C
AuYerkaMy 3aroJIOBKOB ahead u bhead, pesynbTaTr —
COPTMPOBAHHEII CIOMCOK, Ha deil 3arOJIOBOK yKa3hBaeT pC }

var

acurrent, bcurrent, ccurrent: Tcelltype;
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{ TeKyuMe SA4YeMKM COMCKOB A M B M MOCHenHAs sAdeika
OOMOJIHUTEJIbHOTO cnucka C }

begin

(1) new(pc) ; { cozmaume zarososka mns crmcka C }
(2) acurrent:= ahead'.next;
(3) bcurrent:= bhead'.next;
(4) ccurrent:= pc;
(5) while (acurrent <> nil) and (bcurrent <> nil) do begin

{ cpaBrenue Texyumx sseMeHTOB crmuckoB A u B }
(6) if acurrentT.element = bcurrentl.element then begin

{ moGammenme snemenTa B mepeceuenve }

(7) new(ccurrentT.next) ;
(8) ccurrent:= ccurrentl.next;
(9) ccurrentT.element:= acurrent?T.element;
(10) acurrent:= acurrentT.next;
(11) bcurrent:= bcurrentT.next

end

else { 3sjeMeHTH HepaBHH }
(12) if acurrentT.element < bcurrent?T.element then
(13) acurrent:= acurrentT.next;

else
(14) bcurrent:= bcurrent?.next
end

(15) ccurrentT.next:= nil

end; { INTERSECTION }

CBsi3aHHBIE CIIMCKHM B JIUCTHHre 4.3 B KadecTBe 3aroJIOBKOB HMEIOT IIYCThle sSUEHKH,
KOTOpPHIE CJOYIKAT KaK YKaszaTeJlM BXOAa CINCKOB. Unrarenp IPH KeJaHHAM MOXKET HAIH-
caTh 3Ty IporpaMmy B Goiee o0mieit aGCTpakTHOHN dopMe ¢ MCHOJIH30BAHHEM IPMMHUTHBOB
couckos. Ho nporpamma nuctunra 4.3 moxxeT ObITH Gosee 3ddexTHBHON, YeM aGCTpaKT-
Hasg mporpamMma. Hampumep, B jaucTuHTe 4.3 HCHOONB3YIOTCA YKasaTeld HA OTAENLHEIE
AYeHKN BMeCTO “IIO3UIIMOHHBLIX” TepeMEeHHBIX, YKAa3hIBAIOIIMX HA IPeABIAYINYI0 SYeHKy.
Tax MOYKHO cAesaTh BCIEACTBHME TOrO, YTO 3JEeMEHTHI ZoGaBiasiorca B caucok C, a CIMCKH
A 1 B TOIBKO IpocMaTpUBAIOTCA 6e3 BCTABKM MM YIAJeHUA B HUX 3JI€MEHTOB.

IIponeaypy INTERSECTION mucTuHra 4.3 MOMKHO JIErKO IIPHCIOCOGHUTDH AJIS pean3a-
nun oneparopoB UNION u DIFFERENCE. [Ina Boimonnerus oneparopa UNION mazo Bce
3JIeMeHTHl U3 cIIucKoB A u B samucars B cuucok C. IloaToMy, Korsa 3j1eMeHTHI He PaBHEI
(ctpoku 12-14 B nucturre 4.3), HaMMeHBIIMH U3 HUX 3aHOCHTCA B cnucoxk C, Tak e,
KakK ¥ B cJIydae UX pPaBeHCTBA. JJIEMEHTH! 3aHOCATCA B cuucok C A0 Tex mop, IOKa Ha HC-
yepnaioTca oba COHCKa, T.e. MOKA JIOTMYECKOEe BhIpakeHHMe B CTPOKe 5 He IIpUMeT 3Haue-
Hue false. B nponeaype DIFFERENCE B ciyuae paBeHCTBA 37IeMEHTOB OHM He 3aHOCHATCH
B cuucok C. Ecam TeKkymuil 3/leMeHT COMCKA A MEHbIe TeKylLIero 3JeMeHTa cIucka B, To
OH (TeKymuii ajileMeHT caoucka A) 3aHocuTcAa B coucok C. DJIeMeHTHl 3aHOCATCA B cOuUCOK C
0 TexX mop, IIOKA He MCUepIaeTca COMUCOK A (JIormyecKoe yCJIOBHE B CTPOKe 5).

Omneparop ASSIGN(4, B) konupyer coucok A B coucoxk B. OrmeruM, 4TO 3TOT omepa-
TOP HeJb3s Peajim30BATh IHPOCTHIM IepeolpejesieHNEM 3arojOBKa COMCKAa B Ha 3arojioBok
cOoucKa A, DOCKOJBKY IPH MOCAEAYIOIINX M3MEHEHHMsAX B cHucke B Hajmo Gyzer menats
aHAJIOrMYHBIE N3MEHEHWA B CIMUCKE A, UTO, €CTECTBEHHO, MOXKET IPMBECTH K HEXKeJaTeIbHBIM
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koumauaM. Oneparop MIN peanusyercs jerko — IpoCTO BO3BPAIIAETCS MEPBHIA 3JIeMEHT

coucka. Oneparopsr DELETE 1 FIND Mo:XHO peaams3oBaTh, IPMMEHHUB 06ImuUe MeTOAEI IIO-
HMCKa 3aJlaHHOr'O 3JIeMEeHTa B CIHCKax, B cayuae omeparopa DELETE naitienHbIi 371€MeHT

(TouHee, A4YeiiKka, B KOTOPO# OH HAXOAMTCA) YAAIAETCH.
Peanu3oBaThk omepaTop BCTABKH HOBOIO 3JIeMEHTA B CIOMCOK TaKiXe HECJIOXKHO, HO OH
#” mosumuu, yIu-

JOJKEeH CTOATh He B IPOM3BOJIbHOM IO3UIIMHU B CIINCKEe, & B “IIPaBUJIBHO!
THIBalomeil B3aMMHBIHA DOPAAOK dJ1eMeHTOB. B jucTuaTre 4.4 mpencTaBjeH KO OPOLEAYPHI
INSERT (BcraBka), KoTopad B KaueCTBe IIapaMeTPOB HMeeT BCTABJIAEMEIA 3JIEMEHT H yKa-
3aTeJb Ha S4YEHKY 3aroJIOBKa COMCKAa, KyJa BCTaBiseTcsd 3jeMeHT. Ha puc. 4.2 mokasaHH
KJIIOYeBhle AYEeMKH M yKasaTeJM [0 M II0CJIe BCTABKM dJIEMEHTa (CTapele yKasaTeiaw 000-

3HAYE€HBl CIVIOOIHBIMHA JIHHNAMHU, 4 HOBBIE — HYHKTHpHHMI{).
008 mememmmme \ ——fm—a—lp o0
/ X -
/ \ /7
! \ /
| /
! ! /
I ]
| / i
] 1
] ]
[} !
/ /
current| -4/ /
1
/
/
/
/
]
I}
/
{
| I
\ ]
\ /
\\ /
/I
newcell » X —_—1

Puc. 4.2. Cxema scmasku H08020 aemeHma

JIncranr 4.4. IIpouexypa BCTABKH 3/1eMEHTA
procedure INSERT ( x: elementtype; p: Tcelltype );

var
current, newcell: Tcelltype;

begin
current:= p;
while currentl.next <> nil do begin

if current?.nextT.element = x then
return; { SJIeMeHT X yxe eCTb B CHMCKe |}

if currentT.nextT.element > x then
goto add; { manee ocTaHOB mnpoLemypH }

current:= currentl.next

end;
add: {3mecr current — sueitka, MOCJe KOTOPOM Hamo BCTaBUTh X}

new(newcell) ;
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newcelll.element:= x;
newcelll.next:= current?l.next;
currentl.next:= newcell

end; { INSERT }

4.5. Cnosapu

IIpumeHeHnre MHOKecTB OpM paspaGoTke ajJropuTMOB He Bcerga TpefyeT Takux MOIN-
HBIX OII€PATOPOB, KAK ONepaTOpH 00'beAUHEHUS B nepecedeHus. JYacTo JOCTATOYHO TOJIBLKO
XPaHUTh B MHOKECTBe “TeKymue” 00BEKTHI C MePHOAMYECKOH BCTABKOM MM yajleHHeM
HEKOTOPHIX U3 HuX. BpeMs OT BpeMeHM TaKKe BO3HHMKAET HEOOXOAMMOCTb y3HATbH, NPH-
CYTCTBYET JIX KOHKPETHBIA 3JIeMEHT B JAHHOM MHOKeCTBe. AOCTDAKTHBIA THUI MHOKECTB
c oneparopamu INSERT, DELETE u MEMBER naswsiBaerca DICTIONARY (CioBaps). M
Tak:Ke BKJIouuM oneparop MAKENULL B HaGop omepaTopoB cjioBapsi — OH moTpedyercs
opu peanusanuu AT/l Ans MEHIHMAIN3aOUN CTPYKTYP AaHHEIX. [lajsee B TOM paspeje MBI
OpHBe/ieM IIPHMEp MCIOJbL30BAHUA CJIOBapeil, a B CIeAyIOmMEeM pasfesie PACCMOTPUM peasiu-
3aIMN, TOAXOASAIINE AJA IPEACTABICHUSA cJIOBapeit.

IIpumep 4.2. O6mectso 3amuTie TyHIOB (O3T) nMeeT 6a3y JAaHHBIX C 3AIMCAMM pe3yJib-
TaTOB CAMOr0 IIOCJIEHEro I'OJIOCOBAHMS 3aKOHOAATeNeH IO 3aKOHOMpOEKTaM 00 oxXpaHe TyH-
uoB. Basa JaHHBIX COCTOMT M3 OBYX COHCKOB (MHOKECTB) MMEH 3aKOHOAaTe]eH, KoTophkle Ha-
3BaHHEI goodguys (xopomme napHu) U badguys (wioxue mapam). O3T mpoimaerT 3aKOHOAATEIAM
HMX TOPOILIkIe “ommbKHN”, HO MMeeT TeHAEHIUIO 3a0bIBATh CBOMX “Apy3eif”’, KOTOpHIe paHee IO-
JiocoBaH “nmpaBwibHEO’. Hampmmep, mocjie IOJIOCOBAHMA OO 3aKOHONPOEKTY 06 OrpaHWdYeHHH
BRLIOBA TYHIIA B O3epe JpH BCe 3aKOHOAATENH, IPOT0JOCOBABIINE 3a 3TOT 3aKOHOIPOEKT, 3a-
HOCATCA B COMCOK goodguys ¥ yAaIAIOTCA U3 coucka badguys, Toraa Kak HaJi ONIOHEHTAMH
3TOr0 3aKOHONPOEKTA COBepIIaeTcs OOpaTHasA MmpoleAypa. 3aKOHOAATENM, He NPUMHUMABIINE
ydJacTyie B rOJIOCOBAHHH, OCTAIOTCA B TeX CIIMCKaX, B KOTOPHIX OHM OBLIM paHee.

Iusa ynpasieHHs onuchEIBaeMoil 6a3hl JAaHHBIX IIPM BBOAE MMEH 3aKOHOAaTejeill GyaeM
OPUMEHATh OGZHOCHMBOJbHEIE KOMAHAKI, 32 CHMBOJIOM KOMaHAB! Oyzger ciaepoBaTh 10 cuMm-
BOJIOB C MMEHEM 3aKoHoaaTeadsda. Ka)xaas KoMaHZa pacHoOJIATAeTCA B OTAEIBHOM CTpOKe.
HcnonbayeM cieayiolque OJHOCHMBOJBHEIE KOMAHLEL.

1. F (sakoHOAATEJH I'0JIOCOBAJ “HPaBHJILHO”).
2. U (3axkoHOZaTeNb roJIOCOBAJ “HEIPaBHUJIBHO”).
3. ? (mago ompenesHTh CTATYC 3aKOHOJATENA).
Ms1 Takoke 6yaeM MCIONIB30BATHL CHMBOJ ‘E’ nis 0603HAYeHHMA OKOHYAHUS IIPOIECCA BBO-
Jla CIIMCKa 3aKoHoaaTejed. B sucTuare 4.5 mokasaH 3CKH3 NporpamMMel tuna (TyHen), HAOM-

caHHBII B TepMuHaxX moka He onpegeaeHHOro ATJ DICTIONARY (CroBaps), KOTOpDHIH B JaH-
HOM CJIy9a€ MOXKHO IPEACTABUTH KAK MHOYKECTBO CHMBOJILHEIX CTPOK asamHoi 10. O

JIncrunr 4.8. ITporpamma ynpasiienus 6a3o0it qaunsix O3T

program tuna ( input, output );
{ Baza mammux 3axonomareneit (legislator) )
type
nametype = array(l..10] of char;
var
command: char;
legislator: nametype;
goodguys, badguys: DICTIONARY;
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procedure favor ( friend: nametype );

{ manocur yma friend (mpyr) B crnmcox goodguys
¥ BEMepKMBaeT u3 cnmcka badguys }

begin
INSERT (friend, goodguys) ;
DELETE (friend, badguys)

end; { favor }

procedure unfavor ( foe: nametype ) ;
{ m3anocur wms foe (Bpar) B cmmcox badguys
¥ BHUEPKMBaeT u3 crmcka goodguys }
begin
INSERT (foe, badguys) ;
DELETE (foe, goodguys)
end; { unfavor }

procedure report ( subject: nametype );
{meuars mMeHu subject c cooTBeTCTByMWElN XapaKTepPMCTMKOM}
begin
i1f MEMBER (subject, goodguys) then
writeln(subject, ' — 3TOo Opyr')
else 1f MEMBER (subject, badguys) then
writeln(subject, ' — sTO Bpar')
else
writeln('Her maHHHX O ', subject,)
end; { report }

begin { ocHoBras nporpamma }
MAKENULL (goodguys) ;
MAKENULL (badguys) ;
read (command) ;
while command <> 'E' do begin
readln(legislator) ;
if command = 'F' then
favor(legislator)
else if command = 'U' then
unfavor(legislator)
else 1f command = '?' then
report (legislator)
else
report ('HeusBecTHass koMaHza')
read (command)
end
end; { tuna }
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4.6. Peasm3amuu cinoBapeii

CioBapH MOYKHO IpPEJACTABHUTH HOCPEACTBOM COPTHPOBAHHBLIX HJIM HECOPTHMPOBAHHBIX
CBA3aHHBIX CIOMUCKOB. J[pyrasd BO3MO)KHAs peaju3amus CJOBapei MCIOIb3yeT ABOUYHEIE
BEKTOpHI, IpeANoJaras, YTo 3JeMEeHTHl JAHHOTO MHOMKECTBA fBJIAIOTCA HEJIHIMHE YucaaM# 1,
..., N gna gexoroporo N My 3J1€eMeHTHl MHOXKECTBA MOYKHO COIIOCTABUTHL C TAKMM MHOXMKe-
CTBOM IeJIBIX YHCeJI.

TpeThbsi BO3MOXKHAA DPeaJN3al¥d CJOBapeil MCIOJIb3yeT MACCHB (GMKCHPOBAHHON JIMHBL
C yKasaTeJeM HA IOCJIEAHIOI 3aNOJHEHHYIO SYeHKy 3TOro MAcCHBa. OTa peajM3amusA BBINOJ-
HHMa, €CJIM MBI TOYHO 3HAEeM, YTO pasMep MHOXKECTBA He IPEBLICHT 3aJaHHYIO AJMHY MacCHBa.
9Ta peaNu3anusa NpoINe PeaJu3amHyu IIOCPeACTBOM CBA3AHHBLIX CIMCKOB, HO MMEET CJeAYIOIHe
HEeJOCTATKHM: MHOXKECTBA MOTYT PACTH TOJBLKO O ONIpeAeIeHHON (PMKCHPOBAHHON BeJINYHUHBI;
Me/[JIeHHO BEHIMOJHSAIOTCS ONepanuy yAaJeHus 3JeMeHTOB U3 MHOXKecTBa (TaKk Kak Tpebyerca
rnepeMelNeHre OCTaBIIMXCA 3J€MEHTOB MACCHBA) MU HEBO3MOYKHOCTL 3G(dEKTHBHO OPraHHU3O-
BATh IIPOCTPAHCTBO MacCHBOB (0COGEHHO €CJIM MHOXKECTBA MMEIOT pasjMYHbIe pasMephl).

Tax KaK MBI pacCMaTPHUBAEM peaJM3ally EMEHHO CJIOBApEH (¥ BCJEACTBUe IOCJIERHETO
IPUBEACHHOI0 HEeJOCTAaTKa), TO He GymeM 3aTparuBaTh BO3MOXKHOCTH BHINOJHEHHUA B Dea-
JIM3AIMK IOCPEACTBOM MACCHBOB Oonepanuii 00begUHEHUS M IepeceyeHHs MHOXKecTB. BMme-
cTe C TeM, HOCKOJBLKY MACCHUBEI, TaK jKe, KaK U CIIMCKH, MOYKHO COPTHPOBATDH, TO YHTATENb
BOpaBe PACCMATPHBATH PEAHM3ALUIO C IOMOIIBI0 MACCHBOB (KOTOPYIO MH 34€Ch IPUMEHHA-
€M TOJIBKO JJIS1 IIPEeACTABJIECHUS CJIOBapeil) B KAYeCTBEe NPHUEMJIEMOM peaJn3all MHOMKECTB
TIPOM3BOJILHOM CTPYKTYphl. B sucTmare 4.6 npuBeneHn! O0'BABIEHHA W INIPOLEAYPHI, SAB-
JA0mHecs HeoOXOAMMBIM AOIOJHEHHMEM OpOrpaMMBI JHCTHHra 4.5, — BMecTe C 3THMH
IOIOJHEHUAMM IpOrpaMma /IoJXKHA paboTaTh.

JIncur 4.6. O6bAB/ICHAA THNOB H NPONEAYPH PeATM3AIMM CJIOBAPA NOCPEACTBOM MACCHBA

const
maxsize = { Hekoe uMCNIO, MAKCMMaJlbHEDY pa3Mep MaccuBa |}
type
DICTIONARY = record
last: integer;
data: array[l..maxsize] of nametype
end;

procedure MAKENULL ( var A: DICTIONARY );
begin
A.last:= 0
end; { MAKENULL }

function MEMBER ( x: nametype; var A: DICTIONARY ): boolean;
var
i: integer;
begin
for i:= 1 to A.last do
if A.data[i] = x then return(true);
return(fale) { smemMenT X He HajtmeH }
end; { MEMBER }
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procedure INSERT ( x: nametype; var A: DICTIONARY );
begin
if not MEMBER(x, A) then
if A.last < maxsize then begin
A.last:= A.last + 1;
A.datalA.last]:= x
end
else error('Bas3a OaHHHEX 3aroJiHeHa')
end; { INSERT }

procedure DELETE ( x: nametype; var A: DICTIONARY );
var

i:= integer;

begin
if A.last > 0 then begin
i:=1;
while (A.datali] <> x) and (i < A.last) do
i:= 1 + 1;
if A.data[i] = x then begin
A.datali]l = A.datalA.last];
{ nepememenmne nocnemHero sIeMeHTa Ha MECTO
35eMeHTa X; ecim 1 = A.last, TO ynaneHue x
NPOMCXOIMT Ha CJeIylmeM mare }
A.last:= A.last - 1
end
end

end; { DELETE )

4.7. CTpyKTYpBI JaHHBIX, OCHOBAHHbIE HA XeNI-TA0MIaX

B peanmsamuu croBapeil ¢ DOMOIIBI0 MAacCUBOB BhINOJHeHHe omnepatropoB INSERT,
DELETE u MEMBER Ttpe6yer B cpegaeMm O(N) BHIIOJHEHUH 3JIeMEHTAPHBIX MHCTPYKIHIH
aasa caosapa u3 N 3neMeHTOB. IIog00HOM CKOPOCTHIO BBHINIOJIHEHHA ONEPATOPOB O6JIaKaAeT
¥ peaju3anus ¢ TIOMOINbI0 CIHCKOB. IIpM peanusanum ciaoBapeil mMOCPEACTBOM ABOMYHBIX
BEKTOPOB BC€ 3TH TPH OIl€paTOopa BHIIOJHSIOTCS 32 PUKCHPOBAHHOE BPeMsI HE3aBHCHMO OT
pasMepa MHO>XECTB, HO B 3TOM CJIydae MbI OTPAHUYEHB! MHOXKE€CTBAMH IEJbIX YHCeJ U3
HEKOTOpOro HeGoJIbIIOro KOHEYHOro MHTepBaJja.

CyimecTByeT ellje OAWH IIOJE3HBIH M MMPOKO MCIOJIb3YEMBIH METOZ peaJM3aldyl CJIOBA-
peil, KOTOPLI HA3KIBAETCA XeWUuposaHuem. ITOT MeToh TpeGyeT UKCHPOBAHHOIO BpEMEHM
(B cpexEeM) Ha BBHINOJHEHUE OIEPATOPOB M CHHMaeT OrpaHMYeHHe, YTO MHOXKECTBA HOJIK-
HBI OBITH NMOAMHOKECTBAMM HEKOTOPOro KOHEYHOr0 YHMBEPCAJBLHOT'O MHOXKecTBa. B camoMm
XyAIeM cjydae 3TOT MeTOJ AJisi BHINOJHEHWS OmepaTopoB TpeGyeT BpeMeHH, MPOIIOPIHO-
HaJbHOTO PasMepy MHOKECTBa, TaK K€, KaK M B CIy4YaAX pealusalyif IOCPEACTBOM Mac-
CHBOB ¥ cnuckoB. Ho npy TImaTeJbHO# paspaboTKe aJirOPUTMOB MBI MOMKEM CAEJaTh TaK,
YTO BEPOSATHOCTH BBHIINOJHEHHS OIEepaTOpOB 3a BpeMs, Gosbmiee (GHKCHPOBAaHHOrO, OyAeT
KaK yrogHO MaJIoi.
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Mnul paccMOTpHM ABe pasimuable GopMul xemupoBaHusa. OfHA M3 HAX HA3LIBaeTCA OM-
KDbimblM, TN BHEULHUM, XeWUuposaHuem U TIO3BOJAET XPAHUTH MHOKECTBA B IIOTEHIH-
aJbHO GEeCKOHeYHOM NpPOCTPaHCTBe, CHMMAas TeM CaMEIM OTPAHMYEHMA HA pasMep MHO-
secTB. JIpyras HasbIBAETCSA 3AKPLLMbLM, WIH 6HYMPEHHUM, XeUUPOBAHUEM ¥ UCHIONB3YeT
orpaHUYeHHOE IPOCTPAHCTBO AJIS XPaHeHHUA NaHHBIX, OrPaHMYMBAf TaKuUM obpa3oM pas-
Mep MHOKecTBZ,

OTKpbiTOE XEMMpPOBaHHE

Ha pmuc. 4.3 noxkasana 6a3oBas CTPYKTypa AaHHBIX IOPH OTKPHITOM xemmupoBaHmu. Oc-
HOBHAs HAeA 3aKJI0YAeTCA B TOM, 4TO IIOTEHIHAJIbHOE MHOXKECTBO (BO3MOXKHO, GeckoHeu-
Hoe) pasbuBaeTcs Ha KOHeYHOe YMCIO KiaaccoB. IIna B KiaccoB, IPOHyMepOBaHHHX oT O
mo B — 1, crpouTca xew-@ynryus h Taxas, 4To AJNA JIOGOTO dI€MEHTa X HMCXOZHOrO MHO-
sKecTBa GYHKUMS h(x) MpUHHMAET leJIOYKUCJIeHEHoe 3HayeHWe M3 uHTepsaia 0, ..., B-1,
KOTOpOe, eCTeCTBEHHO, COOTBETCTBYET KJIACCy, KOTODOMY HOPHMHAMJIEKHT 3JIeMeHT X. JJe-
MEHT X 4acTO HA3LIBAIOT KJAI0YoM, h(x) — xew-3HayeHuem x, & “KJAcCCH” — cezmeHmamu.
Ms! 6yzieM roBOpPHTB, UTO 3JIEMEHT X MPUHAAJIEKUT CerMeHTy h(x).

Cnucok anemeHToB
Ka)qoro cermeHTa

o F+_{ T34 T3
) S B B S B = S
+..

s+ T 3

3aronosku Tabnuupl
CermMeHToB

Puc. 4.3. Opzanusayus 0aHHbLX NPU OMKPLLMOM XEULUDOBAHUU

MaccuB, HashIBaeMuIil mabauyeii cezmenmoé U IPOMHAEKCHDPOBAHHHIA Homepamu cez-
menmos 0, 1,...,B — 1, comep’XUT 3aroJOBKM ANA B couckoB. dJeMeHT X i-ro CIuckKa —
3TO 3JIeMEeHT MCXOJHOr0 MHOXKECTBA, AJA KoTtoporo h(x) = i.

Ecau cerMeHTH IPMMEPHO OAHMHAKOBHI II0 pa3dMepy, TO B 3TOM CJydae CIMCKHM BceX
CEerMeHTOB JO/DKHHI GHITh HamboJiee KOPOTKMMH IOPH HAHHOM 4YHucJe cerMeHToB. Ecam uc-
XOZHOe MHOKECTBO COCTOMT M3 N 3/IeMeHTOB, TOTAA CPeJHAA AJUHA COUCKOB Oyzer N/B
3JIeMeHTOB. EcCJIN MOYXHO ONeHHTH BeaMUHMHY N U BrIOpaTh B Kaxk MOXHO OaMiKe K 3TOM
BeJIMYMHE, TO B Ka)KJOM CIHNCKe OymeT OAWH-IBA 3jieMeHTa. Torfa BpeMs BBHINOJHEHUSA
OInepaTopoB cJoBapeii OyAeT MajIOf MOCTOSAHHOH BeJHYMHON, s3aBucaAmei or N (uam, 4To
3KBUBAJIEHTHO, OT B).

He Bcerga scHO, Kak BHOpaTh xem-PyHKOUIO A Tak, 94TOOHl OHA IPUMEPHO IIOPOBHY
pacopegesaia 3JeMeHTHI HCXOMHOTO MHOXKECTBA IO BCeM cerMeHTaM. Hu:Ke MBI moKa)keM
npoctoil crmocof mocrpoenus GyHKuMu h, npuueM h(x) Oymer “caydaiiHBIM” 3HAUEeHHEM,
IIOYTH HE3aBUCHAIIMM OT X.

! Eors HeCKOMBKO KiaccHUKANMI METOZOB XEMMpPOBAHUA HO PasHBIM mpu3HaKaM. MH ocTaBid-
eM 3fech KJaccupMranuio (M1 TEePMHUHOJOrHIO) ABTOPOB, HOCKOJBKY OHA IPOCTA M HEIPOTHBODEYMBA.
OTMeTHM TOJIBKO, UTO OTKPHITOE XeIIMPOBAHHME, KAK OHO H3JI0XKEHO Jajee, ABJISETCA YACTHRIM CIy-
yaeM TAK Ha3BIBAEMOT'O DACWUDPEHHOZ0 XeUlUPOB8AHUA, & 3aKPHITOE XeIIMpPOBaHME YACTO HAa3BIBAIOT
npamvim xeuwuposanuem. — IIpum. ped.

% Ilyrem BHeCeHMs M3MeHEHHMI B CTPYKTYDPY AAHHBIX MOMHO M3MEHATh 0GeM MPOCTDAHCTBA, 3a-
HMMAaeMoro faHHBIMM IIPH OTKPHITOM XEeIIMPOBaHMNE, U YBeJMYUTh €r0 IPH 3aKPHITOM XEIIHPOBAHUH.
ME! onMmIeM 3T TeXHOJOTHH IIOCJ€e 3HAKOMCTBA C OCHOBHBIMM METOJAMM XeIIMPOBAHMA.
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3pech ke MBI BBefeM Xeln-GyHKOuUIO (Koropad Oyaer “xopoeit”, HO He “OTJAMYHOI”),
ompeAesIeBHYIO Ha CHMBOJBHBIX CTpOKax. Maes mocTpoeEHsA 3TOH GYHKIHMH 3aKJIIOYAETCI
B TOM, 4TOOHI IPEACTABUTHh CHMBOJEI B BHAE LieJbIX YUCEJ, UCIOJAb3YA AJIS 3TOr0 MAINMNH-
HEIe KOObl CUMBOJIOB. B s3mike Pascal ecTs BcTpoeHHaa GyHKOua ord(c), KoTopas BO3Bpa-
miaeT HeJIOYNCHeHHBIH Koj cuMBoja c. TakuM o6pas3oM, ecam X — 3TO KJKOY, THI JaHHBIX
KJloueil ompeaeneH kax array[1l..10] of char (B mpumepe 4.2 3TOT TMI AAaHHHIX Ha3BaH
nametype), Torga MOKHO MCIIOJIB30BATH XeIn-QYHKIUIO, KOA KOTOPOH IpeACTaBJeH B JIHC-
TuHre 4.7. B 3TOM QYHKIMM CYMMHDYIOTCS BCe I[€JIOYHCJIEHHBIE KOALI CHMBOJIOB, Pe3yJib-
TaT CYMMHDOBAHUA AeJUTCA Ha B m Gepercs oCTATOK OT AeNeHHs, KOTOPHIHA GyAeT IeJnIM
yucjaoM U3 uETepBasa ot 0 7o B — 1.

JIncrmmr 4.7. IIpocTas xem-yHKuus

function h ( x: nametype ): 0..B-1;
var
i, sum: integer;
begin
sum:= 0;
for i:= 1 to 10 do
sum:= sum + ord(x[i]);
h:= sum mod B
end; { h}

B nucrnare 4.8 mokasaHH 00'bABJEHHA CTPYKTYP ZAHHEIX AJIA OTKPHITON Xem-TaGuam-
OH U OpOIEeAYPHI, peaju3yiole ONepPaTOPhl, BHIIIOJIHSAEMbIe Haj cjoBapeM. Tun JaHHKX
3JIEMEHTOB cjioBapsa — nametype (3ZeCh — CHMBOJILHBIA MAacCHB), IO3TOMY AaHHEIE O0'BAB-
JIeHUSA MOYKHO HEeIIOCPEJCTBEeHHO MCIOJb30BaTh B mpuMepe 4.2. OTMeTHM, YTO B JUCTUHTe 4.8
3ar0JIOBKH CIIMCKOB CErMEHTOB CHAeJIaHBl YKasaTeJaAMH Ha f4YeiKy, a He “HacToAmMMH”’
AgeiikaMu. 9TO CAeNaHO AJSA SKOHOMHM IIPOCTPAHCTBA, 3aHMMAEMOro NAHHBLIMM: €CJIM 3a-
roJIOBKM TabGaumbl CerMEeHTOB OYyAyT AYeKaMM MacCHBa, a He YKasaTeJsaMH, TO IIOJ 3TOT
MacCHB HeoOXOAMMO CTOJBKO K€ MeCTa, CKOJBbKO M II0f CIMCKH 3jeMeHTOB. Ho 3a Takyio
3KOHOMHIO IIPOCTPAHCTBA HAAO0 IIaTUTh: Kok mpouenypsl DELETE nomkeH ymeTh OTJIH-
YaTh MEePBYIO AYE€HKY OT OCTAJILHBIX.

JIucrunr 4.8. Peannsanus ciosapeii HOCPEACTBOM OTKPHITOM XeII-Ta0,mmbl

const
B = { nomxomawas KOHCTaHTa };
type
celltype = record
element: nametype;
next: Tcelltype
end;
DICTIONARY = array(0..B-1] of Tcelltype;

procedure MAKENULL ( var A: DICTIONARY );
var
i:= integer;
begin
for i:= 0 to B - 1 do
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Ali]:= nil
end; { MAKENULL }

function MEMBER ( x: nametype; var A: DICTIONARY ): boolean;
var
current: Tcelltype;
begin
current:= Alh(x)];
{ nauanpHOe 3HaueHwe current pPaBHO BaTOJIOBKY CETI'MEHTa,
KOTOPOMY MpPMHALJIEXUT 3JIEMEHT X }
while current <> nil do
if currentT.element = x then
return (true)
else
current:= currentl.next;
return(false) { snmemeHT X He HaltmeH }
end; { MEMBER }

procedure INSERT ( x: nametype; var A: DICTIONARY ) ;
var
bucket: integer; { nns Homepa cermeHTa }
oldheader: Tcelltype;
begin
1f not MEMBER(x, A) then begin
bucket:= h(x);
oldheader:= Al[bucket];
new(A[bucket]) ;
Albucket]T.element:= x;
Albucket]T.next:= oldheader
end
end; { INSERT }

procedure DELETE ( x: nametype; var A: DICTIONARY );
var
bucket: integer;
current: Tcelltype;
begin
bucket:= h(x);
if A[bucket] <> nil then begin
if Albucket]T.element = x then { x B nepsmoit sueiike }
Albucket] := Albucket]T.next { ymanemme x ma crucka }
else begin { x HaxomuTcs He B NepBOit sAueiike }
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current:= Albucket];
{ current yxasmmaer Ha NIpemHOymyR AYeNKy }
while currentT.next <> nil do
if currentT.nextl.element = x then begin
current®.next:= currentT.nextT.next;
{ ymanemue x mz crucka }
return { ocrauos }
end
else { x noxa He HaltmeH }
current:= currentl.next
end
end
end; { DELETE }

3aKpbITO€E XeIHpOoBAHHE

IIpu 3aKpHITOM XeIMpPOBAHMH B Tab/Mme CerMEHTOB XPAHATCA HEIOCPEACTBEHHO 3Je-
MeHTH CJIOBap#d, & He 3aroJIOBKM COUCKOB. II03TOMY B KaXX/IOM CErMEHTe MOYKET XPaHHTh-
cA TOJBKO OAMH 3JIeMEHT cJoBaps. IIpH 3aKpHITOM XeMMPOBAHUM NPHMEHAETCS METOLHKA
noémopHozo xewuposarhus. Eciu MBI IONEITaeMCA IOMECTHTDH 3JIeMEHT X B CerMEHT ¢ HO-
MepoM h(x), KOTOPHI yKe B3aHAT APYruM 3JeMEHTOM (TaKasg CUTYal A HA3BIBAETCHA KOJ-
Jau3ueil), To B COOTBETCTBMH C METOAMKON IIOBTODHOIO XEIMMPOBAHMA BhIGMpaeTcsa mocJe-
JOBATEJLHOCThL APYIHX HOMEPOB cerMeHToB hi(x), hy(x), ..., Kyda MOXKHO IOMECTHUThH
amemeHT x. Kaskjoe M3 5THX MECTOIOJIOXKEHHUM IOCJIeJOBATEJbHO IPOBEPAETCA, IOKa He
6yzmer Haitneno cBoboguoe. Eciiu cBOOOAHEIX cCerMeHTOB HET, TO, CJeAOBaTeNbHO, Tabamma
3all0JIHEHA M 3JIEMEHT X BCTABHUTH HeJIb3sd.

IIpamep 4.3. IlpeanonoxkuM, utTo B = 8 u Kiaouu a, b, ¢ ¥ d NUMEIOT Xem-3HAYEHUSA
h(a) = 3, h(b) =0, h(c) =4 u h(d) = 3. IIpuMeHMM HOPOCTYI0 METOAUKY,
KOTOpas HA3LIBAETCHA JUHeiIHbiM xewuposanuem. Ilpu nuHeiiHOM Xe-
mupoBaHUM hy(x) = (h(x) + i) mod B. Hanpumep, eci MBI XOTHM BCTa-
BUTb 3JeMeHT d, a CerMeHT 3 y»ke 3aHAT, TO MOXXKHO IIPOBEPUTH Ha
3aHATOCTh CErMeHTH 4, 5, 6, 7, 0, 1 1 2 (UMeHHO B TAaKOM NOPSAKE).

M= npeamosaraeM, 4To BHadasle BCA Xem-Tabimiia mycra, T.e. B Ka-
JKJABIA CerMEeHT NOMeIeHO CIenuajbHOe 3HaueHWe empty (mycroii),
KOTOpOe He COBHAZAET HY C OHUM 3JeMeHTOM cioBaps'. Temeps mo-
cJIeloBaTeJbHO BCTABHM 3JIEMEHTHI a, b, ¢ m d B mycTyio Tabaumy:
3JIEMEHT a4 momajer B cerMeHT 3, ajemeHT b — B cermeHT 0, a aje-
MeHT ¢ — B cerMmeHT 4. IIna anemenra d h(d) = 3, Ho cermeHT 3 yxke
s3aHaT. IlpumenseM ¢yHKuuio h,: hi(d) = 4, HO cerMeHT 4 TaKke
saHaT. Janee npumensaeM QyHKIMIO Ay hy(d) = 5, cermeHT 5 cBoO-
6ofeH, moMeImaeM TyJa 3JeMeHT d. Pe3yibTaT 3amoJHEHUA Xeln-
Tabaunosl mokasaH Ha puc. 4.4. O

IIpu noucke sneMeHTa X (HaIpuUMep, IIPU BHINOJHEHUH olepaTopa
MEMBER) Heo6X0ZMMO IpPOCMOTPETh BCe MecTomosokeHms h(x), Puc.4.4. Jacmuyu-
hi(x), hy(x), ..., TOKa He Oymer HaiifleH X MJIM IIOKA He BCTPETHUTCA HO 3ANOJLHEHHAA
mycToit cermeHT. UTO6GEI O6BACHUTE, IOUEMY MOYKHO OCTAHOBHTH IOMCK  XelW-mabiuya

~N OO D W NN O
(9]

! Ecau THI AaHEBIX 31eMEHTOB CJIOBApA He COOTBETCTBYeT THIY 3HA9eHHS empty, TO B KasAbIi
CerMeHT MOXHO IIOMECTHThb AOIOJHHUTEJILHOE OAHOOMTOBOE II0JIe C MApPKEepOM, MOKA3KIBAIOIMUM, 3aHAT
MM HEeT JaHHBIH CerMeHT.
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IPY NOCTHMIKEHNM IIYCTOrO CEerMeHTa, OPelIOJIO’KMM, UTO B CJIOBape He AONyCKAaeTcsa yAa-
JleHHe 3JeMeHTOB. U mycTs, A onpelesIeHHOCTH, hAz(x) — mepBuId mycToit cermeHT. B Ta-
KOHM CHTyallMMm HeBO3MO)XKHO HAaXOKJeHHEe dJieMeHTa X B cerMeHTax h4(x), hs(x) u paiee,
TaK KaKk IODPU BCTABKEe 3JIEMEHT X BCTABJISAETCS B Nepebiil MyCTONH CerMeHT, CJIefOBATEJbHO,
OH HaXOAUTCA I'Ae-TO A0 cerMeHTa h3(x).

Ho ecnu B ciaoBape gomyckaeTcsa yZajieHMe 3JIEMEHTOB, TO HPHM AOCTHMXKEHHM IYCTOI'O
CerMeHTa Mbl, He HalAs 3JIeMeHTa X, He MOXKeM OHITh YBePeHHLIMH B TOM, 4YTO €ro BooOime
HeT B cJloBape, TaAK KaK CErMEHT MOXKeT CTaTh HYCTHIM y’Ke IIOCJIe BCTABKHU dJI€eMEeHTa X.
IToaToMy, 4TOGH yBeIHUUTH 3Gh(EKTMBHOCTL NaHHON peannsanuy, HeoOXOAUMO B CETrMEHT,
KOTOPHIA OCBOGOAMJICS IIOCJIe ONmepaluy YAaJIeHUs 3JIEMEHTa, HOMECTHTh CIelHaJbHYIO
KOHCTaHTY, KOTOpPYIO Ha3oseM deleted (ypaneHHHIN). BaxkHo pasiauuaTh KOHCTAHTH deleted
¥ emply — TOCJeSHAS HAXORUTCA B CErMEHTaX, KOTOPhle HUKOTAa He CONepPIXKaJIM 3JIeMeH-
ToB. IIpn TakoM moaxoae (Aaske IpPH BO3MOXKHOCTH YZAAJeHUA 3J€MEHTOB) BBHIDOJIHEHUE
onepatopa MEMBER ne Tpebyer mpocMoTpa Bceit xem-tabaunel. Kpome Toro, mpm BCTas-
Ke 3JIeMEeHTOB CEerMeHTHI, MoOMeYeHHble KOHCTaHTOH deleted, MOYXKHO TPaKTOBaTh KaK CBO-
GomHbIe, TaKMM 06pa3oM, IIPOCTPAHCTBO, OCBOOOKXAEHHOE ILOCJEe YAAJEHWUA 3JIEMEHTOB,
MOYKHO PAHO MJIM NO3JHO MCIOJIb30BATh HOBTOPHO. Ho ecin HeBO3MOKHO HENOCPEACTBEHHO
cpaay mocJie yaadeHus 3JeMEeHTOB OMETHTh OCBOOOAMBIIEECS CETMEHTHI, TO CIeAYeT Ipex-
TIOYECTh 3aKPBLITOMY XeIIMPOBAHUIO CXEMY OTKPHITOTO XEIINPOBAHUA.

IIpumep 4.4. IlpeanonoKuM, 4TO HAZO ONPEAENIUTH, €CTh JH 3JIEMEHT € B MHOXKECTBe,
npefcTaBaeHEHOM Ha puc. 4.4. Eciau h(e) = 4, To HaJj0o IPOBEPUTH €Ie CerMeHTH 4, 5 U 3a-
TeM cermeHT 6. CermeHT 6 mycToif, B IpeALIAYIINX IIPOCMOTPEHHBIX CErMEHTaX JJIEMEHT e
He HaiifieH, CJIel0BaTeJIbHO, 3TOrO 3JIeMeHTa B JaHHOM MHOXKeCTBe HeT.

HomycTnM, MBI YOAJWIM 3JIEMEHT ¢ ¥ ITIOMECTHAN KOHCTaHTy deleted B cermeHr 4.
B 370l cUTyanuy Aad DOMCKa 3jeMeHTa d MBI Ha9HEM ¢ mpocmotpa cermeHT h(d) = 3, 3a-
TeM IIPOCMOTPUM cerMeHTHI 4 U 5 (rge U HaiineM 31eMeHT d), IPY 3TOM MBI HE OCTAHABJIU-
BaeMcs Ha cerMeHTe 4 — XOTs OH M IIYCTO#, HO He IIOMeYeH Kax empty. [

B nuctuare 4.9 npexcrasiieHb! O0'BABJIEHNSA THUOOB JaHHBIX M IIPOLEAYPHI OIEPaToOpoOB
ana AT DICTIONARY c sieMeHTaMH THOA nametype M peajmsamueif, MCHIOJIb3yiomiei
3aKPHITYI0 Xem-Tabaunmy. 3aech HCHOAB3yeTcs Xeml-GYHKOUA h u3 jmctuHra 4.7, oua pas-
pellleHNs KOJUIN3Hi NPHUMEHseTCA MeTOAMKa JuHeiiHOro xemuposaEmns. KoHcraHTa empty
ompejesieHa KaK CTPOKa M3 AecATH mpobGesioB, a KOHcTaHTa deleted — Kak CTPOKa U3 AECATH
CHMBOJIOB “*”, B IIpeAIOJIOKEHHM, YTO 3TH CTPOKH HE COBIAJAIOT HM C OAHMM 3JIEMEHTOM
ciaoBapsa. (B 6ase maEHHIX mpuMepa 4.2 3TH CTPOKH, OYEeBHAHO, He OYAYT COBIAAATH C MMe-
Hamu 3axoHogaTeneii.) Ilponeaypa INSERT(x, A) ucmonsayer ¢pyurmuio locate (MecToHa-
XOKJAeHHUE) AJA onpeAeleHHd, OIPUCYTCTBYET JU 3JieMEeHT X B CJoBape A MM HeT, a TaKXe
coenuanbHEyl0 GyEKOUIO locatel nns ompefeseHUsT MECTOHAXOXAeHUA 3jaeMmMeHTa x. Ilo-
cilenHIo GYHKIMIO TaKKe MOMKHO MCIOOJb30BaTh AJIs MOMCKA KOHCTAHT deleted u empty.

JIncrunr 4.9. Peanuzanms c10Baps HOCPEACTBOM 3aKPHITOTO XeIMMPOBAHUA

const
empty = ' '; { 10 npoBenos }
deleted = '***x*kx%x%1. { 10 CuMBOJIOB * }
type

DICTIONARY = array[0..B-1] of nametype;

procerude MAKENULL ( var A: DICTIONARY );
var
i: integer;
begin
for i:= 0 to B - 1 do
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Ali]:= empty
end; { MAKENULL }

function locate ( x: nametype; A: DICTIONARY ): integer;

{ ®oyuxuma npocmarpuBaer A HaumHas oT cermeHTa h(x) Ho Tex
nop, noka He OyIeT HalIeH 3JIEMEHT X WIM He BCTPETUTCS
NIyCTOM CeIMeHT MM [IOKa He OyleT AOCTMIHYT KOHeL TabJMLE
(B mocnmemgHMx ciyyasix NPUHMMAETCS, YTO TabiMlLa HEe COLEepPXUT
3JIeMeHT X) . ®yHKUMA BO3BpallaeT NO3MLMI, B KOTOPOM
OCTaHOBWIICA MOMUCK. }

var
initial, i: integer;

begin
initial:= h(x);
i:= 0;
while (i < B) and (A[(initial + i) mod B] <> x) and

(Al(initial + i) mod B] <> empty) do
i:= 1 + 1;
return((initial + i) mod B)
end; { locate }

function locatel ( x: nametype; A: DICTIONARY ): integer;
{ To xe camoe, uro m dyHkums locate, HO OCTaHABIMBAETCA U MNpMU
mocTyxeHun 3Hadenmsa deleted }

function MEMBER ( x: nametype; var A: DICTIONARY ): boolean;
begin
if A[locate(x)] = x then
return (true)
else
return(false)
end; { MEMBER }

procedure INSERT ( x: nametype; var A: DICTIONARY );
var
bucket: integer;
begin
if A[locate(x)] = x then returnm; { x yxe ects B A }
bucket:= locatel (x) ;
if (A[bucket] = empty) or (Al[bucket] = deleted) then
Albucket] := x
else
error('Onepaumsa INSERT HeBO3MOXHa: Tabmmua NoJsHa')
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end; { INSERT }

procedure DELETE ( x: nametype; var A: DICTIONARY ) ;

var

bucket: integer;
begin

bucket:= locate(x) ;

1f A[locate(x)] = x then

Albucket] := deleted

end; { DELETE }

4.8. Ouenka 3¢ ¢pexTHBHOCTH Xell-(PyHKIHi

HamomuuM, uro xemuposanne — 3¢ GeKTHBHEBIN crocod ImpeacTaBIeHHA CIOBapeil M He-
KOTOPHIX APYTHX aGCTPAKTHHIX THOOB AAaHHEIX, OCHOBAHHEIX Ha MHOKeCTBax. B arom
pasjeiie MHl OMEHMM CpeJHee BpeMs BHIIOJHEHUA OMEPATOPOB CJOBapeil AJsA ciaydas OT-
KpeITOro XemupoBaHusa. Ecau ectb B cerMeHTOB U N 3JIeMEHTOB, XPaHAIMUXCS B XeIl-
Tabanne, To KaXKALIM cerMeHT B cpegHeM Oyzer uMeTh N/B 371eMeHTOB M MBI OXKUAAEM,
uyro omepaTopsl INSERT, DELETE u MEMBER OyayT BHINOJBATHCA B CPeAHEM 3a Bpe-
Ma O(1 + N/B). 3necs KoHCTaHTa 1 COOTBETCTBYEeT IIOMCKY cerMeHTa, a N/B — momucKy
3JieMeHTa B cermeHTe. Ecaim B nmpuMepHO paBHO N, TO BpeMsA BHIIIOJHEHHUS OIePaTOPOB
CTaHOBHUTCSA KOHCTAHTO#, He3aBUcAlmeil oT N.

IIpepnonoxum, 4T0 ecTh IpOrpaMMa, HANWCAHHAS Ha fA3bIKE NPOrPaMMHMPOBAHUA, IIO-
po6aOM Pascal, 1 MBI XOTHM Bce MMeloNIMecd B 9TOM IporpaMMe HAeHTH(MOUKATODHI 3aHE-
ctu B xem-rabauny. ITocie o6Hapy)eHUA 00'bABICHUA HOBOTO HAEHTHGHKATOpPA OH BCTAB-
NgeTcA B Xem-TaGauIy, KOHEYHO JKe, IIOCJIe IPOBEPKH, UYTO €ro eme HeT B Xeln-rabiamie.
Ha sTame mpoBepKH eCTECTBEHHO IIPEAIOJOXKHUTD, YTO HAEHTHPHUKATODP C PABHON BepOATHO-
CTBIO MOXKeT OBIThb B J060M cerMeHTe. TakuMm oGpa3oM, Ha Ipomecc 3alIOJHEHHA XeIm-
Tabauusl ¢ N aneMeHTamMu norpebyerca Bpems mopsaaka O(N(1 + N/B)). Eciu mOJOXKHUTE,
yTo B paBEO N, To nonyunM BpeMsa O(N).

Ha cnepyiomemM srane aHaausa IporpaMMbl IPOCMATPHBAIOTCA HAEHTHGOMKATODHI B TeJje
nporpamMmbl. ITocie HaxoxaeHEHMsa HAeHTHGHMKATOPA B Teje MPOrpaMMbI, YTOOHI IIOJIYYHUTH
nEGOpPMAnUIO O HEM, ero ke HeoOxoauMo HaiiTa B xem-tabaune. Kakoe Bpema moTpeGyer-
cA I HaXOXKJeHuA uAeHTH(uKaTopa B xem-Tabamue? Ecim BpeMs momMCKa OIS BCceX
9JIEMEHTOB IPUMEPHO OAMHAKOBO, TO OHO COOTBETCTBYET CpPefHEMY BpPEMEeHH BCTaBKH 3JIe-
MeHTa B xem-rabauny. YToOnl yBUAETH 9TO, AOCTATOYHO 3aMETHTb, YTO BpeMs IIOMCKA JI060-
ro 3JIeMEHTa PAaBHO BPEMEHM BCTABKM 3JIEMEHTa B KOHEIl COIMCKA COOTBETCTBYIOINEI'0 CerMeH-
Ta. Taxum o6pasom, BpeMs HOMCKAa 3jeMeHTa B xeml-Tabauie cocrasasier O(1 + N/B).

B npuBeaeHHOM Bhlme aHAJM3e NOPEANOJATAIOCh, YTO Xem-QYHKIOUA paclupeneiser
9JIEMEHTHI IO cerMeHTaM paBHoMepHO. Ho cymecTByIoT g Takue pyaxuun? Paccmorpum
¢GyHEKIUIO, KOA KOTOpPOH mnpuBeaeH B JucTtuHre 4.7, KaK THOHYHYK Xem-QyHKIUIO.
(HamomuuM, uTo sTa QyHKOUA mpeoOpasyeT CHMBOJIBL B IEJIOYMCJIEHHBIR KO, CYMMHDYeET
KOJbI BCEX CHMBOJIOB X B Ka4eCTBe DPe3yJbTaTa GEpeT OCTATOK OT AeJIeHHs 3TOM CyMMBI HA
unucyo B.) Cirexylomuit npuMep ouesnBaeT paboTy aroit GyHKIUM.

Ilpumep 4.5. IIpeamonoxkuM, uTo GYHKIUA U3 JUCTHHTA 4.7 IPHMeHAETCA AJIA 3aHece-
Husa B Tabimuny co 100 cermenTamu 100 cuMBoaBHEEIX cTpok AO, Al, ..., A99. IIpuanmas
BO BHMMaHMe, 4To ord(0), ord(l), ..., ord(9) ob6pasyior apudMeTHUYeCKyI0 Iporpeccuro (3To
CIOpaBeAJIUBO AJIA BCeX TaOJNI, KOAUPOBOK, rge mudpsl 0, ..., 9 cTOAT mOApAZA, HanmpuMmep
ana kopupoBKH ASCII), Jlerko IpoBepUTh, YTO 3THU 3JE€MEHTHI 3aiMyT He Gosee 29 cerMeHTOB
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n3 cra', HauGoabIIMi CerMeHT (CerMeHT ¢ HOMepoM 2) GYXeT CoxepXaThb aaeMeHTHI AlS,
A27, A36, ..., A90, T.e. AeBATHL 31eMeHTOB K3 cTa’. Mcnoasaysa TOT GaKT, 9TO AJS BCTAB-
KM i-ro sjeMeHTa Tpebyercsa i + 1 maros, Jerko HOACYUTATH, YTO B JAHHOM CJydae Cpej-
Hee YMCJIO IIaroB, HeoGXoguMoe sl BctaBKu Bcex 100 sseMeHTOB, paBHO 395. [Ina cpas-
HeHHA 3aMeTuM, 4ro omeHka N(1 + N/B) npegnonaraer Toabko 200 maros. [

B npuBezeHHOM mprMepe Xeln-QYHKOUA pacOpefeisderT 3JeMeHTH UCXOZHOTO MHOMKECT-
Ba II0 MHOXKECTBY CEerMeHTOB He paBHOMepHO. Ho Bo3MOXHHE “6Gojiee paBHOMepHLIE” Xel-
dyaxouu. [nasa nocrpoeHUd Takoil GyHKIUM MOXKHO BOCIOJIH30BATHCS XOPOMIO M3BECTHHEIM
MeTOOM BO3BEAEHMS UHUCJIA B KBAADAT M M3BJEYEHUS U3 IIOJIYYEHHOrO0 KBAApaTa HECKOJb-
KUX cpegEUx nudp. Hanpumep, ecanm ects 4ucio 1, cocrodimee U3 5 nudp, To mocae BO3-
BEeJIEHUA ero B KBaJipaT IOJYUYUM 9HCJIO0, cocroamee u3 9 manm 10 nupp. “Cpename mud-
pu” — 3T0 HMGDH, CTOAIME, AOIYCTHM, Ha HOSHOHUAX OT 4 o 7 (OTCUMTHIBAs CIpaBa).
Hx 3HaueHUA, eCTEeCTBEHHO, 3aBUCAT OT 4duciaa n. Ecau B = 100, To ana popMupoBanusa
HOMepa CerMeHTa QOCTATOYHO B3ATH ABE cCpefHMe HuGpHI, CTOAIIAE, HANPUMED, Ha IO3H-
nuax 5 u 6 B kBagpare uncaa.

9TOT MeTOA MOKHO 0606IMUTH Ha caydai, Korga B He sABaseTcHA CTemeHbio yuciaa 10.
IIpexnmosoxuM, YTO 3J€MEHTHl UCXOJHOr'0O MHOMKECTBA ABJAIOTCA HEeJRIMU YHMCJIAMHM H3
naTepBana 0, 1, ..., K. BeegeM Takoe mesnoe gucio C, uTo BC? OpHUMEPHO PaBHO K2,
Torga byHKOuA

h(n) = [n?/C] mod B,

rxe [x] o6osHAUAET LieAyI0 YACTH YMCIA X, 9 (EKTUBHO M3BJIEKAET U3 CepPeAWHEl Yuciaa N’
nudpEI, COCTABIAIONME YUCJIO0, He IpeBbImaomee B.
IIpumep 4.6. Ecan K = 1000 u B = 8, To MmoxHO BrIGpaTs C = 354. Torza

[207936]

h(456) = mod 8 = 587 mod 8 = 3. O

Jlns mpuMeHeHMA K CHMBOJILHOM CTPOKE OIMCAHHOM Xem-(QyHKIUK HAJO CHAYAJa B CTPOKE
CrPYNOMPOBATH CHMBOJILI CIPaBa HAJIEBO B GJOKH ¢ GUKCHPOBAHHBIM KOJIHNYECTBOM CHMBO-
JIOB, HaIIpuMep Io 4 CHMBOJIa, A00ABIAS OIPU HEOOXOAMMOCTH cJjieBa Impobensl. Kaskaniit 610K
TPAaKTyeTCA KaK MPOCTOe IeJI0e YKMCJIO0, M3 KOTOPOro MyTeM KOHKaTeHAUMHM (cHemwieHHs) dop-
MHUpYeTCH ABOMYHHIA KOA CHMMBOJIOB, cocTaBidiommux 6ioxk. Hampumep, ocHoBHas Tabiuma
ASCII KOZUpPOBKH CHMBOJIOB MCIIOJBL3YeT 7-OGHTOBBIA KOJ, II03TOMY CHMBOJIEI MOJKHO pac-
CMaTpHBaTh Kax “nudphl” mo ocHoBanmio 27 min 1283, TaxuM 06pa3oM, CHMBOJIBHYIO CTPOKY
abed MowxcHO cauraTs uemnm umcaom (128)%a + (128)% + (128)c + d. ITocie npeoGpasosa-
HHUA BceX GJIOKOB B IIeJble YMCJIa OHA CYMMHDYIOTCH , & 3aT€M BHINOJIHAETCA BBHINICONM-
CaHHBII MpOLeCC BO3BEAeHUA B KBAApPAT M M3BJIEUCHUS CPESHUX Ludp.

AHaJIN3 3aKpHITOr0 XemHPOBAHUA

B cllydyae NIPHMMEHEHNA CXE€MEI 3aKPBhITOI'O XEIMIHPOBAHMUA CKOPOCTH BBINIOJHEHUS BCTaB-
KM 1 JPpYyI'uX onepanm‘l 3aBHCHUT HE TOJBKO OT PAaBHOMEPDHOCTH paclipeAesIeHNA 3JIEMEHTOB
oo cerMeHTaM xem-d)ynmmeﬁ, HO U OT Bm6pannoﬁ METOANKH HOBTOPHOI'O XemHupOBaAHUSA

1 Ormerum, 9TO cTpoky A2 1 A20 He 00sA3aTeIbHO NOJKHEI HAXOAUTHCSA B OJHOM CerMEHTe, HO
A23 u A4l, sanpumep, OyAayT pacmoJjaraTbCsa B OZHOM CETMEeHTe.

Ob6paTuTe BHHMaHME, YTO 34ech “A” — GyKBa aHIJIMIICKOro ajaBHTA M YTO HpHBEJEHHOE pAC-
npefesieEHe 3JIEMEHTOB IO CerMeHTaM CHpPaBe[JIABO TOJBKO IJIA 3ANUCAHHHIX BHINIE CHMBOJbHBIX
cTpoK. A apyroit GykBH (MJAM APYrHX CHMBOJBHBIX CTPOK) IOJYYHMM APYToe paclupefesieHHE 3jie-
MEHTOB II0 CEr'MEHTaM, HO TaK)Ke, CKopee BCero, JajeKoe OT paBHOMepHoro. — ITpum. ped.

8 Komeuno, ecnn BH paGoTaeTe He TOJBKO ¢ JATHHUNEH, HO M ¢ KAPMIALEH, TO HEOGXOAAMO HC-
IO/IB30BATH MOAEYI0 Tabmuny ASCII. B sToM ciaydae ocHOBaHMeM AlA “Ludp”-cmMBonoB Gyaer He 27,
a 28, 5o cyTs MeToza oT aToro He MeHserca. — I, ‘pum. ped.

Eciu ucxogHble CAMBOJIBHBIE CTPOKHM O9€Hb JAJIMHHEIE, TO CYMMHPOBaHHME MOXXHO BHIMOJHATH IO
MOAYJII0 HEKOTOPO# KOHCTAHTHI €. DTy KOHCTAHTY MOXKHO B3fATh Gosbmmeit jo6oro ducia, moaydalo-
Ierocs U3 mpocroro 6J0Ka CHMBOJIOB.
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JJIA paspelleHUs KOJIU3WHM, CBASAHHHIX C NONOBITKAMM BCTABKH 3JIEMEHTOB B yKe 3aI0JI-
HeHHBle CerMeHThl. Hampmmep, MeTOAMKAa JMHEHHOrO XeIIMPOBAHUA AJA paspemIeHns
KOJLIM3Hil — He caMulil Jyumwuii Bei6op. He mpuBoad B JaHHOH KHHTre IOJHOIO pEIIeHHA
3TO# IPO0JIeMBI, MBI OrPAHMYMMCS CJIELYIOINM aHAN30M.

Kak TOJBKO HECKOJBLKO MOCJE[O0BaTeJbHKRIX CerMeHTOB GyAyT 3amosiHeHH (o0pasys rpyn-
my), n1000f HOBHIA 3JIeMEHT IOPH IONEITKE BCTABKU B 3TH CErMEHTHI OYyZeT BCTABJIEH B KO-
Hel| 9TOii ITPyNNBI, YBeJINIUBAA T€M CAMKIM JJIMHY I'DYINEI HOCIEAOBATEIHLHO 3aII0JIHEHHBIX
CerMeHTOB. [IpyruMmu cjoBaMH, AJIA IIOMCKA OYCTOTO CerMeHTa B cJydae HeIpepHIBHOTO
PacHOJOKEHUS 3alOJIHEHHBIX CerMeHTOB HeoO0XOAMMO IPOCMOTpeTh (OJblleé CEerMeHTOB,
YeM OpH CHy4aliHOM pacIpefeeHMHM 3allOJHEHHKIX cerMeHToB. OTclofa TakyKe cilegyeT
OYEeBHUAHEIH BHIBOJI, YTO NPM HEOPEPHIBHOM DPACHOJIOMKEHHM 3aIO0JHEHHLIX CEeIMEHTOB yBe-
JIAYUBAETCA BPEMsA BBINOJHEHNS BCTABKM HOBOTO 3JE€MeHTAa U APYTHX OIIePATOpOB.

OnpenpennM, CKOJIBKO HeoOXOOHMMO cejaTh npol (OIPOBEpPOK) Ha 3alOJIHEHHOCTL CEerMeH-
TOB IPH BCTaBKe HOBOI'O 3JIEMEHTa, MpeAmoJaras, 9To B Xem-Tabiume, cocrosmei u3 B
CEerMeHTOB, y)Ke HaxoauTcsa N 3JeMeHTOB X Bce KOMOMHANMM DACIIOJIOMKEeHUS N 3J1eMeHTOB
B B cerMeHTax paBHOBEPOATHHI. JTO OOIIENPHUHESATHIE NMPEANOJ0XKEHUs, XOTSA He JAOKa3aHo,
YTO CXEMBI, OTJIMYHEIE OT CXEM 3aKPBITOr'0 XeIIHMPOBAaHWSA, MOT'YT JaTh B CPefHEM Jyyllee
BpeMs BHINIOJHEHUA ONEpPATOpOB cjoBapeii. anee MBI moayuuM ¢GOpPMYJbl, OmEeHHUBAIOIIHMeE
“cToMMOCTh” (KOJIHMYECTBO IIPOBEPOK HA 3alOJHEHHOCTh CErMEHTOB) BCTABKM HOBOTO 3JIe-
MeHTa, €CJIM CerMeHTHl BRIOHMpaloTcsa ciaydaidHbIM obpazoM. HakoHel, MBI PacCMOTpHM He-
KOTOpHhle METOAMKH IOBTOPHOTO XeIIMpPOBaHUA, Aalomue “ciaydaitHoe” (paBHOMeDHOe) pac-
npejesieHAe 3JIEMEHTOB II0 CEerMEHTaM.

BepoarHocTs Koanuaum paBHa N/B. Ilpeamosarasa ocymecTBJIeHHEe KOJNJIM3HM, HA
IepBOM 3Talle HOBTOPHOrO XemmpoBaHus “paboraeM” ¢ B — 1 cerMeHTOM, I'ile HAXOAUTCA
N -1 anemert. Torza BepOATHOCTh BO3HMKHOBEHMA ABYX NOADPAA KOJJIM3KHA paBHA
N(N - 1)/(B(B — 1)). Asanorugao, BepoATHOCTh II0 KpaiiHe#l Mepe i Koinamn3uit paBHA

NN -1)...(N-i+1)
B(B-1)...B-i+1)’

(4.3)

Ecam sHaueHns B m N Goabmime, TO 9Ta BEpOATHOCTh mpHMepHO paBHa (N/B)'. Cpenmzee
YymcyI0 Opod paBHO eAWHMIIE ILUIIOC CyMMa IO BCeM i 2 1 BeposATHOCTeH COOBITHIL, 9TO, IO Kpaii-
Heil Mepe, OCYINECTBUTCA i KOJUIM3HA, T.e. CpefHee YNCJIO Npo6 MPHMepHO paBHO (He MPEBHI-

- B )
maet) 1+ Z(N /B) = ﬂ .l MoxHO moOKasaTh, YTO TOYHOE 3HAYEHMe ITOH CYMMHl IOpH
i=1 -

i +
IOACTaHOBKe B Hee BhipakeHus (4.3) smecro (N/B)' paBHO Bfl—lN , TaK YTO HaIma IIpH-

OnmKeHHAaA PopMyJia ZOCTATOYHO TOYHA, 3a MCKJIOUEHHEM ciaydad, korga N 6;1usko K B.

B+1
OTMeTHM, YTO BeJIHMUYUHA m pacTeT oueHb Me[JIeHEO IpH Boadpactanuu N ot 0
+ —

&Ko B -1, T.e. no MakcmMaJIbHOrO 3HaueHUsn N, KOrga elme BO3MOXKHA BCTABKA HOBOT'O
anemeHTa. Hanpumep, ecin N paBHAeTcs mojoBHHe B, To B cpeiHeM TpeGYIOTCA ABe IpO-
OB JJIsT BCTABKM HOBOIo 3jeMeHTa. CpefHee yucio npo6 Ha OAMH CerMEeHT NPH 3allOJTHEeHUH

1% B+1
M cerMeHTOB paBHO — Z ———— . ITocnemHIO0 CYMMY MOXHO aAINPOKCHMHPOBATL MHTE-
Mg B+1-N
1 1 B B B
aJoM — ———dx , KOTopHlif paBeH — In| ————— |, TaxuMm o6pas3om, Qs MOJHOr'O
P M-[’ B-x P P M (B—M+1) P At

1 3xech HCIOJB30BAHA creayomas ¢popMyJia BEHIYNACIEHUASA cpegHero (M&TeM&TH‘IeCROI‘O OXH-
JI&HPISI). l'ch'rL X — OOJIOXKHTEeJIbHAA OeJOYHCJIeHHaA cnyqaﬁﬂan BeJIMYMHA, IPHMHUAMAKOINAA II0-
JIOXKHATEJNbHOE IIeJloe 3HaYeHHue i C BEPOATHOCTHIO p;. Torpa MaTemMaTHYecKoe OXXUOaHUue cnyqaﬁ-

HOH BENMYMHBl X MOXHO BHYUMCINT: DO Qopmyre M[x]= D ip= Y p+D. D" p, =

=1+ Z;z P{x 2 i} . Orciona nerko monyyaercs OpUBeAEHHAA B TEKCTe OIeHKa. — IIpum. ped.
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sanonHeHua Tabauubl (M = B) Tpebyerca B cpegBeM InB mpo6 Ha CerMEHT, HJH BCEro
BInB npo6. Ho pans sanonmesus tabiaunut Ba 90% (M = 0.9B) Tpebyerca Bcero
B((10/9)In10), nau opumepHo 2.56B mpo6.

IIpu mpoBepKe HAa NPHHANIEKHOCTh MCXOZHOMY MHOXKECTBY 3JE€MEHTa, KOTOPOTO 3aBe-
JOMO HeT B 3TOM MHOKeCTBe, TpeGyeTca B CpDeJHEM TaKoOe K€ YHMCJO0 HPo0, KaK M IpH
BCTaBKe HOBOTO dJIeMEHTA IIPM JAHHOM 3amojHeHHH Tabaunel. Ho nmpoBepka Ha mpuHAaj-
JIEKHOCTB 3JIeMeHTa, KOTODPH IpUHALIEKHUT MHOXKECTBY, TpebyeT B CpefHEM CTOJBLKO Ke
npob, CKOJbKO HeOoOXOAMMO MIJiA BCTaBKU BCEX 3JIEMEHTOB, CAEJAHHHIX A0 HACTOAIIEro
BpeMeHHU. ¥YjajseHne TpeGyeT B cpeJJHEM IPUMEPHO CTOJBKO K€ mpol, CKOJIBKO X MPOBEPKa
3JIeMeHTa Ha NPHHAAJEKHOCTh MHOXKecTBY. Ho B OT/IMYKE OT CXeMBI OTKPLITOrO XELINpPO-
BaHHA, yJaJIeHNEe 3JIeMEHTOB M3 3aKPHITOH Xem-Tabiumbl He YCKOPAET HPOLECC BCTABKH
HOBOT'O 3JIEMEHTA WM IOPOBEPKH IPHHAMJIECKHOCTH 3JeMeHTa MHo)kecTBy. Heobxommmo
0co60 MOAUEePKHYTL, UTO CPeJHME YMCia npob, HeoGXOAUMEIE AJA BHINOJHEHHS ONEPATOPOB
cJIoBapeil, ABIAIOTCA KOHCTAHTAMH, 3aBHUCANIMMM OT JOJH 3amOJHeHUA Xem-tabmumul. Ha
puc. 4.5 nokasaHB rpa@UKH CpeJHUX YmMces Opob, HeoOXOAMMEIe ANA BHIIOJTHEHUA olepa-
TOPOB, B 3aBUCHMOCTH OT A0JIM 3allOJIHEHUS Xem-TaGauLEL.

A 1
-«
0 (BCTaBKa WM NOMCK
' 3/IEMEHTA,
KOTOPOro HeT B
(= MHOXECTBE)
3 In{l-&)
cC
230
g 1 Nouck)
T
18]
[1h]
e oy
=%
[v8]
Qo
O 20
10 —
0.2 04 06 0.8 10

o= A/B - 40NA 3anonHeHrA Tabnuubl

Puc. 4.5. Cpednue wucaa npo6, Heo6xo0umvie 015 6bLNOLHEHUS ONEPAMOPOS

“Coarygaiinbie” METOIHKH pa3pemeHus KOLUIH3MIi

Mul paHee BHIeNH, YTO METOAUKA JMUHEHHOrO IIOBTOPHOI'O XEIIHPOBAHMS IPHBOAUT
K IPpYINIHPOBAHMNIO 3AIO0JHEHHHIX CErMEHTOB B (ojplNe HelpephiBHEIe 6goku. MOXXHO
OpeAJIOKUTh Xem-GpyHKIMNK ¢ Oosnee “ciaydaiiHRIM” mOBeJeHHEM, HAOIpPHUMep, BBECTH IeJo-
YHCJEHHYI0 KOHCTAHTY ¢ > 1 m onpeaenuts hy(x) = (h(x) + ci) mod B. B atom cayuae ansa
B =8, ¢c = 3 u h(x) = 4 nonyuuM “mpoOHEIE” CerMeHTHI B CjefylomeM mopsake: 4, 7, 2, 5,
0, 3, 6 u 1. Koneuno, ecau B u ¢ umeroT obmiae aenureau (OTIUYHBIE OT eIUHHUIIBLI), TO 3TA
MeTOAWKA He IDO3BOJUT IOJYYHUTh BCe HOMEpa CerMeHToB, Hampumep npu B=8 m ¢ = 2.
Ho Gosee cymecTBeHHO, UTO Ja)ke ecau B u ¢ 83aumHo npocmbvle wucaa (T.e. He UMEIOT
o6mux nenuTeseit), TO Bce PABHO CYIIeCTBYyeT HmpobGiemMa “rpynnupoBaHUA”, Kak W IPH
JMHEMHOM XeMHWPOBAHHH, XOTH 3[ecCh pa3fejfaAloTca 6JOKM 3aIOJHEHHBIX CETMEHTOB,
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COOTBETCTBYIOINE PA3IUIHLIM KOHCTAHTAM C. ITOT eHOMEH YBEeJIHMYUBAET BPEMS BHIIIOJ-
HEHHUsS ONEepATOPOB cJoBapeil (KaKk M IpH JWHEHHOM XeUINPOBAHHWH), HOCKOJLKY IOIBITKA
BCTABUTHh HOBHIA 3JIeMEHT B 3aIOJHEHHBIH CEerMeHT NPHBOAXNT K IIPOCMOTPY LEMOYKH 3a-
IOJHEHHHIX CEMEHTOB, Pas/JNYHBIX AJIA Pa3lWYHHIX ¢, ¥ JJINHA STHX OEINOYeK IPH KadK-
Jo#f BCTaBKe yBeIMIUBAETCS HA €AUHANY.

PdakTruecKy a06ad METOAWKA IMOBTOPHOI'O XEINMPOBAHUA, e ouepefHas mpoba 3aBm-
CHAT TOJNBKO OT HOpeAnAyInei# (HampuMmep, KaK 3aBHCHMOCTh OT UYHMCJAa NPEABIAYIIUX
“HeymadHBIX” Mpo6, OT MCXOLHOro 3HAYEHUA A(X) MAM OT caMOro 3jJeMeHTa X), OOHAPYXKM-
BaeT rpynnupyloIIue CBOMCTBa JHUHeHOro xemupoBaHWA. BoaMo)kHa mpocreifimas Mero-
AWKa, IJs KOTOpo# mpobyieMa “rpynnupoBaHHMs” He CYIIECTBYET: AJIA 3TOTO HOCTATOYHO
moxoxkuUTh hyx) = (h(x) + d;) mod B, rae d,, dy, ..., dg-; — “ciaydaiiHbie” IepecTaHOBKH
yucen 1, 2, ..., B — 1. Kormeuno, Takoit mabop umcen dy, ds, ..., dg_; JOJKEH HMCIOJIL30-
BaThCA IPHM DPeaJM3alUH BCeX OINEPATOPOB, BHIMOJHAEMBIX HAM CJIOBapAMH, a “cirydaiinoe”
ImepeMeImABaHUE IeJIBIX YKces AOJKHO OBITH chesaHO (BRIOpaHO) emije OpH paspaboTke aj-
TOPHTMA XEIMMMPOBAHUA.

Temepanmnsa “xopomux cay4aiiHBIX” 4Hcea — AOCTATOYHO CJIOKHAA 3ajada, HO, K cUa-
CTBIO, CYIIECTBYIOT CPABHHTEJHHO IIPOCTHIE METOABl MOJYYEHUS II0CJIeJOBATEJIbHOCTH
“cayuaiiHBEIX” 4YHMces NyTeM “HepeMemIMBaHHA” LEeJBIX 4YuceJ] W3 3aJaHHOTO HHTEpBaJsa.
IIpr HaaIMuYHMKM TAKOIO reHEpATOpa CJAyYaHHBIX YMCeJ] MOXKHO BOCIPOH3BOAUTH TPeOyeMyIo
mocJef0BaTeNbHOCTD dy, dg, ..., dp-; IPHA KaXKJAOM BHIIOJHEHHAM OIEPATOPOB, paboTaiomux
¢ xemr-tabaume.

OpauM 13 3¢heKTUBHBIX METONOB “IepeMelMBAHNA" MEJIbIX YMCesl ABISAETCA MeToh ‘“mocie-
JOBaTeJIbHBIX cABUroB permcrpa”. Ilycte B siBifeTcd CTemeHBIO umMcia 2 I K — KOHCTaHTa M3
uaTepBasa or 1 1o B — 1. HaureM ¢ HeKoToporo uncia d,, B3ATOro M3 uHTepBasaa or 1 go B — 1.
Janee reHepupyercs NOC/JEAOBATEILHOCTD YHCEN d; IyTEeM YABOEHHUA NPeABbILYINEro 3HAYEHUS
O Tex IOp, IOKa IocjefHee 3HaUeHWe He mpeBhicHT B. Toraa Aias OOMydeHHS CIELYIOLETO
uncaa d; M3 MOCJeAHero 3HaYeHUs OTHMMAETCH IMCI0 B M pes3ysnTaT cymmupyemcs nobumoso
no modyato 2 ¢ KoECcTaHTOM k. CyMMa o Mozysmo 2 umucen x H y (3anuchiBaeTcs Kak x @ y) om-
pefensAeTca CIeAYIOIIUM o6pa3oM: YMC/IA X U Y SAINCHIBAIOTCS B ABOMYHOM BHJE C BO3MOXKHEIM
NPUONCHIBAHMEM BeAyIOUX HyJiedl TakK, YTOOBI 9UCIa MMeJIM OAMHAKOBYIO IIVHY. PeayabTar
dopMupyeTca 1m0 OpaBHIYy JOrM4ecKoi omepanmuu “ucksioudaromiero UJIN”, t.e. 1 B Kakoii-
Jm60o mMOBUIUHK pesyibrara 6yZeT CTOATHL TOrAa M TOJLKO TOrAa, KOrAa TOJBKO B OXHOM aHAJO-
TMYHOM IIOBUIMM CJaraeMbIX CTOMT 1, HO He B 00enX.

IIpumep 4.7. 25 ® 13 BrIUHCAAETCA CAEAYIOIUM 06pa3oM:
25 =11001
13 = 01101
25 ® 13 = 10100

OTMeTHM, 4YTO TaKoe “CyMMHpDOBaHME” BO3MOXXHO C IOMOIILIO OOBIYHOrO ABOHMYHOTO
CYMMHUPOBAHNS, €CJIM HTHOPHPOBATH ITepeHoC paspanos. [J

He nnsa kaporo sHaueHMs B MOKHO IIOJIYYUTH BCce “IepeMemIaHHBIe” 3Ha4YeHMs u3 1,
2, ..., B— 1, uHOra HEKOTOpHIE CreHepHpPOBaHHEIE YHCJA HOOBTOpsAloTcsa. IloaroMy ansa
KaXaoro 3HaueHus B Heo6xoguMo mogob6paTh cBoe 3HaYeHMe k, KoTopoe Gyzer “paboraTs”.

Ilpumep 4.8. IIycts B = 8. Ecoiun MEI mosoxuM k = 3, To creHepupyeM Bce umciaa oT 0
nxo 7. Hanpumep, ecqin HauHeM ¢ auciaa d; = 5, TO ANA HAXOXKJAEHUSA CJIeYIOmero uucia dy
CHaJaJIa yABamBaeM 4mcio d;, moaydaem uucio 10, xoropoe Gosbme 8. ITosromy u3 10 BEI-
yuTaeM 8, nmoiayyaem 2 m BHIYHNCAsgeM d; = 2 ® 3 = 1. OT™MeTHM, 4TO AJA JI060ro X CyMMy
x © 3 MOYXHO BRIYMCJIHMTH IYTEM MHBEPTUPOBaHUA (IpeobpaszoBaHusA B 06paTHBIA Kom) mO-
CJIeNHUX ABYX ABOMYHEIX Pa3pAfOB YHMCJIA X.

IloBTOPAA ONMMCAHHYIO IOCJIEJOBATEJbHOCTH AEMCTBHIL, moayuyum umciaa d;, dg, ..., dy
B Bujie 3-OHTOBBIX JBOMYHEIX uuces. Bce sTanmul mX BRIYMC/IEHUS NMOKasaHH B Tabua. 4.2. Or-
METHM, YTO YMHOKeHHe JBOMYHOI'0 YKCJa Ha 2 PaBHOSHAYHO CABHIY BJIEBO 3TOr0 YMCJA HA
OJMH pa3pAj — 3TO OIPaBALIBAET Ha3BaHUE “METOJ IIOCJIEJOBATEJHHOTO CABHIAa perucrpa”.
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Ta6mna 4.2. BorauciieHns o MeToxy NOCJIeJ0BATEIHHOIO CABHIA PEIACTPA

d=101=5
CABHUT 1010
yAaneHEde Benyme# 1 (BeuuTanue 8) 010
®3 d;=001=1
CABHT ds =010 =2
cABHUT dy =100 =4
COBHI 1000
yroantesre Beaymest 1 000
@3 d; =011=3
CABHUI de=110=6
CABUT 1100
yaaneHEue Bepymet 1 100
@3 dr=111=17
YuraTeJb MOXKET IPOBEPUTH, UTO MOJHEIA “IepeMelmaHHBIA” HaGop umcen 1, 2, ..., 7

MOXKHO IOJIYYMTH U AJIA B = 5, HO HM P KaKMUX APYrux sHavenusax k. O

PecTpyKTypH3aums Xem-Ta0.mi

IIpu MCIONIB30BAHMM OTKPHITHIX XeIO-TabidI cpeHee BPeMA BBLIMOJIHEHHS ONEPATOPOB
BO3pacTaeT ¢ pocToM napamMerpa N/B u 0co6eHHO OBICTPO pacTeT NPH OPEBHINIEHUHM YHCJIa
3JIEMEHTOB HAJ YHMCJOM cerMeHTOB. IlogoOGHEIM 00pa3oM cpefHee BpeMsl BHINOJHEHHA OIe-
PaToOpOB TaK ke BO3PaCTaeT ¢ yBeJndeHHeM mapaMerpa N/B u nna 3aKphITHIX Xemi-Tabui,
4TO BHAHO U3 puc. 4.5 (Ho npeBumenns N Hajg B 31eck HEBO3MOYKHO).

YTo6bl COXPAHHTEL NOCTOSSHHOE BpEeMs BHINOJHEHHMS OINEPaTOPOB, KOTOPOE TEOPETHYECKH
BO3MOKHO IIPH MCHOJIF30BAHMM XeII-TaOJINI, MEI IpeAJjaraeM IPH AOCTHXKeHum N JocTaTod-
HO OGonpmmx 3HaueHU#, Hanpumep nmpu N = 0.9B gis 3axkphITHIX xem-Tabmum u N = 2B —
JUIA OTKPBITHIX Xem-TaGJMI, OPOCTO CO3LaBaTh HOBYIO XemI-TAOJHUNy C YABOEHHBIM YHCJIOM
cerMeHTOB. Ilepe3anmuch TEKYyHMIUX 3JI€MEHTOB MHOYKECTBA B HOBYIO Xem-Tabaumy B cpef-
HeM 3aiiMeT MeHbIIe BpeMeHH, YeM HX paHee BBIIIOJTHEHHAA BCTABKA B CTapyi0 Xeml-
Tabauny MeHbmero pasmepa. Kpome Toro, sarpayeHHOe BpeMs Ha Ilepe3almuch KOMIIEHCH-
pyeTrcsa 6oJiee OBICTPHIM BHIIIOJHEHHUEM OIEPaTOPOB CJIOBapei.

4.9. Peammzamma AT/ nis oToOpaxeHuii

Bepremca k ATII MAPPING (OroGparkeEue), BBeiIecHHBIM B rjaBe 2, Iie MBI OIpefe-
Juau orobpakeHre Kak QYHKIOHUIO, CTABANIYI0O B COOTBETCTBHE 3JIeMEHTaM 00JacTH ompe-
leJIeHUsA COOTBETCTBYIOIIME dJeMeHTHl U3 objacTu 3HauyeHuit. as aroro AT/l mbI ompene-
JIMJIM TaK¥e OIepaTOPHI.

1. MAKENULL(A). Hannnannsupyer oToOpakeHne A, rae HE OGHOMY 3JeMeHTY obJjac-
TH ompefeseHUS He COOTBETCTBYET HU OLHH 3JIEMEHT 06JacTu 3HaYeHH.

2. ASSIGN(A, d, r). 3anaer ana A(d) 3sHayeHuUe r.

3. COMPUTE(A, d, r). Bosspamaer 3HaueHHe true u ycTaHaBIuBaeT 3Ha4Yenue r giaa A(d),
ecau A(d) onpeneseHo, B IPOTUBHOM CJIydae Bo3Bpamaer 3HaueHnue false.

OTobparkeRns MOXHO 3(p(heKTHBHO peasns3oBATh C IIOMOMMBI0 xewml-rabiaum. OmepaTopsl
ASSIGN 1 COMPUTE peanuayloTca TOYHO Tak ke, Kax omneparopsl INSERT u MEMBER

4.9. PEAJIMBAITNS AT, IS OTOBPAXKEHMI 131



ansa cinoBapeii. CHauajsla pacCMOTPHAM OpPHMMEHeHMe OTKPHITHIX xemi-rabamn. IIpexamonara-
eM, 9To Xemn-GpyHEKOusa h(x) pacmpefeiseT 3JeMeHTH 06JIaCTH ompefe/eHUA IO CerMEHTaM
xem-Tabaunpl. Tak ke, Kak U AJIA CIOBapeil, B JaHHOM CJIy4yae CErMEeHTHI COAEPIKAT CBA3aH-
Hble COMCKH, B AYeHKAX KOTODHIX HAXOAATCA IIOJA AJIA 3J€MEHTOB OOJIACTH OIIpeAesIeHMs
M 1A COOTBETCTBYIOIIMX MM 3JIEMEHTOB 00JacTH 3HaueHUH. [IJIs peasmsamuu TAKOIrO MOAXO-
Ja HaJo B JUCTHHre 4.8 3aMeHUTH onpefesieHAe TUIOA A4YeeK CAeIVIOIMHAM O0BABICHHUEM:

type
celltype = record
domainelement: domaintype;
range: rangetype;
next: Tcelltype
end

3pecs domaintype m rangetype — THOBI JaHHBIX AJIA 3JI€MEHTOB 06JaCTH onpene/IeEUA
u obysacTm 3HadeHU# coorBeTcTBeHHO. O6BaABIeHne AT MAPPING caeayromee:

type
MAPPING = array[0..B-1] of Tcelltype

Iocnegauit MaccMB — 3TO MaCCHMB CErMEHTOB AJaA xem-rabaunel. Kox mpomeayphl
ASSIGN npusesien B sucrusre 4.10. Hanmucarme nponeayp ans omepatropoB MAKENULL
n COMPUTE ocrasiseM A8 yIpa*KHEHNS.

JIncTunr 4.10. Iponenypa ASSIGN 115 oTRpHITO#H Xem-Ta6 b

procedure ASSIGN ( var A: MAPPING; d: domaintype; r: rangetype );
var
bucket: integer;
current: Tcelltype;
begin
bucket:= h(d);
current:= Albucket];
while current <> nil do
if currentl.domainelement = d then begin
currentT.range:= r;
{ samena craporo 3nauenus mna d }
return
end
else
current:= currentl.next; { d ne naltmen B crcke }
current:= Albucket];
{vcnonbsoBanme current nnA 3anoMMHAHMA NEPBOM Aueltky)
new(A[bucket]) ;
Albucket]T.domainelement:= d;
Albucket]T.range:= r;
Albucket]T.next:= current;
end; { ASSIGN }

ITono6HEIM 00pasoM AJs peanu3alnuy OTOOPAYKEHHH MOYKHO MCIOJIL30BATH 3aKPHITOE Xe-
mupoBaHue. fgeiiku xemr-rTa6aunbl GyAyT comepiKaTh mOJA NJIA 3JeMeHTOB objacTeil ompe-
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geneHus u 3HadeHuit, a AT MAPPING MO0XXHO Ompefie/INTh KAK MACCHB TAKHX sSueeK. Kak
U B CJIy4Yae OTKDPBITOIO XEIIMPOBaHMs, Xem-(QYHKIHA IOPHMEHsSeTCsa K 3JeMEeHTaM o00JacTH
OoIpefieJIeHNsI, a He K 3jleMeHTaM o0jacTH 3HaueHHi. MBI OCTABJIsAeM WHUTATENIO0 B KadyecTBe
YIOpa’KHEeHUs peaIn3adyio COOTBETCTBYIOIMMX OINEPATOPOB MJIA 3aKPHITHIX XeIm-TaGJIuil.

4.10. Ouepeam ¢ npHOpHUTETAMH

Ouepens ¢ mpuopureraMu — 310 AT]I, ocHOBaHHBINA Ha MOAEJHM MHOMKECTB C OIEPaTO-
pamu INSERT u DELETEMIN, a takxe ¢ oneparopoMm MAKENULL gn1a mEMOUaJIn3anun
CTPYKTYpPHI AaHHBIX. Ilepen ompenenenumem HoBoro omepatopa DELETEMIN crauana 06b-
ACHHMM, 4TO TaKoe “odepelb ¢ IPHOPHTETaMHK’. ITOT TEPMHH NIOAPa3yMeBaeT, UYTO HA MHO-
JKecTBe 3JIEMEHTOB 3aflaHa QyHKIMaA npuoputera (priority), T.e. AJad KaXXAOro sjieMeHTa @
MHOXKECTBa MOYKHO BBHIYMCJINUTH GYyHKIMIO p(a), npuopumem snemenma a, Koropas o6LIYHO
OpUHENMAaeT 3HaAUYeHHs M3 MHOXKECTBa AEMCTBATEILHBIX 4YHMCes, WIH, B OoJjiee 00meM ciy-
Jae, X3 HEKOTOPOro JHMHEHHO ynopagoueEHOro mEoxkectBa. Oneparop INSERT ana ouepe-
Ieil ¢ MpHOPUTETAMH HOHMMAaeTcsa B oOBIYHOM cMeicie, Toraa kKak DELETEMIN saBaserca
dyHKOUMel, KOTOpasaA BO3BpPAII&eT 3JEeMEHT ¢ HaMMEHBIINM IPMOPHMTETOM M B KadecTBe IIO-
6ouHOro 3dhdexTa ymansger ero u3 MHoKecTBa. TakMM 0o6pasoM, ompaBAibIBasg CBOe Ha3Ba-
aue, DELETEMIN saBaserca xomOumBamueii omepatopoB DELETE n MIN, koropile GbLIH
OHOMCAHHI BHINIE B 3TOM rJjase.

IIpumep 4.9. Hasparue “ouepeasr ¢ mpuopuTeTaMu” IPOMCXOAHUT OT TOTO BHAA YIOPHA-
JOYNBAaHUSA (COPTHPOBKH), KOTOPOMY Hmozasepraiorcsa maHHEIE aroro ATJIl. Cmoso “oguepexnn”
IpeAIoJaraer, 4To JioAu (UIX BXOZHBIE 3JI€MEHTHI) OXKHAAIOT HEKOTOPOro 00CIy:KMBaHUA,
a cjoBa “c mpuopuTeToM” 0003HAYAIOT, YTO OOCHyKMBaHMe OyaeT NPOM3BOAUTHCA HE IIO
OpPUEOUNY “HepBHI NpHUImeJ — IEePBHM NOAy4YAa o6caykuBaHHe”, KaK ITPOMCXOTUT
¢ ATl QUEUE (Ouepens), a Ha OCHOBE IPHUOPDHTETOB BCEX IIEPCOH, CTOAIIUX B O4Yepefu.
Hanpumep, B npreMHOM OTAeJeHUM OOJBLHHUIEI CHAYAIA NPUHUMAIOT MAIIHEHTOB C IOTEH-
OUANbHO aTaJbHRIMH AUArHO3aMH, HE3aBHCHMO OT TOTO, KaK AOJII0 OHM MM APyTHe Ila-
OUEHTH HAXOJWJIHNCH B OUEepeu.

Bosee npueMneMuIM A/ JaHHOH KHUTH OyZeT mpuMep odepefu C IPHOPHUTETAMH, KO-
TOpas BO3HMKAET CpPeA¥ MHOXKECTBA IPOIECCOB, OMKHAAIOIIUX OOCHYKUBAHUS COBMECTHO
HMCHOJb3YEeMbIMH PECYypPCaM KOMIBIOTEpHOH cucTeMbl. OOGBIYHO cHCTeMHEIE pPa3paboTYmKu
CTapaloTcs CAeJAaTh TaK, YTOORI KOPOTKHE MpPOIecChl BHINOJHAIMCH He3aMeAJUTeJbHO (Ha
OpaKTHKe “He3aMe/IMTEJILHO” MOXKEeT 03HAdaTh OfHY-ABE CEKYHAIHI), T.e. TaAKHWe IPOMECCHI
monay4aioT 6ojiee BHICOKHME IPMODHTETHI, YeM IPOLECCHl, KOTOPHIe TpebyloT (Mau yxke H3-
PacXoJOBaJIA) 3HAYUTEJBLHOrO KOJMYeCTBAa CHCTeMHOro BpeMeHHM. IIpomeccsl, KOTOpEIe Tpe-
OYIOT HeCKOJBbKHX CEeKYHJ MAIIMHHOIO BpPEMEHM, He BHINOJHSIOTCA Cpady — pamyOHAIb-
Has cTpaTerus pasfieIeHHS pecypcoB OTKJIaAblBaeT HX A0 TeX IOp, IIoKka He OyayT
BBIOOJIHEHBI KOPOTKMe npomecchl. OgHAKO Heab3A IepeycepACTBOBATH B IIPUMEHEHUM ITOM
CTPaTerud, MHAYE IpONecchl, TpeGyiolque 3HAYUTEIbHO GOJIbIIIE BpeMeHH, 4eM “cpepame”
mpoueccsl, BooOmle HUKOrga He CMOIYT IIOJYYHTh KBAHTA MAIIMHHOINO BPeMeHH u OyayT
HAXOAUTHLCSA B PEXKUMe OXHIAAHUA BEYHO.

OfMH BO3MOXXHBIE IYTh YAOBJIETBOPHTH KOPOTKHME IPONIECCHI M He 3a0JIOKApOBATH
0oJIbIIMe COCTOMT B 3aJlaHUM Iponeccy P mpuopuTeTa, KOTOPHIH BhIUMCAsAEeTCA IO dopMyJre
100% 4 (P) — tgaa(P). 3mech nmapamerp t,.; PABEH BPeMeHHU, U3PACXOJOBAHHOMY IpoueccoM P
paHee, a tg,; — BpeMsd, NpoleAniee OT Hayaja MHNOUAJIU3ANNHY IIPOLECCca, OTCUUTHIBAeMOe
oT HeKoero “mysesoro BpeMeHm”. OTMeTHM, 4TO B 0OImeM cjyyae NPHOPUTETHI OYAYT
GOJIBIIMMY OTPHOATENLHBIMH IE€JLIMHA YHCJIAMHM, €CJIH, KOHEYHO, fg,; HE OTCUHUTHIBAETCS OT
“myneBoro BpemMeHH” B Oyaymiem. Ymcio 100 B npuBeaeHHO# ¢dopMyse saBiIseTcA
“mMary4yecKuM ymcyoM” (T.e. He MOAJAETCA UYETKOMY JIOTHYECKOMY OGOCHOBAHMIO, a IpH-
meAmIeMY M3 IPAKTHKH) ¥ AOKHO OBITH HECKOJBKO GOJIbIIE YKCJIa OXKHIAAEMBIX aKTHUB-
HBIX IOpomeccoB. YuraTelb MOJKET JIETKO YBUAETH, 9YTO €CJAM BCerjga CHayaja BBIIOJIHSAETCH
Ipomecc ¢ HAaMMEHBIINM NOPHMOPHUTETHBIM 9UCJIOM M €CIM B odyepef¥ HEMHOTO KOPOTKHX
TIPOLIECCOB, TO B TeUYEHHE HEKOTOPOro (ZOCTATOYHO IPOAOJIKMTEIBHOI0) BPEMEHH IIpoleccy,
KOTOPHIM He 3aKOHUYMJICA 38 OAMH KBAHT MAIIMHHOrO BpeMeHH, OyAeT BHIJEJEHO He MeHee
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1% wmammeHOrO BpeMeHH. EciM 3TOT OPOIEHT HAJO YBEIMYATh WIM YMEHBIINTH, CIELYeT
3aMeHUTH KoHCTAaHTY 100 B dopMysie BEIUMCIEHNS IIPHOPHUTETA.

IIpepcraBuM mpomecc B BHAe 3allBCH, coAepixameil mose id uaeATHGAKaTOpa mpomecca
M moJie priority co 3HaYeHWEM IOPHOPHUTETa, T.e. THUI IIpomecca processtype ompenemum
caepyomuM obpazom:

type
processtype = record
id: integer;
priority: integer
end;

3HavueHNe NPHOPUTETAa MBI ONpEAENMIM KakK Ieioe 4ucao. MYHKOHUIO ompefieIeHUS TIpH-
opuTeTa (HO He €ro BHIYMCIeHHA) MOMXKHO ONPEAETHTH TaK:

function p ( a: processtype ): integer;
begin
return (a.priority)
end;

Jiss Toro uTo6nl Ay BRIOPAHHBIX IPOIECCOB 3aPe3ePBHPOBATH ONpeAesIeHHOe KOJIUIECTBO
KBAaHTOB MAIIMHHOI'O BpeMEHH, KOMIILIOTEPHAsA CHCTEMA IMOAAEP:KHBaeT odyepelb C IPHOPH-
rerom WAITING (O)xugasue), COCTOAINYIO M3 3JeMEHTOB THIa processtype M MCIONB-
3yOINyI0 JABe Mpoueaypwl: initial (uHMUOUanusauusa) mu select (BuOmpaTs). Ouepenb
WAITING ynpasnsierca ¢ nomombio onepaTopoB INSERT u DELETEMIN. Ilpu urunua-
JIN3allMM HOBOI'O IIpoliecca BHI3EIBAETCA Ipoueaypa initial, KoTopasd yKashIBaeT 3alNCH,
COOTBETCTBYIOIIE HOBOMY mpomeccy, mecto B odepegn WAITING. Ilpouenypa select BhI-
3BIBaeTCA TOrZA, KOrAa CHCTeMa XOod4eT “OofapATh” KBAHTOM MAIIAHHOINO BPEMEHH KaKoii-
au6o mpomecc. 3amMch Aasd BRIGpAaHHOTO mpolecca yarajasercAa u3 ouyepeau WAITING, o
coXpaHsieTCA IIOCPEeACTBOM Select AJisi MOBTOPHOr'O BBOAA B odepenb (ecJM Ipollecc He 3a-
KOHYIJICA 34 BhIieJIeHHOE BPEMsI) ¢ HOBEIM IPHOPHUTETOM — IIPHOPHTET YBEJMYHMBAETCS HA
100 npu mepecuere BpeMeHH iy (KOrga t,.; YBEJINYUBAETCA HA eUHUIY).

MoxxHO Mcmonb30BaTh GYHKLHMIO currenttime (koTopad BO3BpalfaeT TeKyIiee Ma-
mMWHHOE BpeMs) AJsA BHUYHUCJIEHHA BPEMEHHBIX HHTEPBAJIOB, OTBOAHUMEIX CHCTeMOM
mpomeccaM; OOBIYHO 3TH HMHTEPBAJHl M3MEPAIOTCA B MHKDPOCEKYHAaX. BygeM Takike
HCHOJIb30BATh OpomeAypy execute(P) pnsa BeI30Ba mpolecca ¢ HAeHTHPuUKaTopom P Ha
MCHOJHEeHHe B TedeHHe OAHOro KBaHTA BpeMeHH. B suctuare 4.11 npuseseHB KO
oponeayp initial u select. (1

Jincranr 4.11. Boienenne mponeccaM MaIMHHOIO BpeMeHH

procedure initial ( P: integer );
{initial yxasmBaeT mpouecCy C MOEHTUOUKATOPOM P MecTo B ouepemu)
var
process: processtype;
begin
process.id:= P;
process.priority:= - currenttime;
INSERT (process, WAITING)
end; { initial }

procedure select;

{select Brmenser xBaHT BpPeMeHM MNPOLECCY C HAMBHICIMM MPMOPHATETOM }
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var
begintime, endtime: integer;
process: processtype;
begin
process:= TDELETEMIN (WAITING) ;
{DELETEMIN Bo3BpamaeT yka3aTejlb Ha yOaJIeHHED! 3JIeMeHT }
begintime:= currenttime;
execute (process. id) ;
endtime:= currenttime;
process.priority:=process.priority+100* (endtime-begintime) ;
{ nepecuer mpuopurera }
INSERT (process, WAITING)
{ sanecenme npouecca B ouepenms C HOBEM MPMOPMTETOM |}
end; { select }

4.11. Peamu3auus ouepejieii ¢ npHOPHUTETAMH

3a ucKJIIOYeHNeM Xxell-Tabiuu, Te peaJu3ald¥ MHOXKECTB, KOTOPhIE MBI PACCMOTDENH
paHee, MOXKHO IIPMMEHHUTH K OuepensiM C IpuopuTeTaMM. Xem-TabJMOBl CIeAyeT HCKJIIO-
YUTh, IOCKOJIBKY OHHM HE MMEIOT HOAXOAAINEro MeXaHM3Ma HAXOMXACHUA MHHUMAILHOIO
asemeHTa. IlompocTy roBopfA, NpHMEHEHHE XeIMMPOBAHUA IPHUBHOCUT JOIOJHHUTEJILHBIE
CJIO}KHOCTH, KOTOPHIX JIMIIEHK!, HAIIPAMED, CBA3aHHLIE CIIUCKHU.

IIpu mcrmonb30BaHUM CBA3AHHBIX CIIMCKOB MOXKHO BHIODATH BHUJ YIOPANOUMBAHUA JJIe-
MeHTOB CIOHMCKAa MM OCTABUThH €ro HeCOPTHPOBAHHBIM. EC/IM CIOMCOK OTCOPTHPOBAH, TO Ha-
X0XKAeHrne MHUHMMAJBHOrO 3JIeMeHTa IIPOCTO — 3TO IEPBBIN 3jeMeHT cnucka. Ho BMecte
C TeM BCTaBKa HOBOI'O 3JIEMEHTa B OTCOPTHPOBAHHHIM CIMCOK TpefyeT mpocMoTpa B Cpef-
HeM IOJIOBHHEI 3JIeMEeHTOB CIMCKa. EC/IH OCTaBUTH COMCOK HEyHOPAROYEHHBLIM, YIIPOIIAEeT-
CA BCTABKa HOBOI'O 3JIeMEHTA M 3aTPYAHAETCHA MOMCK MMHMMAJIBHOIO 3JIeMEHTA.

IIpumep 4.10. B ancTurre 4.12 nokasana peanunsanud oyskuun DELETEMIN aaa
HECOPTMPOBAHHOIO CIIMCKA 3JIeMEHTOB, MMEIOIIUX THI processtype, OMMCAHHLIA B IpPH-
mepe 4.9. B 3TOM JMCTHHEre Tak)ke OPHBeAEeHbI O00BABIEHUA AJA THIOA AYEEK CIIMCKA
n aaa ATHO PRIORITYQUEUE (Ouepens ¢ mpuopureraMiu). Peasmaanus onepaTopoB
INSERT u MAKENULL (xax ;s OTCOPTHPOBAHHBIX, TAK M AJA HECOPTHPOBAHHBIX
CIOMCKOB) He BBHIBHIBAET 3ATPYAHEHMHA, M MBI OCTaBJIieM ee B KauyeCTBe YIPakKHeHHHA
oA yurarexein. [

JIncTanr 4.12. Peanuzauma oYepen ¢ NPHOPHTETAMH NOCPEICTBOM CBA3AHAOIO CIMCKA

type
celltype = record
element: processtype;
next: Tcelltype
end;

PRIORITYQUEUE = Tcelltype;

{ suertka yxa3eBaeT Ha 3aTOJIOBOK CHOMCKa }

function DELETEMIN ( var A: PRIORITYQUEUE ): Tcelltype;
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var
current: Tcelltype;
{ yxasuBaer Ha sueliky, koTopas OyneT
npoBepeHa crenywomen }
lowpriority: integer;
{ comepxmT paHee HalieHHHJI HaUMEHbILGI NIPUOPUTET }
prewinner: Tcelltype;
{ yxazsmmBaer Ha sueliky, coIepxauyo 3JEMEHT
C HaVMEHBLIMM NPUOPUTETOM }
begin
if AT.next = nil then
error('Hesnp3s8 HAUTM MUHMMYM B [IyCTOM CIucke')
else begin
lowpriority:= p(AT.nextT.element) ;
{ dyuxums p BO3BpawaeT MNPUOPUTET IEPBOTO 3SJIEMEHTA.
OTMeTMM, 4YTO A yKashBaeT Ha fAdYeMKy 3aIr'oJIOBKa,
KOTOpas He COINEDPXMT 3JIEMEHTa |}
prewinner:= A;
current:= ATl.next;
while currentT.next <> nil do begin
{ cpaBHeHme Tekyumero HaMMeHblIET'O NPUOPUTETA C
IPMOPUTETOM CIIeHyloWero 3JIeMeHTa }
if p(currentT.nextl.element)<lowpriority then begin
prewinner:= current;
lowpriority:= p(currentl.next®.element)
end;
current:= currentl.next
end;
DELETEMIN:= prewinnerT.next;
{ BozBpamaer ykaszaresr Ha HalOeHHLD! IJIEMEHT }
prewinner?.next:= prewinner?.nextT.next
{ ymanser HalimeHHbD! 3NIEMEHT M3 CIMCKa |}
end
end; { DELETEMIN }

Peanu3anus ouepeny ¢ NPHOPUTETAMH NOCPEACTBOM YACTHIHO
YNOPAAOYEHHbIX iepeBbeB

Kakme GbI MBI HM BHIOpAJTH COMCKH, YHOPAAOYEHHRIE MJIM HET, OIS HOPeACTaBIeHUS
odepejieii ¢ IPHOPHUTETAMH MPHAETCS 3aTPATHTHh BpeMsd, NPONOPUIMOHAJILHOE 7, AJA BhI-
nonueruda omeparopoB INSERT u DELETEMIN ma MHOXecTBe pasmepa n. CymmecTByer
Apyras peaJu3allud odepefeil ¢ IPHOPUTETAMM, B KOTOPOH HA BBHINOJHEHHE 3THX ODEPATO-
poB Tpebyerca mopsaaka O(logn) maroB, 4TO<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>